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RESUMO GERAL

As especiarias de alto valor agregado, como a oleoresina de gengibre, podem ser carreadas em
uma matriz solida para facilitar o manuseio, evitar a evaporacdo prematura dos volateis ou
para fornecer protecdo para compostos especificos. Entre os diferentes processos utilizados
para carrear ativos, a encapsulacdo € uma técnica promissora. A microencapsulacao por spray
chilling utiliza lipidios como carreadores para a formacdo de particulas solidas e pode ser
considerada uma alternativa interessante aos métodos convencionais. Em vista disso, 0
objetivo deste trabalho foi produzir microparticulas lipidicas solidas, por spray chilling, para
carrear oleoresina de gengibre, estudando as caracteristicas das microparticulas, aplicacdo em
um meio simulando um alimento para verificar a liberagdo dos compostos e por fim, avaliar a
estabilidade da particula e dos compostos da oleoresina de gengibre em diferentes
temperaturas. O desenvolvimento experimental foi iniciado com o estudo de misturas de
lipidios com a oleoresina, sendo constatada a afinidade e melhor homogeneizacdo com 0s
seguintes acidos graxos livres: palmitico, estedrico e oleico. A gordura de palma pode ser
adicionada em até 15% (m/m) na mistura lipidica com oleoresina (10% m/m), desde que um
acido graxo esteja presente. Assim, a proxima etapa foi a formacdo e caracterizacdo das
microparticulas lipidicas soélidas, utilizando acido palmitico (90; 85; 75% m/m) como
carreador solido majoritario e diferentes lipidios insaturados (&cido oleico e gordura de palma
—0; 5; 15% m/m), mantendo fixa a concentracdo de oleoresina de gengibre (10% m/m). Os
resultados mostraram que a incorporacdo de acido oleico ou gordura de palma alteraram o
comportamento térmico das microparticulas, diminuiram o indice de cristalizacdo em 8%,
consequentemente houve menor retencdo de volateis com valores variando de 75% a 37,5%.
Na etapa de liberacdo e estocagem, particulas compostas por acido estearico (65-90% m/m),
acido oleico (0 e 15% m/m) e duas concentracGes de oleoresina de gengibre (10 e 20% m/m)
foram estudadas. No estudo de liberacdo, as particulas foram caracterizadas e adicionadas em
uma emulsdo. Todas as microparticulas apresentaram até 75% de liberacdo dos compostos
volateis e até 92% dos compostos de pungéncia, apds a adi¢cdo na emulsdo modelo, no dia
zero. Tanto a oleoresina liberada das microparticulas quanto a oleoresina livre garantiram para
0 6leo da emulséo protecdo contra a oxidacdo apds o armazenamento a 10, 25 e 40°C durante
28 dias. Isso significa que o processo de microencapsulacdo ndo afetou as propriedades
antioxidantes da oleoresina. Por fim, a estocagem das microparticulas, em diferentes
temperaturas durante 84 dias, mostrou que a 40°C as particulas com &cido oleico
apresentaram degradacdo do composto de pungéncia 6-gingerol. A 25°C particulas com acido
oleico foram eficientes para garantir maior retencdo de volateis e melhor estabilidade dos
compostos a-zingibereno e B-sesquifelandreno, além de manter os compostos de pungéncia
estaveis quando comparado a oleoresina livre. As microparticulas lipidicas solidas contendo
oleoresina de gengibre mostraram eficacia para substituir a oleoresina ndo encapsulada, além
de poder melhorar a distribuicdo durante a aplicagdo em alimentos ou medicamentos devido a
sua conversdo para po.

Palavras-chave: gingerdis; antioxidantes; estocagem; 6leo essencial.



ABSTRACT

Value-added spices, such as ginger oleoresin, can be carried in a solid matrix in order to
facilitate handling, prevent premature evaporation of volatiles or to provide protection against
the external environment. Among the different processes used for carrier the active,
encapsulation is a promising technique. Microencapsulation by spray chilling employs lipids
as carriers for the formation of solid particles, and can be considered as an interesting
alternative to conventional methods. The objective of this work was to produce solid lipid
microparticles, by spray chilling, to carry ginger oleoresin by studying the characteristics of
the microparticles and their application in an emulsion to verify the compounds release and
finally to evaluate the particles stability and ginger oleoresin compounds at different
temperatures. The experimental development was initiated with the study of lipid mixtures
with the oleoresin, verifying the affinity and better homogenization with the free fatty acids:
palmitic, stearic and oleic. Palm fat can be added until 15% (w/w) in the lipid mixture with
ginger oleoresin (10% w/w), on condition that a fatty acid is present. Thus, the next step was
the formation and characterization of the solid lipid microparticles using palmitic acid (90; 85;
75% wi/w) as the major solid carrier and the addition of different unsaturated lipids (oleic acid
and palm fat — 0; 5; 15% w/w), maintaining the concentration of ginger oleoresin fixed (10%
w/w). The results showed that the addition of oleic acid or palm fat altered the thermal
behavior of the microparticles, decreasing the crystallization index by 8%. Consequently there
was less retention of volatiles with values ranging from 75% to 37.5%. In release and stability
study, particles composed of stearic acid (65-90% wi/w), oleic acid (0 and 15% w/w) and two
concentrations of ginger oleoresin (10 and 20% w/w) were analyzed. In release study, the
particles were characterized and added in an emulsion. All microparticle samples showed up
to 75% release of the volatile compounds and up to 92% of the pungent compounds after
incorporation in the model emulsion, day zero. The oleoresin released from the microparticles
and free oleoresin ensured the emulsion oil oxidation protection after storage at 10, 25 and
40°C for 28 days. This means that the microencapsulation process did not affect the
antioxidant properties of oleoresin. Finally, the storage of the microparticles at different
temperature during 84 days, showed that the particles with oleic acid leads to the degradation
of 6-gingerol, at 40°C. At 25°C particles with oleic acid were efficient to ensure higher
volatiles retention and better stability of the volatile a-zingiberene and B-sesquiphellandene
compounds and maintaining the pungency compounds stable when compared to free
oleoresin. Solid lipid microparticles containing ginger oleoresin showed efficacy to be
substitute for un-encapsulated oleoresin, and could improve the distribution during
application in foods or pharmaceuticals due to their conversion to powder.

Keywords: gingerols; antioxidant; storage; essential oil.
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11. INTRODUCAO GERAL

As especiarias sdo vegetais cultivados e processados devido a caracteristicas
especificas como, por exemplo, aroma, pungéncia, sabor, fragrancia, cor natural e
propriedades medicinais. Elas séo obtidas a partir de rizomas, bulbos, cascas, botdes florais,
estigmas, frutos, sementes e folhas de origem vegetal. O mercado de especiarias se
diversificou bastante desde o inicio do século XXI. As especiarias in natura vém sendo
substituidas pelas de valor agregado, como os po6s de especiarias, Oleos essenciais,
oleoresinas, entre outros, visto que as especiarias in natura apresentam vida de prateleira
limitada. Algumas das vantagens da agregacdo de valor sdo: menores espacgos para
armazenagem, auséncia de contaminacdo microbiana, aumento da vida de prateleira,
diversificacdo de produtos (PREMAVALLI, 2007; DATTA; GUHA; SHARANGI, 2015).

O gengibre (Zingiber officinale Roscoe) € um rizoma, sendo uma das espécies
mais utilizadas da familia das Zingiberaceae, cultivado em algumas regiGes tropicais, como a
india, China, Nigéria, Australia e Jamaica. E usado em todo 0 mundo como uma especiaria
para alimentos. Apresenta atividades farmacoldgicas, incluindo protecdo cardiovascular,
potencial antioxidante, anti-inflamatorio, redutor de glicose, entre outros. Os principais
constituintes que transmitem as propriedades sensoriais e benéficas a salde sdo 0s compostos
de pungéncia, nomeados como gingerais e shogadis e a fracdo de volateis classificada como
sesquiterpenos e monoterpenos (BUTT; SULTAN, 2011; SAID et al., 2015; SRINIVASAN,
2017).

O uso de oleoresinas de especiarias tem aumentado significativamente na
indGstria de alimentos, especialmente por facilitar a padronizacdo do sabor através do
monitoramento dos compostos relacionados, além da auséncia de contaminagdo
microbiol6gica, em comparacdo a especiaria in natura. A oleoresina € extraida a partir da
especiaria in natura utilizando solventes organicos, resultando na extracdo de 6leos e matéria
resinosa. E considerada um alimento GRAS (Generally Recognized As Safe) e devido a esse
ingrediente ser apresentado na forma concentrada, 0 armazenamento em espacos reduzidos €
facilitado. No setor de alimentos, a oleoresina de gengibre é utilizada em molhos e sopas,
embutidos e produtos de panificacdo, confeitaria, aromatizantes e tempero
(BALAKRISHNAN, 2005; BAILEY-SHAW et al., 2008; MURTHY; GAUTAM; NAIK,
2015).

A oleoresina de gengibre é um produto viscoso, com presenca de compostos

volateis e ndo volateis. Os compostos de pungéncia, 6leo volatil e lipidios sdo os majoritarios
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e em concentracOes inferiores encontram-se outros compostos ndo volateis. Os volateis estdo
presentes no Oleo essencial do gengibre, que pode ser adicionado na oleoresina para
proporcionar caracteristica similar ao produto in natura, em relacdo ao odor e sabor
(ZACHARIAH, 2008; SAID et al., 2015).

