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To future me:

Being stuck isn’t always a bad thing. Stillness can help see movement more clearly.
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RESUMO

Atualmente o Brasil ¢ o maior produtor e exportador de suco de laranja do mundo e,
consequentemente, a geragdo de bagaco da laranja (residuo) ¢ proporcionalmente alta
(CITRUSBR, 2021). A obtengdao de extratos a partir destes residuos industriais ¢ uma
alternativa de crescente interesse para agregar valor aos residuos gerados. Neste sentido, o
sequenciamento de processos de extracdo ¢ uma estratégia promissora, visto o maior
fracionamento de bioativos a partir de uma mesma matriz. Uma vez que tais extratos possuem
componentes que sdo sensiveis a degradacdo devido a oxidacdo, o encapsulamento ¢ uma
estratégia promissora para protegé-los de variagdes do ambiente, contribuindo para a
estabilidade e durabilidade de sua atividade, mesmo no caso daqueles que possuem
propriedades antioxidativas. Portanto, o objetivo deste trabalho foi obter nanoparticulas
impregnadas com extratos do bagaco da laranja obtidos por diferentes métodos de extracao.
Para tanto, foram realizadas extragdes utilizando Soxhlet (SE) e métodos verdes: Extracao
supercritica (SFE) e extragdo por liquido pressurizado (PLE) de forma sequencial com dois
métodos SFE+SE e SFE+PLE. Apos as extragdes, foi realizada a encapsulagcdo dos extratos
obtidos por método de dupla emulsdo, com auxilio de ultrassom, para obter particulas de
tamanho nanométrico. A extracao supercritica com dioxido de carbono como primeira etapa
extrativa apresentou rendimentos médios de 1,033%. As extragdes sequenciais, que usaram
Soxhlet e extragdo com liquido pressurizado como métodos, foram realizadas com etanol como
solvente. Os resultados de rendimento para ambas extragdes sequenciais foram de 31,13% para
Soxhlet e 18,33% para extragdo com liquido pressurizado. Além disso, todos os extratos
apresentaram atividade antioxidante, com destaque para os extratos sequenciais, com valores
de ECso de 1,78 mg.mL! e 2,69 mg.mL"! para Soxhlet e PLE, respectivamente. Em geral, para
a formulagdo da dupla emulsdo sdo utilizados solventes organicos para seu preparo; porém, a
agua destilada foi utilizada como meio continuo neste trabalho. As emulsdes foram realizadas
utilizando Pluronic F127 como surfactante hidrofilico e Lecitina e Manosileritritol lipidios-B
como surfactantes lipofilicos. Todas as formulacdes resultaram em nanoparticulas com
tamanhos de 263 até¢ 410 nm e emulsdes monodispersas. O biossurfactante manosileritritol
lipidios-B apresentou particulas menores, com tamanho de particulas entre 249 até 363,9 nm;
porém com menor valor de potencial Zeta variando de -8,9 a -13,6 mV. Portanto, a aplicagdo
de processos de extragdes sequenciais foi considerada vantajosa visto que o rendimento de
recuperagdo de extratos foi alto, resultando em extratos com boa atividade antioxidante e
possibilitando o aumento do aproveitamento do residuo industrial. O desenvolvimento de dupla
emulsdo com particulas de tamanho nanométrico mostrou-se viavel com a incorporagdo dos
extratos.

Palavras-chave: extracao sequencial; bagaco da laranja; nanoencapsulagdo; dupla emulsao.






RESUMO EXPANDIDO

Introducio

O Brasil representa aproximadamente 50% da producdo de suco de laranja do mundo (Neves
et al., 2009). A produgdo de laranja brasileira no ciclo de 2020 representa 4,4% maior quando
comparada ao ano de 2019 (Nogueira, 2020). A producdo de suco de laranja produz residuos
que sdo frequentemente descartados em lixdes. Transformar os residuos industriais em
diferentes produtos pode gerar beneficios financeiros para essas industrias, provenientes da
venda desses produtos e a diminui¢ao dos residuos gerados. Produtos secundérios como 6leos
essenciais e outros extratos vegetais podem ser utilizados na industria com diferentes fungdes.
Por exemplo a vitamina C, encontrada em diversos extratos, pode ser utilizada como agente
antienvelhecimento em cosméticos, ou ainda, o 6leo de lavanda que pode ser utilizado devido
a sua propriedade calmante em aromaterapia. Extratos vegetais podem ter propriedades
antioxidantes e antimicrobianas, porém sao sensiveis ao meio ao qual estdo inseridos. Mudanga
de temperatura, incidéncia de luz, presenca de oxigénio e cristalizagao sdo alguns dos fatores
que colaboram na degradagdo desses extratos. Nesse contexto, a encapsulacdo de oleos
essenciais e extratos vegetais pode ser usada para protegé-los do estresse do meio ao qual estdo
inseridos. Além da prote¢ao dos extratos vegetais, a encapsulacao também auxilia com outras
dificuldades como a liberagao do produto na localizagdo correta ou ainda na extensdo de tempo
de liberagdo para aumentar o tempo de efeito do extrato.

Objetivos

O principal objetivo deste trabalho foi obter extratos a partir do bagago da laranja que
apresentassem atividade atividade antioxidante e encapsular esses extratos em nanoparticulas
usando métodos verdes. Para isso, os extratos de bagaco da laranja foram obtidos usando o
sequenciamento de métodos, sendo extracdo supercritica como primeiro etapa e Soxhlet e
extracdo por liquido pressurizado como segundas etapas. A atividade antioxidante dos extratos
foi avaliada pelos métodos de sequestro de radicais livres com DPPH e método de clareamento
com [B-caroteno. Ademais, para a produgdo das nanoparticulas, o método de dupla emulsdo sem
uso de solvente organico assistida por ultrassom foi aplicado. Além disso, o efeito de dois
surfactantes hidrofilicos (lecitina e manosileritritol lipidios-B) foi analisado.

Metodologia

As extragdes e analises de atividades antioxidantes foram realizadas no Laboratorio de
Termodinamica e Tecnologia Supercritica/LATESC (Departamento de Engenharia Quimica e
Engenharia de Alimentos, UFSC, SC/BR). A quantidade de 4gua em amostras que foram usadas
para extragdo deve ser reduzida (Pourmortazavi; Hajimirsadeghi, 2007). Para isso, ap6s 8 horas
de secagem a 50 °C, as amostras de bagaco da laranja apresentaram umidade de 3,78 g/ 100 g.
Etanol PA e Hexano PA foram utilizados como solventes para as extragdes realizadas em
segunda etapa. A extragao supercritica (SFE) utilizou CO> como solvente supercritico € ocorreu
nas condi¢des combinadas de 200 e 300 bar, com temperaturas de 40 e 50 °C. As extracdes
sequenciais, Soxhlet (SE) e liquido pressurizado (PLE), ocorreram apds a extragao supercritica
e utilizaram o residuo da condigdo de extrag¢do selecionada de 200 bar/50 °C como material
solido. A extracdo com Soxhlet ocorreu seguindo a metodologia AOAC (2005) onde um
involucro contendo 5 g de material sélido foi colocado na camara de extracdo e 150 mL de
solvente foram adicionados ao baldo de fundo redondo. O aparelho extrator foi colocado em
manta de aquecimento para evaporagado e refluxo do solvente durante 6 horas. A extragdo com
liquido pressurizado utilizou 5 g de material sélido; sob vazdo de 3 mL.min"!, etanol PA foi
usado como solvente, durante 30 minutos sob condi¢cdes de 100 bar/60 °C. A analise
antioxidante segundo o método de sequestro de radicais livres com uso de DPPH seguiu a
metodologia de Mensor et.al. (2001) com adaptacdes de concentragdao e volume. O segundo



método para analise de atividade antioxidante foi o método de clareamento com [-caroteno
seguindo a metodologia de Matthdus (2002). Formulagdes para produgdo das nanoparticulas
foram feitas no Laboratorio de Controle de Processos e Polimerizagao/LCP (Departamento de
Engenharia Quimica e Engenharia de Alimentos, UFSC, SC/BR). Lecitina, Pluronic F127 e
Manosileritritol Lipidio B foram usados como surfactantes. Acido estedrico puro foi usado
como o lipidio para a formacao das nanoparticulas lipidicas solidas. A primeira emulsdo foi
formada pela juncdo da fase aqueosa (W1) e fase organica (O) contendo agua destilada, acido
estearico, lecitina ou manosileritritol lipidio B e presenga ou ndo de extrato SFE 200 bar/50 °C.
W1 e O foram unidas e submetidas a agitagdo magnética e aquecimento em chapa magnética
aquecedora a aproximadamente 70 °C durante cerca de 1 minuto ou menos e, entao, submetidas
a dispers@o, com uso de sonda ultrassonica por 15 segundos. A segunda emulsdo foi composta
de W1/0 e da segunda fase aquosa (W2), onde W2 foi feita com agua destilada, Pluronic F127
e presenca ou ndo de extratos SE ou PLE. Entdo, W1/O e W2 foram unidas e submetidas a
dispersdo com sonda ultrassonica por 1 minuto (em 4 rodadas de 15 segundos, sendo 10
segundos com a sonda e 5 s sem a sonda). Foram feitas analises de tamanho de particula (Dp),
polidispersividade (PDI) e potencial zeta (Z).

Resultados e Discussao

Considerando-se os extratos obtidos por extragao supercritica, todas as condi¢des de extragdo
apresentaram rendimentos significativamente similares aos resultados apresentados para as
extragoes feitas com hexano (2,57 %). Cruz et al. (2017) e Mazzutti et al. (2018) obtiveram,
para semente de butid e casca de semente de cacau, rendimentos similares quando diferentes
condi¢des de extracdo foram aplicadas. Apesar da baixa recuperacdo apresentada por SFE (com
valores entre 0,93 % a 1,15 %), extratos com componentes apolares sdo obtidos, o que significa
que bioativos diferentes sdo recuperados. Benelli et al. (2010) apresentaram rendimentos de
extragdo supercritica para bagaco de laranja similares aos obtidos neste trabalho, e a mudanga
de pressdo causou uma leve melhora na recupera¢do de extratos. Porém, as extragcdes com
liquido pressurizado e Soxhlet apresentaram desempenhos superiores para extratos sequenciais
e ndo sequenciais. Os rendimentos de SE obtidos usando diferentes solventes mostraram que o
solvente com polaridade maior apresentou maior recuperagdo tanto para extratos sequenciais
(31,13 %) como nao sequenciais (32,26 %). Resultados semelhantes ocorreram para o estudo
de menta feito por Almeida et al. (2012). Os rendimentos obtidos para PLE foram
significativamente similares (sequencial: 18,33 % e ndo sequencial: 15,74 %). Entre os extratos
etanodlicos, os sequenciais obtiveram maior eficiéncia de extragdo. Os maiores rendimentos
obtidos para os extratos sequenciais podem ser atribuidos a etapa anterior onde foi aplicada
maior pressao a qual pode ter causado ruptura das paredes celulares do material vegetal e, entdo
o processo secundario pdde se beneficiar e obter maiores valores de rendimento.
Comportamento similar foi observado por Dias et al. (2019) e Ferro et al. (2019) onde extratos
sequenciais obtiveram maiores recuperagoes do que os ndo sequenciais. A variacao entre os
resultados de SE e PLE podem ser consequéncia das diferentes condi¢des de extragdo
percebidas entre os dois métodos, onde o primeiro ocorre a temperatura maior € o outro a
pressdo maior. O método de sequestro de radicais livres com DPPH ¢ expresso em equivalente
de concentracao a 50% (ECso), o que significa que quanto menor a concentragao obtida, melhor
a atividade antioxidante do composto. Entre os resultados obtidos para SFE, o melhor resultado
foi apresentado para a condi¢do 200 bar/50 °C com ECso de 1,24 mg. mL™'. Melhores resultados
de ECso foram apresentados tanto Soxhlet (1,39 mg. mL™!) quanto para PLE (2,05 mg. mL")
para a matéria-prima inicial. Ainda que a boa atividade antioxidante seja apresentada pela
matéria-prima inicial, o uso do residuo de SFE ainda ¢ vantajoso, pois leva a um melhor uso do
material solido. Mazzutti et al. (2018) apresentaram que extratos sequenciais eram melhores do
que aqueles onde apenas SFE era aplicado. O método de clareamento com [-caroteno nao



apresentou diferenca significativa entre resultados obtidos para os extratos sequenciais, porém
mostrou que ha também atividade antioxidante demonstrada por esse método. Para a analise
das nanoparticulas lipidicas solidas formadas, trés parametros foram avaliados: tamanho de
particula (Dp), indice de polidispersividade (PDI) e potencial zeta (Z). As particulas obtidas
apresentaram tamanhos variando de 263 a 410 nm. As particulas que continham em sua
formulacao manosileritritol lipidio B apresentaram particulas menores. As formulagdes que
continham extratos tanto em W1 quanto em W2 apresentaram Dp menores tanto para lecitina
quanto para MEL-B. Resultados similares foram apresentados por Peres et al. (2016) que
elaboraram formulac¢des similares usando lecitina. As formulacdes feitas neste trabalho
obtiveram PDI variando entre 0,092 e 0,174, o que mostra que as formulagdes se apresentam
como monodispersas. Das e Chaudhury (2011) declaram que valores menores do que 0,3
indicam monodispersividade. Mohanraj e Chen (2006) afirmam que valores maiores que 30
mV, em modulo, apresentam emulsdes estaveis. O potencial zeta apresentou valores que
confirmam uma baixa estabilidade das emulsdes, com valores compreendidos entre 8,9 e 21,1
mV, em mddulo. Especialmente para formulagdes contendo MEL-B os resultados apresentaram
menor valor de potencial zeta e, apesar disto, MEL-B produz particulas menores.

