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RESUMO

A deficiéncia de micronutrientes é um problema de saude pablica relevante que ainda acomete
diferentes paises. Aliado a isso, a populacéo tem buscado alimentos nutricionalmente melhores,
inclusive com apelo aos compostos bioativos. Assim, 0s 6leos comestiveis surgem como uma
alternativa eficaz para amenizar os agravos decorrentes dessas caréncias nutricionais bem como
para melhorar a qualidade da dieta. Entretanto, como 0s seus constituintes sdo sensiveis a
oxidacdo, a industria alimenticia tem investido em tecnologias que protejam e preservem esses
6leos e seus componentes, como a técnica de microencapsulamento, que minimiza a degradacao
dos oOleos e facilita seu processamento e aplicacdo nas matrizes alimenticias com fins de
fortificagdo. Nesse contexto, a presente proposta teve como objetivo geral analisar a fortificagéo
de alimentos com 6leos comestiveis microencapsulados no contexto tecnoldgico e cientifico.
Para selecionar as patentes sobre microencapsulacao de 6leos e sua incorporacdo em alimentos,
a busca foi realizada nas bases de dados Espacenet e Instituto Nacional de Propriedade
Industrial (INPI). Ja para a busca dos artigos cientificos sobre o uso de 6leos microencapsulados
na fortificacdo de alimentos, foi realizada uma busca em dez bases de dados. O primeiro
documento de patente foi depositado em 1999 e em 2015 houve um aumento significativo no
numero de patentes depositadas, com a China ocupando o primeiro lugar no desenvolvimento
de tecnologias de microencapsulamento. Dentre as patentes que mencionaram a finalidade da
microencapsulacao, a melhoria da estabilidade oxidativa dos éleos foi o objetivo mais citado.
Melhoria das propriedades organolépticas dos 6leos e dos produtos alimenticios acrescidos com
as microcapsulas, melhor solubilidade e protecédo do 0leo, liberacdo do composto encapsulado
no local desejado e fortificacdo de alimentos foram outros objetivos mencionados nos
documentos de patente. Tanto nas patentes quanto nos artigos cientificos, a técnica de
microencapsulamento mais empregada na industria de alimentos foi o spray drying, a lecitina
de soja e o 6leo de peixe foram o emulsificante e o éleo microencapsulado, respectivamente,
mais aplicados nas matrizes alimenticias. Os materiais de parede mais utilizados nas patentes
foram amido modificado, maltodextrina e goma arabica, enquanto nos artigos foram
maltodextrina, quitosana, goma arabica, caseinato de sédio e as proteinas do soro de leite. Os
produtos de panificacdo e confeitaria, os produtos carneos e os laticinios foram os grupos de
alimentos mais enriquecidos com os 6leos microencapsulados tanto nas patentes quanto nos
artigos. Em relacdo aos efeitos dos 6leos microencapsulados nos alimentos fortificados, foram
relatados nos artigos modificagcbes na composicdo nutricional, principalmente em termos dos
teores de macronutrientes, como aumento no percentual de lipidios e proteinas, servindo como
uma estratégia para a indastria alimenticia melhorar a composicdo desses alimentos
fortificados. Os estudos de estabilidade apresentados nos artigos demonstraram que 0
microencapsulamento protege e preserva 0s 6leos e seus compostos bioativos, mantendo a
qualidade e caracteristicas fisico-quimicas, microbioldgicas e sensoriais dos alimentos. Diante
dos resultados expostos, conclui- se que 0 microencapsulamento de 6leos comestiveis vem se
expandindo ao longo dos anos e aumentando as possibilidades de uso pela industria de
alimentos, mas, devido a escassez de estudos, foi identificada a necessidade de pesquisas futuras
que avaliem a bioacessibilidade, biodisponibilidade e citotoxicidade destes o0leos
microencapsulados acrescidos aos alimentos.

Palavras-chave: Enriquecimento. Lipidios. Compostos bioativos. Oxidacdo lipidica.
Microencapsulamento.



ABSTRACT

Micronutrient deficiency is a relevant public health problem that still affects different countries.
Allied to this, the population has been looking for nutritionally better foods, including the
appeal to bioactive compounds. Thus, edible oils emerge as an effective alternative to alleviate
the problems resulting from these nutritional deficiencies as well as to improve the quality of
the diet. However, as its constituents are sensitive to oxidation, the food industry has invested
in technologies that protect and preserve these oils and their components, such as the
microencapsulation technique, which minimizes the degradation of oils and facilitates their
processing and application in food matrices with fortification purposes. In this context, the
present proposal had as general objective to analyze the fortification of foods with
microencapsulated edible oils in the technological and scientific context. To select patents on
microencapsulation of oils and their incorporation into foods, the search was carried out in the
Espacenet and National Institute of Industrial Property (INPI) databases. As for the search for
scientific articles on the use of microencapsulated oils in food fortification, a search was carried
out in ten databases. The first patent document was filed in 1999 and in 2015 there was a
significant increase in the number of patents filed, with China ranking first in the development
of microencapsulation technologies. Among the patents that mentioned the purpose of
microencapsulation, the improvement of the oxidative stability of the oils was the most cited
objective. Improvement of the organoleptic properties of oils and food products added with
microcapsules, better solubility and protection of the oil, release of the encapsulated compound
at the desired location and food fortification were other objectives mentioned in the patent
documents. Both in patents and in scientific articles, the microencapsulation technique most
used in the food industry was spray drying, soy lecithin and fish oil were the emulsifier and
microencapsulated oil, respectively, most applied in food matrices. The wall materials most
used in the patents were modified starch, maltodextrin and gum arabic, while in the articles they
were maltodextrin, chitosan, gum arabic, sodium caseinate and whey proteins. Bakery and
confectionery products, meat products and dairy products were the food groups most enriched
with microencapsulated oils in both patents and articles. Regarding the effects of
microencapsulated oils in fortified foods, changes in the nutritional composition were reported
in the articles, mainly in terms of macronutrient contents, such as an increase in the percentage
of lipids and proteins, serving as a strategy for the food industry to improve the composition of
these foods. fortified. The stability studies presented in the articles showed that the
microencapsulation protects and preserves the oils and their bioactive compounds, maintaining
the quality and physical-chemical, microbiological and sensory characteristics of the food. In
view of the above results, it is concluded that the microencapsulation of edible oils has been
expanding over the years and increasing the possibilities of use by the food industry, but, due
to the scarcity of studies, the need for future research was identified to evaluate the
bioaccessibility, bioavailability and cytotoxicity of these microencapsulated oils added to
foods.

Keywords: Enrichment. Lipids. Bioactive compounds. Lipid oxidation. Microencapsulation.
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Capitulo 1

Fortificacao de alimentos com 6leos comestiveis microencapsulados: um estudo de

patentes e de artigos
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1 INTRODUCAO

As deficiéncias nutricionais estdo associadas a uma ma nutricdo, que pode ocorrer
quando ndo se tem acesso a alimentacdo em quantidade e qualidade adequadas. Em todo o
mundo, estima-se que a ma nutricdo pode afetar uma em cada trés pessoas e que esse déficit no
estado nutricional possa ter repercussdes importantes sobre as condi¢des de satude (PEREIRA;
YOKOO; ARAUJO, 2022). Aliado a isso, a populacdo tem buscado cada vez mais alimentos
clean lebal, ou seja, com poucos ingredientes e sem nomes complicados na lista, como o0s
aditivos sintéticos, com vistas a melhorar a qualidade da alimentac&o.

Para prevenir ou reduzir as deficiéncias especificas de nutrientes, aumentar o valor
nutricional dos alimentos e promover a salude da populacdo, a industria alimenticia tem
apostado na estratégia de fortificacdo ou enriquecimento de alimentos, que compreende a
incorporacdo de componentes dentro de uma matriz alimenticia (VILLAMIL et al., 2020),
sendo os 6leos comestiveis uma opcdo para ser incorporada aos alimentos.

Os o6leos comestiveis, em decorréncia do alto teor de acidos graxos essenciais e dos
compostos bioativos presentes (carotenoides, tocoferdis, polifendis, fitoesterdis, entre outros),
proporcionam diferentes beneficios a satde, como efeito antioxidante, antimicrobiano e anti-
inflamatdrio, podendo ser utilizados na elaboracdo de novas formulacBes alimenticias
(MOHAMMED et al., 2017).

Contudo, os 6leos comestiveis sdo sensiveis, instaveis e sua oxidacdo é afetada por
fatores externos e internos, como temperatura, luz, exposicdo ao oxigénio, composicao de
acidos graxos, presenca de antioxidantes e pro-oxidantes (MOHAMMED et al., 2017), o que
torna mais dificil a sua aplicacdo nas matrizes alimenticias (FU et al., 2020). Assim, a
incorporacgéo direta desses oleos nas formulagbes de produtos alimenticios resultaria na sua
degradacdo, e de seus componentes bioativos, o que prejudicaria substancialmente sua
bioatividade, podendo também ocasionar consequéncias sensoriais negativas na qualidade dos
alimentos (MEHTA et al., 2022).

A vista disso, a microencapsulacio, além de reduzir reagbes indesejadas dos 6leos
comestiveis com os fatores ambientais, também facilita 0 manuseio e aplicagdo desses 0leos
nos alimentos, melhora as propriedades de liberagcdo controlada e mascara o sabor e odor
(ERATTE et al., 2018).

A microencapsulacéo é conhecida como uma tecnologia em desenvolvimento que esta

ganhando cada vez mais espaco em varias induastrias, incluindo a induastria alimenticia. O
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microencapsulamento é um processo no qual os 6leos comestiveis, como nucleo ou agentes
ativos, sdo cercados por materiais de parede, formando microcapsulas de tamanhos que variam
de 121000 um (SINGH etal., 2022). Os encapsulantes devem ser de grau alimenticio e capazes
de formar uma camada protetora ao redor dos agentes ativos, regulando a sua liberagdo no meio
ambiente. Os métodos de microencapsulacdo utilizam diferentes materiais de parede
(carboidratos, lipidios e proteinas), e também empregam emulsificantes quando necessario.
Vérias sdo as técnicas de microencapsulamento disponiveis, podendo ser escolhida aquela que
mais se adequa ao 0leo comestivel utilizado, ao objetivo da microencapsulacdo e a matriz
alimenticia em que serdo aplicadas as microcapsulas (SANI et al., 2020).