Os compostos pungentes e volateis da oleoresina de gengibre podem apresentar
instabilidade quando expostos a condigfes adversas de armazenagem (alta temperatura),
resultando em uma vida de prateleira curta. Além disso, 0 aquecimento no preparo do
alimento pode conduzir a perda repentina de compostos volateis e degradacdo dos pungentes,
causando a reducdo da qualidade do aroma e sabor global. Em muitos casos, processos
especificos de microencapsulagdo podem ser usados para superar esses desafios, como por
exemplo, as técnicas de spray drying, spray chilling, coacervacao, gelificacdo idnica, entre
outros (RE, 1998; BALAKRISHNAN, 2005). As vérias técnicas de microencapsulacéo
refletem no progresso e desenvolvimento de muitas outras tecnologias. Esta tendéncia pode
ser observada em tecnologias até entdo ndo relacionadas, por exemplo, uma microcapsula
pode ser utilizada para a liberacdo controlada de um ingrediente alimenticio, resultando em
um novo produto. Tal como acontece com a maioria das inovacdes, as tecnologias sao
desenvolvidas ou aprimoradas para uma determinada aplicacdo ou industria, entdo sdo
fundidas para criar um novo produto inovador (SOBEL; VERSIC; GAONKAR, 2014).

Assim, visto que a oleoresina de gengibre apresenta certas limitaces em relacdo a
condicdes adversas do ambiente externo devido a perda de volateis, degradacdo dos
compostos de pungéncia, e caracteristicas que podem dificultar sua aplicacdo em
determinados alimentos, o estudo de técnicas de encapsulacéo é justificado. Além do efeito de
protecdo, dependendo da técnica usada pode oferecer liberacdo controlada da oleoresina para
0 meio, apresentar comodidade no manuseio devido a conversdo de liquido em po, e permitir
uma dispersdo uniforme na matriz alimenticia.

Técnicas de spray chilling, cooling ou congealing para a formacdo de
microparticulas tem sido estudadas nos Gltimos anos nas &reas farmacéutica e veterinaria
(MEUNIER et al., 2007; PASSERINI et al., 2010; MARTINS; SIQUEIRA; FREITAS, 2012),
mas h& poucos estudos para aplica¢cBes em alimentos em comparacdo a técnica de spray
drying. A formacdo de particulas pela técnica de spray chilling consiste na utilizacdo de
carreadores como os &cidos graxos, triacilglicerdis e ceras, sendo que devem ser solidos a
temperatura ambiente ou a mistura deles resultar em uma ‘blenda’ com consisténcia solida,

para garantir particulas com boa dispersibilidade, facilidade no manuseio e armazenamento. O
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ativo de interesse, que pode ser hidrofobico, na forma de cristais, particulas secas ou emulsdes
do tipo &gua/oleo, é disperso ou emulsionado no material lipidico, que se apresenta fundido,
sendo atomizado em uma camara refrigerada, onde ocorre a solidificacdo e formacdo das
particulas (ZUIDAM; SHIMONI, 2010; OKURO; MATOS-JR; FAVARO-TRINDADE,
2013; OH et al., 2014).

A utilizacdo de lipidios na formacédo de particulas pela técnica de spray chilling
pode desencadear a liberacdo do ativo atraves de diferentes meios, dependendo da finalidade
desejada para a particula, como por exemplo, a liberacdo através da temperatura, a liberacédo
desencadeada mecanicamente por forgas externas, pressao ou cisalhamento, ou liberagédo por
biodegradacgéo, no qual os lipidios sdo quebrados por lipases durante a digestdio (MADENE;
JACQUOT; SCHER; DESOBRY, 2006). As particulas obtidas neste trabalho terdo como
principal gatilho a liberacdo em funcdo da temperatura ou dissolucdo da particula devido a
afinidade com o meio no qual for inserida.

Os é&cidos graxos, como o0 oleico, palmitico e estedrico, sdo encontrados em
abundancia na natureza o que garante facil aquisicdo, porém o processo para obtencdo de
acidos graxos livres é tido como de alto custo quando comparado aos lipidios a base de
triacilglicerdis, como os 6leos e gorduras. Apesar do alto valor, a utilizacdo de acidos graxos
livres torna-se uma opcao viavel para este trabalho, pois ndo ha na literatura ou disponiveis
comercialmente microparticulas lipidicas obtidas por spray chilling contendo oleoresina de
gengibre. Assim, o objetivo deste trabalho foi utilizar a técnica de spray chilling para
obtencdo de microparticulas lipidicas sélidas como carreadoras de oleoresina de gengibre para
conversdo de um produto viscoso para po, facilitando o manuseio e aplicacdo, além de manter

ou preservar as propriedades de pungéncia e volateis da oleoresina de gengibre.
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1.2. OBJETIVOS

1.2.1. Objetivo Geral da Tese
O objetivo deste trabalho foi utilizar a técnica de spray chilling para obter

microparticulas lipidicas solidas como carreadoras de oleoresina de gengibre, resultando em
um produto em po para facilitar a aplicacdo e manter ou preservar a estabilidade dos

compostos de pungéncia e volateis da oleoresina de gengibre.

1.2.2. Obijetivos Especificos
Caracterizar microparticulas lipidicas preparadas por spray chilling

contendo oleoresina de gengibre.

Obter microparticulas lipidicas sélidas carreadas com oleoresina de gengibre.

Caracterizar as microparticulas lipidicas contendo oleoresina de gengibre em
relacdo ao comportamento térmico e polimorfico e estrutura cristalina.

Avaliar a retencdo dos compostos de pungéncia e volateis da oleoresina de
gengibre nas microparticulas lipidicas.

Verificar a influéncia da adicdo dos lipidios insaturados sobre o diametro médio
de particula, comportamento térmico e polimorfico, retencdo dos ativos e morfologia de
superficie.

Observar a distribuicdo da oleoresina sobre a particula a partir da técnica de
microscopia confocal de varredura a laser.

Verificar a liberacdo da oleoresina de gengibre, contida nas microparticulas
lipidicas, em uma emulsio modelo (0leo/agua) durante a estocagem em diferentes
temperaturas.

Investigar o comportamento da liberacdo da oleoresina de gengibre logo apos a
homogeneizagdo na emulsdo e ao final da estocagem em diferentes temperaturas,
acompanhando os compostos volateis e de pungéncia.

Acompanhar a capacidade antioxidante das microparticulas contendo oleoresina
de gengibre, em emulséo, e estocada em diferentes temperaturas.

Avaliar a estabilidade a estocagem das microparticulas lipidicas carregadas
com oleoresina de gengibre.

Avaliar a reten¢do dos compostos volateis durante o estudo de estabilidade das
microparticulas contendo oleoresina de gengibre em diferentes temperaturas, comparando
com a oleoresina de gengibre ndo encapsulada.

Verificar os aspectos morfoldgicos, tamanho de particula e a cristalinidade das
microparticulas durante a estocagem.

Acompanhar, durante o armazenamento em diferentes temperaturas, a degradacao
dos compostos volateis e pungentes majoritarios.
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1.3. ESTRUTURACAO DA TESE EM CAPITULOS
Para a apresentacdo dos trabalhos desenvolvidos durante o doutorado, esta Tese

sera apresentada na forma de Capitulos, sendo o Capitulo I destinado a introduzir o tema aos
leitores, seguido dos objetivos do trabalho.

Para o Capitulo 11, uma revisdo bibliogréafica desenvolvida em topicos apresenta
o0s temas principais da Tese, destacando a utilizacdo da oleoresina para a industria alimenticia,
técnicas de microencapsulagdo, abordagem sobre lipidios e caracteristicas fisicas dos mesmaos.

A seguir, nos Capitulos 111, IV e V sdo apresentadas as atividades praticas desenvolvidas:

Capitulo 111: Solid lipid microparticles produced by spray chilling technique to deliver
ginger oleoresin: Structure and compounds retention

O objetivo deste artigo foi estudar a caracterizacdo das microparticulas produzidas
pela técnica spray chilling, a partir de diferentes combinacdes de lipidios carreadores com a
oleoresina de gengibre.

A oleoresina de gengibre foi fixada em 10 ¢g/100 g mistura, sendo que foi
realizada a adic¢do do carreador solido acido palmitico em diferentes proporcées (90; 85; 75
0/100 g mistura) para avaliar a influéncia na retencdo da oleoresina diante da incorporacao de
um lipidio liquido (acido oleico - 0; 5; 15 g/100 g mistura) ou um lipidio semissolido (gordura
de palma - 0; 5; 15 ¢g/100 g mistura). As analises do comportamento térmico da particula,
polimorfismo dos cristais lipidicos da particula, morfologia de superficie, distribuicdo da
oleoresina na particula através da técnica confocal, tamanho de particula e a retencdo dos

ativos volateis e de pungéncia foram analisados neste capitulo.

Capitulo 1V: Release behavior of ginger oleoresin lipid microparticles: Addition in
model emulsion

Esse capitulo abordou a incorporacdo das microparticulas lipidicas utilizando
acido estearico como carreador da oleoresina de gengibre em um sistema modelo de emuls&o,
juntamente com o estudo de estocagem em diferentes temperaturas.