Consideracoes Finais

Neste estudo, extratos foram obtidos a partir do bagago da laranja utilizando-se de trés
diferentes métodos de extracdo: Soxhlet, extracao supercritica e extragdo com liquido
pressurizado. A combinagdo dos métodos de extragdo foi feita com sucesso onde a extragdo
supercritica foi seguida por extracdo com liquido pressurizado (ou Soxhlet, para comparacado).
Os extratos obtidos com o bagaco da laranja foram utilizados em formulagdes para obtengao de
nanoparticulas lipidicas solidas, sem uso de solvente organico. O método usado para
nanoencapsulacdo foi o de dupla emulsdo assistida por sonda ultrassdnica para que extratos
polar e apolar fossem incorporados na mesma particula. As extragdes apresentaram bons
rendimentos, inclusive para os extratos sequenciais, e excelente atividade antioxidante.
Portanto, a utilizagdo de bagaco da laranja para recuperacdo de componentes ¢ de grande valia
e pode ser utilizada em pesquisas adicionais de antioxidantes naturalmente obtidos. As
particulas obtidas apresentaram tamanhos dentro da escala nano, como consequéncia do uso da
sonda ultrassdnica, e emulsdao monodispersa.

Palavras-chave: extracao sequencial; bagaco da laranja; nanoencapsulagdo; dupla emulsao.



ABSTRACT

Currently, Brazil is the biggest producer and exporter of orange juice in the world, as a
consequence, the production of orange pomace (residue) is proportionally high (CITRUSBR,
2021). The obtention of extracts from industrial residues is an ever-growing alternative of
interest to aggregate value to generated residue. In this regard, the sequencing of extraction
processes is a promising strategy, seeing the bigger fractioning of bioactive from the same
matrix. Whereas these extracts have components that are sensitive to degradation due to
oxidation, encapsulation is a promising alternative to protect them from environmental
variability, contributing to their stability and durability, even in those with antioxidant
properties. Therefore, the aim of this study was to obtain nanoparticles impregnated with orange
pomace extracts obtained by different extraction methods. For that, extractions using Soxhlet
(SE) and green methods: supercritical extraction (SFE) and pressurized liquid extraction (PLE)
in sequential manner with two methods SFE+SE and SFE+PLE. Following the extractions, the
encapsulation of the obtained extracts was done using the double emulsion method assisted by
ultrasound to obtain nano sized particles. The supercritical extraction with carbon dioxide as
the first extraction step presented an average global yield of 1.033%. The sequential extractions,
that used Soxhlet and pressurized liquid extraction as methods, were performed using ethanol
as solvent. Global yield results for both sequential extractions were 31.13% for Soxhlet and
18.33% for pressurized liquid extraction. Moreover, all extracts presented antioxidant activity,
highlighting ECso values of 1.78 mg. mL™' and 2.69 mg. mL™! for Soxhlet and PLE, respectively,
obtained for sequential extracts. In general, for the preparation of double emulsion, organic
solvents are generally used for this preparation; however, distilled water was used as continuous
phase in this study. The emulsions were formulated using Pluronic F127 as the hydrophilic and
lecithin and mannosylerythritol lipid-B as the lipophilic surfactants. All formulations presented
nanoparticles with sizes from 263 to 410 nm and monodispersed emulsions. With particle sizes
between 249 to 363.9 nm, the biosurfactant mannosylerythritol lipid-B presented smaller
particles, but lower values of zeta potential varying between -8.9 to -13.6 mV. Hence, the
application of sequential extraction processes was considered advantageous given that the yield
for recuperation of extracts was high, resulting in extracts with good antioxidant activity and
increasing the use of the industrial residue. The development of double emulsion with nano
sized particles incorporating the obtained extracts proved viable.

Keywords: sequential extraction; orange pomace; nanoencapsulation; double emulsion.
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CHAPTER1

1 INTRODUCTION

The Brazilian production of orange fruit has been increasing since 1960 (GRO
INTELLIGENCE, 2015). According to the Brazilian Institute of Geography and Statistics
(IBGE) and the United States Department of Agriculture (USDA), the 2020 cycle of Brazilian
crop production will be 4.4% higher, when compared to 2019 (crop production of 17.6 tons)
(NOGUEIRA, 2020). The orange fruit is composed of pectin, potassium, magnesium, beta-
carotenes, vitamin C, among other nutrients. Ascorbic acid, or vitamin C, is well-known to
assist the production of collagen, absorption of iron and improvement of immune system
(BARRETO, 2018). Pectin can induce low cholesterol content (PECTIN, 2018); beta-carotene,
a pigment related to the orange color, is a powerful antioxidant associated to the prevention of

heart diseases (OLSEN, 2020).

Figure 1 Average yield of Orange Production in Brazil for April/2022.

Average yield (kilograms per hectare)
From 12197 to 16940
From 16941 to 21663
From 21664 to 25164
[ From 25165 to 30335
[ From 30336 to 30336

Southeast

Source: IBGE (2022).

Since the orange production is substantial, and not all of it is consumed in natura, the

processing of orange fruit into juice is a large industry. According to a report elaborated by
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CitrusBR (National Association of Citrus Juice Exporters), Brazil represents approximately
50% out of the world orange juice production. In addition, Brazil exports 98% out of the total
production (NEVES et al., 2009).

The production of orange juice generates residues that are often discarded in landfills.
The use of residues from food industry, also called industrial waste, has increased due to
researches that showed that such residues can be used to create other products, such as essential
oils, d-limonene, terpenes and citric pulp flour from orange, lime, lemon, tangerine and
grapefruit (NEVES et al., 2009).

Some practical examples that make use of residues are the Feel the Peel machine and
the companies Green Spot Technologies and Krill Design. The squeezer “Feel the Peel” was
designed to show the complete usage of the orange fruit. The installation produces orange juice
and the peels enter the equipment to be processed and turned into cups that are 3D-printed
promptly (CARLO RATTI ASSOCIATI, 2019). Moreover, Green Spot Technologies uses
fermentation to transform by-products of orange, apple, beetroot, tomato and others to create
nutritious flour rich in protein and dietary fiber while it is low on sugar (GREEN SPOT
TECHNOLOGY, 2016). In addition, the Italian design company Krill Design creates home
décor from orange peels (KRILL DESIGN, 2021).

Figure 2 (A) Krill Design products (B) Feel the Peel machine.

Source: (A) Krill Design (2021) (B) Carlo Ratti Associati (2019).
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Thus, repurposing industrial residues into different products can be better for the
industry due to the financial profit generated from their sales. Besides, a decrease on expenses
to transport the residues to places where they can be discarded properly is an advantage.

Some of the products that can be produced from industrial residues are the essential oils
and plant-based extracts. These products can have multiple functions, such as their usage in
cosmetics to aid in formulations and functionality of products, or in aromatherapy where
properties of different vegetable sources are used for different types of treatments. For instance,
extracts with a high amount of vitamin C are used in antiaging cosmetics (LA ROCHE-POSAY,
2021). Even though essential oils can have multiple functions, such as antioxidant and
antimicrobial, they are still sensible to the environment in which they are preserved. In other
words, essential oils can be sensitive to the incidence of direct light, oxidation, crystallization,
and others. Thereby, these products must be protected and properly preserved. A solution for
their protection is to insert these essential oils in capsules that can protect them from light and
oxidation due to a physical barrier between the oil and the surrounding environment.

In this context, the encapsulation of essential oils and plant extracts can be used to
protect them from environmental stress. In addition to the protection of the essential oil, the
encapsulation can also assist with other difficulties such as the release of the product in the
correct location or even an increase of time release to extend their effect. However, many
methods used make use of organic solvents as the continuous phase in the encapsulation
process.

Overall, this work studied some alternatives applied to the areas of residue reuse, such
as extraction and encapsulation. Thus, it provides a new perspective on the concept of green
chemistry of orange juice industry chain, with application of combined extraction methods with
low use of organic solvents. Secondarily, it describes the encapsulation of orange pomace
extracts by double emulsion without the use of water instead of organic solvents in the
formulation, which can increase the applicability of such products and their formation using

greener methods.

1.1 OBJECTIVES

The main objective of this work is to evaluate the possibility of the use of green methods
for the obtention of orange pomace extracts with antioxidant activity. The second main
objective of this study is to encapsulate these extracts within nano sized particles, using green

methods without the use of organic solvents.
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To achieve this research aim, the specific objectives are described below:

e To obtain orange pomace extracts using supercritical fluid extraction, Soxhlet and
pressurized liquid extraction;

e To obtain orange pomace extracts by combining extraction methods, with supercritical
fluid extraction as first step; followed by Soxhlet or pressurized liquid extraction as
second steps;

e To evaluate antioxidant activity of the obtained extracts by radical scavenging method
using DPPH and B-carotene bleaching method;

e To produce nanoparticles by free-organic solvent double emulsion method assisted with
ultrasound, encapsulating the obtained extracts;

e To evaluate the effect of two different hydrophilic surfactants in double emulsion

nanoparticles.

1.2 RESEARCH STRUCTURE

This dissertation was divided into five chapters. In a simple manner of explanation, the
theoretical part presents the necessary fundaments for the understanding and development of
this research. The methodologies for the practical development along with results, discussions
and conclusions were divided by topic. The themes are presented separately with its own
chapter. In order to keep this dissertation more objective, all the writing and discussions were
done in shorter sets of texts with a general explanation of the topic with advantages and
disadvantages.

In Chapter I the research aim is presented, with contextualization and the reasons as to
why the theme was chosen. Chapter II presents a literature review on the methods used to obtain
extracts from orange bagasse and the method used to encapsulate these extracts. Chapter 111
describes the obtainment of extracts from orange bagasse with the use of three different
extraction techniques and their integration, in addition to presenting the results for antioxidant
analyses performed for these extracts. Chapter IV describes the adapted methodology of double
emulsion applied to obtain nanoparticles without the use of toxic solvents; that is, with the use
of distilled water as solvent. Chapter V presents the conclusion and suggestions for future

researches.
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CHAPTER 11

2 LITERATURE REVIEW

In this chapter, a brief literature review presents the relevant subjects to this research.
Three, highly known, methods of extraction are presented: Soxhlet, supercritical fluid and

pressurized liquid extractions. Then, the double emulsion encapsulation method is detailed.

2.1 EXTRACTION METHODS OF BIOACTIVE COMPOUNDS

Multiple methods have been developed over the years. The facility of operation and
maintenance of the equipment, non-necessity of specialized professionals and financial return,

are among the reasons as to why some of them are used more often than others.

2.1.1 Soxhlet (SE)

The Soxhlet method is considered a standard method of extraction (LUQUE DE
CASTRO; PRIEGO-CAPOTE, 2010). It can be used to validate the results obtained for global
extraction yield, when compared to other methods (VIGANO et al., 2016), and the sequential
approach.

The Soxhlet extractor was introduced in the late 19™ century for the determination of
milk fat (JENSEN, 2007). Since then, it has been used as a standard extraction method. This
traditional method is important when evaluating new methods to verify if they are worth the
time, cost or even if it can reproduce the same or better results.

Regarding the advantages of Soxhlet, the technical simplicity, the low operational cost
and the simultaneous performance which can be maintained from multiple extractions. It is a
consolidated extraction method. However, it is time, organic solvent and energy-consuming
(LUQUE  DE CASTRO; PRIEGO-CAPOTE, 2010; POURMORTAZAVI,
HAJIMIRSADEGH]I, 2007).

The Table 1 shows some examples of materials that were extracted using Soxhlet

methodology.
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Table 1 Examples of Soxhlet extraction applied to multiple solid materials and solvents.