Existem diversas indlstrias de alimentos com produtos potenciais para inclusdo de
6leos comestiveis microencapsulados, incluindo laticinios, produtos carneos, produtos de
panificacdo e bebidas (MEHTA et al., 2022). Além da fortificacdo de alimentos, como foi
referido por Beikzadeh et al. (2020) e Kawecki, Stangierski e Konieczny (2021a), que
adicionaram microcapsulas de 6leo de linhaca em pédes e de d6leo de peixe em salsichas,
respectivamente, diferentes motivos para aplicacdo das microcapsulas de 6leos nos alimentos
tém sido relatadas por varios pesquisadores, como substituicdo parcial da gordura animal por
6leo de chia microencapsulado em hambdrgueres (HECK et al., 2018; HECK et al., 2019) ou
da margarina também pelas microcapsulas de 6leo de chia na formulacdo de biscoitos
(VENTURINI et al., 2019); liberacdo de 6mega-3 presente no 6leo de peixe microencapsulado,
carreado por suco, iogurte e barra de cereal, no local desejado (SANGUANSRI et al., 2013);
protecdo e estabilidade oxidativa do 6leo de chia microencapsulado e aplicado em biscoitos
(ALMEIDA et al., 2018).

Para a fortificacdo de alimentos variados, diferentes Oleos comestiveis tém sido
utilizados. Biscoitos, sorvete, manteiga e iogurte enriquecidos com oOleos de peixe
(DAMERAU et al., 2022), linhaga (GOWDA et al., 2018), chia (ULLAH et al., 2020) e de
palma (RUTZ et al., 2016), respectivamente, foram desenvolvidos.

Dessa forma, a aplicacdo de 6leos comestiveis microencapsulados em alimentos pode
ser uma alternativa viavel e inovadora para a industria alimenticia desenvolver novos alimentos
com propriedades desejaveis, que supram a demanda daqueles consumidores que priorizam
uma alimentacdo cada vez mais saudavel, rica em nutrientes e funcional, e que possam prevenir

0s agravos nutricionais decorrentes da deficiéncia de nutrientes.
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2 OBJETIVOS

2.1 Objetivo geral

v

Analisar a fortificacdo de alimentos com 6leos comestiveis microencapsulados no

contexto tecnoldgico e cientifico.

2.2 Objetivos especificos

v

Avaliar a propriedade intelectual relacionada a patentes de 6leos microencapsulados
aplicados em alimentos;

Analisar as técnicas de microencapsulamento empregadas nos 6leos comestiveis, bem
como os 6leos, os materiais de parede e os emulsificantes mais utilizados nesse
processo, relacionando-o0s com a caracterizacao das microcapsulas;

Avaliar a utilizacdo de Oleos comestiveis microencapsulados na fortificacdo de
alimentos;

Analisar o efeito das microcapsulas de 6leos nos alimentos fortificados sob o aspecto
nutricional;

Compreender a estabilidade fisico-quimica, microbioldgica e sensorial das matrizes
alimenticias fortificadas com os 6leos microencapsulados sob diferentes condi¢des de
armazenamento;

Pesquisar a bioacessibilidade, biodisponibilidade e citotoxicidade destes &leos
comestiveis e de seus componentes.

Analisar as perspectivas futuras de estudos a partir da analise de co-ocorréncia.



|18

3 FUNDAMENTACAO TEORICA

A tendéncia atual dos consumidores é buscar por alimentos que satisfagam suas
necessidades basicas e que também proporcionem efeitos benéficos para a salude humana,
melhorando o funcionamento do corpo e aumentando a oferta de nutrientes. A ideia de produzir
alimentos com maior valor agregado a salde apoia-se no enriquecimento de géneros
alimenticios com ingredientes que apresentem tais propriedades, como 0s compostos bioativos,
por exemplo (KAWECKI et al., 2021b).

Potencializar o valor nutricional dos alimentos e oferecer opces mais saudaveis sdo
propostas da fortificacdo de matrizes alimenticias com microcapsulas de 6leos comestiveis,
visto gque estes apresentam em sua composic¢ao acidos graxos poli-insaturados e compostos
antioxidantes, e essa pratica ja& vem sendo aprovada pelas inddstrias de alimentos e pelos
consumidores (JAMSHIDI et al., 2020). O uso de alimentos fortificados evita a necessidade
de mudanca de habitos alimentares e quantidades adequadas de nutrientes podem ser fornecidas
regularmente, melhorando a dieta e prevenindo ou corrigindo eventuais deficiéncias
nutricionais apresentadas pela populacdo (PATEL et al., 2022).

A correta utilizacdo desses 6leos pela indUstria alimenticia perpassa necessariamente
pelo conhecimento da sua composicdo, visto que as tecnologias de processamento podem
provocar a degradacdo dos compostos bioativos que constituem esses 0leos. Tecnologias
avancadas, como a microencapsulacdo, vém sendo empregadas, tornando, assim, possivel a
preservacao e aplicacdo dos Gleos comestiveis microencapsulados em matrizes alimenticias
(MARCONI, 2016).

3.1 Microencapsulamento de 6leos comestiveis sobre o0 aspecto tecnoldgico

A patente € um titulo de propriedade temporario, oficial, concedido pelo Estado, por
forca de lei, ao seu titular ou seus sucessores (pessoa fisica ou pessoa juridica), que passam a
possuir os direitos exclusivos sobre o bem, seja de um produto, de um processo de fabricagao
ou aperfeicoamento de produtos e processos ja existentes, objetos de sua patente, sendo que
terceiros podem explorar a patente somente com permissdo do titular (INPI, 2021). Elas séo
um bom indicador para medir o progresso tecnolégico dos paises, pois representam de forma
concreta a criagdo e a difusdo do conhecimento na atividade produtiva (FERREIRA;
GUIMARAES; CONTADOR, 2009). Na area de microencapsulamento de 6leos comestiveis

para aplicacdo em alimentos, as informacdes que possivelmente costumam ser objeto de
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protecdo incluem a técnica de microencapsulacdo empregada, o tipo de dleo e quais materiais
de parede utilizados e o objetivo do microencapsulamento do éleo.

Prospecc¢des tecnoldgicas consistem em estudos que mapeiam informacdes presentes
em bancos de dados de patentes, permitem conhecer o estado atual da tecnologia, possiveis
rotas tecnoldgicas e areas que empregam a tecnologia e, além disso, fornecem uma direcao
para pesquisas futuras (FREITAS et al., 2022).

Os estudos prospectivos sobre a tematica em questdo abordaram a evolugdo anual no
namero de depdsitos, os principais 6leos usados, as areas de aplica¢do das microcapsulas, bem
como a origem, os detentores e inventores da tecnologia em estudo.

Ribeiro et al. (2021) produziram um estudo prospectivo com o objetivo de avaliar o
cendrio mundial em relacdo ao microencapsulamento de Oleos e seus beneficios,
principalmente na industria alimenticia, correlacionando-o com os documentos de patentes
depositados. Os pesquisadores concluiram que existe uma tendéncia ao crescimento de
depdsitos de patentes relacionadas a temaética, apontando que muitas inovagdes tém sido
realizadas, e verificaram, a respeito da origem da tecnologia patenteada, uma concentracdo nos
paises desenvolvidos, com dominio pelo Japéo, Estados Unidos e China. Constatou-se também
que, no ambito nacional, o nimero de patentes depositadas pelo Brasil € muito pequeno,
revelando que o uso da tecnologia de microencapsulamento aparece como uma grande
oportunidade de geracdo de patentes, principalmente pelas inimeras possibilidades de
aplicacdo dessa tecnologia no desenvolvimento de novos produtos alimenticios.

Em outra prospeccdo tecnolégica, Castro et al. (2021) identificaram as principais
tendéncias internacionais no microencapsulamento de 6leos vegetais comestiveis por meio de
uma analise de patentes depositadas em escritdrios nacionais e internacionais. Concluiu-se que
0 microencapsulamento de 6leos vegetais vem sendo estudado pelas universidades e centros
de pesquisa pelo mundo. Contudo, esses estudos ainda s@o despretensiosos em relagcdo a
geracédo de propriedade intelectual. As patentes analisadas apresentaram diferentes aplicacoes
dos Oleos microencapsulados, tais como na inddstria de alimentos e na preservagdo de
compostos bioativos, e a China destacou-se como o principal pais depositante. Por fim, os
pesquisadores também perceberam que o microencapsulamento € uma tecnologia aplicada aos
6leos vegetais comestiveis que pode proporcionar um aumento do potencial produtivo e do

incentivo & inovacdo tecnoldgica na agroindustria.
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3.2 Microencapsulamento de 6leos comestiveis e sua aplicacdo em alimentos sobre o
aspecto cientifico

Os trabalhos de revisdo mais recentes sobre o microencapsulamento de Oleos
comestiveis e sua aplicacdo em matrizes alimenticias tém abordado a tematica sobre a
perspectiva da protecdo contra a oxidacdo conferida aos Oleos que sdo submetidos a esse
processo, sem a perda da qualidade sensorial dos alimentos, como também o impacto positivo
a saude dos individuos que consumirem esses alimentos enriquecidos. Outras questfes
levantadas pelos pesquisadores incluem a necessidade de novos estudos para avaliagdo do
efeito toxico das microcapsulas de 6leos ao organismo e analise da estabilidade dessas matrizes
adicionadas de dleos microencapsulados, bem como a viabilidade econémica de todo o
processo de microencapsulacdo as industrias alimenticias.

A necessidade de novos estudos para avaliacdo do efeito toxico das microcapsulas de
6leos ao organismo é levantada pelos pesquisadores.

Mehta et al. (2022) elaboraram uma revisao com o objetivo de fornecer conhecimento
sobre os avancos recentes nas estratégias de microencapsulacdo. Os autores expuseram que 0
uso de compostos bioativos naturais, presentes nos 6leos comestiveis, como ingredientes
alimenticios ou agentes terapéuticos apresenta algumas limitacdes, pois sua bioatividade é
afetada pelas condicdes de processamento e armazenamento, e que 0 microencapsulamento é
uma estratégia utilizada por varios pesquisadores com o intuito de prevenir a degradacdo dos
componentes bioativos e também aumentar a biodisponibilidade desses nutrientes em seu local
de absorcdo. Os autores concluiram que a tecnologia de microencapsula¢do, usada como
alternativa para fortificacdo de alimentos, estd ganhando popularidade entre os consumidores
devido as vantagens inerentes a entrega de ingredientes ativos e aos beneficios associados a
salde, e que a projecdo da pesquisa Global Market Insights de 2017, é que o mercado de
alimentos funcionais com ingredientes ativos encapsulados deve chegar a US$ 45 bilhdes até
2024. Como desafio, os autores propuseram que a indudstria alimenticia explorasse ainda mais
0 uso de proteinas vegetais como materiais encapsulantes, a fim de alcancar um publico maior,
COmMO 0S vegetarianos e veganos.

A fortificacdo de alimentos com proporcdes equilibradas de acidos graxos dmega-
3/6mega-6, os produtos alimenticios desenvolvidos mais recentemente, as tecnologias
inovadoras e os desafios da fortificacdo de alimentos com &cidos graxos émega-3 foram
estudados por Patel et al. (2022). A microencapsulacéo foi uma das tecnologias apresentadas

pelos autores como técnica para retardar ou inibir a oxidacdo dos acidos graxos poli-insaturados
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que compdem o0s Oleos comestiveis, bem como o desenvolvimento de sabores e odores
indesejaveis quando aplicados nas matrizes alimenticias. Como desvantagens da fortificacao
com 0leos comestiveis microencapsulados, os pesquisadores citaram o custo do produto final,
uma vez que o processo de microencapsulamento pode ser mais caro do que o proprio composto
encapsulado.