Nesta etapa, formulagdes contendo 10 e 20% (g/100g de mistura) de oleoresina de
gengibre foram caracterizadas. Ap0s a caracterizacdo, as microparticulas foram adicionadas
em uma emulsdo modelo e armazenadas em trés diferentes temperaturas (10; 25; 40 °C)
durante 28 dias. Foi analisada a atuacdo da oleoresina como antioxidante no meio

emulsionado e a retencdo dos volateis e compostos de pungéncia na emulséo.
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Capitulo V: Evaluation of storage temperature on stability of lipid microparticles
containing ginger oleoresin

Para o estudo de estabilidade das particulas, as mesmas foram estocadas em potes
herméticos a 25°C e 40°C durante 84 dias, a fim de verificar o comportamento das particulas
diante de condicOes adversas de temperatura assim como a estabilidade dos compostos
volateis e de pungéncia da oleoresina de gengibre.

No Capitulo VI foi apresentada uma Discussdo Geral voltada para os principais
pontos de cada capitulo acima mencionado, seguido do Capitulo VII, no qual uma
Conclus@o Geral da tese foi apresentada através da discussdo dos principais resultados. O
ultimo capitulo, Capitulo VIII, foi finalizado com as Sugestdes para Trabalhos Futuros
acompanhado da Producdo Cientifica e Atividades Académicas desenvolvidas durante o
periodo desta tese.

No Apéndice sdo apresentados os resultados dos testes preliminares para a
caracterizacdo de carreadores lipidicos e oleoresina de gengibre e verificacdo da
homogeneidade das misturas binarias lipidio — oleoresina, para definicdo das formulagdes
utilizadas nos Capitulos 111, 1V e V. Por fim, os Anexos apresenta a licenca para a utilizacao

do artigo publicado neste documento.
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2.1. REVISAO BIBLIOGRAFICA

2.1.1. Oleoresinas de Especiariais

Especiarias sdo condimentos e aromatizantes de origem vegetal, que podem ser
utilizados para temperar ou conservar os alimentos, além de algumas aplicacGes
farmacéuticas. As especiarias sdo obtidas das sementes, cascas e folhas de plantas aromaéticas.
Hoje em dia, muitas especiarias in natura vém sendo substituidas pelas de valor agregado
devido a demanda de mercado, como o0s pés de especiarias, 0leos essenciais, oleoresinas,
entre outros. Alguns outros exemplos de produtos de valor agregado das especiarias que
foram incluidos sdo os 6leos microencapsulados, capsulas contendo a especiaria em pd ou
6leo, destacando as especiarias de acafrdo, gengibre, pimenta, paprica, noz moscada, pimenta
malagueta entre outros. A Tabela 2.1 apresenta alguns produtos de valor agregado que podem
ser obtidos através das especiarias in natura (PANDA, 2010; DATTA; GUHA; SHARANGI,
2015).

Tabela 2. 1. Produtos de valor agregado provenientes de diferentes especiarias.

Nome da especiaria Produto de valor agregado
Pimenta preta (Piper nigrum) P9, oleoresina, 6leo, pimenta desidratada, etc.
Paprica (Capsicum annuum) Pigmento natural, oleoresina, po.

) o o P4, bleo volatil, oleoresina, 6leo encapsulado, desidratado,
Gengibre (Zingiber officinale)

molhos.
Acafrdo/circuma (Curcuma Pigmento natural, desidratado, Oleo, oleoresina,
longa) curcuminoides.

Coentro (Coriandrum sativum)  Po, oleoresina.

Cominho (Cuminum cyminum) PO, oleoresina.

Erva doce (Foeniculum Oleoresina, 6leo volatil, erva doce revestida com aguUcar.
vulgare)

Pimenta malagueta (Capsicum Pg, picles, oleoresina, 6leo, molhos, etc.

frutescens)

(Fonte: PANDA, 2010; DATTA; GUHA; SHARANGI, 2015).

Esse aumento na procura de especiarias de valor agregado, dando destaque para as
oleoresinas, deve-se a alteracdo do comportamento do mercado, como por exemplo, o

aumento da exportagdo das especiarias in natura, que apresentam vida de prateleira reduzida.
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A crescente demanda dos consumidores por produtos alimenticios saudaveis e naturais fez
com que a industria iniciasse a utilizacdo de compostos aromatizantes/saborizantes naturais
nos alimentos, o que conduziu a um aumento na producdo de oleoresina; além de estudos
farmacologicos envolvendo os compostos dessas especiarias. Entre as especiarias destinadas a
producdo de oleoresinas as principais sdo a pimenta preta, pimenta malagueta, paprica,
acafrdo/circuma, gengibre, noz moscada, coentro, cominho, aipo e alho. A india é a maior
fabricante de oleoresinas, respondendo por 60% do mercado mundial (KRISHNAKUMAR;
BUREAU, 2013). A producdo mundial de oleoresinas no ano de 2011 foi de 13.500
toneladas, correspondendo a 425 milhdes de dolares americanos (BAVU, 2012;
KRISHNAKUMAR; BUREAU, 2013).

As especiarias sdo utilizadas em alimentos com quatro finalidades basicas: dar
sabor, mascarar algum odor ou flavor, fornecer pungéncia e cor. A oleoresina pode ser
definida como "verdadeira esséncia” e pode substituir a especiaria in natura em produtos
alimenticios sem alterar o perfil de sabor. Os compostos volateis conferem perfis aromaticos e
0 ndo volatil responsavel pela presenca dos compostos de pungéncia e de outros sabores.
Apresenta-se na forma liquida viscosa, devido aos compostos resinosos concentrados,
resultado da extragdo com solvente. O solvente residual presente na oleoresina deve ser
inferior a 30 ppm, sendo utilizados solventes organicos para a extragdo, podendo-se empregar
um ou uma mistura, tal como: acetona, acetato de etila, hexano, etanol, metanol, brometo de
metileno, cloreto de etileno, dicloreto de etileno, cloreto de metileno, éter de petrdleo, entre
outros. A escolha do solvente é um aspecto importante para obter maior rendimento e melhor
qualidade dos produtos (PREMAVALLI, 2004; DATTA; GUHA; SHARANGI, 2015).

2.1.1.1.  Oleoresina de Gengibre

O gengibre (Zingiber officinale R.), um rizoma pertencente a familia das
Zingiberaceae, originario do Sudeste asiatico e encontrado em muitas regiées do mundo; tem
sido cultivado ha milhares de anos como especiaria alimenticia e para fins medicinais
(SHUKLA; SINGH, 2007; ALI; BLUNDEN; TANIRA; NEMMAR, 2008).

A oleoresina de gengibre vem sendo amplamente incluida na industria de
alimentos processados na formulacdo de temperos para carnes, aves, frutos do mar e vegetais
preparados. Também encontra aplicacdo em produtos para panificacdo, confeitaria, bebidas,
xaropes, licores, molhos picantes, sopas, preparaces farmacéuticas para xaropes de tosse e

cremes para o alivio de dores nas articulagfes. No entanto, a oleoresina de gengibre apresenta
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sensibilidade durante a estocagem e pode apresentar vida de prateleira curta se for
armazenada em altas temperaturas (BALAKRISHNAN, 2005; SHAIKH; BHOSALE;
SINGHAL, 2006).

Os compostos aromaticos presentes no gengibre fornecem as propriedades de
odor. A pungéncia, ndo volatil € responsavel pelas sensacfes de sabor. Em geral, ambos 0s
componentes volateis e ndo volateis sdo importantes para a transmissdo das propriedades de
sabor, odor e pungéncia (PREMAVALLLI, 2004).

Na oleoresina de gengibre, a pungéncia € quase inteiramente atribuida aos
compostos gingerdis (compostos fendlicos) que sdo termolébeis, podendo sofrer alteracbes
durante o processamento e armazenamento. Os compostos de pungéncia correspondem a
aproximadamente 20% na composicdo da oleoresina de gengibre, sendo o 6-gingerol
encontrado em maior concentracdo, e em quantidades menores também se encontram o0s
compostos 8 e 10-gingerol (BALAKRISHNAN, 2005; SALEA; VERIANSYAH;
TIANDRAWINATA, 2017). Duas vias de degradacdo sdo estabelecidas para os gingeradis,
conforme a Figura 2.1:

v A desidratacdo para 6; 8; 10 — shogadis.
v Condensacdo para zingerona, composto de pungéncia que pode causar oOff-

flavors.
OH
OCH;
+ CHg(CHy),,CHO
(@)
OH CHa
OCHa /
—_— Zingerona
O OH \ OH
OCHs
(CH2),CH3
Gingerdis (n= 6, 8, 10) 2
P
(CH2)nCH3
Shogaois

Figura 2.1. Degradacdo Gingerol.
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A conversdo de gingeréis em qualquer um destes dois compostos, citados
anteriormente, indica a perda de qualidade da oleoresina. A conversdo para zingerona é um
processo relativamente lento em comparacdo com a que produz shogaol. O shogaol ndo esta
presente no gengibre in natura, mas é normalmente formado durante o processamento de
obtengdo de um produto especifico, como extragdo da oleoresina, ocorrendo a desidratagéo
dos gingerdis durante o processamento, tal como secagem, meio &cido, calor e também
durante o armazenamento por um longo periodo (PREMAVALLI, 2004; HUANG et al.,
2011). Os gingerois e shogadis sdo componentes biologicamente ativos que apresentam
contribuicéo significativa em aplicagdo medicinal, como analgésicos, sedativos, antioxidantes
e antimicrobianos. Quimicamente os gingerodis sdo da mesma familia da capsaicina, composto
presente em pimenta, que é conhecida por sua pungéncia (KUBRA; RAO, 2012).