Material Solvent Tests Reference
Rosemary Acetone, methanol GC/HPLC Bicchi et al
(2000)
Grape Ethanol, hexane, butanol, Yield, TPC', AO? De Campos et
pomace dichloromethane, Composition al. (2008)
ethylacetate
Green coffee  Isopropanol and water Yield, AO?, Composition =~ Madhava
Naidu et al.
(2008)
Green coffee  Petroleum ether Quantification of free Tsukui et al.
diterpenes by HPLC (2014)
Passion fruit Hexane Yield, AO? Tocopherol Barrales et al.
seed and tocotrienol (2015)
composition
Chia  seed Hexane, ethylacetate, Yield, TPC!, AO?>, AM?®, Guindani et al.
cake ethanol Fatty acid composition (2016)
Jucara Ethanol TPC!, AO? Monomeric Garcia-
anthocyanins content Mendoza et al.
(2017)
Mangaba Water, ethanol, hexane Yield, TPC', AO? Dias et al.
(2018)
Pumpkin Hexane TPC!, AQ?, Can-Cauich et
Chromatography al. (2019)
Piper n-hexane Yield De Oliveira et
diravicatum al. (2019)

'Total phenolics content, 2Antioxidant activity, *Antimicrobial activity.

2.1.2 Supercritical fluid extraction

The supercritical fluid extraction (SFE) is a green modern extraction method that uses
solvents at pressures and temperatures higher than the critical point of solvent. It is known to
obtain select components depending on conditions and solvents used (KHAW et al., 2017).

The advantages of SFE include, no or low-organic solvent, selective extraction,
preservation of components that are sensitive to high temperatures, among others. However,
the high cost of the equipment, and specialist operators are significant disadvantages (KHAW
etal.,2017).

Superecritical fluids present intermediate properties between liquid and gas, mainly the
following interchangeable properties diffusion coefficient and viscosity. At supercritical
conditions the diffusion coefficient is higher, which increases the efficiency of extraction, it

also decreases the viscosity (compared to liquids), which enhances molecular diffusion that
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accelerates extraction process (CAMEL, 2001). Supercritical fluids can be used for the
extraction of bioactive compounds.

Carbon dioxide is the most common supercritical fluid used for this method due to its
low critical point (approximately 73 atm and 31 °C), easy obtained, low cost, inert and not toxic
(ASBAHANI et al., 2015). Although, other gases also have interesting supercritical properties;
such as nitrogen, methanol and water; however, due to high costs, high critical pressure and
temperatures, risk of explosions and toxicity, for instance, they are rarely used. The Table 2

presents examples of SFE.

Table 2 Supercritical Fluid Extraction of bioactive compounds.

Material Conditions Assays Reference
Rosemary 30, 40 °C Yield, AO? Composition Carvalho et al.
100,150, 200, 250, (2005)
300 bar
Spearmint 40,50,60°C Different extraction conditions Bimakr et al.
100,200,300 bar on the recovery of flavonoid (2011)
compounds
Spent coffee  40,50,60°C Yield, TPC!, AO?, Composition ~ Andrade et al.
grounds and 100,200,300 bar (2012)
coffee husks
Cordia 30,40,50°C Yield, Cytotoxicity, Antitumor Parisotto et al.
verbenacea 100,150,200,300 effects (2012)
bar
Grape pomace 50,60°C Yield, AM?, Phenolic profile Oliveira et al.
150,200,250,300 (2013)
bar
Red, green and 50°C TPC!, AO?, AM?, Flavonoids, Machado et
brown Propolis 350 bar Arthepillin C, p-Coumaric al. (2016)
Butia 40, 50, 60°C Yield, TPC!, AO? AM? Cruz et al
100, 200, 300 bar ~ Composition (2017)
Quinoa 40, 50, 60°C Yield, AO?  Composition, Benito-
200, 300, 400 bar  Tocophenol Roman et al.
(2018)
Feijoa 40, 55°C Yield, TPC!, AO? AM?> Santos et al.
200, 300 bar Composition (2019)
Piper diravicatum 35,55°C Yield, AQ?, Composition, De Oliveira et
100,300,500 bar Inhibition of al. (2019)
acetylcholinesterase

!Total phenolics content, 2Antioxidant activity, *Antimicrobial activity.

2.1.3 Pressurized liquid extraction

At the Pittcon Conference, in 1995, a new method of extraction was introduced by

Dionex Corporation that applied high pressure and high temperature (below critical point) -
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Pressurized Liquid Extraction (PLE) (MUSTAFA; TURNER, 2011). This extraction method is
related to the concept of green technology. PLE is also known as Accelerated Solvent
Extraction (ASE), Pressurized Hot-Solvent Extraction (PHSE), and receives a specific name
when the solvent used is water such as Subcritical Water Extraction (SWE) (CARABIAS-
MARTINEZ et al., 2005; VAZQUEZ-ROIG; PICO, 2015). The Table 3 shows examples of
PLE.

Table 3 Examples of Pressurized Liquid Extraction applied to multiple solid material sources.

Material Solvent Conditions  Tests Reference
Blackberry ~ Water, acidified 60, 80, Yield, TPC!, AO? Machado etal.
residues water, ethanol, 100°C Monomeric (2015)
mixture of ethanol 75 bar anthocyanins
and water
Passion fruit ethanol 30, 45, Yield, TPC!, AO? Vigano et al.
rinds 60°C Phenolic composition (2016)
100 bar
Jucara Ethanol, 40, 60, TPC', AO? Garcia-
mixture of ethanol + 80°C Anthocyanin’s Mendoza et al.
water 100 bar content (2017)
Buriti Shell ~ Mixture of ethanol + 35, 50, 65, Yield, TPC', AO? Rudke et al.
water 71°C (2019)
100 bar
Feijoa Ethanol, 40, 55, Yield, TPC', AO? Santos et al.
mixture of ethanol + 80°C AM?, Composition (2019)
water 100 bar

!Total phenolics content, 2Antioxidant activity, >Antimicrobial activity.

PLE presents advantages such as relative fast time of extraction, the reduced amount of
solvent and the high recovery yield of extract. The high pressure increases the mass transfer
rate by disrupting the solid matrix cell walls. Additionally, the high pressure combined with the
high temperature can break intermolecular forces on the matrix that increases the efficiency of
the process. In addition, the high temperature decreases the viscosity of the solvent, improving

the diffusion rate (HERRERO et al., 2015; MUSTAFA; TURNER, 2011).

2.1.4 Sequential extraction

During the 90s, the use of green chemistry started to be developed. One of the principles
states that there is a need to reduce the amount of waste and the impact that the chemical
industry has introduced in the environment (LENARDAO et al., 2003). In this context, the

development of sequential extraction techniques contributes with this concept due to the reuse
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of the same raw materials in order to exploit the most of it and also to avoid or reduce the use
of non-green solvents. Table 4 presents some examples of sequential extraction being

implemented to various source materials.

Table 4 Examples of Sequential Extraction applied to multiple solid material sources.

Material Methods Tests Reference
Olives SE + Extraction efficiency improvement ~ Virot et  al.
Microwave (2007)
Passion fruit SFE + Yield, AO? Fatty acid composition, Barrales et al.
seed Ultrasound Tocopherol and Tocotrienol (2015)
composition
Green propolis SFE + PLE Yield, TPC!, AO? AM3, Color, Monroy et al.
Composition (2017)
Artemisia SFE + Yield, TPC', AM?, Flavonoids Martinez-Correa
Maceration et al. (2017)
Cocoabeanhulls SFE+PLE  Yield, TPC', AO? Composition Mazzutti et al.
(2018)
Yellow passion PLE + TPCI1, Flavonoid’s profile, Pectin De Souza et al.
fruit rinds Ultrasound yield (2018)
Sida rhombifolia SFE + PLE Yield, TPC!, AO? Flavonoids, Ferro et al.
leaves Composition (2019)

!Total phenolics content, 2Antioxidant activity, >Antimicrobial activity.

The main advantage of having sequential extraction steps is that, even when the same
extraction method is applied in a sequence, when the extraction conditions changes, the
recovered material is also different. For instance, using two sequential PLEs, if the solvent or
temperature changes from the first to the second extraction, the recovered extracts will have a
different composition. That is, from the same sample, different components can be obtained.
Therefore, the matrix was better explored, when compared to a single-step extraction

(GARCIA-MENDOZA et al., 2017 and GIL-RAMIREZ et al., 2018).

2.2 ENCAPSULATION

This part of the literature review will approach the encapsulation process. More

specifically the encapsulation of plant-based extracts and double emulsion method.

2.2.1 Encapsulation of essential oils
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Essential oils are a volatile, natural, complex mixture of compounds characterized by a
strong odor. They can present components that have antioxidant and/or antimicrobial activity.
However, such volatile components are often sensitive to the variation of ambient condition
such as elevated temperature, pH, moisture, presence of light and oxygen. In order to overcome
the steadiness problems of essential oils, stabilization is important, by encapsulation process,
for instance. Encapsulation protects sensitive oils against degradation and also can mask
undesirable flavors and odors (MEZZOMO et al., 2016; RODRIGUEZ et al.,2016; TURASAN
etal., 2015).

Encapsulation is a technique that preserves the core material against environmental
factors due to the presence of a physical barrier between the core material and the surrounding
mean. Encapsulation of bioactive compounds can improve the action of targeted compounds
such as efficient approach to allow a controlled release of the core material, increase of the
physical stability, protection from oxidation, decrease of volatility, enhancement of bioactivity,
prevention of microbial contamination, reduction of toxicity, and enhancement of the solubility
of hydrophobic compounds in an aqueous media that increases its range of application
(ANDRADE et al., 2017; DESAl et al., 2019; RAVI KUMAR, 2000).

Another factor that may contribute to the improvement of encapsulation effects is the
size of the particles. For instance, nanoparticles, due to their reduced size, can achieve different
places than microparticles. Therefore, nanoparticles can be applied with a more specific
function. Nanoparticles can promote a faster release, improve specificity and solubility, prolong
the effect of the core material, improve intracellular penetration in biological tissues and skin
retention and present higher degradability, because of its higher surface area.
Nanoencapsulation of essential oils can also lower volatilization, which reduces instability and
loss of material (FREIBERGER et al., 2015; RODRIGUEZ et al., 2016).

Some examples of encapsulation of essential oils using multiple wall materials and
different methods are presented in Table 5.

Furthermore, the material used for the wall formation of the capsule can also be a
contributing factor for the application of the capsules. For instance, some materials are not
recommended when encapsulated material is applied to food or cosmetics because it can cause
allergic reactions or become toxic with time. Depending on the function and the mean, the
capsules will be inserted, which can change the choice of wall material. For instance, if the
mean is aqueous, the material should be more hydrophilic to aid with the interaction and avoid
phase separation. In addition to the wall properties, their behavior towards the mean in which

it is inserted should be analyzed. The polarity, solubility and thickness can influence the choice
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depending on how fast or slow the core material should be released (FERNANDES et al., 2014
and RODRIGUEZ et al., 2016).

Table 5 Examples of different methods of encapsulation of essential oils.

Method Essential 0oil ~ Wall Material Reference
Spray drying Green coffee  Maltodextrin, skim milk Desai et al
powder (2019)
Freeze and Spray drying Spent coffee Maltodextrin, Gum Arabic Ballesteros et
grounds al. (2017)
Freeze drying Rosemary Maltodextrin, Whey Protein Turasan et al.
concentrate (2015)
Direct complexation Tea tree Amorphous beta- Shrestha et al.
cyclodextrin (2017)
Pressurized Antisolvent co- Propolis Water soluble polyethylene Yang et al.
precipitation (PAS) glycol (2014)
Supercritical Anti-Solvent Rosemary Poloxamers (ethylene oxide Visentin et al.
(SAS) and propylene oxide) (2012)
Ionic gelation Beetroot Sodium alginate Ferreira
(2018)
Emulsification/Ionic Peppermint Chitosan Shetta et al.
gelation and Green tea (2019)
Mini- Roasted Poly (I-lactic acid) (PLLA), Freiberger et
emulsification/Solvent coffee poly  (hydroxybutyrate-co- al. (2015)
evaporation hydroxy valerate) (PHBV)
Emulsification/Solvent Pink pepper  Poly lactic acid Andrade, K.
Extraction S. et al
(2017)

Various materials are used as wall materials can be used separately or combined to

improve their properties. Some of the most common examples are maltodextrin, gum arabic,
poly (lactic-co-glycolic acid) (PLGA) and chitosan. Nevertheless, there are new materials being
developed such as the one developed by Kaderides and Goula (2017) that utilized orange juice
by-products to create a new wall material and applied this formulation to encapsulate

pomegranate peel essential oil using spray drying method (KADERIDES; GOULA, 2019).

2.2.2 Double emulsion

Double emulsions are also known as emulsions of emulsions, layer by layer emulsions
and multiple emulsions. The multiplicity of layers is used when the components within needs
more protection from the surrounding environment or needs to be released in a longer period
of time. Double emulsions can carry both hydrophilic and hydrophobic components depending

on how it is layered (IQBAL et al., 2015). In can be an oil in water in oil (O/W/O) or the most
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common one, water in oil in water (W/O/W), where the aqueous phase contains the hydrophilic
component and the organic phase contains the hydrophobic component. The layers in double
emulsions must communicate with each other so separation of phases does not occur. This
stability is provided by surfactants that are able to link both phases within its layer.