As caracteristicas fisico-quimicas, reoldgicas, microbioldgicas e sensoriais de iogurtes
contendo microcapsulas carregadas de Oleos comestiveis ricos em acidos graxos poli-
insaturados foram discutidas com énfase particular nos mecanismos de biodisponibilidade, bem
como nos efeitos nutricionais e terapéuticos (GUMUS; GHARIBZAHEDI, 2021). Além disso,
algumas solucgdes praticas e inovadoras também foram propostas para melhorar o processo de
enriquecimento, a qualidade fisico-quimica e sensorial do produto e os beneficios para a satde.
Os pesquisadores concluiram que, no geral, as microcapsulas desenvolvidas foram adequadas
como transportadoras de acidos graxos dmega-3 em formulacGes de iogurtes fortificados, pois
esses ingredientes lipidicos funcionais mostraram uma baixa taxa de oxidacdo nos produtos
lacteos desenvolvidos. Eles também constataram que a microencapsulacdo pode favorecer o
aumento da absorcao e biodisponibilidade de 6mega-3 e que a ingestdo diaria desses iogurtes
fortificados com éleos microencapsulados resultou em reducao significativa do perfil lipidico
e de fatores de risco relacionados a obesidade dos consumidores.

Uma visdo geral das recentes técnicas de encapsulamento aplicadas ao 6leo de linhaca,
sua aplicacdo na indastria de alimentos e seus efeitos nas propriedades das matrizes
alimenticias foram apresentadas por Kouamé et al. (2021). Os autores trouxeram que a
incorporacdo de Oleo de linhaca em formulagdes alimenticias é limitada por diversos fatores,
principalmente por sua sensibilidade & oxidacdo, que acaba afetando negativamente as
caracteristicas sensoriais dos produtos alimenticios, e que as técnicas de microencapsulagéo
sdo um trunfo para preservar os componentes do 6leo, como o acido alfa linolénico, durante o
processamento dos alimentos e permitir uma maior biodisponibilidade. Os resultados
discutidos indicaram que a microencapsulacdo melhorou a atividade antioxidante de géneros
alimenticios, dentre eles iogurte, sorvete, pdo e paté, estendeu a vida atil dos produtos, ao
prevenir sua oxidacdo, e melhorou suas caracteristicas sensoriais. Os pesquisadores também
ressaltaram a necessidade de mais estudos in vivo e in vitro para ajudarem nas pesquisas sobre
a incorporagdo e uso do 6leo de linhaca em diferentes alimentos.

Rousta et al. (2021) elaboraram um estudo de revisao a fim de identificar tendéncias na

producdo de novos produtos funcionais a base de cereais por meio da tecnologia de
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microencapsulacdo. A maioria dos estudos na literatura mostra que a utilizacdo de compostos
bioativos microencapsulados em vez de livres pode ser mais eficaz para enriquecer ou fortificar
produtos a base de cereais (massas alimenticias, bolos, biscoitos, pdes), sem ter um impacto
negativo significativo nas suas propriedades fisico-quimicas e de textura. Os autores apontaram
que o spray drying foi a técnica mais utilizada no microencapsulamento de 6leos comestiveis
e seus compostos bioativos, o que pode ser explicado por suas vantagens como flexibilidade e
baixo custo. Também foi mostrado pelos pesquisadores que embora muitos componentes
bioativos microencapsulados tenham sido incorporados com sucesso em produtos de
panificacdo em escala laboratorial, eles podem ndo ser adequados para expansao em instalagoes
de producdo industrial, pois 0s equipamentos especiais e 0S materiais usados para
microencapsular os 0leos comestiveis aumentardo os custos de producdo, o que ndo é
interessante, uma vez que a vantagem dos baixos custos associados aos produtos a base de
cereais pode ser perdida. Nesse mesmo estudo foi ressaltada a importancia de considerar 0s
efeitos toxicos dos materiais utilizados no microencapsulamento para uma incorporagdo segura
aos alimentos.

Os recentes desenvolvimentos na microencapsulacdo de materiais ricos em
carotenoides, incluindo os 6leos comestiveis, suas vantagens, limitacdes e 0s avancos na
incorporacdo das microparticulas ricas em carotenoides em produtos alimenticios foram
estudados por Santos et al. (2021). Os autores afirmaram que a producdo de géneros
alimenticios de valor agregado e com propriedades nutricionais aprimoradas, foi o objetivo
principal da incorporagdo de microparticulas ricas em carotenoides nos alimentos, como as
microparticulas de éleo de palma, uma vez que os carotenoides apresentam atividades pro-
vitamina A e antioxidantes. No entanto, devido as cores tipicas desses compostos bioativos, as
microparticulas também podem ser utilizadas como pigmentos naturais, aumentando a
atratividade dos alimentos. Além disso, 0s pesquisadores mostraram que um pequeno nUmMero
de estudos sobre aspectos decisivos para a incorporacdo de microparticulas ricas em
carotenoides em alimentos em nivel industrial revela tendéncias que devem ser investigadas no
futuro, a exemplos de como os carotenoides microencapsulados sdo afetados durante o
processamento das matrizes alimenticias, a aceitacdo sensorial dos produtos incorporados com
microparticulas contendo materiais ricos em carotenoides e os efeitos de diferentes técnicas de
microencapsulacdo e agentes encapsulantes na bioacessibilidade e biodisponibilidade de

carotenoides presentes nos 6leos comestiveis microencapsulados e aplicados nos alimentos.
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Venugopalan et al. (2021) destacaram em seu estudo de revisdo os principais desafios
relacionados a incorporacdo de Oleos ricos em &cidos graxos 6mega-3 aos alimentos, 0s
diferentes tipos de tecnologias de microencapsulamento disponiveis para criar formas fluidas
e em pd destes Oleos e 0s métodos de caracterizagdo das propriedades dos Oleos
microencapsulados. Do ponto de vista pratico, os pesquisadores concluiram que as
microemulsdes costumam ser as mais adequadas para proteger os 6leos marinhos comestiveis
ricos em Omega-3, pois podem ser facilmente formuladas, a partir de processos de
homogeneizacéo, usando ingredientes de qualidade alimentar, como diferentes emulsificantes
de grau alimenticio (proteinas, polissacarideos, fosfolipidios e surfactantes). Os autores
ressaltaram que pesquisas futuras serdo importantes para identificar as tecnologias de
microencapsulamento ideais para produtos alimenticios especificos. Além disso, a viabilidade
econdmica desses processos deve ser esclarecida antes que possam encontrar ampla adogéo
comercial.

Os beneficios do 6leo de peixe para a saude humana, a limitacdo da sua aplicacdo em
alimentos, as técnicas utilizadas para incorporar o0 6leo de peixe em produtos alimentares,
dentre elas a microencapsulagdo, os produtos que vem sendo fortificados com este Gleo e os
efeitos da sua incorporacdo em produtos alimenticios foram discutidos por Jamshidi et al.
(2020). Os pesquisadores constataram que as técnicas de microencapsulacdo sdo uns dos
métodos mais comuns utilizados para fortificar produtos alimenticios com 6leo de peixe,
proporcionando protecdo aos produtos fortificados, além de reduzir os efeitos das condi¢des
ambientais. Os autores também propéem novos estudos para avaliar as caracteristicas
sensoriais e a vida util dos alimentos fortificados com 6leo de peixe microencapsulado.

Villamil et al. (2020) desenvolveram seu estudo com o objetivo de descrever a
tendéncia atual da literatura cientifica que mostra o impacto da incorporacéo de fontes ricas em
acidos graxos insaturados nas propriedades tecnologicas dos queijos. Os pesquisadores
descobriram que para veiculos como queijo fresco, cheddar e mussarela, a microencapsulacao
parece ser a melhor alternativa para evitar a oxidacdo lipidica dos 6leos comestiveis,
principalmente quando se adiciona 6leo de peixe. Os autores concluiram também que, de
acordo com o tipo de queijo, a etapa de incluséo dos 6leos microencapsulados € crucial para

permitir maior retencdo de 6leo no produto final.
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4 CONCLUSAO

A aplicacdo de 6leos comestiveis microencapsulados em alimentos tem sido uma
estratégia que a industria alimenticia tem utilizado para melhorar a qualidade dos alimentos
produzidos. Sobre o aspecto tecnoldgico, percebeu-se que os documentos de patentes
depositados vém crescendo a taxas variaveis ao longo dos anos, ampliando as possibilidades
de aplicacdo das microcapsulas. A China foi o pais de destaque em relacdo a origem, detentores
e inventores da tecnologia patenteada em relacdo a microencapsulagdo de 6leos comestiveis,
reflexo dos investimentos que sdo aplicados na area de ciéncia e tecnologia no pais, mostrando
que investimentos adicionais ainda precisam ser feitos para impulsionar essa tecnologia em
paises como o Brasil.

Para prevenir ou reduzir as deficiéncias nutricionais, que ainda acomete uma parcela
significativa da populagdo mundial, bem como para atender & demanda populacional em
relacdo a saudabilidade alimenticia, microcapsulas de 6leos comestiveis tém sido utilizadas na
fortificacdo de diversas matrizes alimenticias. A técnica de spray drying foi a mais usada entre
os estudos cientificos. O 6leo de peixe, rico em acidos graxos poli-insaturados, a maltodextrina
e a lecitina de soja foram o0s componentes mais empregados no processo de
microencapsulamento. Os pesquisadores alcancaram valores de eficiéncia de
microencapsulamento superiores a 90,0%, mostrando que a microencapsulacdo protegeu os
6leos comestiveis, proporcionando melhor retencéo de seus compostos bioativos. Produtos de
panificacdo e confeitaria, 0s carneos e os laticinios foram as matrizes mais beneficiadas com a
aplicacdo das microcapsulas de 6leos, sendo que a composi¢do nutricional destes sofreu
influéncia dos constituintes das microcapsulas, podendo ser uma estratégia para a indudstria
alimenticia melhorar a composicéo desses alimentos fortificados, como o teor de proteinas e
de acidos graxos 6mega-3, por exemplo.

Em relacdo a estabilidade dos alimentos enriquecidos durante o periodo de
armazenamento, as caracteristicas fisico-quimicas, microbioldgicas e sensoriais foram
mantidas na maioria dos alimentos, apontando que a adicdo de O&leos comestiveis
microencapsulados pode aprimorar a qualidade nutricional dos alimentos sem perder a
qualidade original do produto, aspecto desejado tanto pela industria quanto pelos
consumidores.