Os compostos volateis predominantes na oleoresina de gengibre sdo 0s
hidrocarbonetos, classificados como sesquiterpenos com alta volatilidade, sendo eles o
zingibereno, p-sesquifelandreno e curcumeno. Esses compostos em armazenagem
inadequada, como excesso de luz e calor, se convertem para ar-curcumeno, indicando perda
de qualidade do 6leo voléatil (VERNIN; PARKANYL, 2005; ZACHARIAH, 2008). A Figura

2.2 apresenta a estrutura quimica dos compostos volateis predominantes na oleoresina de

H, Hy H, CH,
CH, CH,
CH, H, H,C

zingibereno B-sesquifelandreno ar-curcumeno
(CasHa24) (C1sH24) (CisH2)

Figura 2. 2. Estrutura dos compostos volateis predominantes na oleoresina de gengibre
(http://www.chemspider.com/).

gengibre.

2.1.2. Microencapsulacdo em Alimentos

O conceito de microencapsulacdo foi desenvolvido pela inddstria farmacéutica,
com o objetivo de controlar e/ou modificar a liberacdo de substancias. Hoje em dia, a area
farmacéutica representa a maior fracdo que utiliza as técnicas de microencapsulacdo, com
68%, enquanto o setor alimenticio representa 13% (DIAS; FERREIRA; BARREIRO, 2015).

A microencapsulagcdo € um processo em que compostos com caracteristicas

solidas, liquidas ou até mesmo gasosas sao revestidos ou incorporados em uma matriz para
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obter microparticulas com tamanho entre 1-1000um e diversos propoésitos (GHOSH, 2006;
GHARSALLAOUI et al., 2007; NAZZARO et al., 2012).

O material encapsulado é designado como material de recheio, ndcleo, fase
interna ou ativo, e 0 material que o protege ou envolve pode ser chamado de material de
parede, membrana, revestimento, casca ou carreador. As microparticulas sdo classificadas
com base no seu tamanho ou morfologia (RAYBAUDI-MASSILIA; MOSQUEDA-
MELGAR, 2012). A composicdo do material que envolve o ativo e a técnica de
microencapsulacdo usada definem os tipos de particulas que, de acordo com a morfologia,
podem ser classificadas em duas categorias (reservatorio e matriz):

Reservatério - Sdo caracterizadas por apresentarem o ativo envolto pelo material
que o protege, denominadas como mononucleadas. Sdo também chamadas de microcépsulas
(Figura 2.3a). Também podem se apresentar na forma multinucleada, ou seja, exibem Vvarios
nacleos distintos dentro da mesma céapsula, e também recebem a denominacdo de
microcapsulas (Figura 2.3b) (ZUIDAM; SHIMONI, 2010).

Matriz - O ativo na matriz apresenta-se disperso sobre o material carreador e
recebe o nome de microesfera (Figura 2.3c) (ZUIDAM; SHIMONI, 2010).

Reservatério + Matriz - A partir das duas classificacdes anteriores pode haver a
associacdo de particulas, com o ativo disperso internamente, recobertas com o material

carreador (Figura 2.3d).

~

Reservatorio Matriz Reservatorio+Matriz
Figura 2. 3. Classificacdo da morfologia das particulas a) Reservatério mononucleado -
microcapsulas. b) Reservatorio multinucleado - microcapsulas. ¢) Recheio disperso no
carreador (matriz) —microesferas. d) Combinacao das particulas a e c. (Fonte: ZUIDAM;
SHIMONI, 2010; RAYBAUDI-MASSILIA; MOSQUEDA-MELGAR, 2012).
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As principais razoes para a encapsulacio do ativo estfo apresentadas a seguir (RE,
1998; ARSHADY; BOH, 2003; DUBEY et al., 2009):

Protecdo em relacdo ao ambiente externo (temperatura, umidade, radiacdo UV,
interacdo com outros materiais).

Manter a estabilidade do composto.

Separacdo do ativo em relagdo a componentes incompativeis.

Mascaramento do odor e sabor.

Liberacdo controlada de compostos ativos (liberacdo prolongada ou retardada).

Liberagdo direcionada.

Conversao de liquido ou sélido pegajoso para pds que fluem livremente.

A microencapsulacdo pode ser empregada em diversas areas de conhecimento. Na
agricultura pode ser aplicada para o desenvolvimento de pesticidas e fertilizantes com
liberacdo controlada. Uma das maiores areas para aplicacdo da microencapsulacdo é a
farmacéutica, destacando a liberacéo controlada de medicamento, além da microencapsulacao
de medicamentos instaveis e irritantes. A técnica também pode ser empregada nas areas
qguimicas e cosméticas. Na inddstria de alimentos, os ingredientes podem ser encapsulados
para proteger o material em si (um ingrediente pode apresentar comportamento instavel na
presenca de outros ingredientes alimenticios ou meio externo - temperatura, umidade, pH),
prolongar a estabilidade e, consequentemente, o shelf life do produto (permite que sua acao
nutricional ou tecnoldgica ndo seja significativamente diminuida) ou facilitar o processo de
producdo e formas de utilizacdo (converter materiais liquidos em po6s) (GIBBS, et al.,1999;
ARSHADY; BOH, 2003; MADENE et al., 2006; KUANG, OLIVEIRA, CREAN, 2010).

Os principais ingredientes alimenticios microencapsulados sdo o0s 6leos
essenciais, oleoresinas, adocantes, lipidios, enzimas ou microorganismos, agentes de
fermentacdo, antioxidantes, conservantes, corantes, ingredientes com sabores e odores
indesejaveis, extratos vegetais, aminoacidos, vitaminas, probidticos e minerais (GIBBS et al.,
1999; GHARSALLAOQUI et al., 2007).

Estdo disponiveis varias técnicas para a encapsulacdo. Os métodos sdo divididos
em trés tipos: Quimicos, Fisico-Quimicos ou Fisico-Mecanicos, que estdo apresentados na
Tabela 2.2.
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Tabela 2.2. Diferentes técnicas utilizadas para encapsular/carrear compostos alimenticios.

Quimicos Fisico-Quimicos Fisico-Mecanicos

Polimerizacao in-situ

Emulso, suspensio e Coacervacao e separacgao Spray_ [?rymg e $pray
i " de fases Chilling/Cooling
isperséo
Policondensagéo . -
interfacial Layer-by-layer Leito fluidizado

Encapsulacdo polimérica
pela expansao rapida de Coextruséo
fluidos supercriticos
Evaporacao de solvente
Liofilizacdo
Co-cristalizacdo

(Fonte: Ghosh, 2006)

A seguir estdo citados alguns exemplos de ingredientes alimenticios
microencapsulados e qual a consequéncia da microencapsulagéo para o ingrediente:

Comunian et al. (2013) microencapsularam acido ascorbico por coacervacao e
observaram baixa higroscopicidade e maior estabilidade do composto em temperatura
ambiente em comparacdo ao acido ascérbico em solucdo, além de mascarar o sabor acido
caracteristico do composto e favorecer o manuseio e armazenamento.

A utilizacdo do processo de spray chilling utilizando o carreador lipidico derivado
da palma juntamente com o prebidtico polidextrose para a formacdo de microparticulas
lipidicas carregadas com probidtico (Lactobacillus acidophilus) revelou ser um processo
interessante para a protecao, liberagéo e estabilidade do ativo (OKURO et al., 2013).

Oleoresina de acafrdo é utilizada como um corante natural para alimentos, porém
em contato com a luz e altas temperaturas 0 composto ativo chamado curcumina pode ser
degradado. A microencapsulagao por spray drying mostrou-se eficiente para a protecdo desse
composto ativo (DELFIYA et al., 2015).

Os materiais de parede ou carreadores podem ser selecionados a partir de uma
ampla variedade de polimeros naturais ou sintéticos, dependendo do ativo e das caracteristicas
desejadas nas microparticulas finais (DESAI; PARK, 2005; DIAS; FERREIRA; BARREIRO,
2015). A Tabela 2.3 mostra os principais materiais utilizados nas técnicas de
microencapsulacdo. As gomas normalmente sdo utilizadas como ingrediente de textura para
estabilizar emulsdes, melhorando assim as propriedades do material de revestimento. Os
lipidios s@o geralmente utilizados para a encapsulagdo de ingredientes insolGveis em &gua,
mas dependendo da aplicacdo das microparticulas também podem ser utilizados para outros

tipos de ingredientes. A utilizacdo de proteina como material de revestimento é considerada



CariTuLo Il | 37

eficaz para a microencapsulacdo de ingredientes alimenticios pela técnica de spray drying. Os
polissacarideos e gomas sdo os materiais de parede mais utilizados pela maioria dos métodos
de encapsulacio (BARBOSA-CANOVAS et al., 2005).