This method is based on emulsification-solvent evaporation technique (DAS;
CHAUDHURY, 2011; RODRIGUEZ et al., 2016). However, the solvent removal changes the
name of the method. For emulsification-solvent evaporation, the particles are formed with the
polymer precipitation during solvent evaporation. Although, there is a variation of the method
called emulsion diffusion in which the emulsion gets diluted and then the polymer that will
form the particles involves the droplets, and after that, the suspension goes through an
evaporation process (KAKRAN; ANTIPINA, 2014).

Double emulsions differentiate from single emulsion due to the use of two different
surfactants. One of them having high hydrophile-lipophile balance (HLB) value, hydrophilic
surfactant, and the other having a low HLB, lipophilic surfactant. The lipophilic surfactant
assists the stabilization of the aqueous dispersed phase of the emulsion, whereas the hydrophilic
surfactant does the same for the organic dispersed phase whether they are the most inner or
outer layer of the droplets.

Two destabilization phenomena can occur in an emulsion; they are called coalescence
and Ostwald ripening and can cause the particles growth. Coalescence occurs due to the
breakage of the droplet walls whereas Ostwald ripening occurs because of the transport of
dispersed phase molecules from the smaller to the larger droplets through the continuous phase.
Temperature rise, decreased viscosity and high shear of the continuous aqueous phase may
favor droplet coalescence. Coalescence can cause phase separation, change in viscosity and
decrease encapsulation efficiency. The rate of Ostwald ripening in emulsions depends on
chemical structure of the nonpolar phase, the type and concentration of surfactant present, the
movement of molecules across the interfacial phases and the presence of surfactant micelles in
the continuous phase. Ostwald ripening can be influenced by solubilization, interfacial tension,
and colloidal interactions (BAMBA et al., 2018; LEISTER; KARBSTEIN, 2020; SANTOS et
al.,2017; WEISS et al., 1999).

Depending on the particle size, an emulsion can change its function or even its
application. Also, depending on its particle size, the methods for the formation of particle
change. For example, in cosmetics, there was an increase in the pursuit for emulsions that utilize
the nano scale. For the achievement of this size, high energy processes are applied with the aid

of different devices such as ultrasound, high pressure homogenizer and microfluidizer. These
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devices work on the high shear produced by cavitation, collision and turbulence, which causes
the droplets to form a more uniform dispersion with small dispersity of particle sizes (LAMBA
et al., 2015). These high energy methods aid with a better control on particle size and their
distribution. However, the smaller the particle, the more susceptible it is to instability that can
lead to coalescence (gathering of particles). The emulsifier’s properties to adsorb onto the
created surfaces can cause overprocessing the emulsions and the high Brownian motion,
increases the chances of collisions leading to coalescence at high microfluidization pressure
(ALKANAWATI et al., 2018).

Time, ultrasonic frequency, surfactant concentration, oil concentration, pressure and
temperature are some of the parameters that interfere in the particle sizes (MOHANRAJ;
CHEN, 2006; RODRIGUEZ et al., 2016).

As for the application of double emulsions, this method can be used for the production
of lipid nanoparticles loaded with hydrophilic drugs (DAS, 2011), it has also shown potential
as drug delivery system for bioactive ingredients such as probiotics, vitamins, polyphenolic
components and minerals (LEISTER; KARBSTEIN, 2020; MUDRIC et al., 2019). They can
also be used in applications where controlled release is desired. These emulsions of emulsions
also showed that they can improve the absorption of molecules that have low bioavailability,
achieve a more accurate release depending on environment conditions such as pH and
temperature at the right time. They can eliminate or at least minimize the unpleasant taste of
bioactive compounds and provide products with healthier lipidic profile by reducing their lipid
content (LAMBA et al., 2015; MUDRIC et al., 2019).

Some advantages of double emulsion are the additional protection against lipid
oxidation and coalescence of particles, controlled release of active ingredients, particle size can
be better controlled depending on preparation conditions (GONCALVES et al.; VELEZ-
ERAZO et al., 2018). On the other hand, the limited range of available lipophilic surfactants,
the low thermodynamic stability, the high volumes of water that need to be eliminated, the
leakage of components that are soluble in water, Ostwald ripening, and phase separation due to
poor interface interaction are some of the disadvantages that make this a difficult method to
work with (GONCALVES et al.; LAMBA et al., 2015; MUDRIC et al., 2019). Some examples

of studies with the method of double emulsion are shown in Table 6.
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Encapsulated Surfactants/Wall Study Reference
substance materials
Mango peel Tween 20, Tween 80, Encapsulation efficiency and Velderrain-
extract lecithin, PGPR! stability Rodriguez et al.
(2019)
Blueberry Corn oil, PGPR!, WP? Physical parameters for Bamba et al.
pomace extract  isolate double emulsion preparation (2018)
- Polyvinyl alcohol, Size, Zeta potential, stability, Zambaux et al.
Human serum albumin rheological behavior (1998)
Trans- PGPR!, Miglyol, Encapsulation efficiency and Matos et al.
resveratrol and Sodium yield, particle size and (2015)
vitamin B12 carboxymethyl distribution
cellulose
Chia oil WP? concentrate, Kinetic stability, Zeta Vélez-Erazo et
Pectin potential, mean  droplet al.(2018)
diameter, microstructure and
rheological behavior
Fragrance PGPR!, Tween 60, Stasse et al
Tween 20, Tergitol 15- (2020)
S-12
Bovine serum PLGA®  poly (e Size, polydispersity, Agnihotri;
albumine caprolactone) percentage of encapsulation, Vavia (2003)
release time
Aspartame Sunflower oil, gelatin Size, encapsulation yield, Rocha-Selmi et
and Gum Arabic hygroscopy, solubility, al. (2013)
morphology

'PGPR = polyglycerol polyricinoleate, “WP = whey protein, *PLGA = poly (lactic-co-glycolic acid).

2.2.3 Nanoencapsulation

The main goal of encapsulation is to protect sensitive substances, isolating them from

physical environmental stress. Nanoencapsulation is a technology that describes encapsulation

on the nanometer scale using films, layers, or nano dispersions. Controlling particle size,

controlling bioactive material release, fast drug release, reduce liquid volatility, mask

unpleasant flavor, decrease of needed dosage to obtain the same biological efficiency and site-

specific release of active agent such as pharmaceuticals are within the advantages of

nanoencapsulation. Another advantage is the need for smaller amounts of emulsifier and

increased stability which means less chance of flocculation and creaming. On the other hand,

due to the small size of the particles, there is a greater risk of aggregation during transportation

or even storage. However, the use of biodegradable copolymers can be used to aid decreasing

coalescence (ASSIS et al., 2012; BAMBA et al., 2018; FREIRE, 2017; JAFARI, 2017 and
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MOHANRAJ and CHEN, 2006). Table 7 presents some examples of nanoencapsulation to

different applications.

Table 7 Examples of application of nanoencapsulation.

Nanoencapsulation of: For: Reference
Quercetin Formation of biodegradable nanoparticles ~Kumari et al.
(2010)
Centella asiatica L. Urban  Enhancement of the skin-protective Kwon et al.
activities (cosmetics related) (2012)
Hydrophobic Antioxidant and  antimicrobial  of Pereira et al.
phytochemicals Guabiroba fruit (Campomanesia (2015)

Phenolic compounds

xanthocarpa O. Berg)
Protection against environmental stresses

Faridi Esfanjani;

and low bioavailability Jafari (2016)
Passion fruit by-product Enhanced antimicrobial activity Oliveira et al
extracts (2017)
Thymus  capitatus and Food preservation Granata et al
Origanum vulgare (2018)

2.2.4 Biosurfactants applied in emulsion formulation

Biosurfactants can be synthesized by various microorganisms such as bacteria, fungi
and yeasts. Biosurfactants are amphipathic surface-active compounds that decrease interfacial
and superficial tension and stabilize solutions by forming emulsions (SANTOS et al., 2016).
Due to microbial origin, low toxicity and biodegradability, these types of surfactants can be
considered superior to synthetic surfactants and they have gained more and more attention
(GUDINA et al., 2013).

Some of the general properties of biosurfactants are lower toxicity, antimicrobial
activities, structural diversity, probiotic nature, higher biodegradability, higher selectivity and
specific activity at extreme conditions: higher foaming ability. Due to its amphiphilic structure
with polar and non-polar cores, biosurfactants are able to be used in different types of industry
such as cosmetics, pharmacological and food industry. They are used as potential antimicrobial
agents and to remove soil contaminants such as toxic pollutants (ARUTCHELVI et al., 2008;
GUDINA et al., 2013).

Mannosylerythritol lipid (MELs) are biosurfactant produced by Pseudozyma sp. as a
major component. Due to being a biosurfactant with environmental compatibility, structural
diversity, versatile biochemical function and mild production conditions, they recently regained
attention even though they have been known for over five decades (ARUTCHELVI et al.,
2008).
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Among MELs properties, one can cite easy biodegradability, environmental
compatibility, non-toxicity, low critical micelle concentrations, antiaging (active agent),
excellent surface and interfacial tension, which can be associated with nanoparticles to enhance
cytotoxicity and solubility as well as be used as coating agent, lower surface tension of water.
MELSs have the ability to form thermodynamically stable particles, can be used for drug delivery
systems and count with a self-assembling property which is a reversible and spontaneous
molecular organization into an ordered structure (ARUTCHELVI et al., 2008; COELHO et al.,
2020; KITAMOTO et al., 2002; WORAKITKANCHANAKUL et al., 2009).

Similar to modern extraction methods, the application of biosurfactant is related to the
concept of green chemistry, including its production using alternative culture medium

(ANDRADE et al., 2017).

2.3 STATE OF ART

Although orange bagasse is a massive residue, the most of data available in the literature
are related to orange peel. However, several authors have studied other parts of orange pomace
that is not only the peel. Table 8 presents examples of researches in the different fields that used
orange pomace as main material.

As presented in the previous table, the use of orange pomace has been widely reported
in the literature, for different areas. The study on drying isotherm of orange pomace showed
that the increase of temperature decreases drying time and raises the drying rate. Researches on
extraction of distinct bioactive were done with Supercritical, Soxhlet, Ultrasound,
hydrodistillation and microwave methods using different solvents to evaluate antimicrobial,
antibiofilm and antioxidant properties of the orange pomace. In addition, encapsulation with
different methods (such as spray drying, double emulsion and co-precipitation), different wall
materials, particle size and applications (such as a functional drink, reductant agent and cover)
were done.

However, there are a lot to be explored about the use of orange pomace for obtaining
active extracts. Extraction methods were already applied for orange pomace, but used
separately, not as sequential process as in the present work, Also, the double emulsion method,
used before with the aid of spray dry, is used along with ultrasound to produce nanoparticles in

this research.
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Table 8 Examples of researches from literature reporting the use of extracts obtained from

different parts of orange pomace.

Orange part Investigation Reference
Peel Encapsulation by co-precipitation Beristain et al.
(1996)
Peel Operation conditions for Supercritical extraction Mira, B; Blasco,
M; Subirats (1996)
Not specified  Encapsulating in a spray dried double emulsion Edris; Bergnstahl
O/W/O (2001)
Peel Encapsulation was applied to eliminate inhibition in Pourbafrani et al.
fermentation of orange waste to ethanol (2007)
Entire pomace Determination of kinetics and isotherms for drying Fiorentin et al
(2010)

Entire pomace

Not specified
Entire pomace

Peel and leaves

Peel

Not specified

Peel

Peel

Peel

Entire pomace
Not specified
Peel

Peel

Extraction using Supercritical fluid, Soxhlet,
ultrasound and hydrodistillation, with evaluation of
antioxidant and antimicrobial activities
Microencapsulation by complex coacervation

Physical and chemical characterization of orange
pomace flour

Phenolic contents and antioxidant activity of multiple
varieties of orange

Extraction using ultrasonic and Soxhlet methods

Effect of ionic strength, pH, freeze—thaw and light on
the physicochemical stability of primary and
secondary emulsions

Extraction of essential oil, pectin and polyphenols
using microwave and ultrasound in a bio-refinery
form

Spray drying the extracts, analyses of the moisture
sorption isotherms

Encapsulated extract mixed with green tea to form a
functional drink

Pomace was used to obtain a high dietary fiber
powder to be used as carrier material

Encapsulating vitamin E, analyses of the influence of
heating temperature

Extraction using microwave assisted and hot water,
Antimicrobial and antibiofilm analyses

Silver nanoparticles were produced using the orange
peel oil as a reductant agent and cover

Benellietal. (2010)

Jun-xia et al.