Dentre os poucos estudos que avaliaram a bioacessibilidade e biodisponibilidade dos
6leos e de seus compostos bioativos nos alimentos fortificados, foi reforcada a importancia da

microencapsulagdo em proporcionar protecdo a esses componentes para que possam atender as
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necessidades nutricionais dos consumidores e promover efeitos benéficos a saude. J& em
relacdo a citotoxicidade, sdo necessarios mais estudos para elucidar o efeito citotoxico destas
microcapsulas no organismo dos individuos que consumirem os alimentos enriquecidos.
Diante dos resultados apresentados, entende-se que a fortificagdo de alimentos com
6leos comestiveis microencapsulados é uma estratégia que pode garantir a melhoria do valor
nutricional dos alimentos, sem acarretar grandes impactos na qualidade sensorial, auxiliando
na diminuicdo das caréncias nutricionais. Muitos estudos ja foram desenvolvidos nessa
temética, mas outros tipos de alimentos ainda podem ser explorados como matrizes para
aplicacdo das microcapsulas, como aqueles voltados para o publico vegetariano/vegano e
intolerantes ao gluten e/ou lactose, por exemplo, e outros éleos podem ser mais utilizados,
como os de linhaca, chia e palma. Sendo assim, este trabalho podera contribuir para o campo

cientifico, tecnoldgico, social e econdmico em um futuro préximo.
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Abstract: Background: Edible oils have gained the interest of several industrial sectors for the different health
benefits they offer, such as the supply of bioactive compounds and essential fatty acids. Microencapsulation is
one of the techniques that has been adopted by industries to minimize the degradation of oils, facilitating their
processing.

Objective: To evaluate the intellectual property related to patent documents referring to microencapsulated oils
used in foods.

Methods and Results: This prospective study investigated the dynamics of patents filed in the Espacenet and
National Institute of Industrial Property (INPI) databases, and it mapped technological developments in
microencapsulation in comparison with scientific literature. The years 2015 and 2018 showed the greatest growth
in the number of patents filed in the Espacenet and INPI databases, respectively with China leading the domains
of origin, inventors, and owners of microencapsulation technology. The largest number of applications of
microcapsules were observed in the food industry, and the foods containing microencapsulated oils were
powdered seasonings, dairy products, rice flour, nutritional formulae, pasta, nutritional supplements, and bread.
The increase in oxidative stabilities of oils was the most cited objective to microencapsulate oils. Spray drying
was the most widely used microencapsulation technique, and maltodextrin, gum arabic, and modified starch were
the most widely used wall materials.

Conclusion: Microencapsulation of oils has been expanding over the years and increasing the possibilities of the
use of microcapsules, but further investments and development of policies and incentive programs to boost this
technology need to be made in less developed countries. For future perspectives, the microencapsulation technique
is already a worldwide trend in the food industry, enabling the development of new products to facilitate their
insertion in the consumer market.

Keywords: Bioactive compounds, microencapsulated oil, microcapsules, food industry, patent application,
technological prospection.

1. INTRODUCTION

Microencapsulated edible oils have been incorporated in several foods such as seasoning powders [1],
milk, soy milk [2], goat milk powder, cow milk powder, rice flour [3], fermented drinks [4], nutritional formulae
[5,6,7], pasta [8], nutritional supplements [9], and bread [10]. In addition to the food industry, lipid microcapsules
can be applied to the development of new technologies and products in other sectors such as the pharmaceutical

industry.
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Edible oils have attracted the interests of food, textile, cosmetic, and pharmaceutical industries owing to
their functional properties, safety, natural origin, and comprehensive acceptance by consumers. These oils have
gained attention because of their health benefits, e.g., the presence of essential fatty acids such as omega-3 in
some oils. The oils act as sources of calories and as conductors of fat-soluble vitamins such as A, D, E, and K.
Additionally, many of these oils are rich in bioactive compounds such as carotenoids, tocopherols, polyphenols,
and phytosterols [11,12].

Despite their great potential, these oils are chemically unstable. When exposed to oxygen and
environments with a high amount of light, heat, and humidity, they become susceptible to oxidation and lose
volatile compounds, decreasing the quality of oil and enriched products [11]. Therefore, considering the functional
properties of bioactive compounds present in edible oils, the food industry has invested in technologies that will
preserve such properties during the processing, storage, and transportation of foods and facilitate the incorporation
of oils in processed foods. One of the techniques that has been widely adopted by industries to minimize oil
degradation is microencapsulation [13,14].

Microencapsulation can be used to obtain oils in the form of a stable powder, which can easily be
dispersed in water and incorporated in food. This technology comprises packing solids, liquid droplets, or gaseous
material with thin polymeric covers forming small particles called microcapsules, which can range from 0.2 um
to 5000 pm. The roof is known as the wall and the encapsulated material as the core. The main function of the
wall is to increase the life span of the core by delaying its isomerization and oxidation [15,16].

Microcapsules have been used in the food industry for several reasons such as reducing the reactivity of
the nucleus with external environmental factors, reducing the transfer or evaporation rate of the encapsulated
material to the external environment, facilitating handling by modifying the original physical characteristics of
the material, arranging the main material in a uniform manner to facilitate its incorporation in the product,
controlling the release of the encapsulated material at the desired time, and masking the flavor of the core [17].

Microcapsules containing different types of oils have been used in foods such as cheese, yogurt, milk,
bread, biscuits, infant formula, and sausages [11]. These microencapsulated oils have been used for food
fortification such as the incorporation of fish oil in sausage [18], flaxseed oil in yogurt [19], chia oil in biscuits
[20], and palm oil in bread [21].

Nanofluids increase the performance of heat exchange as compared to pure liquids. Therefore, in addition
to microcapsules, which are being used for innovation in industries, nanoparticles are being used for the
development and improvement of nanofluid technologies to optimize heat transfer in industrial processes
[22,23,24,25,26].

Prospective studies, which map information present in patent databases, allow us to know the current
state of technology, possible technological routes, and areas employing the technology. Additionally, they provide
a direction for future research [27].

The benefits of oil microencapsulation have gained the interest of many industries, especially the food
industry. Therefore, the present study aimed to evaluate the intellectual property related to patents referring to

microencapsulated oils in foods.
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2. MATERIALS AND METHODS

To select the relevant patents on microencapsulation of oils in foods, the scope was defined and a search
was conducted on the Espacenet and National Institute of Industrial Property (INPI) databases till May 2020.

The analyses involved classifying the most prevalent technologies for the microencapsulation of oils by
analyzing the main claims and descriptions in each patent document, organizing the details in trends, and deducing
significant patterns in advanced technologies.

We used keywords, such as microencap* and oil* to search the patents, and associated them with the
International Patent Classification, which was most appropriate for this study (A23L-foods, foodstuffs, and their
preparation or treatment such as cooking and modification of nutritive qualities). Approximately 198 patent
documents were retrieved from the European Patent Organisation database, and after reducing the data noise by
manually examining the patent documents, 148 patent applications that were significantly related to
microencapsulation were selected for analyses.

To complement the information, we searched the INPI database using the keywords microencap*, oil*,
and food*, and found six patent documents. Furthermore, we included two patent documents to strengthen our
discussion, which included patents on palm oil microcapsules and the method for obtaining palm oil microcapsules
using spray drying. In Brazil, palm oil is called crude palm oil. Thus, palm oil does not necessarily refer to the
word oil in Portuguese, and therefore, it was not included in the six patents retrieved from the INPI database using
the keywords microencap*, oil*, and food*. Therefore, we included the two patent documents as they are
interesting documents in the field.

The selected patents were exported to the CSVed program and later to Microsoft Excel. Subsequently,
to report data on the annual evolution of patents, international classification code, distribution of patent deposits
by countries holding the technology, and distribution of patent deposits by companies and inventors, spreadsheets
and graphs were created using the GraphPad Prism 7.0. To discuss the origin of technology, figures were created
using the Vime website. To discuss the results, scientific articles indexed in the Scopus database were used.

Furthermore, to analyze the patents, we carefully examined their titles, abstracts, and main claims.
Subsequently, the main patent information, such as applicant name, application number, area, inventor, country,
international classification, and wall material, emulsifier, and oil used for microencapsulation, was organized in a
table.

3. RESULTS AND DISCUSSION
3.1. Annual Progress in Filing of Patents

The first patent document on microencapsulation of oil in foods was filed in 1999. Subsequently, till
2014, little evolution was seen in the number of patents registered in this technology. In 2015, there was an
increase in the number of patents, especially in Espacenet, where the technology grew at variable rates (Fig. 1).
The patent dealing with microencapsulation of palm oil for application in the food industry was filed during this
period [28]. This increase may be owing to an increase in investments, mainly from developed countries, in this

emerging and potential technology.
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Fig. (1). Annual distribution of publication of patent documents on oil microencapsulation in the Espacenet and

National Institute of Industrial Property (INPI) databases

The first patent on microencapsulation of oils in INPI was filed in 2002, but little progress has been
observed since then. The year 2018 showed a slight increase, but it still falls short when compared to the records
in Espacenet, revealing a possible lack of investments and/or deficit in the number of studies conducted on this
technology in Brazil. However, it should be noted that the INPI only contains the patent documents filed in Brazil
while Espacenet covers the patent documents filed by more than 90 countries.

Over the years, microencapsulation techniques have been extensively used in the pharmaceutical industry
to improve the stability of formulations, mask undesirable flavors, and control the release of drugs. Subsequently,
these applications have become useful in the food industry [29]. In the 1960s, the first microencapsulation study
in foods, which microencapsulated essential oils to prevent oxidation and loss of volatile substances and control
the release of aroma, was conducted at the Southwest Research Institute, United States. In addition to aroma, this
technology has been applied to incorporate natural additives and ingredients such as dyes, spices, acidulants,
vitamins, and minerals that modify the texture, improve nutritional quality, prolong shelf life, and/or control
properties of processed foods [30].

New microencapsulation technologies were also developed. In 2002, more than 1000 patents were filed
on microencapsulation processes and their applications, and 300 of them were specifically related to the
microencapsulation of food ingredients. The success of the development sparked research in the field, and it
promoted a large number of applications of microcapsules [31]. The use of microencapsulation to encapsulate

compounds of interest produces products with improved characteristics [32].

3.2 International Patent Classification
In this study, the classification codes most commonly found in patent documents in the Espacenet and

INPI databases belong to Section A-human needs (agriculture, health, fun and food, and tobacco), as described in
Fig. (2).
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Fig. (2). Distribution of the codes of International Patent Classification most used in the patent documents in the

Espacenet and National Institute of Industrial Property (INPI) databases.

Among the subdivisions, most patent documents referred to the code A23-food or food products
processing. The largest number of patents was registered for A23L33/00 code, which refers to changes in the
nutritional qualities of foods, diet products, or preparation or treatment of food, and 50 patent documents
demonstrated variations in the applicability of this technology between countries.