Tabela 2.3. Principais materiais de revestimento utilizados na formacéo de particulas

Categoria Material de Parede

Polissacarideos Amidos, maltodextrinas, amidos modificados, ciclodextrinas, celulose

Gomas Goma acécia, guar, alginato de sodio, carragenana, pectina
Liodi Acidos graxos, cera de carnalba, parafina, cera de abelha, mono e
ipidios TP
diacilglicerdis, o6leos, gorduras
] Caseina, gelatina, albumina, isolado e concentrado proteico de soro (WPI e
Proteinas
WPC)

Polimeros Polietileno glicol (PEG), polivinil acetato (PVA), quitosana

(Fonte: Shahidi; Han, 1993; Desai; Park, 2005; Sobel;Versic; Gaonkar, 2014)

2.1.3. Spray Chilling

Spray chilling é uma técnica de microencapsulacdo utilizada para carrear ativos
como: minerais, vitaminas, enzimas, acidulantes e flavors com a finalidade de melhorar a
estabilidade, retardar a liberacdo de compostos, mascarar sabores ou odores e/ou converter
ingredientes liquidos em po6s (PEGG; SHAHIDI, 2007). Em comparacdo com outras
tecnologias, a técnica de spray chilling pode ser considerada como um rapido processo de
obtencdo de particulas, porque ndo ha uso de solventes para a formacéo da particula, além da
possibilidade de producdo continua e de grandes quantidades de produto em uma Unica
operacdo. E uma técnica de facil ampliacio de escala, além de ndo produzir residuos. As
particulas apds o processo estdo prontas para serem utilizadas, sem necessidade adicional de
outra técnica. O produto resultante na forma de p6 torna-se facil para manusear, transportar,
distribuir, dosar e armazenar (CORDEIRO; TEMTEM; WINTERS, 2013; FAVARO-
TRINDADE; OKURO; MATOS-JR, 2015).

As particulas formadas a partir desse método podem ser utilizadas no setor
alimenticio principalmente para produtos de panificacdo; misturas para sopas em pd; molhos
emulsionados; alimentos que contenham altos niveis de gordura; utilizacdo da particula para
liberacdo térmica controlada, onde o ativo é liberado com o aumento da temperatura. A
técnica de spray chilling ndo é um processo novo, porém é menos explorada que a técnica de

spray drying, principalmente na area de alimentos (OXLEY, 2012).
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A microencapsulacdo pela técnica de spray chilling é baseada na atomizacéo de
misturas lipidicas na forma liquida, contendo o ativo de interesse. Quando o material é
colocado em contato com o ar frio na camara refrigerada do spray, que esta abaixo do ponto
de fusdo da matriz lipidica (aproximadamente <10 °C), as goticulas formadas por atomizacao
se tornam rigidas e formam as microparticulas lipidicas sélidas. As microparticulas finas sdo
transportadas pelo ar para um ciclone, no qual séo recolhidas para o pote coletor (Figura 2.4).
A principal vantagem da atomizacéo por spray chilling quando comparada com spray drying
é que as solucBes sdo preparadas sem o uso de uma fase aquosa ou solventes organicos, o que
torna uma tecnologia ambientalmente amigavel (DESAY; PARK, 2005; CORDEIRO;
TEMTEM; WINTERS, 2013; OKURO; MATOS-JR; FAVARO-TRINDADE, 2013).

. Alimentagéo Refrigerador de Ar
Mairiz lipidica

: )
Fundido ’J_l\

Ativo | —— Mistura fundida
disperso ~

dissolvido Atomizagio oo —Atomizador

Golas da

atomizacdo Camara
Refrigerada

..............

solidificacio
LFd

Particuias
formadas

Coleta

Produto obtido
pela técnica
spray chiliing

Ciclone

Pote Coletor

Figura 2.4. Diagrama esquematico para atomizacao pela técnica de spray chilling (Fonte:

OKURO; MATOS-JR; FAVARO-TRINDADE, 2013; OH et al., 2014).

O ativo pode ser soltvel em lipidios, ou estar presente como cristais ou emulsdes
do tipo agua/dleo. Os carreadores/materiais de parede podem ser gorduras vegetais, acidos
graxos, ceras ou suas misturas a fim de modular o ponto de fusdo e as propriedades para
retencdo do ativo, sendo que para fins alimenticios esses lipidios devem ser de grau
alimenticios (ZUIDAM; SHIMONI, 2010).

Essa técnica tem como caracteristica produzir microparticulas do tipo ‘matriz’,

que se apresentam na forma macica e densa com o ativo disperso (OKURO; MATOS-JR;
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FAVARO-TRINDADE, 2013). Esses tipos de particulas podem apresentar proporcdo
significativa do ativo sobre a superficie ou fora das microparticulas lipidicas, sofrendo assim
acao direta do ambiente externo (GOUIN, 2004; OKURO; MATOS-JR; FAVARO-
TRINDADE, 2013).

Tulini et al. (2017) utilizaram a técnica do spray chilling para microencapsular
extrato de canela contendo proantocianidina para enriquecimento de alimentos funcionais e
nutraceuticos, além de promover uma alternativa para a liberacdo controlada do ativo no
intestino.

Microparticulas obtidas por spray chilling como carreadores de &cido ascorbico
foram utilizadas para a aplicagdo em biscoitos. Os resultados obtidos mostraram que as
particulas podem ser potenciais veiculos para a protecdo de substancia sensivel para aplicacéo
em produtos de panificacdo (ALVIM et al., 2016).

2.1.3.1.  Carreadores Lipidicos

Os carreadores lipidicos utilizados pela técnica de spray chilling para aplicacdo
em alimentos sdo derivados de &cidos graxos, ceras, 6leos e gorduras, devem ser de grau
alimenticio e reconhecido como substancia segura para a utilizacdo em alimentos (GRAS —
Generally Recognized As Safe) (OKURO et al., 2013; FAVARO-TRINDADE; OKURO;
MATOS-JR, 2015).

A selecdo do carreador ira depender do material encapsulado, por exemplo, se o
recheio for sensivel a altas temperaturas o correto é selecionar lipidios que apresentem ponto
de fusdo que ndo interfira nas propriedades do material encapsulado, mas que sejam capazes
de proteger contra o ambiente externo (OKURO; MATOS-JR; FAVARO-TRINDADE,
2013). Porém, a utilizacdo de carreadores lipidicos com baixo ponto de fusdo pode requerer
armazenamento com temperatura controlada ap6s a formacdo das particulas, para garantir a
integridade até a aplicacdo. Lipidios com temperatura de fusdo acima de 50 °C sdo desejaveis
para a formacdo de microparticulas lipidicas e consequentemente sua aplicacdo (VASISHT,
2014). Alguns recentes estudos relacionados a utilizagdo da técnica de spray chilling
empregando diferentes lipidios, com o intuito de carrear ativos, podem ser observados na
Tabela 2.4.
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Tabela 2.4. Ativos e carreadores lipidicos utilizados pela técnica de spray chilling para
formagao de particulas lipidicas

Ativo Carreadores Autores

Saccharomyces boulardii,
Arslan-Tontul;

Lactobacillus acidophilus e Oleo hidrogenado de palma
o . - Erbas (2017)
Bifidobacterium bifidum
Oleo hidrogenado / o
] . Tulini et al.
Extrato de casca de canela interesterificado de semente de (2017)
algodédo, soja e palma
o Paucar et al.
Vitamina D3 Gordura vegetal e cera de abelha
(2016)
. o o . Alvim et al.
Acido ascorbico Acido estearico e gordura vegetal
(2016)
o - Oleo de soja totalmente Consoli et al.
Acido galico _ ) _
hidrogenado e oleo de soja (2016)
o o o ) Sartori et al.
Acido ascorbico Acido laurico e oleico
(2015)
_ . o . Alvim et al.
Fitosterdis Acido estearico e gordura vegetal
(2013)

As principais caracteristicas desejadas para esses materiais serem usados nos
processos de microencapsulacdo sdo (SHAHIDI; HAN, 1993; FAVARO-TRINDADE;
OKURO; MATOS-JR, 2015):

Material de parede/carreador deve ser estavel nas condicdes de operacdo do
equipamento.

Viscosidade que facilite a atomizacdo para ndo ocorrer o entupimento do bico
atomizador.

Fornecer a méxima protecdo para o ativo contra condi¢cBes ambientais externas

(calor, luz, umidade).

2.1.3.2.  Lipidios

Lipidios sdo considerados compostos insollveis em agua, mas sollveis numa

variedade de solventes organicos, por exemplo, éter, hexano, cloroférmio. Os lipidios
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apresentam-se como diversos tipos de moléculas, tais como &cidos graxos livres,
fosfolipidios, triacilglicerois, esterdis, esfingolipidios, ceras, terpenos e outros
(MCCLEMENTS; DECKER, 2010).

Oleos e gorduras apresentam predominancia de triacilglicerois, que sdo oriundos
da combinacdo de trés moléculas de &cidos graxos com o glicerol. Essas moléculas formam
tri-éster, resultando em estruturas quimicas do tipo apolar. Outras bases lipidicas que podem
ser encontrados em 0leos e gorduras em menores proporcdes incluem lipidios polares tais
como diacilglicerdis, monoacilglicerdis, acidos graxos livres, fosfolipidios, glicolipidios e
esterois (MCCLEMENTS; DECKER, 2010).

Misturas de diferentes composicGes lipidicas ndo tém ponto de fusdo definido, pois
cada estrutura quimica apresenta uma caracteristica na fusdo, por exemplo, gorduras que
apresentam ponto de fusdo duplo é devido a composicao quimica ser variada, primeiro ocorre
a fusdo da estrutura quimica que tem menor ponto de fusdo seguida da estrutura com maior
ponto de fusdo, esse tipo de comportamento € tipico da gordura de palma. Os lipidios puros
tém pontos de fusdo nitidos e reprodutiveis. O ponto de fusdo de &cidos graxos saturados
aumenta com a ampliacdo do comprimento da cadeia de carbonos. Uma molécula de acido
graxo com uma dupla ligacdo e com a configuracdo do tipo cis fara com que o &cido graxo se
organize em uma configuragdo curvada, o que dificulta a interagdo molecular com outras
moléculas, diminuindo consideravelmente o ponto de fusdo quando comparada ao isémero na
configuracdo trans. A posicdo da dupla ligacdo também afeta o ponto de fusdo, diminuindo a
medida que a ligacdo dupla se move em direcdo ao centro da cadeia de carbonos. Este efeito é
maior para ligacGes duplas na configuracdo cis do que na configuracdo trans. Os &cidos
graxos trans tém pontos de fusdo muito préximos dos saturados correspondentes (NICHOLS;
SANDERSON, 2003; MCCLEMENTS; DECKER, 2010; RIBEIRO et al., 2015).