(2011)

Clemente et al.
(2012)

Lagha-
Benamrouche;
Madani (2013)
Xhaxhiu et al.
(2013)

Zhao et al. (2014)

Boukroufa et al.
(2015)

Edrisi Sormoli;
Langrish (2016)
Rasouli Ghahroudi
et al. (2017)

Kaderides; Goula
(2017)
Raikos (2017)

Caputo et al. (2018)

Veisi et al. (2019)
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CHAPTER IIT

3 OBTAINMENT OF ANTIOXIDANT EXTRACTS FROM ORANGE POMACE
USING SEQUENTIAL EXTRACTION METHODS

In this chapter the first part of this work is presented; the obtainment of orange pomace
extracts using sequential extraction methods. The extracts obtained were evaluated according
to the results of global yield and antioxidant activity. These extracts were selected regarding
those parameters and used in the second phase of this project that is described in section Chapter

IV.

3.1 MATERIAL AND METHODS

The following topics will present the materials and the methods utilized in the operation
conditions for the process of orange bagasse extracts obtention, as well as the evaluation of
antioxidant activity. The extraction experiments were conducted at the Laboratory of
Thermodynamics and Supercritical Technology/LATESC (Chemical Engineering and Food
Engineering Department, UFSC, SC/BR).

3.1.1 Obtention and pre-treatment of the raw material

After orange juice is prepared in the industry, the residue is called orange pomace. The
pomace used for this project was kindly donated by the juice industry SUQ, located in Sao José,
SC/Brazil, from Valentia cultivar. The raw material is part of a single lot of the plantation of
origin and was collected in the period of one production day. After pickup, the raw material
was stored in a freezer and portions of the material were separated for the homogenization.

Given that the raw material is composed by peel, seeds and fruit membranes that come
in different sizes and consistency the homogenization step was necessary so the drying process
was performed with higher efficiency and homogeneity. The raw material can be seen in Figure
3.

The homogenized samples of the orange bagasse presented initial humidity of
approximately 69%, measured in the Humidity Analyzer Smart Turbo, at the laboratory PROFI,
UFSC. The samples were then submitted to drying process in air circulation oven (DeLeo, Porto

Alegre/RS, Brazil) for 8 hours at 50°C.
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After drying, the samples were grounded in knife mill (De Leo, Porto Alegre/RS,
Brasil). Then, to obtain a medium particle size from the milling process, the samples were
sieved in vertical sieve (Bertel Indtstria Metalurgica Ltda., Caieiras/SP, Brasil) and a medium
particle diameter of 0.256 mm was obtained. All mesh sizes were used for the extraction
processes for better fill of the extraction column and simulation of a real industry process.
Lastly, the samples were placed in polyethylene bags and stored in domestic freezer at -18°C

until experiments started.

Figure 3 Raw material: (A) as received, (B) after size homogenization, (C) after drying.

Source: the author.

3.1.2 Determination of moisture content

The determination of moisture content and volatile substances for the orange bagasse
was performed accordingly to the method 925.09 of AOAC (2005), in which the procedure is
based upon the loss of moisture and volatile substances when the sample is submitted to the
temperature of 105°C.

The procedure was conducted firstly by the preparation of the aluminum capsules that
must be placed in oven without circulation at 105°C for 1 hour (DeLeo, Porto Alegre/RS,
Brazil), then cooled in desiccator until it reaches room temperature and weighted in analytical
scale (AY220, SHIMADZU do Brazil Ltda., Sao Paulo/SP, Brazil). Then, 5 g of raw material,
weighted in the aluminum capsules in the analytical scale were taken to the oven at 105°C for
24 hours, cooled in the desiccator until room temperature and weighted again. The samples
were heated again for 3 more hours, cooled and weighted to see if it any change would occur
to their weight, or if it would continue constant. For the calculus of humidity and volatiles,

Equation 1 was used, where wi; is the initial sample weight (g) and wris the final sample weight

(@)
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w; —w
Moisture content (%) = ( : f).lOO (1)

i
The determination of moisture content and volatiles substances of the orange bagasse

was performed in triplicate and the results were expressed as mean value + standard deviation.
3.1.3 Extraction with sequential extraction processes

In this work, the sequential extraction methods occurred in two manners: Integration of
Supercritical fluid extraction with Pressurized liquid extraction and Integration of Supercritical
fluid extraction with Soxhlet extraction. The second integration was performed to use Soxhlet
as a standard method of comparison with results obtained from Pressurized liquid extraction.

For the integration process to happen, the residue from the SFE extractions had to be
selected before the second step. Hence, the analysis of global yield and antioxidant activity of
the extracts obtained after the first extraction were performed. Only the solid residue of the
selected extract was used for the integration of the processes. The flowchart in Figure 4 shows
the extraction steps executed. Thus, the second step was performed with the extraction residue
of the previous extraction. The parameters to select the best extract were high global yield and

antioxidant activity results.

Figure 4 Flowchart of the sequential extraction process.
= SFE 300 bar/50°C {

T
8 SFE 300 bar/40°C Zg

T
& SFE 200 bar/40°C Zg
BT

Extract

= SFE 200 bar/50°C { Soxhlet
=

Orange pomace

PLE 100 bar/60°C

Source: the author.
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3.1.3.1 Supercritical extraction

The supercritical extraction (SFE) experiments were performed using an extraction unit
that can operate up to a maximum pressure of 300 bar and 111 to 1000 L.h"! of solvent flow
interval.

The supercritical extraction unit was employed to obtain extracts of orange bagasse,
with the use of pure carbon dioxide. Kinetic tests were performed in order to stablish extraction
conditions such as raw material weight for bed formation and extraction time.

The extraction unit used for this part consists in an apparatus that contains two extraction
jacketed vessels, one of 138 mL (internal diameter of 20 mm and height of 440 mm) and another
of 622 mL (internal diameter of 45 mm and height of 391.1 mm) made of AISI316 stainless
steel. A schematic diagram of the extraction unit presenting details of side equipment can be
seen in Figure 5.

Two methods were used for this extraction. The static method is characterized by
keeping the supercritical solvent in contact with the solid matrix, during a pre-determined
period of time, for greater saturation of the solid matrix. For this reason, the supercritical solvent
is able to penetrate deeper into the solid matrix and supports the increase on global extraction
yield (PESSOA et al., 2015).The dynamic method of supercritical extraction was employed in
the kinetics experiments for the determination of global yield with the aid of the static method.
The dynamic method is characterized by the continuous passage of the solvent through the solid

matrix (FERREIRA et al., 1999).
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Figure 5 Scheme of the unit extraction SFE device.

air

12

Notes: 1: CO; cylinder; 2: Manometer; 3: CO, pressure regulator/reducer; 4: Cooling bath; 5:
Compressed air regulator; 6: CO, pump; 7a: Jacketed extraction vessel; 7b: Jacketed extraction vessel; 8:
Heating; 9: Regulator needle valve; 10: Block needle valve; 11: Heating bath for valves; 12: SFE glass flask; 13:
Rotameter. Source: the author.

The preliminary test made with the use of Soxhlet extractor and hexane as solvent
presented a global yield of 2.38 %. Given that the aim of the SFE is not only the evaluation of
global yield of the extracts but also to obtain a bigger quantity of mass for the sequential stages
of this work the vessel of 622 mL was chosen to perform all supercritical extractions. Therefore,
for each extraction performed in triplicate, approximately 230 g of raw material was added to
the extraction column along with cotton and glass beads to make the fixed bed compacted, so
it could not create preferential paths for the passage of the supercritical solvent.

The influence of pressure and temperature on the global extraction yield verification
was performed. The variables analyzed were pressure, in two levels of 200 and 300 bar, and
temperature, also in two levels of 40 and 50 °C. The levels were applied accordingly to Table
9. The solid residues of all extraction conditions were collected and stored in freezer. However,

the residue of only one condition was used as source material for the next extraction step.

Table 9 Assay plan for the supercritical extraction process

Variables Levels
T (°C) 40 50
P (bar) 200 200

300 300
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3.1.3.1.1 SFE kinetic experiments — extraction curves and kinetic parameters

The kinetic experiments for the obtention of extraction curves were performed using
approximately 230 g of raw material. The material was weighted in analytical scale (BG2000,
GEHAKA, Sao Paulo/SP, Brazil), with decigram of precision. The weight of the raw material
was selected to obtain a compacted bed in which the height is equal to twice the size of the
diameter of the extraction cell, so that in this way the axial dispersion can be contemned. The
flasks used for the kinetic experiment were weighted in analytical scale, with a tenth of
milligram precision. Time gaps were determined previously for practical collection of extracts.
After collection, the flasks with extracts were weighted again, so extract weight could be
determined with the passing of time. Extraction curves were built by crossing data of
accumulated extract weight and time.

The kinetics experiments were performed with the lowest extraction condition and used
pure CO; with solvent flow of 17 +2 g.min™!, pressure of 200 bar and temperature of 40°C. The
experimental values of the extract weight versus extraction time obtained for this extraction
curve is presented in Table A, Appendix L.

The kinetic curve was built by collecting extracts from pre-determined time gaps. Each
time extraction interval was obtained from the extraction curves data. The time gaps tcer and
trer represent the end of constant rate and decreasing rate of extraction, respectively shown in

Figure 7.

3.1.3.2 Soxhlet extraction (SE)

Soxhlet extraction was performed according to the method 920.39C of AOAC (2005)
using solvents Ethanol P.A. and Hexane P.A. The methodology used 5 g of solid material
wrapped in filter paper and inserted in the extraction chamber. Then, 150 mL of solvent was
added to a round flask and placed in a heating device so the solvent could reach boiling point
and start the extraction with solvent reflux. The extraction process lasted 6 hours.

For previous determination of what to expect from Supercritical fluid extraction a
preliminary test with raw material and hexane P.A. was performed. The extraction with ethanol
and hexane was performed to compare results with the sequential extracts. For the sequential
extractions, the solid material used was the residue from the supercritical fluid extractions with
ethanol and hexane as solvents; due to the lack of references, these extractions were necessary

for comparison of results.
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The extraction was performed in triplicate and the extracts obtained after solvent
evaporation were placed in dark flasks and stored in domestic freezer, at -18 °C. Extraction

yield was calculated in the same way described previously with Equation 2.

3.1.3.3 Pressurized liquid extraction (PLE)

The PLE experiments were performed in a customized equipment, as presented by

Mazzutti et al. (2018);the apparatus diagram is shown in Figure 6.

Figure 6 Scheme of the customized PLE unit extraction.

3
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Notes: 1: Solvent reservoir; 2: Pump; 3: Block needle valve; 4: Heating bath; 5: Jacketed extraction vessel; 6:
Manometer; 7,8: Regulator needle valve thick and fine adjustment; 9: PLE collector flask. Source: the author.

The extraction was performed by adding approximately 5 g of sample, raw material or
residue from the previous extraction step, into the extraction cell. The volume of the extraction
cell was completed with glass beads and cotton layers, to have a compacted bed without leaving
space to create preferential paths for the solvent. The extractions were performed at 60 °C and
100 bar, in duplicate. The experimental procedure was based in the instructions given by Santos
et al. (2019). Hexane P.A. and Ethanol P.A. were used as solvents. The extracts obtained were
submitted to evaporation of the solvents and were stored in amber flasks in freezer until

analyses resumed.
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3.1.3.3.1 PLE kinetic experiments — extraction curves and kinetic parameters

The kinetic experiments for the obtention of the extraction curves were performed using
approximately 5 g of residue material collected from the previous SFE step. The material was
weighted in analytical scale, with a tenth of milligram precision. The weight of the raw material
was selected to define a compacted bed. The flasks used for the kinetic experiment were
weighted in the same analytical scale. Time gaps were determined previously for practical
collection of extracts, considering the volume of solvent used for each time gap. After
evaporation of the solvent, the flasks with extracts were weighted in analytical scale. Extraction
curves were obtained as a function of accumulated extract weight by time, and are presented in
Figure 10.

The kinetics experiments were performed using solvent flow of 3 £ 0.2 mL.min’!,
pressure of 100 bar and temperature of 60 °C (conditions based on the work of Barrales et al.
(2018) and Rudke et al. (2019)) and ethanol as solvent. The experimental values of the extract
weight versus extraction time obtained for this extraction curve is presented in Table B,
Appendix I.

Each time extraction interval was calculated from the extraction curves data. The time
gaps tcer and trgr represent the end of constant rate and decreasing rate of extraction,

respectively.

3.1.4 Determination of global extraction yield (Xo)

The global extraction yield of oil (Xo) is the quantity of extracted oil present in the solid
matrix (orange pomace) in a determined extraction pressure and temperature. The experiments,
in this research, were performed for each sample in duplicate, with bed height and raw material
weight of approximately 300 mm and 230 g, respectively. The top and bottom end of the
extraction cell were coated with cotton to avoid solid particles breaking into the extraction line.
The rest of the extraction cell was filled with glass beads, in the entrance of the extraction cell,
before the raw material.