Currently, several industrial sectors, such as food, pharmaceutical, cosmetic, textile, and agricultural
industries, use microencapsulation techniques for different purposes. In the food industry, the growing interests
of consumers in food products that can provide health benefits, greater safety in consumption, and extension of
shelf life have prompted researchers and companies to replace artificial substances with natural bioactive
compounds. However, many bioactive compounds are unstable to extrinsic (temperature, humidity, light, and
oxygen) and intrinsic factors (composition, pH, and water activity). Therefore, the food industry has shown
interest in technologies that stabilize and preserve the functional properties of these compounds during processing
and storage and increase their bioavailability, thus, increasing the use of microencapsulation techniques in this
area [14].

3.3 Main Characteristics of Patents

Although 154 patent documents were found using the chosen descriptors, after detailed analyses of the
documents and abstracts, it was observed that most studies (52.6%) did not microencapsulate any oil but other
components such as vitamin A, carotenoids, and probiotics, among others (Fig. 3). This may have occurred
because the word "oil" in these documents is related to the materials involved in the preparation of emulsions

required for microencapsulation [11] and not to the actual microencapsulated material.
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Fig. (3). Profile of the studied patent documents from Espacenet and National Institute of Industrial Property
(INPI)

Documents on nanoencapsulation of oil instead of microencapsulation represented 0.7%. The
nanoencapsulation technique is often mistakenly classified as microencapsulation, but the size of encapsulated
particles varies in the two techniques. Particles measuring between 0.2 and 5000 um are microcapsules [15],
whereas those between 1 and 100 nm are nanocapsules [33].

Among the patent documents on oil microencapsulation, 47.2% were encapsulated edible oils; 30.6%
were encapsulated essential oils, such as saffron, clove, and orange oils; and 22.2% did not specify the type of

microencapsulated oil. We believe that this omission may be related to the protection of the patent application
(Fig. 4).

22 204 Em Edible oils
: 1 Essential oils
B Unspecified
47.2%
30.6%

Fig. (4). Profile of patent documents on microencapsulation of oils from Espacenet and the National Institute of

Industrial Property (INPI)

For subsequent analyses, patent documents on microencapsulated essential oils were excluded, and those

that cited edible oils and did not specify the oil used were selected.
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3.3.1 Application areas

After studying the patent documents on microencapsulation of oils from the Espacenet and INPI
databases, it was possible to determine the main areas of application of this technology. Among the main areas of
application of microencapsulated oils (Fig. 5), 70.0% were related to the food industry, such as RU2557526 (C1)
[34], which mentioned the microencapsulation of fish oil to improve organoleptic properties; 6.0% to the food
and pharmaceutical industries, such as CN103300379 (A) [35], which mentioned the use of microencapsulated
perilla oil in both the industries; 4.0% to the pharmaceutical industry, such as US2013108745 (A1) [36], which
used a microencapsulated oil to produce effervescent tablets; 6.0% to other areas, such as US2011064817 (A1)
[37], which mentioned the use of oil microcapsules in the cosmetics industry, and MX2007012037 (A) [38], which

mentioned the use of microencapsulated oil in agriculture; and 14.0% did not specify the application area.

6.0%
B Food industry
14.0%, 1 Phatmaceutical industry

@O Food industty + Pharmaceutical industry
B Unspecified application atea
C3 Others

6.0%

4.0%

Fig. (5). Distribution of the industrial application areas mentioned in the patent documents from Espacenet and

National Institute of Industrial Property (INPI)

3.3.1.1 Application in the food industry

Among the patent documents that cited the application of microencapsulated oils in the food industry,
only 28.6% mentioned the foods in which these microcapsules were used, such as seasoning powder, milk, soy
milk, goat milk powder, cow milk powder, rice flour, fermented drinks, nutritional formulae, pasta, nutritional
supplements, and bread. Most of the documents did not specify the type of food in which the microencapsulated
oil was used. This lack of information may have been one of the claims in the patent document, and therefore, the
information was not provided.

Table 1 shows the profile of patent documents extracted from Espacenet and INPI, which mentioned the
application of microencapsulated oils to the food industry. The objective of microencapsulation of oils,
microencapsulation technique used, microencapsulated oils, and foods in which microcapsules are used, are

presented.
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Table 1. Patent documents from the Espacenet and National Institute of Industrial Property (INPI)

databases on lipid microcapsules used in food

Title Patent Edible oil  Food used for Purpose Technique
document the
number application of

microcapsules

Preparation method  CN108236108 Ganoderma  Unspecified Oxidative Spray drying
of ganoderma lucidum stability

lucidum spore oil (A) [39] spore oil
microencapsulated
powder
Water-soluble nut oil  CN108741030 Nut oil Unspecified Oxidative Lyophilization
microcapsules rich stability
(A) [40]

in Omega-7 and
preparation method
of water-soluble nut

oil microcapsules

rich in Omega-7

Microencapsulated CN106900885  Peony seed Unspecified Oxidative Unspecified

peony seed oil, oil stability

compound (A) [41]
composition and
preparation method
of

microencapsulated

peony seed oil

Acer truncatum oil CN106262927 Acer Unspecified Oxidative Spray drying
microcapsule and truncatum stability
preparation method (A) [42] oil
thereof
Production process CN104544080 Soy and Unspecified Oxidative Spray drying
of composite germ (A) [43] wheat germ stability
powder oils
Microencapsulated ~ AU2020100177  Unspecified  Unspecified Oxidative Unspecified
oil powder with stability
selective digestibility (Ad) [44]
and phased
antioxidant
protection

Microcapsulated oil  W02019029370 Unspecified  Unspecified Oxidative Unspecified
and preparation (A1) [45] stability
method thereof

Preparation method = CN107232636 Euphausia Unspecified Better water Spray drying
of water-soluble superba oil solubility and
Euphausia superba (A) [46] stability
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Title Patent Edible oil  Food used for Purpose Technique
document the
number application of
microcapsules
oil microcapsule
powder
Preparation method = CN106798309 Fish oil Milk and soy Improvement  Spray drying
of DHA powder milk of organoleptic
applied in milk and (A) [2] properties
soy milk
Fish oil microcapsule RU2557526 Fish oil Unspecified Improvement Spray drying
production method (CD) [34] of organoleptic
properties
Method for CN101744287 Fish oil Goat milk Preparation of  Unspecified
preparing (A) [3] powder, cow reinforced
nutritional food milk powder, nutritional
replenisher rice flour food
containing o
intelligence- (fortification)
benefiting factors
Microcapsule fat US2016220521  Linseed oil Unspecified Enrichment Unspecified
powder of omega-3 (A1) [47] and fish oil
enriched meat, egg or
and milk and microalgae
preparation method oil
thereof
Novel micro- CN105533691 Fish oil or Unspecified Sustained Coacervation
nanometer grade (A) [48] algal oil release
fish oil/algae oil
microcapsule and
preparation process
thereof
Gi Track Delivery US2007218125 Unspecified  Unspecified Release of the Unspecified
Systems (A1) [49] encapsulated
compound in
the
gastrointestinal
tract
Preparation method  CN106579448 Ground Unspecified Protection of Unspecified
of groundcherry cherry seed ground cherry
seed oil microcapsule (A) [50] oil seed oil
Goose fatty liver oil CN102871142  Goose fatty  Unspecified Expansion of  Lyophilization
microcapsule (A) [51] liver oil the market for

the use of
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Title

Patent
document
number

Edible oil

Food used for
the
application of
microcapsules

Purpose

Technique

Lobster oil seasoning
powder and
preparation method
thereof

Oral
microencapsulated
porcupine oil and
preparation method
thereof

Method for assisting
in extracting wood
frog spawn oil by
ultrasonic method
and preparation

method of wood frog

spawn oail
microcapsules

Microencapsulation
process for
producing

microcapsules
containing EPA and
DHA fatty acids
from anchoveta fish
oil (Engraulis
ringens) suitable for
human,
consumption, and
microcapsules
produced using said
process

Method for adopting
konjac glucomannan
as wall material for
embedding
microalgal oil to
prepare
microcapsules

Composition

CN110638022
(A) [1]

CN106387916
(A) [52]

CN105919134
(A) [33]

WO02016133410

(A1) [54]

CN105231167
(A) [58]

US2007128341
(A1) [56]

Lobster oil

Porcupine

oil

Wood frog
spawn oil

Fish oil

Microalgal
oil

Fish oil

Seasoning
powder

Unspecified

Unspecified

Unspecified

Unspecified

Unspecified

goose fatty
liver

Unspecified

Unspecified

Unspecified

Unspecified

Unspecified

Unspecified

Unspecified

Unspecified

Spray drying

Spray drying

Lyophilization

Unspecified
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Title Patent Edible oil  Food used for Purpose Technique
document the
number application of
microcapsules
Microencapsulation BR Yeast oil Fermented Unspecified Spray drying
process of yeast oil,  102015030882- . milk
use and food 5 A2A23P (Yarrowia
composition 10/30[4] lipolytica)
Flaxseed oil CN108782780 Flaxseed Unspecified Unspecified Spray drying
microcapsule and oil
production method (A) [57]
thereof
Nasogastric inter- CN107692195 Cannabis Nutritional Unspecified Unspecified
meal nutritive meal oil formula
package suitable for (A) [3]
cerebral apoplexy and
patients and camellia oil
preparation method
thereof
Set of daily three- CN107373640  Linseed oil, Nutritional Unspecified Unspecified
meal nutritional . ] formula
composition for (A) [6] olive oil,
nasal feeding of and
stroke patients and
preparation method grape seed
thereof oil
Formula CN106509867 Vegetable Nutritional Unspecified Unspecified
dietotherapy food (A [7] oil formula
for emaciated and
poor absorption
functional groups
and preparation
method
Methods for CN105996023 Oil palm Unspecified Unspecified Unspecified
producing water
soluble oil palm leaf (A) [28]
powder and
concentrate
Siraitia grosvenorii CN102499373 Siraitia Unspecified Unspecified Unspecified
seed oil microcapsule (A) [58] grosvenorii
powder and seed oil
preparation method
thereof
25-hydroxy vitamin ~ US2010112162 Unspecified  Unspecified Unspecified Unspecified
D3 compositions (A1) [59]
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Title Patent Edible oil  Food used for Purpose Technique
document the
number application of
microcapsules
Method of US5603952 (A) Unspecified  Unspecified Unspecified Coacervation
encapsulating food [60]
or flavor particles
using warm water
fish gelatin and
capsules produced
therefrom
Method for JPS60110257  Unspecified Noodle Unspecified Unspecified
producing noodle by (A) [8]
adding fat or oil
thereto
Nutritional GB2324457 (A) Oils such as Nutritional Unspecified Unspecified
supplement [9] borage, cod supplement
liver or
evening
primrose
oil
Process for DE3426450 Unspecified Bread Unspecified Unspecified
producing breads (A1) [10]
having an internal
cavity
Method of CA2208793 (C) Unspecified  Unspecified Unspecified Coacervation
encapsulating food [61]

or flavor particles
using warm water
fish gelatin and
capsules produced
therefrom

The increasing interests of consumers in food products with high nutritional quality, safety, and health

benefits have prompted food industries to seek methods to increase the use of bioactive compounds in their

formulations to overcome the detrimental effects of artificial substances. There is a growing interest in

stabilization technologies in the food industry to modify the physical properties of bioactive compounds to allow

easy handling, preserve the functional properties of bioactive materials during processing and storage, achieve

release at the desired time and location, and increase their bioavailability [14].