Os principais lipidios utilizados como carreadores (acidos graxos livres, 6leos,
gorduras e ceras) e aplicados na técnica de spray chilling apresentam caracteristicas fisicas e
quimicas especificas, que irdo influenciar nas propriedades da microparticula formada.
Normalmente o ponto de fuséo dos lipidios tem grande influéncia na formacéo das particulas,
além de influenciar na liberacéo do ativo. O material lipidico deve prover particulas dispersas
e com boa estabilidade fisica ap0s atomizacdo e apresentar polimorfismo na forma mais
estavel para garantir que ndo ocorrera expulsdo do ativo durante a armazenagem (FAVARO-
TRINDADE; OKURO; MATOS-JR, 2015).
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Gamboa (2011) realizou testes com diferentes misturas de Oleo de algodao
interesterificado, 6leo de palma totalmente hidrogenado e Oleo de soja totalmente
hidrogenado, sem a adi¢do do ativo. Os autores selecionaram a mistura que apresentou ponto
de fusdo acima de 60°C para producdo de microparticulas, pois foi a mistura que
proporcionou particulas dispersas, além de boas caracteristicas fisicas quanto a textura,
resultando em resisténcia mecanica de parede para as microparticulas.

A microencapsulacdo por spray chilling de fitosterdis com os carreadores acido
estedrico e gordura vegetal mostrou particulas mais dispersas, menos aglomeradas e com
melhor rendimento de pd, sendo obtidas a partir de composi¢des lipidicas com maior ponto de
fusdo (ALVIM et al., 2013).

2.1.3.2.1. Acidos Graxos
Segundo a FAO (Food and Agriculture Organization), os acidos graxos livres sdo

produzidos a partir da reacdo por hidrolise de gorduras e 6leos vegetais ou animais, que se
encontram na base lipidica de triacilglicerol (FAQO, 1994). A Figura 2.5 esquematiza a quebra
da molécula de triacilglicerol e obtencdo dos acidos graxos livres a partir da hidrdlise. Os
acidos graxos sdo 4cidos carboxilicos com uma cauda alifatica. Comercialmente, sdo obtidos
a partir de fontes vegetais e animais ricas em triaciglicerdis. Os acidos graxos podem ser
agrupados de acordo com caracteristicas estruturais (SCRIMGEOUR; HARWOOD, 2007;
TOUBLAN, 2014):

v NUmero de carbonos: (C4 a C24)

v' Comprimento da cadeia: curto (C4 e C6), médio (C8 a C12), longo (C14 a

C24)

v’ Ligacdes duplas: saturado, mono- ou poli-insaturado

v Configuracdo geométrica: cis ou trans.

A maioria dos acidos graxos tem comprimentos de cadeia entre C4 e C24, sendo
C18 0 mais comum. Sdo conhecidos mais de 500 acidos graxos com diferentes comprimentos
de cadeia, configuracbes e tipos de insaturacdo. No entanto, poucos acidos graxos Sao
encontrados na natureza, destes, acidos graxos laurico (C12:0), miristico (C14:0), palmitico
(C16:0), estearico (C18:0), oleico (C18:1), linoleico (C18:2) e linolénico (C18:3) constituem
aproximadamente 80% em Oleos e gorduras (NICHOLS; SANDERSON, 2003;
SCRIMGEOUR; HARWOOD, 2007). Acidos graxos de cadeia curta, particularmente &cido
graxo butirico (C4:0), séo encontrados principalmente na gordura do leite. Os acidos graxos
de cadeia média (C8:0, C10:0, C12:0) sdo encontrados em 06leos de coco e de palmiste
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(extraido da améndoa da palma) que sdo commodities tropicais. Em ambos O6leos ha
predominancia do acido laurico (C12:0) (45 a 55%), cujo ponto de fusdo é 43°C
(SCRIMGEOUR; HARWOOD, 2007).
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Figura 2.5. Esquema da obtencdo de acidos graxos livres a partir da hidrélise (Moléculas
obtidas pelo site: http://www.chemspider.com/).

O é&cido palmitico (C16:0) é o acido graxo saturado natural mais abundante com
ponto de fusdo de 62,9 °C, presente em plantas, animais e microrganismos. Concentragdes
entre 20 a 30% sdo comuns em gorduras animais e 10 a 40% em 0leos de sementes vegetais.
O oleo de palma contém mais de 40% de acido palmitico. Nutricionalmente, o consumo de
alimentos ricos em acido palmitico pode apresentar elevacdo do colesterol LDL
(SCRIMGEOUR; HARWOOD, 2007; O’BRIEN, 2008).

O é&cido estearico (C18:0) esta presente em concentracdes abundantes na manteiga
de cacau (~ 34%) e algumas gorduras animais, por exemplo, gordura de porco (5 a 24%) e
sebo bovino (6 a 40%) e apresenta ponto de fusdo de 69,6 °C. Nos 6leos vegetais, alto nivel
de acido graxo estearico € resultado da hidrogenacdo de dleos ricos em insaturacdo no
carbono 18. E um &cido graxo saturado que apresenta efeito neutro ou de reducdo dos niveis
de colesterol em comparagdo com outros lipidios saturados, sendo que o possivel mecanismo
que o diferencia é a rapida conversao em acido oleico (SCRIMGEOUR; HARWOOD, 2007,
O’BRIEN, 2008).

Os acidos graxos insaturados encontrados naturalmente em vegetais e animais
estdo quase que exclusivamente na forma cis, embora acidos graxos trans sejam encontrados
em gorduras de leite de ruminantes. As propriedades nutricionais indesejaveis dos acidos
graxos trans levaram a industria alimenticia a procurar métodos alternativos de produzir
gorduras, tais como a interesterificagdo e hidrogenagdo total (NICHOLS; SANDERSON,
2003; ZAMORA; HIDALGO, 2004).
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O acido oleico (C18:1) é encontrado na maioria dos lipidios vegetais e animais, é
o principal &cido graxo do azeite (70 a 75%) e de varios 6leos de améndoas como macadamia,
pistache, noz-pecd e aveld, com mais de 70%. Os 6leos com alto teor de &cido oleico
normalmente tém aspectos benéficos para a saude devido aos seus baixos niveis de acidos
graxos saturados e possivel diminuicdo dos valores de triglicerideos, colesterol LDL e
colesterol total e uma alta estabilidade oxidativa (SCRIMGEOUR; HARWOOD, 2007,
O’BRIEN, 2008).

O écido estearico, acido palmitico e o &cido oleico podem ser utilizados em
produtos alimentares devido a sua natureza nao toxica e sdo listados pelo FDA (2016) como
“aditivos alimentares permitidos para adi¢dao direta em alimentos para consumo humano”.
Isso garante a utilizacdo desses lipidios para formacdo de particulas lipidicas para fins

alimenticios.

2.1.3.2.2. Gordura de Palma
O fruto da palmeira Elaeis guineensis € fonte de dois tipos distintos de 6leos

vegetais. O dleo de palmiste é obtido a partir das sementes da palma e o 6leo de palma/dendé
é resultado da extracdo a partir do mesocarpo do fruto. O teor de monoacilglicerol no 6leo de
palma é muito baixo (< 0,5%), enquanto os diacilglicerois variam entre 5% e 8%. Os 0leos de
palma com alta acidez mostram concentracdo elevada de diacilglicerdis. Na etapa de
refinamento do 6leo de palma os acidos graxos livres sdo subprodutos do processo. Para
ampliar a gama de sua utilizacdo, o 6leo de palma processado pode ser fracionado em oleina
de palma, que é muito utilizada como 6leo de cozinha, e na fragdo de estearina de palma, com
uso para a producdo de margarinas, biscoitos recheados, gordura vegetal (WING-KEONG,;
GIBON, 2010).

A estearina de palma corresponde a fracdo de elevado ponto de fusdo do dleo de
palma e consiste em acido miristico (~ 1%), &cido palmitico (~ 60%), acido estearico (~ 5%),
acido oleico (~ 25%) e &cido linoleico (~ 5%), com ponto de fusdo variando entre 40-46°C,
sendo um grande substituto da gordura trans. Em virtude de sua composi¢do peculiar,
naturalmente rica em acidos graxos palmitico e oleico, apresenta consisténcia semissolida,
permitindo flexibilidade para produzir uma grande variedade de produtos alimenticios. A
composi¢do em triacilglicerdis é heterogénea e esta concentrada em POP (palmitico-oleico-
palmitico) com 24 a 36% e POO (palmitico-oleico-oleico) com 23 a 30%. A gordura de palma
quando cristalizada tende a se apresentar na forma ° (EDEM, 2002; WADA, 2007; WING-
KEONG; GIBON, 2010).
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2.1.3.3.  Cristalizagdo e Polimorfismo de Lipidios

O processo de preparacdo de microparticulas lipidicas inicia-se com a fusdo do
lipidio (carreador), formacéo das particulas (dependendo do processo pode ser por asperséo,
atomizacdo ou agitacdo), seguida de resfriamento para fixacdo da forma das microparticulas.
A transicdo de liquido para solido (cristalizacdo) é exotérmica, pois com 0 agrupamento das
moléculas ocorre a liberagdo de energia e as interacbes moleculares sdo mais intensas. A
cristalizacdo dos lipidios pode ser dividida em nucleacdo e crescimento de cristais
(MCCLEMENTS; DECKER, 2010).