The global extraction yield was calculated through the ratio between extract weight (we)
obtained and raw material weight (w;) used to form the fixed bed, as shown in Equation 2. This
same equation was used for the calculus of global extraction yields of the sequential extraction

steps.
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We
Xo(%) = @)

r

The flasks containing the extracts were weighted in analytical scale and stored in

domestic freezer at -18 °C.
3.1.5 Antioxidant activity
3.1.5.1 Free radical scavenging activity — DPPH

The free radical scavenging of the orange bagasse extracts was evaluated using the 1,1-
diphenyl-2-picrylhydrazil (DPPH) method, as described by Mensor ef al. (2001) and adapted
here to use a smaller amount of reagents, solvent and extracts. The determination of antioxidant
activity trough the DPPH method is about the reaction of an ethanolic solution of DPPH in a
0.3 mM of concentration with increasing concentrations of the orange bagasse extracts during
30 minutes, in room temperature and in the dark. After reaction time is complete, the
absorbances are read in spectrophotometer (FEMTO, 800 XI, Sao Paulo, SP) at 517 nm.

The higher the antioxidant activity of the sample, the more stable the DPPH radical
becomes, causing discoloration of the solution containing the reagent and the extract therefore
reducing their absorbance. Thus, the percentage of sample inhibition of the tested samples can
be calculated converting the absorbance in percentual of antioxidant activity (AA%),
accordingly to Equation 4: Where Abssample 1s the absorbance value of the sample, Absplank 18
the is the absorbance value of the blank sample and Abscontrol 1S the absorbance value of the

control sample.

(Abssample - Absblank)
AbScontrol

AA(%) = 100 — 4)

For the experiments performed for the orange bagasse, before the definitive
concentrations in which all extracts were evaluated, a concentration test was executed. Using
previously determined concentrations (0.625; 1.25; 2.5; 5 and 10 mg. mL™) for the extracts, it
was possible to achieve the real concentrations used to build the curves with concentrations of
0.75; 1; 1.5; 2; 3 mg. mL"! and find the ECso values. The absorbance values were measured at
517 nm in spectrophotometer after 30 min at room temperature and converted into percentage

of antioxidant activity (AA%).
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This activity was also presented as the effective concentration at 50% (ECso). ECso
means the concentration of the solution required to give 50% decrease in the absorbance of the
sample solution, compared to a blank, and expressed in mg. mL™! (CRUZ et al., 2017). The
ECso values were calculated from the linear regression of the AA% curves obtained for all
extract concentrations. The AA% and ECso for all extracts were obtained considering the

average of triplicate assays.

3.1.5.2 Discoloration method of -carotene/linoleic acid

The determination of antioxidant activity using the discoloration method of [-
carotene/linoleic acid is based on spectrophotometric measurements of the coloration loss
(oxidation) of P-carotene induced by the oxidative degradation of linoleic acid. The
methodology used for this work was described by Matthaus (2002). For this method, the system
formed by B-carotene and linoleic acid is induced to fast discoloration when in the absence of
an antioxidant compound. The discoloration rate of the B-carotene solution is determined by
the difference in the initial (time = 0 minutes) and final (time = 120 minutes) absorbance at 470
nm.

The methodology consists in the preparation of two base emulsions, one with the (-
carotene and another without, called blank solution. The extracts are also prepared with dilution
using 5 mg of extract, diluted in 3 mL of solvent. In this case, the solvent used was ethanol.
After emulsions and extract solutions were added together, the initial absorbance was measured
in spectrophotometer at 470 nm. Then, in water bath at 40°C for 120 minutes, the samples were
placed and the absorbance was measured again in the same wavelength. The results of
antioxidant activity (AA%) were calculated with Equation 5 and presented as average +
standard deviation. Where Abst.120 1s the absorbance value of the sample at 120 minutes, Abs:.o
is the absorbance value of the sample at initial time, Abscontrol:120 1S the absorbance value of the
control sample at 120 minutes and Absconwol:0 18 the absorbance value of the control sample at

initial time.

(AbSt:lzo - Abst:O) ] . 100} (5)

AA% =1 — {
(Abscontrol:lzo - Abscontrol:o)
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3.2 RESULTS AND DISCUSSION

3.2.1 Moisture content

The moisture content determined for the orange pomace is 3.78 + 0.19 g/100 g, after
drying process. According to Pourmortazavi; Hajimirsadeghi (2007), the water present in the
samples can affect the extraction yields, which means that, by reducing the amount of water in
the samples, the higher the yields values will be. Thus, to avoid undesired interactions between
the solid matrix, the solvent used for the extractions and the water; the water content must be
reduced. The samples went through a drying process described previously to achieve this

reduction.

3.2.2 Preliminary tests

3.2.2.1 SFE kinetic experiments

Preliminary test for determination of the extraction parameters was performed. The test,
presented in Figure 7, was done to determine the extraction time in which the orange bagasse
would stay in the SFE cell. It was performed at the lowest extraction condition determined
before with 200 bar and 40 °C. It is necessary to have a predetermined period of time for assays
that evaluate the yield. This period was found based on the extraction curves obtained with the

kinetic tests.



58

Figure 7 Kinetics of SFE for determination of extraction time with emphasis on tcer and trer.
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The kinetic graphic is divided in three steps. The first stage goes from time zero up to
tcer, at 35 minutes, named constant extraction rate (CER) where the particles are completely
involved with a layer of solute. The process is characterized by mass transfer with convection
between the surface of the solid matrix and the solvent. In this case, according to the yield ratio
(ratio between the partial and complete extraction yields), approximately 55 % of extract has
been recovered up to tcer. The second stage occurs between tcer and trer, with the decrease of
the extraction rate due to the decrease of the solute in the surface of the particles and so it begins
the mass transfer through diffusion. The final stage occurs after trer, here at 85 minutes of
extraction, with falling extraction rate (FER), and it is characterized by the almost nonexistent
extraction rate, in which the curve decreases significantly and presents the approximate value
of extractable content, in this case up to 92 % of the extract had been obtained at trer
(FERREIRA et al., 1999). After trer, 35 more minutes of extended extraction were applied to
increase the percentage of recovery.

After evaluation of the curve of the SFE kinetic, the evaluation of the extraction yield
ratio and to make sure that the extract was obtained at its maximum amount, the extraction time

for SFE process was set to 120 minutes for all extraction conditions.

3.2.2.2 PLE kinetic experiments

The behavior presented by PLE extraction was different from the extracts obtained with

SFE. For SFE, there is a clearer line of separation according to the data gathered. However, for
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PLE, not only is the data in accumulated mass and the yield ratio are evaluated but also the
coloration of the extracts throughout a certain period of time. In Figure 8, the discoloration of
the extracts can be seen. As seen in the picture, flask number 5 represents when tcer is achieved
and flask number 8 represents trer

The PLE kinetic and values for tcer and trgr are shown in Figure 9. It can be observed
that tcer 1s achieved within 15 minutes and trer is achieved at 30 minutes. Both times were
obtained with evaluation of yield ratio and coloration where tcer was achieved when
approximately 50 % of extract had already been obtained and trrr Was set when the extract has
been obtained was just about 74 %. After evaluation of the curve, the coloration and the yield
ratio, the extraction time for PLE process was set to 30 minutes. The time of extraction for the
following process was set at trer due to the amount of extract recovered and also due to the
amount of solvent that had already been used. The amount of extra solvent used to achieve a

higher recovery rate was not advantageous.

Figure 8 PLE kinetic extracts.

Source: the author.
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Figure 9 Kinetics of PLE for determination of extraction time with emphasis on tcgr and trer.
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3.2.3 Global extraction yield (Xo)

Results obtained for global extraction yields by the different extraction methods are
presented in Table 10 along with extraction conditions. Preliminary tests performed using
Soxhlet-hexane were done to obtain comparison to the SFE yields. It has been observed that
the yield obtained with SFE is often lower than the yield obtained with Soxhlet-hexane.
Accordingly, as Soxhlet-hexane presented extraction yields close to 2%, results for SFE showed
that orange pomace would obtain yields at maximum of 2%.

Considering the extracts obtained for Supercritical fluid extraction, all conditions
presented numerically similar results within the same method and with extraction performed
with Soxhlet hexane. Similar behavior was observed by Cruz et al. (2017) and Mazzutti et al.
(2018), in which the SFE extracts obtained from butia seeds and cocoa bean hulls using different
extraction conditions presented similar yields regardless of extraction pressure and temperature.
Benelli et al. (2010), who also obtained extracts from orange pomace, presented an analogous
behavior with results for SFE yields presenting a small improvement on yield when pressure
went from 200 to 300 bar.

On the other hand, PLE and SE showed a superior recovery of extracts for both
sequential and non-sequential methods using ethanol as solvent. The high recovery numbers

can be explained by the extraction conditions and the use of polar solvent that can extract more
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polar substances. Despite the lower yield presented by SFE method, extracts with non-polar

components are obtained, which means that different bioactive constituents are recovered.

Table 10 Global extraction yields for different extraction methods.

Method  P(bar)/T(°C); solvent Sample Extraction Yield (Xo)'
SE Hexane 2.57+0.19¢
Ethanol Orange pomace 32.26 +5.874
PLE 100/60; Hexane 1.17 £ 0.48¢
100/60; Ethanol 15.74 +0.848
SFE 300/50; CO; 1.087 £ 0.151€
300/40; CO2 Orance pomace 1.147 £ 0.157¢
200/50; CO» gep 0.930 + 0.253€
200/40; CO» 0.968 + 0.056°
SE Hexane 0.66 + 0.25€
Ethanol SFE Residue: 200/50 31.129 + 0.5324
PLE 100/60; Ethanol 18.330 + 0.283B

'Tdentical letters in the same column indicate that there is no significant difference (p<0,05).

Moreover, the SE yields obtained using different solvents also showed that the solvent
with higher polarity presented higher recovery. Similar results occurred with Benelli et al.
(2010), Mezzomo et al. (2010), Almeida et al. (2012) and Andrade, K. S. et al. (2017). In
addition, the yield from SE for ethanolic sequential extraction demonstrated a slightly lower
recovery than the yield obtained for the raw material extraction. This can be explained by the
existence of a previous process where the material has already had a recovery and it is expected
a lower recovery.

Furthermore, PLE extraction obtained high yields for ethanolic extractions. The same
cannot be said for the extraction with hexane. This shows that the use of orange pomace,
whether it is in original raw material or as residue for a second step extraction, presents more
affinity with the polar solvent. Between ethanolic extracts, the sequential presented higher
yield. This higher recovery could be achieved due to the previous step that applied higher
pressure and may have caused cell wall ruptures. Dias et al. (2019) stated that the high yield
presented by the sequential process was explained by the turbulence and shear forces that could
have caused the cell wall breakage from the first step due to the use of ultrasound as integration
method. Also, the high recovery was explained due to the previous process removing nonpolar
components such as resins and waxes and the implementation of high pressure causing
structural modifications in the solid matrix. In addition, Ferro et al. (2019) presented the same

behavior in which PLE sequential extract obtained higher recovery than SFE.
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The variation between SE and PLE results can be a consequence of the different
extraction conditions. SE stays in room pressure and has higher temperature, at boiling point,
and a longer period of time. PLE is performed using higher and controlled pressure with lower
temperature and shorter period of time, of only 30 minutes. Given that the higher the
temperature, the lower the surface tension and solvent viscosity (MAZZUTTI et al., 2018). The

possibility of SE presenting higher yield is almost certain and, in this case, a reality.

3.2.4 Antioxidant activity

Antioxidant activity was evaluated for SFE and ethanolic extracts. Results obtained for
B-carotene and DPPH assays are presented in Table 11. Free radical scavenging using DPPH is
expressed in ECso, which means that the lower the concentration obtained, the better is the
antioxidant activity, considering that a smaller amount of extract will be necessary to achieve
the 50% absorbance decay. Within results for SFE extracts, condition 200 bar/50 °C presented
the best result with 1.24 = 0.01 mg. mL™! followed by 1.48 + 0.05 mg. mL™! on the condition
200 bar/40 °C. Both results are significantly different and yet present great antioxidant activity
for this method. Results obtained for butia and tamarind seeds presented ECso values which
shows they have a lower antioxidant activity than the orange pomace (CRUZ et al., 2017; REIS
et al., 2016). In addition, results obtained here are similar to the ones obtained in the same
conditions as Benelli et al. (2010), which presented a study in orange pomace as well.

Within the same extraction method, Soxhlet and PLE both sequential and non-sequential
methods presented good results; however, raw material with 1,39 mg. mL"! for SE and for PLE
2,05 mg. mL™! showed better results. The raw material extracts presenting better results can be
explained by the presence of components that aid this property and that weren’t extracted before
due to the lack of a previous extraction step.