Microencapsulation has been widely used in formulations and processing of foods in recent decades,

making it possible to overcome adversity and succeed in the effective supply of desired nutrients, functional

ingredients, and biologically active compounds [62].
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Microencapsulation of sensitive oils can prevent their oxidation by moisture, metal ions, oxygen, and
heat, making it possible to incorporate them in food. For example, fish oil is susceptible to oxidative deterioration
and is insoluble in water; additionally, it has a distinct odor and undesirable rancid taste. Therefore, it has been
widely subjected to microencapsulation to facilitate its incorporation in food products [11]. The incorporation of
microencapsulated oils in foods facilitates the development of new foods with minimal impact on the organoleptic
properties of food products [63].

The patent CN110638022 (A) [1] described the processing of microencapsulated lobster oil to produce a
powdered spice that can be directly applied to various foods to enhance their flavor.

The patent CN106798309 (A) [2] presented the preparation of fish oil powder to be used in milk and soy
milk to serve as an omega-3 fatty acid supplement. The patent CN101744287 (A) [3] also developed
microencapsulated fish oil to fortify some foods, such as goat milk powder, cow milk powder, and rice flour,
among others, with the aim of improving cognitive development in children.

The patent BR 102015030882-5 A2A23P 10/30 [4] addressed the microencapsulation of yeast oil to be
used in the preparation of fermented milk. Another fermented drink that has been commonly used in the
application of microencapsulated oils is yogurt. Goyal et al. [19] and Rutz et al. [21] microencapsulated linseed
oil and palm oil, respectively, and incorporated it into yogurt.

Milk and dairy products are widely consumed by all ages, and they play a fundamental role in nutrition
throughout the life of an individual. Thus, they represent a good vehicle for the application of microcapsules,
especially for fortification [19].

The patents CN107692195 (A) [5], CN107373640 (A) [6], and CN106509867 (A) [7] mentioned the
application of cannabis and camellia oils; linseed oil; and olive, grape seed, and vegetable oils, respectively, in
nutritional formulas to be incorporated in the diet therapy of patients with certain pathologies such as stroke.

The patent JPS60110257 (A) [8] discussed the production of pasta containing microencapsulated oil.

The GB2324457 (A) [9] patent referred to the preparation of oil microcapsules such as borage, cod liver,
or evening primrose oil and their incorporation in nutritional supplements.

The patent DE3426450 (A1) [10] included the production of bread using microencapsulated oil as one
of its ingredients. Takeungwongtrakul et al. [63] and Gonzalez et al. [64] added shrimp oil and chia oil
microcapsules, respectively to bread. Owing to the widespread consumption of bakery products, the incorporation
of nutrients in them would have a significant impact on their quality. Additionally, it is important to highlight the
advantages associated with microencapsulated products, such as low cost, long-term preservation, and ease of
packaging and transportation [64].

Other food products containing oil microcapsules have also been developed and used, such as biscuits
[65,66,67,20], sausages [68,18,69], hamburgers [70,71], chicken nuggets [72,73], mayonnaise [74], muffins [75],
chocolates [76], cakes [77], cheese [78], and ice creams [79].

3.3.1.2 Purpose of oil microencapsulation
Of the studied patent documents, 54.3% did not reveal the purpose of microencapsulation of certain types

of oils. Such information is often part of the object of protection, and is, therefore, not provided.
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Regarding those patents that mentioned the purpose of microencapsulation, the oxidative stability of oils
was the most cited objective (20.0%). For oils with high concentrations of unsaturated fatty acids, which are more
susceptible to oxidation, microencapsulation becomes an alternative for the preservation of these fatty acids. The
wall material forms a barrier to the activity of environmental agents, such as moisture, oxygen, heat, and light,
which accelerate the degradation process, thus, providing greater oxidation stability [80].

The improvement of organoleptic properties of oils and the product to be added with the microcapsules
[2,34], improved solubility [46], protection of oil [50], sustained release of the microencapsulated oil [48],
fortification and enrichment of certain foods [3,47], release of the encapsulated compound at the desired location

[49], and expansion of the market for foods that are a source of oils [51] were the other objectives.

3.3.1.3 Microencapsulation techniques

Microencapsulation is one of the modification technologies that has been increasingly studied to change
the characteristics of oils to make them suitable for certain applications such as the supply of bioactive compounds
and improvement of their properties [81]. The encapsulation of oils in small capsules is a method that protects
and provides stability to the compounds present in the lipid matrix, preventing their oxidation owing to moisture,
oxygen, light, and heat and avoiding the occurrence of undesirable chemical and physical reactions. Thus, it
maintains the biological, functional, and physicochemical properties of oils [82,21,11].

Of the patent documents included in this study, 54.4% did not specify the technique used, 28.6%
mentioned the use of spray drying, 8.5% mentioned lyophilization as the technique used, and 8.5% mentioned the

use of coacervation (Fig. 6).

2.5%

Unspecified technigues
Spray deying
Lyoplilizati on

 aret vation

2.5%

Jaoh

28.6%

Fig. (6). Distribution of microencapsulation techniques in foods mentioned in the patent documents

The findings of patent documents are in accordance with scientific articles in the same field, which
mentioned that spray-drying is the most widely used microencapsulation technique in the food industry owing to
its low cost, relatively simple operation, ease of reproducibility, application to a wide variety of encapsulating
agents, and ability to produce microparticles with good properties for different uses [83,84,17]. Additionally, the
removal of water by spray drying ensures the prevention of microbiological contamination and facilitates the

transport and storage of products containing microcapsules [14].
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Spray drying is used to obtain a powder instantly by atomizing a liquid in a stream of hot gas. The
generally used gas is air or an inert gas such as nitrogen. Depending on the initial feed material and operating
conditions, spray drying produces a very fine powder (10-50 um) or larger size particles (2-3 mm) [17]. In oil
microencapsulation, spray drying minimizes lipid oxidation and provides better microbiological stability in

contrast to the emulsification technique, where an oil-in-water emulsion is prepared [11,85].

3.3.1.4 Microencapsulated oils

Of all the patent documents studied, 40.0% microencapsulated edible oils of animal origin, 31.4% used
edible oils of vegetable origin, and 2.9% used these oils in combination (Fig. 7). The microencapsulated oil was
not specified in 25.7% of these documents. We believe that this may have been one of the protective claims in the

patent document, corroborating the findings of a previous study [86].

B Fdible oils of anitmal origit

— Edible cils of vegetable origin

B Edible cils of ardmal and vegetable origin
C Unspecified oils

25.7%

2.9%

31.4%

Fig. (7). Types of oils mentioned in patent documents for the production of microcapsules used in food

The edible oils of animal origin mentioned in the patent documents included microalgae, lobster, and fish
oils, and the latter was the most used oil. Of the microencapsulated edible oils of vegetable origin, linseed, palm,
and walnut oils were the most used. These findings are in agreement with a previous study that 11reported that
fish oil is one of the most widely used encapsulated oil in food products accompanied by some vegetable oils such
as linseed oil [11]. In recent years, these oils have been increasingly incorporated in foods owing to the health
benefits of omega-3 fatty acids present in them.

Recent scientific studies have reported the use of microencapsulated fish oil in several food products
such as chocolates [76], biscuits [65], parsley [68], and chicken nuggets [73]. Flaxseed oil has also been commonly
microencapsulated and used in foods such as sausages [69], yogurt [19], and hamburgers [71], whereas chia oil
has been incorporated in biscuits [67,20] and bread [64].

3.3.1.5 Wall materials
Among the patent documents included in this study, 60.0% did not specify the wall material used for
microencapsulation (Fig. 8). The patents that mentioned the wall materials mostly included modified starch

[9,42,57], maltodextrin [51,57,42], and gum arabic [58,52]. This finding is in agreement with a previous study
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[14], which reported that the most widely used wall materials for encapsulation of oils contain maltodextrin and
gum arabic. Maltodextrin is a low-cost material that offers good film-forming capacity and protection against
oxidation of the core materials while gum arabic has good emulsifying properties, which are especially interesting

for oil microencapsulation.
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Fig. (8). Types of wall materials used for microencapsulation in the patent documents

The choice of wall material to be used in microencapsulation processes depends on the substance to be
encapsulated and the desired characteristics of the final product, and is also dependent on other factors such as
encapsulation efficiency, stability during storage, and protection of the active material. The selection of wall
material should be based on physical and chemical properties such as solubility, molecular weight, and
emulsification, among others. Additionally, the wall material should be soluble in solvents used in the food
industry, easily available, and inexpensive [17].

Synthetic polymers and natural biomaterials, such as carbohydrates and proteins, are often used as wall
materials for oil microencapsulation [11]. Carbohydrates are considered good encapsulating agents owing to good
solubility and low viscosity. However, most of them do not possess the essential interfacial properties for efficient
encapsulation. Meanwhile, proteins possess hydrophilic and hydrophobic characteristics that offer necessary
physicochemical and functional properties for encapsulation of hydrophobic core materials such as oils. Gums are
used in microencapsulation for their emulsion stabilization and film-forming capabilities [17].

In other scientific studies, the commonly used wall materials in oil microencapsulation were whey protein
[87,88,19], sodium caseinate [67,74], gelatin [69,89], maltodextrin [18,90,68], and gum arabic [91,92,76].

3.3.1.6 Emulsifiers used in microencapsulation
The inclusion of one or more emulsifying agents facilitates emulsification during microencapsulation
and ensures stability of the microencapsulated products. Emulsifiers form films on the surface of emulsified

droplets, e.g., in oils; they reduce the interfacial tension between two immiscible liquids and create a repulsive
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barrier to prevent the coalescence of dispersed droplets. In general, emulsifying agents can change the
characteristics of a system, such as the method of release of active components and the size of droplets [93,94].
Regarding the use of emulsifiers in oil microencapsulation, 85.7% of the patent documents did not specify
the emulsifiers used or if they were used or not. Lecithin was cited in two documents [42,9], and glycerol
monostearate, gellan gum, and stearic acyl lactylate were cited individually in three patent documents [52,42,47].
Previous studies have shown that lecithin is a commonly used emulsifier in the microencapsulation of oils
[77,76,73], since it improves the properties of microcapsules and imparts greater encapsulation efficiency, better

oxidative stability, and smaller particle size [95].