O crescimento de cristais ocorre somente apds a formacao de nucleos estaveis no
liquido, que comecga com o super resfriamento da solucdo lipidica. O nucleo se inicia quando
agrupamentos de moléculas colidem (clusters), tornando-se associadas umas as outras através
das interaces moleculares. O nucleo do cristal se torna estavel a partir de certo tamanho, em
escala nanomeétrica, e a etapa subsequente € o crescimento do cristal pela incorporacdo de
moléculas na interface (ENSIKAT, et al., 2006; MCCLEMENTS; DECKER, 2010).

A Figura 2.6 esquematiza o crescimento de cristais lipidicos.
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Figura 2.6. Esquematizacdo da formac&o dos cristais de lipidios. (Fonte: SATO, 2013).

As propriedades da cristalizagéo, tais como a taxa de cristalizagdo, tamanhos dos
cristais e morfologia sdo diretamente influenciados pela prépria estrutura molecular e por
varios fatores externos tais como: temperatura, pressdo, solvente, impurezas, etc (SATO,
2001).

Polimorfismo é definido como a habilidade de um composto quimico de se
rearranjar em diferentes formas de estruturas cristalinas. Essas estruturas cristalinas séo
decorrentes do empacotamento de moléculas mantidas unidas por interacdo intermoleculares,
em um padrdo geométrico com espacamentos definidos (ENSIKAT et al., 2006; SATO;
UENO, 2011). O espagamento interplanar entre os empacotamentos das moléculas pode ser
obtido pela analise de difracdo de raios-X, para &ngulos de difragdo > 15° denominado como

short-spacing, sendo que o espacamento pode indicar o tipo de estrutura cristalina formada. A
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Figura 2.7 esquematiza o espagamento interplanar em uma lamela, sendo que o conjunto de

lamelas formam os cristais.
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Figura 2.7. Esquema para representacdo do espacamento interplanar, d spacing.

Para os triacilglicer6is as formas polimérficas e estruturas geométricas
comumente encontradas sdo: a forma polimoérfica o, com empacotamento de estrutura
cristalina do tipo hexagonal, sendo que o espacamento caracteristico apresenta-se em d=4,15
A, é a menos estavel e com menor ponto de fusio, sequida pela forma polimérfica p’, sendo o
empacotamento das cadeias classificadas como estruturas ortorrombicas, que apresentam dois
intervalos de espacamento entre as moléculas: 4,2 e 3,8 A. A forma B (estrutura triciclica) é a
mais estdvel e com maior ponto de fusdo, apresenta trés espacamentos tipicos entre
moléculas: d = 3,7; 3,8 e 4,6 A, sendo o ultimo espacamento que define a forma polimdrfica
. A estabilidade termodindmica e o ponto de fuséo das trés formas diminuem na ordem: 3 >
B> > a (MCCLEMENTS; DECKER, 2010; TIMMS, 1985). Na Figura 2.8 é possivel

observar os diferentes tipos de cristais tipicos de lipidios do tipo triacilglicerois.
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Figura 2.8. a) Tipos comuns de organizagdo molecular das formas cristalinas do tipo o, B’ ¢
. b) Fotomicrografia de cristais de gordura em luz polarizada do tipo a, B’ e 3. (Fonte:

STAUFFER, 1996)
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O polimorfismo de &cidos carboxilicos € diferente dos apresentados pelos
triacilglicerdis. O polimorfismo dos acidos graxos tem sido discutido desde 0s anos cinquenta,
mas é ainda uma questdo de confusdo devido ao elevado nimero de formas cristalinas que
existe e também a semelhanca das suas estruturas que os torna complexo para o estudo do
comportamento polimorfico. A classificacdo polimoérfica dos acidos graxos com numero de
carbonos pares é dividida em: A; B; C e E; j& os acidos graxos com numero de carbonos
impares recebem a denominagdo de A’; B’; C’ e E’. Essa nomenclatura para os diferentes
polimorfismos dos acidos graxos esta relacionada com os diferentes angulos de inclinacdo das
moléculas, sendo determinado pela técnica de difracdo de raios-X ou por infravermelho por
transformada de Fourier (FTIR) (HERNQVIST, 1988; MORENO et al., 2007; SALA et al.,
2010). Na Figura 2.9 sao apresentados os diferentes tipos de arranjo moleculares dos acidos

graxos.
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Figura 2.9. Esquema dos arranjos moleculares apresentando diferentes estados polimdrficos
para &cidos graxos, A; B; C e E (Adaptado de: SALA et al., 2010)

m

Somente a forma polimorfica C, para &cidos graxos, é obtida da fusdo seguida da
cristalizacdo. Os outros estados polimdrficos sdo encontrados quando se utiliza solventes
como cloroférmio, hexano e outros. A forma polimorfica C apresenta as cadeias dos
hidrocarbonetos empacotadas com espacamento tipico de estruturas ortorrdmbicas, forma
polimorfica caracterizada como um cristal estavel (ZAMORA; HIDALGO, 2004).
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A forma polimorfica pode assegurar a estabilidade do ativo na matriz. Em lipidios
com estruturas similares, podem ocorrer a expulsdo de ativos durante a reorganizacdo dos
cristais para uma forma polimorfica mais estavel, devido ao empacotamento mais organizado,
Figura 2.10a (MUELLER; RADTKE; WISSING, 2002). A criagio de uma matriz lipidica
solida menos ordenada pode favorecer a permanéncia do ativo na matriz lipidica. Assim, a
utilizacdo de lipidios com moléculas diversas apresentam particulas com estrutura lipidicas
com imperfeicdes, que se acomodam de maneira distintas, favorecendo a permanéncia do
ativo dentro da particula, ou dependendo da conformacdo das moléculas de lipidios o ativo
pode se incorporar entre as cadeias, a Figura 2.10b apresenta esses tipos de particulas
(MUELLER; RADTKE; WISSING, 2002).

dias/meses =

Ordenacio dos lipidios

ativo

Ativo enfre as

imperfeicies Ativo enfre

as moléculas
de lipidios

Figura 2.10. a) Expulsdo do ativo durante a armazenagem da particula. b) Estrutura com
imperfeicdes — molécula espacialmente muito diferente; ativo entre as cadeias da molécula
lipidica (Fonte: MUELLER; RADTKE; WISSING, 2002).

2.1.4. Caracterizacdo de Microparticulas Lipidicas obtidas por Spray Chilling

Para a caracterizagdo de microparticulas lipidicas produzidas por spray chilling
algumas tecnicas de analises podem ser utilizadas para obtencdo de informagdes relevantes
em relacdo a particula e o ativo e possiveis interacfes entre eles, podendo impactar no perfil
de liberacdo. Devido a utilizacdo de lipidios e o processo de obtencdo das particulas ser

decorrente de um rapido resfriamento, alteracGes fisicas podem ocorrer, assim técnicas como
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difracdo de raios-X, calorimetria diferencial de varredura, avaliagéo da retencdo do ativo e a
morfologia podem apresentar caracteristicas especificas das particulas. Essas analises, além
da caracterizacdo das particulas, também podem indicar qual o melhor destino para aplicacdo
(FAVARO-TRINDADE; OKURO; MATOS-JR, 2015).

2.14.1.  Calorimetria Diferencial de Varredura (DSC)

As alteracOes estruturais dos materiais lipidicos podem ser acompanhadas por
trocas de calor, por exemplo, captagéo de calor durante a fusdo ou emissdo de calor durante a
cristalizacdo. A técnica de DSC é projetada para medir essas trocas de calor através de
programas de temperatura controlada, permitindo conclusdes sobre as propriedades fisicas de
uma amostra. As curvas resultantes - que mostram as transices de fase na faixa de
temperatura monitorada, como cristalizacdo, fusdo ou transi¢cdes polimoérficas - podem ser
avaliadas em relacdo as temperaturas de transicdo de fase e entalpia de transicdo. O DSC
também é utilizado para monitorizar alteracdes fisicas: por exemplo, aquelas causadas por
polimorfismo ou aumento da cristalinidade durante o armazenamento. O DSC € uma técnica
que ndo revela diretamente a causa de um evento térmico. A natureza exata das transicGes
térmicas pode ser determinada com métodos complementares tais como observacGes
microscopicas e difracdo de raios-X (BUNJES, 2005; BUNJES; UNHUL, 2007).

2.1.4.2.  Difracdo de Raios-X

A interacdo de um feixe de raios-X monocromatico com as redes de cristais em
particulas lipidicas origina um conjunto de reflexdes que podem ser detectadas. A Figura 2.11
apresenta uma imagem do equipamento de raios-X. O difratograma resultante, que mostra a
intensidade das reflexdes, € especifico para a estrutura cristalina e pode ser utilizado para
identificar substancias ou as suas diferentes formas cristalinas. Na caracterizacdo de particulas
lipidicas sélidas, os principais pontos de interesse sdo geralmente a confirmacdo do estado
solido cristalino das particulas e a identificagdo da forma polimorfica da matriz lipidica. Os
difratogramas de raios-X da matriz lipidica normalmente apresentam poucas reflexdes, que
sdo caracteristicos do empacotamento das cadeias lipidicas. Para esta analise, considerando
que as particulas lipidicas serdo armazenadas durante um periodo em condigdes controladas,

os difratogramas poderdo indicar alguma alteracdo na cristalizacdo ao longo do
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armazenamento. Esta alteragdo pode levar a expulsdo do ativo (BUNJES, 2005; FAVARO-
TRINDADE; OKURO, MATOS-JR, 2015).