Soxhlet presented better value of ECso for raw material. This is probably because the
extraction time allows the recovery of more antioxidant components. Benelli et al. (2010)
obtained similar results where low pressure extracts presented better ECso than SFE. Although
the raw material presents good antioxidant activity, the use of the residue (sequential method)
is still more advantageous, as it leads to a better use of the raw material and a reduction of solid
waste. Mazzutti et al. (2018) presented that sequential process extracts were better than SFE

because of the smaller concentration of extracts needed to achieve the 50% decay of the method.
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Extraction Method P(bar)/T(°C); solvent ~ ECso' (mg. mL™) B-carotene (AA%)'

SFE 300/50; CO» 1.79 + 0.02¢ 46.47 +2.97°B
300/40; CO, 1.70 + 0.06€ 36.16 + 4.528
200/50; CO 1.24+0.01F 48.31+1.234
200/40; CO; 1.48 +0.05P 10.17 + 3.39€

SE? Ethanol 1.78 £ 0.02¢ 40.46 + 4.904B

PLE? 100/60; Ethanol 2.69 +0.024 45.07 £ 5.34AB

SE Ethanol 1.39+0.01F -

PLE 100/60; Ethanol 2.05+0.038 -

'Tdentical letters in the same column indicate that there is no significant difference (p<0,05); 2Sequential extracts.

On the other hand, results shown for B-carotene are presented in percentage, which
means that the higher the percentage, the higher the antioxidant activity demonstrated by the
method. Lagha-Benamrouche; Madani (2013) presented a study in which extracts of different
orange cultivars were obtained by maceration and presented up to 80 % of antioxidant activity
for B-carotene method. All extracts presented some percentage of antioxidant activity pointed
out by this method. However, SFE extract under condition 200/40 obtained the lowest result
with 10.17 %. There is the possibility that the change in extraction conditions caused the
insufficient recovery of antioxidant components when pressure was changed from 300 to 200
bar. All in all, even though this method showed good antioxidant activity, it did not present
significant difference between extracts. In addition, sequential processes had similar results for
the bleaching method.

Since extraction yields presented no significant difference between extracts, antioxidant
activity became the decision factor to decide the residue from which SFE condition should be
chosen to proceed with the integration of methods. For this reason, condition 200 bar/50 °C was
chosen to be the first step in the sequential extraction process and as the inner component of

first emulsion on the encapsulation process.
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3.3 CONCLUSION

The results obtained in this study showed that repurposing the orange pomace, usually
a solid waste, can be profitable due to the obtention of extracts with antioxidant activity and
good recovery yield. Extracts with antioxidant activity were obtained from orange pomace,
using different extraction methods. Also, the integration of the extraction methods was
successful, especially when the extraction yield is considered. The sequential method, using
supercritical fluid extraction (SFE) followed by pressurized liquid extraction (PLE), showed
that residues from extraction can be as valuable as raw material. Furthermore, SFE and PLE are
considered green methods and should be used more often.

The following extraction methods of PLE and SE obtained greater yields for polar
solvent ethanol both for sequential and for the non-sequential methods. These results were
superior than those obtained for SFE. However, SFE is a more selective method, hence the
lower recovery percentage.

All extracts obtained from orange pomace presented good antioxidant activities, with
some extracts being better than others. Sequential extracts and SFE extracts presented similar
results for both methods of evaluation.

Considering the great amount of orange pomace that the juice industry produces, it is
surprising that there is not a higher number of studies that use the entirety of the bagasse.
Hopefully, this study will bring in more attention to this material given that it presents good
recovery percentage and antioxidant potential. These results could be used in the generation of

new products with high added value.
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CHAPTER 1V

4 NANOENCAPSULATION OF ORANGE POMACE EXTRACTS VIA DOUBLE
EMULSION TECHNIQUE

This chapter shows the second part of this research. The extracts obtained in the previous
chapter were selected and used in the formulation in order to obtain emulsions in the nano size

spectrum.

4.1 MATERIALS AND METHOD

The following topics will present the materials and the methods utilized in the
formulation of the double emulsions for the creation of the solid lipid nanoparticles. The
nanoencapsulation experiments were conducted at the Laboratory of Processes Control and
Polymerization/LCP (Chemical Engineering and Food Engineering Department, UFSC,
SC/BR).

4.1.1 Materials

Pure stearic acid (Vetec) was used as the lipid in the preparation of the solid lipid
nanoparticles. Lecithin (Alfa Aesar), Pluronic F127 (Sigma-Aldrich) and Mannosylerythritol
Lipid B (Toyobo/Japan, purity > 95 %) were used as surfactants (Figure 10). All reagents were

used as received. Distilled water was used in all experiments.
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Figure 10 Molecular structure of the surfactants utilized.
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Source: Adapted from Andrade, C. J. De et al. (2017) and Peres (2016).

4.1.2 Double emulsion method

For the formation of the double emulsion, several steps were necessary. Several tests
were performed to evaluate the formulations and parameters to obtain the emulsions and

consequently produce solid lipid nanoparticles.

4.1.2.1 Preliminary tests

The parameters that needed to be determined in the preliminary tests were: time of
sonication for the formation of the second emulsion in the ultrasound probe, amplitude of the
ultrasound probe and concentration of the hydrophilic surfactant. The data analyzed was
particle size, particle size distribution and zeta potential. The experimental procedure for these
tests was the same as presented in section 4.1.2.2 Formulations. For the preliminary tests, the
production of solid lipid nanoparticles was performed with a blank formulation, that is, no
orange pomace extracts were used during tests. They were performed using lecithin given that

it is a standard lipophilic surfactant.

Table 12 Experimental conditions used in the preliminary tests.

Test Sonication Time (s) Amplitude (%) Concentration of Pluronic (%)
T1 45 45 10

T2 45 45 5

T3 60 45 10

T4 60 45 5

T5 60 50 10

T6 60 50 5
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Hydrophilic surfactant Pluronic F127 was tested in concentrations of 5 and 10% (in
relation to the total mass of W2 phase) given that a higher concentration did not solubilize.
Time of sonication tested for the emulsification of the second emulsion was 45 s and 60 s, given
that a longer period of time only lowered the zeta potential of the formulations and provided
bigger particle sizes. The amplitude of the ultrasound probe (Eco-sonics, Ultronique, 500 W)
was also tested 45% and 50%, given that amplitude higher than 50% resulted on lower zeta
potential values for the formulations and lower than 45% resulted in bigger particles.

In the end of the tests, the selected conditions were: time was 60 s with amplitude of

50% and Pluronic concentration of 10%.

4.1.2.2 Formulations

The first emulsion was formed with the first aqueous phase (W 1) that contained distilled
water and an organic phase (O) containing stearic acid (0.3 g when in absence of SFE extract
and 0.27 g when in the presence of SFE extract), 0.003 g of lecithin or Mannosylerythritol Lipid
B, distilled water (0.1 g when in absence of secondary extract PLE or SE and 0.09 g when in
the presence of secondary extracts) and presence or not of SFE 200 bar/50 °C extract (0.03 g).
Both the aqueous phase (W1) and the organic phase (O) were submitted to heat and agitation
in a heated plate (at approximately 70 °C) with magnetic agitation until homogeneity and the
melting of the stearic acid for nearly 1 minute or less. Then, W1 and O were joined together
and submitted to sonication in ultrasound probe for 15 s with 50% amplitude at room
temperature (approximately 25 °C).

To obtain of the second emulsion, a second aqueous phase (W2) that contained distilled
water (2.7 g), Pluronic F127 (0.3 g) and presence or not of SE or PLE extracts (0.01 g), was
prepared. Pluronic F127 was used in 10% mass portion of the W2 phase. The ratio within the
components of W2 do not change. Then the second aqueous phase (W2) was joined into the
first emulsion and agitated in ultrasound probe for 60 s, (10 s on and 5 s off), with 50% of
amplitude. After the second emulsion was made, cold distilled water (45 g) was added to the
mixture to solidify and form the solid lipid nanoparticles. The experimental procedure is
schematically shown in the diagram in Figure 11. Formulations for the formation of the double

emulsions are presented in Table 13.
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Figure 11 Diagram of the double emulsion.
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Source: the author.

Table 13 Formulations for the preparation of the solid lipid nanoparticles using double
emulsion without organic solvent.

Form. Number  Formulation Code Lipid surf. (1%)' SFE®* SE* PLE’
F1 LEC-0 Lecithin 0 - -
F2 LEC-PLE Lecithin 0 - 10
F3 LEC-SFEPLE Lecithin 10 - 10
F4 MEL-0 MEL-B 0 - -
F5 MEL-PLE MEL-B 0 - 10
Fé6 MEL-SFEPLE MEL-B 10 - 10
F7 LEC-SE Lecithin 0 10 -
F8 LEC-SFESE Lecithin 10 10 -
F9 MEL-SE MEL-B 0 10 -
F10 MEL-SFESE MEL-B 10 10 -

"Percentage of lipid surfactant regarding the total amount of Stearic acid; *Weight percentage of SFE extract
regarding the total amount of Stearic acid; Weight Percentage of sequential SE or PLE extract regarding the total
mass of W1.

Formulation codes signal the changing components of the formulation. That is, LEC-0
means formulation made with lecithin and no extract, LEC-PLE means formulation made with
lecithin and PLE extract, LEC-SFEPLE means formulation made with lecithin and SFE and
PLE extracts, LEC-SE means formulation made with lecithin and SE extract, LEC-SFESE
means formulation made with lecithin and SFE and SE extracts, MEL-0 means formulation

made with MEL-B and no extract, MEL-PLE means formulation made with MEL-B and PLE
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extract, MEL-SFEPLE means formulation made with MEL-B and SFE and PLE extracts, MEL-
SE means formulation made with MEL-B and SE extracts, and last MEL-SFESE means
formulation made with MEL-B and SFE and SE extracts. After formation of the solid lipid

nanoparticles and characterization, the nanoparticles were freeze-dried to avoid coalescence.

4.1.3 Particle characterization

Measurements for zeta potential (Z), particle size (Dp) and particle size distribution
(PDI) were performed at LINDEN/UFSC using the equipment MALVERN’s Zetasizer
Nanosizer (0.3 nm — 10um; MPT-2 Autotitrator, 173°) at 25 °C, without dilution. The

formulations were inserted in a flask and placed in the equipment camera for reading.

4.2 RESULTS AND DISCUSSION

Solid lipid particles (SLNs) with the orange pomace extracts were obtained using the
double emulsion technique. Characterization of particle size, size distribution and zeta potential
of the SLNs is presented in the following topics.

Particle size (Dp) and particle size distribution (PDI) were analyzed and showed results
with nano sized particles, with MEL-B particles among the formulations with smaller sizes.
Peres (2016) did a similar formulation using lecithin and Pluronic F127 for double emulsion
formulation and obtained particles size and distribution similar to the ones presented in this
work. Zeta Potential (ZP), on the other hand, presented values that confirm a lower stability of

the particles, especially for formulations containing MEL-B.

4.2.1 Effect on the particle size

The results of particle size for the SLNs are shown in Table 14. Comparison in pairs
were done, to compare the effect of different variables on particle size. Considering the absence
of extracts, formulations F1 and F4 can be analyzed according to their different surfactants. The
MEL-B formulation presented particle sizes with more than 30 % reduction of size.

In regard to the presence of only external extracts (PLE or SE), the lecithin pair F2-F7
and the MEL-B pair F5-F9 can be observed. For these pairs, the change between extracts did
not result in a notable difference in the particles sizes. Furthermore, examining the different

surfactants within these formulations, other pairings must be done, the PLE pair F2-F5 and the
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SE pair F7-F9. The formulations containing MEL-B (F5 and F9) presented 10 % of reduction

in the size of the particles.

Table 14 Particle size results for different formulations.

Entry Formulation Code Dp (nm)'

F1 LEC-0 4102 +1.34
F2 LEC-PLE 315.8+1.6°
F3 LEC-SFEPLE 308.9 +7.3P
F4 MEL-0 259.7 + 0.4FC
F5 MEL-PLE 272.9 +5.1FF
F6 MEL-SFEPLE 249.0 + (.99
F7 LEC-SE 331.0 +4.2¢
F8 LEC-SFESE 282.7 +2.8F
F9 MEL-SE 262.7 + 7.9
F10 MEL-SFESE 363.9+9.88

"Means that do not share a letter in the same column are significantly different.