3.4 Origin of Technology

Fig. (9) shows the distribution of patent documents from the Espacenet and INPI databases deposited by

countries where the patented technology originated.
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Fig. (9). Distribution of patent documents deposited by countries in the Espacenet (A) and National Institute of
Industrial Property (INPI) (B) databases.

Although Indonesia is the largest producer of vegetable oils with the production varying between 40 and
50 million tons in the last four years [96], China occupies the first place in the development of microencapsulation
technologies with 65.0% of the studied patents, followed by the United States and Japan with 13.0% and 5.0%,
respectively. It is important to note that the data referring to China may still be lower since many patent documents

are registered in the native language and not available in English.
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Comparing the data available in the Espacenet and INPI databases with that of the Scopus database,
between 1999, the year when the first patent on microencapsulation technology was filed, and 2020, it is observed
that China remains the dominant country with the largest number of articles published on the topic (12.9%)

followed by Brazil, the United States, and Iran comprising 11.2, 6.7, and 6.5%, respectively (Fig. 10).

Us

ES

Us
CN

SCOPUS \

ON: Chana (13%) IR
BR: Brand (11%) BR IN

US: United States (76)

IR: Iran (6%) Al
IN: India (5%)

AU: Australia (4%)

ES: Spaun (4%)

Fig. (10). Distribution of article publications by countries in Scopus

Studies on microencapsulation have been conducted all over the world. However, the advancement in
this technique is higher in Asia, comprising 35.0% of the total existing information in the field [97]. This scenario
makes it evident that developed countries have mastered the technology in view of the investments that are
necessary for product development.

In recent years, the world has seen considerable changes in the development of technological innovations.
China has made significant efforts in terms of investments and policies in science and technology and has also
produced a series of high-impact reforms in this area, which have improved both research and development and
higher education. Thus, innovation in China plays an increasingly important role in its economy, and the path of

innovation is being followed by research and international partnerships fostered by Chinese companies [98].

3.5 Production Technology Holders

Of the 154 patent documents included in this study, the Chinese company, Healming Health Science Co.
Ltd., which presents a medicinal and nutritional approach of elaboration of foods or food formulas by
incorporating microencapsulated components, held the maximum number of patents (23) followed by Jilin
University, China, with four patents (Fig. 11). Therefore, the dominance of China as the holder of this technology
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can be sufficiently highlighted, and this may be a result of the massive investment of this country in
microencapsulation technologies and scientific research in universities, which consequently leads to technological
development in the country.
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Fig. (11). Main depositors of patent documents on oil microencapsulation in the Espacenet and National Institute
of Industrial Property (INPI) databases.

In Brazil, probably because of the incentive to scientific research, universities have stood out as holders
of patents on microencapsulation technology, and the Federal University of Campina Grande has the largest
number of patents registered in the country with two of them related to the microencapsulation of essential oils.
The Federal University of Santa Maria holds the patent document that deals with the microencapsulation of yeast
oil and its use in fermented milk [99]. However, despite many studies being conducted in the area, the number of
patent documents is still low, possibly owing to little dissemination of the culture of innovation and protection of
innovation, demonstrating the need for more investments in the implantation of this technology in the country and

more incentives for the protection of innovations.

3.6 Technology Inventors

After evaluating the main inventors, it was observed that five out of ten were Asians. As for the number
of patents per inventor, Anran Hu, with 26 registrations, had the largest number of patents (Fig. 12). Therefore,
the dominance of China as the main inventor of technology can be highlighted again, a scenario similar to that of
the holders.
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Fig. (12). Main inventors of patent documents on oil microencapsulation in the Espacenet and National Institute
of Industrial Property (INPI) databases.

In Brazil, the maximum number of patent documents on oil microencapsulation technology per inventor
is equivalent to two, which shows the need for greater investment in this technology in the country. The authors
André Leandro da Silva and Monica Tejo Cavalcanti have two patent documents filed by the Federal University

of Campina Grande, which stands out as the holder of the technology in Brazil.

4. GLOBAL MARKET INSIGHTS

Microencapsulation has gained the interest of many industries, especially the food industry, owing to the
enhanced properties of oils processed using this technique, such as better oxidative stability, better solubility, ease
of handling and processing, and better organoleptic properties, as well as the enhanced properties of the products
containing these oils, such as an improvement in nutritional quality.

Despite the increasing use of microencapsulation in the textile, ink, agricultural, and other industries, it
is still difficult to find food products containing oil microcapsules in the market, unlike nanotechnology, which
has a specific database [100], where it is possible to find some foods containing oil nanocapsules.

However, since several foods containing microencapsulated oils have already been developed, it is quite

common to use microcapsules in foods (Table 2).

Table 2. Microencapsulated oils and their applications in food products

Microencapsulated oil Product References
Fish oil Biscuits [65]
Sausages [18]
Sausages [68]

Sausages [101]
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Hamburgers
Chicken nuggets
Chicken nuggets
Muffins
Chocolate
Cakes
Cheese
Mayonnaise
Shrimp oil Bread
Biscuits
Palm oil Yogurt
Linseed oil Yogurt
Sausages
Ice cream
Bread
Chia oil Bread
Biscuits
Biscuits
Mayonnaise
Butter

Linseed oil + chia oil Hamburgers

[70]
[73]
[72]
[75]
[76]
[77]
[78]
[102]
[63]
[66]
[21]
[19]
[69]
[79]
[103]
[64]
[67]
[20]
[74]
[104]

[71]

Among the edible oils of animal origin, fish oil is already present in biscuits, sausages, hamburgers,

chicken nuggets, muffins, chocolate, cake, cheese, and mayonnaise, and shrimp oil is present in bread, biscuits,

and yogurt.

Among the edible oils of vegetable origin, palm oil has been incorporated in yogurt; linseed oil in ice

cream, bread, sausage, and yogurt; chia oil in biscuits, bread, mayonnaise, and butter; and the last two oils in

burgers.
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CONCLUSION

Based on the analyses of patent documents deposited in the Espacenet and INPI databases, it can be
concluded that the microencapsulation technology has been growing at variable rates over the years, expanding
the application possibilities of microcapsules. The main results are summarized as follows:

e Regarding the origin, holders, and inventors of the patented technology, the highest patent contributions
were from developed countries, and China was at the forefront of microencapsulation technology. This
is believed to be a result of the investments that are applied in the area of science and technology in the
country, stimulating technological development and scientific research.

e Spray drying was the most widely used microencapsulation technique.

¢ Animal oils have mostly been employed in microencapsulation, and fish oil was the most widely used
oil.

e The technique has been used widely in the food industry; the foods containing microencapsulated oils
were seasoning powder, soy milk, milk, goat milk powder, cow milk powder, rice flour, fermented
drinks, nutritional formulae, pasta, nutritional supplements, and bread.

e  The most widely used wall materials were maltodextrin, gum arabic, and modified starch.

Thus, this prospective study revealed that microencapsulation has been increasingly used in different
areas of the industry, meeting the objective of supplying the market with high-quality products. However,

additional investments still need to be made to boost this technology in countries such as Brazil.
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Resumo

Fundamentacdo: Os agravos nutricionais, decorrentes de uma alimentacdo deficiente em
nutrientes, ainda sao presentes nos dias atuais e a fortificacdo de alimentos tem sido empregada
para prevenir ou reduzir esses agravos. Os 6leos comestiveis sdo ricos em compostos bioativos
que exercem importantes funcdes no organismo humano e promovem beneficios. Porém, esses
6leos sdo sensiveis a fatores ambientais, principalmente aqueles que induzem as reacfes de
oxidacéo e degradacdo lipidica. Por isso, tecnologias vém sendo desenvolvidas para proteger e
preservar 0s Oleos e seus constituintes, como a microencapsulacdo, e facilitar a sua
incorporagéo nos alimentos.

Escopo e abordagem: Esta revisdo, conduzida a partir da busca de estudos realizada em dez
bases cientificas, descreve as técnicas de microencapsulacdo de 6leos comestiveis, 0s principais
6leos, materiais de parede e emulsificante empregados e a caracterizacdo geral das
microcépsulas.

Principais resultados e conclusbes: O spray drying tem sido a técnica mais utilizada pela
industria alimenticia no encapsulamento de 6leos comestiveis. Dentre 0s 6leos comestiveis
mais microencapsulados, o 6leo de peixe tem se destacado, principalmente por ser fonte de
acidos graxos 6mega-3. Outros 6leos vegetais também sido utilizados, como o de linhaga, chia
e palma. Os carboidratos foram o0s materiais de parede mais empregados no
microencapsulamento dos 6leos comestiveis, com énfase para maltodextrina, quitosana e goma
ardbica. Tanto proteinas de origem animal quanto vegetal também foram usadas como agente
encapsulante, como caseinato de sodio, proteinas do soro de leite e proteina de soja. Lecitina
de soja e Tween 80 foram os emulsificantes mais aplicados no processo de microencapsulacédo
de 6leos. A maioria dos estudos alcancaram eficiéncia de encapsulamento superior a 80,0% e
formato esférico das microcapsulas produzidas. No geral, 0 microencapsulamento promoveu

protecdo aos 0leos comestiveis.

Palavras-chave: compostos bioativos, oxidacéo lipidica, spray drying, 6leo de peixe, indUstria

alimenticia.

1. Introducéo
A ma nutri¢do pode levar a caréncias nutricionais que podem causar efeitos prejudiciais

e duradouros no crescimento e desenvolvimento e na saude geral dos individuos, sendo que,
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na maioria das vezes, esses agravos nutricionais sdo decorrentes de uma alimentacéao deficiente
em nutrientes (Yue et al., 2016), que podem ser minimizados a partir do consumo de alimentos
fortificados. A fortificacdo ou enriquecimento de alimentos € um método utilizado na tentativa
de reforcar o valor nutritivo dos alimentos, favorecendo a manutencao ou recuperacao da satde
no sentido da prevencao ou reducdo das caréncias nutricionais (Rousta et al., 2021). Do mesmo
modo, alimentos que proporcionam beneficios a salde sdo cada vez mais procurados pelos
consumidores. Isso desencadeou o desenvolvimento de produtos alimenticios com ingredientes
que possuam propriedades funcionais, além dos tradicionalmente utilizados na inddstria
alimenticia (Silva et al., 2022).

Os oOleos comestiveis desempenham um papel importante na dieta, pois sao fontes de
energia, incluindo acidos graxos essenciais, e podem conter vitaminas lipossolUveis e
compostos bioativos, como carotenoides, tocoferdis, polifendis e fitoesterdis (Adhami et al.,
2019) que favorecem o suprimento das demandas nutricionais dos sujeitos. Entretanto, a
utilizacdo e incorporacdo desses 6leos em alimentos para fins de fortificacdo € limitada, uma
vez que eles sdo suscetiveis a degradacdo oxidativa, como as reacdes de oxidacdo dos lipidios,
levando a perdas de propriedades nutricionais e sensoriais nos produtos alimenticios e,
consequentemente, a reducdo da aceitacdo dos consumidores. Além disso, alguns dos produtos
da reacdo de oxidacdo lipidica, como hidroperdxidos e aldeidos, apresentam alta toxicidade, o
que pode levar a problemas crénicos de satde se consumidos regularmente por longos periodos
(Venugopalan et al., 2021).

Posto isso, a microencapsulacdo, que corresponde a uma técnica na qual componentes
na forma liquida, gasosa ou sélida sdo aprisionados dentro de um material de revestimento para
formar uma microcapsula, vem sendo empregada nos 6leos comestiveis. Essa técnica fornece
uma barreira entre o material do nucleo (6leo) e os fatores ambientais (Singh et al., 2022).

Essa tecnologia de microencapsulacdo dos Oleos comestiveis visa protegé-los da
degradacéo oxidativa durante as condi¢Ges de processamento e armazenamento, Como a auto-
oxidacéo, foto-oxidagdo e reagdes com metais, que provocardo a oxidagdo lipidica (Sani et al.,
2020). O microencapsulamento destes 0leos apresenta varios beneficios, como controlar a
liberagdo em um determinado momento e local especificos, mascarar gostos ou odores
desagradaveis, modificar as caracteristicas fisicas, facilitar o manuseio e processamento,
minimizar as perdas nutricionais, promover melhora na estabilidade oxidativa no
armazenamento, além de facilitar o transporte (Jamshidi et al., 2020, Morsy & Elsabagh, 2021,

Nayana et al., 2021). Ademais, 0 microencapsulamento ndo apenas previne a rapida geracao
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de hidroperoxidos e alteracGes sensoriais indesejaveis, mas também aumenta a eficacia
protetora e a bioacessibilidade e biodisponibilidade dos 6leos e seus compostos bioativos, uma
vez que previne ou reduz interagdes indesejaveis com outros elementos alimentares (Gumus &
Gharibzahedi, 2021).

Existem diversas técnicas de microencapsulamento que podem ser aplicadas aos 6leos.
A escolha mais propicia do método a ser utilizado se fundamenta na finalidade da aplicacédo
das microcapsulas, que, além de poderem ser utilizadas na fortificacdo de alimentos, também
podem ser aplicadas com o objetivo de melhorar a estabilidade oxidativa e prolongar a vida de
prateleira ou também para substituir parcialmente a gordura usada na producéo de alimentos
(Jamshidi et al., 2020).

A escolha do material de parede ideal € uma etapa fundamental para alcancar uma boa
eficiéncia de encapsulamento e essa escolha depende da interacdo com o componente a ser
encapsulado e da técnica de microencapsulamento a ser desenvolvida (Nayana et al., 2021). As
propriedades gerais esperadas para este material incluem: ter baixo custo, sabor suave,
capacidade de emulsificacdo e proporcionar protecdo aos Oleos encapsulados (Abedi et al.,
2016). A depender do método de microencapsulamento empregado, poderdo ser utilizados mais
de um encapsulante, j& que muitas vezes um Unico material ndo dispfe de todas as
caracteristicas necessarias ao processo (Rutz et al., 2017).

Recentemente, alguns autores tém estudado as técnicas de microencapsulamento
aplicadas aos 6leos comestiveis (Feizollahi et al., 2018; Jamshidi et al., 2020; Kouamé et al.,
2021), como também os principais 6leos empregados e seus beneficios (Singh et al., 2022) e
0s materiais de parede mais usados (Comunian et al., 2016; Venugopalan et al., 2021). No
entanto, sdo necessarios mais estudos que relacionem as caracteristicas do processo de
microencapsulamento com as propriedades das microcapsulas formadas e os efeitos na
protecdo dos 6leos e seus compostos bioativos.

Portanto, esta revisdo tem como objetivo avaliar as técnicas que vém sendo empregadas
no microencapsulamento de 6leos comestiveis para fins de fortificacdo de alimentos, bem como
0s 0Oleos, os materiais de parede e os emulsificantes mais utilizados nesse processo e relaciona-

los com a eficiéncia do microencapsulamento, morfologia e tamanho das microcapsulas.

2. Metodologia
O levantamento dos artigos sobre o uso de 6leos microencapsulados aplicados em

alimentos para fins de fortificacdo/enriquecimento foi realizado nas bases cientificas
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apresentadas na Fig. 1a. Uma busca avancada foi efetuada usando as seguintes combinac6es
de descritores: oil* AND microencap* AND food* AND fortifi* OR enrich* OR enhanc*, oil*
AND microencap* AND food* AND *toxici*, oil* AND microencap* AND food* AND
bioacce*, oil* AND microencap* AND food* AND bioava*. A pesquisa ndo se limitou a um
recorte temporal especifico e foi conduzida entre os meses de julho e agosto de 2022.

O numero total de artigos encontrados em todas as bases de dados equivale a 14.105
estudos, sendo que o percentual de cada uma das bases esté representado na Fig. la. Para a
exclusdo dos artigos duplicados, foi utilizado o software gerenciador de referéncias EndNote
Web. Apds a leitura dos titulos dos artigos, foram excluidos aqueles que ndo estavam de acordo
com a tematica em estudo. Um total de 121 artigos teve seu resumo lido, sendo excluidos os
estudos que nao realizaram a aplicacdo em alimentos e aqueles que aplicaram as microcapsulas

de 6leos com outros fins que ndo a fortificagdo (Fig. 1b).
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14.105
estudos l

ScienceDirect

Scopus

SpringerLink

Web of Science
Wiley Online Library 39.09% N dugf::us
IOPscience excluidas

Directory of Open Access Journals
ACS Joumnals Search 8.61%

SCiELO | 0.10%

33.48%

Taylor & Francis

7.255 estudos
selecionados

\'{ 7.134 estudos excluidos depois da lertura dos titulos

[ 121 estudos baixados

|

| S

38 estudos excluidos por nio se relacionar com o
tema pesquisado

l l

[ 70 estudos originais ] [ 13 estudos de revisdo ]

Fig. 1. Esquema da busca de artigos sobre o uso de 6leos microencapsulados aplicados em
alimentos para fins de fortificacdo em 10 bases cientificas (a) e os critérios de elegibilidade

adotados para a selecéo dos artigos (b).

Foram selecionados 83 estudos elegiveis (Fig. 1b) e estes foram lidos e analisados

quanto a caracteriza¢do do microencapsulamento e das microcdpsulas formadas.
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3. Microencapsulamento de 6leos

A microencapsulacdo consiste em uma tecnologia para revestir ou encapsular
componentes sensiveis as condigdes ambientais adversas, como luz, umidade e oxigénio
(Kawecki et al., 2021a). Esta técnica baseia-se no recobrimento do material do ndcleo por uma
matriz _homogénea/heterogénea (material de parede ou agente encapsulante) a fim de
desenvolver uma barreira fisica e protetora entre 0 componente € 0 meio ambiente, com
formacdo de microcépsulas de 1 — 1000 um (Fig. 2) (Rahmani-Manglano et al., 2020; Mehta
etal., 2022).

Material de
parede Mi ‘osul
»~~» Microcapsula
o0
® 00
+0 o0
o
Oleo Material de
comestivel parede Oleo comestivel
l I microencapsulado
o O
o ® ® o
®
o o
® o . ®
o ® ® o
® ®

Fig. 2. Representacdo do microencapsulamento de 6leos comestiveis. Autoria propria (2022).

Na Tabela 1 sdo apresentados os aspectos gerais do microencapsulamento de 6leos
comestiveis e a caracterizagdo das microcapsulas produzidas, dados que foram coletados nos

estudos avaliados e que serdo discutidos a seguir.
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Tabela 1

Principais técnicas de microencapsulamento, 6leos comestiveis, materiais de parede e emulsificantes usados no processo e caracterizacdo do

microencapsulamento e das microcapsulas formadas.

Técnica de Oleo

microencapsulamento

microencapsulado

Materiais de parede
(MP)

Emulsificante

Propor¢éo O:MP
(6leo:material de

Caracterizagéo do
microencapsulamento /

Referéncia

(O) parede) das microcapsulas
Coacervacdo complexa + Oleo de noz Proteina isolada de soja NR 1:2 NR Akhtar et al. 2022
liofilizacdo + maltodextrina +
pectina
Spray drying Oleo de linhaca Maltodextrina NR 1.1:4 NR Bueno et al. 2022
2.2:4
Spray drying Oleo de peixe 1. Maltodextrina + NR 1:1 EE (%): 1. 65,70 £ 0,52  Damerau et al. 2022
proteina concentrada de
soro do leite; 2.66,79£4,75
2. Proteina de soja + 3.61,06+0,93
proteina concentrada de 4. 63.66+ 1.87
soro do leite;
5. 57,27 + 4,39;

3. Proteina de ervilha +
proteina concentrada de
soro do leite

4. Proteina de soja +
maltodextrina

5. Proteina de ervilha +
maltodextrina

Rendimento: NR
Tamanho: NR

Morfologia: As
microcapsulas contendo
maltodextrina
apresentaram formato
mais esférico e superficie
mais lisa do que aquelas
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contendo proteina
concentrada de soro do
leite.

Gelificacdo i6nica

Oleo de peixe

Alginato de sodio +
proteina isolada de
tremoco

EE (%): 95,62 + 1,13;
Rendimento: NR

Tamanho: 0,82 + 0,06

um;

Morfologia: formato
esférico.

Elsebaie et al. 2022

Spray drying

Oleo de camardo +
oleo de semente de
Camellia oleifera

Alginato de sédio +
proteina isolada de
feijdo mungo

EE (%): 72,09 £ 2,97,
Rendimento: NR

Tamanho: 1,796 + 0,043
pm;
Morfologia: formato

esférico e superficie
irregular.

Gulzar et al. 2022

Coacervacdo complexa +

Oleo de pequi

1. Goma de caju +
quitosana

2. Goma de caju +
gelatina

EE (%): 1. 93,65 £ 0,37
2. 83,75 + 2,88;

Rendimento: 1. 53,29 +
1,32

2.53,98 + 1,15;
Tamanho: NR

Morfologia: formatos
esféricos e sem sinais de
rachadura.

Silva et al. 2022
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1. Liofilizacéo Oleo de Sacha inchi 1. Zeina 1. Tween 80 e NR NR Suwannasang et al.
_ 2. Maltodextrina e lecitina de soja 2022
2. Spray drying amido modificado
2.NR
Spray drying + spray Oleo de peixe Goma arabica + leite em Tween 80 NR EE (%): 94,64 £ 0,17; Fadini et al. 2021
chilling po desnatado + suco de .
uva Rendimento: NR
Tamanho: NR
Morfologia: superficie
rugosa e formato esférico.
Liofilizacdo Oleo de ch