Observing results obtained for the formulations containing or not SFE extract, other
groups are formed. Within the lecithin formulations, F2-F3 containing PLE and F7-F8
containing SE extracts can be evaluated. Even though the first pair does not present significant
difference, it is observed that the presence of SFE resulted in a smaller particle size. A size
reduction of more than 10 % can be observed in the second pair, that presents significant
difference in values. Examining MEL-B formulations, the presence of SFE extract did not assist
with the conclusion that the presence of inner extract can aid in the decrease of particle size.
Formulation containing PLE presented smaller particle size in the presence of SFE; however,
SE formulation presented smaller particle size when in the absence of the inner extract.

The effect of two different lipophilic surfactants was also analyzed. Lecithin, a standard
surfactant, and Mannosylerythritol-Lipid B, which is still a novelty and; in this case, was used
to substitute lecithin. The average particle size (329.7 nm for lecithin and 281.6 nm for MEL-
B) presented that MEL-B resulted in a particle reduction of almost 15 %, which shows that, in
general, MEL-B presented smaller particles. In addition, comparisons between formulations
that contained the same extracts were done and showed that formulations containing MEL-B,
generally, presented smaller particle sizes. Kim et al. (2014) formulated emulsions using
different variation of MEL and obtained nano sized particles with sizes varying from 130 to
200 nm depending on the concentration of MEL used.

The smaller particles sizes may be due to the surfactant’s properties. Taking into account
that lecithin is a powder and MEL-B is a thick, honey-like liquid; it can be considered that

MEL-B blended and formed a more homogenic emulsion than lecithin. Another compelling
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factor is the molecular structure of both surfactants: MEL-B presents in its structure (Figure 10)
more functional groups that assist in the increase of its polarity. In addition, MEL-B presents
excellent surface tension-lowering ability and low critical micelle concentrations (CMC)
(KITAMOTO et al., 2002). Also, the self-assembling property of MEL-B probably allows for
components in the formulations to form smaller vesicles upon the high shear caused by the

ultrasound probe (YU et al., 2015).

4.2.2 Effect on the dispersity of the particles

The reduced value of dispersity means that the majority of the particles in the emulsion
have the same size or they have approximate sizes. A number of researchers in the emulsion
field accept dispersity values lower than 0.3 as an optimum value to demonstrate that the
emulsion is monodispersed (DAS; CHAUDHURY, 2011). The results for the dispersity of the

particles (Table 15) can also be evaluated in pairs.

Table 15 Polydispersity results for different formulations.

Entry Formulation Code PDI!

F1 LEC-0 0.144 + 0.0304B
F2 LEC-PLE 0.120 + 0.0344B
F3 LEC-SFEPLE 0.174 £ 0.016*
F4 MEL-0 0.122 +0.0214B
F5 MEL-PLE 0.132 +0.0324B
F6 MEL-SFEPLE 0.160 + 0.0044B
F7 LEC-SE 0.161 = 0.0354B
F8 LEC-SFESE 0.163 £ 0.0104B
F9 MEL-SE 0.092 + 0.028B
F10 MEL-SFESE 0.171 +£0.0324

"Means that do not share a letter in the same column are significantly different.

Polydispersity values did not show significant difference between most of the
formulations. However, if the statistical analysis is set aside, within the formulations that do
not present extracts, MEL-B presented a more homogenic emulsion when compared to the
similar formulations made with lecithin. In addition, when analyzing formulations with inner
and outer extracts, the presence of SFE extract exhibited emulsions with less uniform particle
sizes. Therefore, disregarding the statistical analyses, we can deduce that the presence of
extracts in the inner layer of the particles provides a bigger range of particle sizes in this study.

The change in surfactant does not seem to present a notable difference such as seen in

F2-F5 and F3-F6, where F2 (lecithin) and F6 (MEL-B) showed that each formulation,
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regardless of surfactant, obtained a smaller PDI. Peres et al. (2016) and Schubert; Miiller-
Goymann (2005) produced formulations with lecithin and obtained particle size distributions
similar to the ones presented in this study. Thus, the effect of surfactant on the dispersity shows

the surfactant do not present major effects in this study.

4.2.3 Effects on the stability of the particles:

The stability of the emulsions can be analyzed with zeta potential values that quantify
the charge property on the surface of the nanoparticles. The higher the value, in modulus, the
more stable the emulsion. Emulsions are considered stable when zeta potential values are higher
than 30mV or lower than -30 mV. High zeta potential values indicate that there is a smaller
chance of coalescence happening (DAS; CHAUDHURY, 2011; MOHANRAJ; CHEN, 2006).
In advance, the formulations presented in this work did not present zeta potential values to be

considered stable (Table 16), however it does not mean that the emulsions formulated are

unstable.
Table 16 Zeta potential of the nanoparticles.

Entry Formulation Code ZP (mV)!
F1 LEC-0 21.2+0.7°
F2 LEC-PLE -17.2 +0.4P
F3 LEC-SFEPLE -16.9 +1.0°
F4 MEL-0 -13.6+0.1¢
F5 MEL-PLE -93+0.34
F6 MEL-SFEPLE -11.9 + 0.8B€
F7 LEC-SE -18.1 £ 0.6"F
F8 LEC-SFESE -19.2 + 0.4F
F9 MEL-SE -8.9+0.34
F10 MEL-SFESE -11.8+1.08

"Means that do not share a letter in the same column are significantly different.

In regard to the complete absence of extracts (F1 and F4), the lecithin formulation
presented higher stability. Considering the presence of extracts, whether inner or outer extracts
decreased the zeta value of the formulations when compared to the ones without extracts within
formulations with the same surfactants.

In addition, examining the presence of the inner extract, in general, it presented a better
stability than the ones without SFE extracts. On the other hand, when analyzing the pairings

whose only difference is the surfactant, the emulsions with more stability were the formulations
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containing lecithin. Schubert; Miiller-Goymann (2005) produced solid lipid nanoparticles with
lecithin and obtained similar zeta potential results for lecithin formulations.

Low HLB values, suggest higher free energy and lower amounts of hydrophilic
antioxidants at the O/W2 interfacial region, which results in less stable emulsions. Given that
lecithin and MEL-B present low HLB values of 8 and 8.8, respectively (VELDERRAIN-
RODRIGUEZ et al., 2019 and ANDRADE, C. J. et al., 2017), it was expected that formulations
obtained here showed lower stability.

MEL-B presented, in general, a smaller stability than lecithin, even though is considered
to be thermodynamically stable (ARUTCHELVI et al., 2008). Even though MEL-B has shown,
in this study, to obtain a lower value of zeta potential, Kim et al. (2014) formulations using one
type of MEL presented zeta potential with values of -60 mV or less.

The behavior presented here can be explained due to the molecular structure of the
lecithin and MEL-B. In Figure 10, observing the molecular structure of lecithin, the functional
groups that are present are less electronegative and, for that, there are a lack of electrons on the

surrounding structure. That is, lecithin can be considered more stable than MEL-B.
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4.3 CONCLUSION

For this part of the study, the goals that were defined before were achieved with the
production of solid lipid nanoparticles impregnated with orange pomace extracts using double
emulsion method assisted with ultrasound without the use of organic solvent as the continuous
phase.

The double emulsion method, even though it is a laborious method, can be considered
for further research when solid lipid particles are required. This study has also shown that it is
possible to obtain nanoparticles with double emulsion assisted with ultrasound. Another point
is the possibility of working with double emulsions with the use of water as the continuous
mean solvent. In addition, this method allows nanoencapsulation without the use of other
solvents that are not considered green.

In regards to the presence of the extracts, the inner non-polar extract can aid with the
obtention of smaller particle sizes whereas the polar extracts in the outer phase do not
collaborate much for this purpose. Moreover, the presence of extracts in the particles led to a
decrease in the stability of the emulsions. The presence of SE and PLE in the formulations
decrease even more the stability of the particles.

In addition, comparing the surfactants lecithin and MEL-B; the use of MEL-B resulted
in smaller particles. Also, using the biosurfactant MEL-B, is interesting for processes of in
which the production of these nanoparticles is desired to be green. Even though MEL-B is
thermodynamically stable, in this case, all formulations that presented this surfactant presented
smaller stability. In regards to the dispersity of the nano particles, they all presented values that

indicate monodispersed emulsions, with low polydispersity indexes.
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CHAPTER V

5 CONCLUSION

In this study, extracts from the orange pomace were obtained with the use of three
different methods: supercritical fluid extraction, Soxhlet extraction and pressurized liquid
extraction. A sequential extraction process was successfully performed, with supercritical fluid
extraction followed by pressurized liquid extraction (or Soxhlet extraction, for comparison).
Extraction yields ranged from 0.93 % to 1.147 % in the first step of the sequential process. For
the second step of the sequential process global yields of 31.13 % and 18.33 % were obtained
for Soxhlet and pressurized liquid extraction, respectively. Even though the SFE extracts
obtained a smaller recovery, they present components with high value due to the selectivity of
the process.

The extracts obtained presented good recovery yields even for the sequential extracts.
They also presented antioxidant activity. ECso values of 1.78 mg. mL™! and 2.69 mg. mL™! were
presented for DPPH assay for sequential Soxhlet and pressurized liquid extraction, respectively.
Also, values of ECso ranging from 1.24 mg. mL™! to 1.79 mg. mL™' were obtained for SFE
extracts. Extracts were also analyzed according to B-carotene bleaching method and SFE
extracts presented antioxidant activity varying from 10.17 % to 46.47 %. For the same method
Soxhlet (40.46 %) and PLE (45.07 %) also presented high antioxidant activities. Hence, the
utilization of orange pomace is of great value due to the recovery of components that can be
used in further research of naturally obtained antioxidants.

The extracts obtained from orange pomace were used in formulations for the obtention
of solid lipid nanoparticles, without the use of organic solvents. The method for
nanoencapsulation was double emulsion assisted with ultrasound, in order to allow the
incorporation of both polar and non-polar extracts.

The solid lipid nanoparticles presented sizes within the range of 249.0 nm to 410.2 nm,
as aresult of the use of the ultrasound probe, and monodispersed values (with PDI varying from
0.092 to 0.174). However, formulations did not present high values of zeta potential (ranging
from 8.9 mV to 21.2 mV, in module). Therefore, these formulations, once the zeta potential is
increased by the use of other components that may aid in the surface charge of the particles,
can be used in the industry of food and cosmetics given that they do not use toxic or any other

problematic ingredient within their formulations.



76

5.1 SUGESTIONS FOR FUTURE WORKS

g)

h)

3
k)
D

Use of different solvents for the extraction of the sequential extracts;

Characterization of the raw material, the solid residue from SFE and the extracts;
Evaluation of antimicrobial activity of the extracts;

Evaluation of other extraction conditions for pressurized liquid extraction, such as a
change in the extraction temperature;

Use of different surfactants in the formulation of the nano emulsions;

Use of a different encapsulating agent, such as bee wax to replace the stearic acid,

Use of a stabilizer to increase the shelf life of the nano emulsions so they can be used
for product formulations;

Study of the degradation of the particles due to hydrolysis;

Evaluation of the release of the extracts for the mean in vitro;

Evaluation of the encapsulation efficiency of the extracts into the SLNs;
Characterization of the nanoparticles, such as electronic microscopy;

Evaluation of antioxidant and antimicrobial activity of the formulations.
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APENDICES

APENDICE I

Table A — Extraction SFE times, weights, accumulated weights and yield of the kinetic
experiments for orange bagasse at 200 bar, 40 °C and 17 £ 2 g CO2.min"'.

Time (min) Weight (g) Accumulated weight (g)  Yield (%)
15 0.0164 0.0164 0.0820
20 0.1157 0.1321 0.0660
25 0.1206 0.2527 0.1263
30 0.2410 0.4937 0.2468
35 0.3702 0.8639 0.4319
45 0.2327 1.0966 0.5482
55 0.1591 1.2557 0.6278
65 0.0892 1.3449 0.6724
75 0.0866 1.4315 0.7157
85 0.0244 1.4559 0.7279
95 0.0304 1.4863 0.7431
100 0.0209 1.5072 0.7535
120 0.0084 1.5156 0.7577
140 0.0033 1.5486 0.7742
160 0.0362 1.5848 0.7923

Table B — Extraction PLE times, weights, accumulated weights and yield of the kinetic
experiments for orange bagasse at100 bar, 60 °C and 3 + 0,2 ml.min"".

Time (min) Weight (g) Accumulated weight (g)  Yield (%)
3 0.1523 0.1523 3.0296
6 0.1651 0.3174 6.3138
9 0.0949 0.4123 8.2015
12 0.0584 0.4707 9.3633
15 0.0559 0.5266 10.4752
20 0.1003 0.6269 12.4704
25 0.07 0.6969 13.8629
30 0.0631 0.76 15.1181
35 0.0571 0.8171 16.2539
40 0.0625 0.8796 17.4972
45 0.0403 0.9199 18.2988
50 0.0434 0.9633 19.1621
55 0.0352 0.9985 19.8623

60 0.0308 1.0293 20.4750




		2022-07-18T10:29:58-0300


		2022-07-18T17:01:43-0300