# Detector

Suporte de amostra

. N
Figura 2.11. Imagem de um difractdmetro em raios-X de p6. Disponivel em:
http://lipidlibrary.aocs.org/Biochemistry

2.1.4.3.  Microscopia

A microscopia tem sido utilizada para fornecer informacbes importantes em

relacdo a tamanho, morfologia de superficie, espessura da parede da microparticula.

2.1.4.3.1. Microscopia Confocal de Varredura a Laser
Essa técnica pode ser usada para produzir imagens de uma amostra fluorescente,

sendo possivel delimitar a regido no qual o ativo esta presente na particula, além de verificar a
morfologia da particula com a fluorescéncia do ativo ou material carreador. A amostra
fluorescente € iluminada por uma fonte de laser pontual com comprimentos de ondas
especificos. As imagens de um objeto podem ser obtidas ponto por ponto e a sua estrutura
tridimensional pode ser reconstruida através de software (ZHANG; LAW; LIAN, 2010).

2.1.4.3.2. Microscopia Eletrénica de Varredura (MEV)
Apresenta caracteristica de simplicidade na preparacdo da amostra e facilidade de

operacdo. Para a analise, as microparticulas sdo secas e a sua superficie tem de ser revestida
com uma camada condutora, sendo pulverizada com ouro, ocorrendo a varredura ponto por
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ponto através de feixe de elétrons, assim a superficie da particula emite irradiacdo, obtendo
imagens tridimensionais das estruturas da superficie. Tem uma grande vantagem devido a sua
capacidade de analisar amostras com tamanhos variando de nano a centimetro, sendo utilizada
para caracterizacdo da superficie de microparticulas lipidicas. No entanto, o MEV néo
distingue as cores como a microscopia 6tica (BUNJES, 2005; ZHANG; LAW; LIAN, 2010).

2.1.4.4.  Liberacdo do Ativo

A liberacdo do ativo a partir de particulas em geral ¢ um desafio, sendo que para
alimentos a liberagdo retardada de aromas e flavors durante o processamento ¢ util para
minimizar as perdas dos compostos. As microparticulas lipidicas obtidas por spray chilling
sdo insoluveis em alimentos a base de agua, mas escolhendo uma matriz lipidica com o ponto
de fusdo adequado, ¢é possivel controlar a liberagdo para aplicacao de flavors encapsulados por
spray chilling em produtos de padaria, misturas de sopas secas e alimentos que contém
gorduras (GOUIN, 2004).

O perfil de liberacdo pode ser influenciado pelas modificagdes nas matrizes
lipidicas € o meio no qual a particula serd aplicada, assim os mecanismos de liberacdo em
alimentos podem ser por difusdo, dissolu¢do ou erosdo, fragmentacdo e intumescimento
(Figura 2.12), sendo que algumas condi¢des podem influenciar a liberagdo do ativo para o
meio, tais como temperatura, agitacdo, pH, solvente (POTHAKAMURY; BARBOSA-
CANOVAS, 1995; MCCLEMENTS, 2014a).

I ) :
Difusdo  Oqup- e o~ Intumescimento

Fragmentagio o Dissolugio/
_ Erosio

(@)
Figura 2.12. Alguns mecanismos comuns responsaveis pela liberacao dos ativos: difuséao,
intumescimento, fragmentacdo e dissolucgéo/erosdo (Fonte: MCCLEMENTS, 2014a).
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Um ingrediente ativo pode ser liberado de uma particula através da difusao
molecular. A difusdo € o transporte espontaneo do ativo de uma regido de maior concentracao
para regides de menor concentragdo, mantendo a particula intacta. Em geral, a difusdo pode
ser influenciada pela temperatura, pressao, tamanho do soluto e viscosidade. E a velocidade
de difusao ¢ dependente da massa molecular do ativo (SIEPMANN; SIEPMANN, 2008;
MCCLEMENTS, 2014b).

Segundo Wissing, Kayser e Mueller (2004) os perfis de liberacdo considerando o
mecanismo de difusdo apresentam trés possiveis situagoes:

v' Para o ativo no interior da matriz, a liberagdo pode ser muito lenta;

v' Para o ativo por toda a extensdo da matriz, a liberagdo € lenta e progressiva;

v’ Para o ativo na superficie externa da matriz, a liberacdo é rapida, efeito tipo burst, ou
mesmo para pequena distancia entre o ativo e a matriz de interesse, a liberacdo pode ser
rapida;

A Figura 2.13 esquematiza os possiveis modelos estruturais de particulas
contendo o ativo, esse esquema foi proposto por Miihlen, Schwarz e Mehnert (1998) e

adaptado por Wissing, Kayser e Mueller (2004).

——

Ndcleo com ativo Ativo disperso na Parede com ativo
matriz

Figura 2.13. Esquema dos possiveis modelos estruturais das particulas contendo o ativo.
(Fonte: WISSING; KAYSER; MUELLER (2004) adaptado de MUHLEN; SCHWARZ;
MEHNERT (1998)).

No mecanismo de fragmentacdo, o ativo é liberado para o meio devido a ruptura
fisica da particula, que é fragmentada ou fraturada, devido a aplicacdo de forcas de
cisalhamento ou de compressdo. O ativo ainda difundira para fora das particulas, mas a taxa
de liberagdo sera rapida devido a area de superficie aumentada e ao caminho de difusdo
diminuido. Para 0 mecanismo de intumescimento, a liberacdo do ativo pode ser induzida pela
absorcdo de solvente pelas particulas através de poros presentes na superficie, uma vez que a
particula absorve moléculas de solvente, o ativo pode entdo difundir mais facilmente para

fora.



CariTuLo Il | 53

Outro mecanismo de liberacdo € a dissolucdo, que pode ser definida como uma
mistura de duas fases com a formacdo de uma nova fase homogénea. Um ativo pode estar
contido na particula e inserido em um meio, porém o ativo somente € liberado em uma
condicdo especifica (pH, temperatura, solucdo, agitacdo) na qual a particula se dissolve ou é
fundida e libera o ativo para o meio, resultando em uma solu¢do com o ativo disperso ou
dissolvido. A liberacdo por dissolugdo simples pode ser obtida através da utilizacdo de uma
matriz soltvel. No caso de uma particula sélida, que se dissolve num fluido, uma das fases € a
particula, e a outra fase € um liquido. A Figura 2.14 ilustra o processo de dissolucdo de
particulas (SIEPMANN; SIEPMANN, 2013; MCCLEMENTS, 2014b; OXLEY, 2012).
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Figura 2.14. llustracdo do processo de dissolucéo da particula. (FONTE: SIEPMANN;
SIEPMANN, 2013 adaptado).

Os mecanismos de liberacdo estdo associados a alguns fatores que influenciam a
liberacdo do ativo nas particulas obtidas por spray chilling, como liberacdo mecanica,
biodegradacdo e térmica. A liberacdo mecénica é obtida através da utilizacdo de matriz
lipidica mais macia em combinag¢do com o ativo. Na biodegradacéo, lipidios sdo quebrados
por lipases durante a digestdo. A liberacdo térmica é o inverso do processo de spray chilling,
onde o material é fundido para a liberacdo do ativo (OXLEY, 2012; FAVARO-TRINDADE;
OKURO; MATOS-JR, 2015).
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ABSTRACT
Ginger oleoresin (GO) is frequently used as a flavor ingredient in various foods. Besides

flavoring, its bioactive compounds are known for antimicrobial and antioxidant properties. In
this study, we investigated the formation and characterization of solid lipid microparticles
(SLM) loaded with GO by the spray chilling technique. Mixtures composed of palmitic acid
with oleic acid or palm fat were used as carriers. DSC and X-ray diffraction showed that the
particles crystalline structure were decreased by oleic acid. Retention of pungent and volatile
compounds was higher than 96% and 75%, respectively, in the best samples. FTIR
spectroscopy revealed no chemical interaction between GO and carriers. The particles
presented a spherical shape and rough surface, and GO was dispersed over the entire particles,
as shown by confocal microscopy. High volatile and pungent compounds retention have
shown that spray chilling can be a very promising technique for the production of SLM

loaded with GO.

Keywords: flavor ingredients; pungent compounds; gingerol; volatile retention; lipid

microparticles; X-ray diffraction.

Highlights
« Lipids were used to produce ginger oleoresin microparticles by spray chilling.

« Particles showed high retention of pungent and volatile compounds.
« Ginger oleoresin was spread all over the microparticles.

« Higher concentrations of unsaturated lipid decreased microparticle crystallinity.
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3.1. INTRODUCTION

Ginger oleoresin (GO) is obtained from dried ginger rhizome by solvent
extraction. The final product is a dark golden brown viscous oil that contains gingerols and
shogaols, which are the compounds responsible for the typical ginger pungency, and have
significant contribution in pharmacological products. Drying and heating convert gingerols
molecules into shogaols, which are more pungent than gingerols and, because of that,
shogaols at concentrations higher than gingerols indicate low quality for ginger products.
Gingerols and shogaols consist of a series of similar molecules, but the most abundant are (6)-
gingerol and (6)-shogaol. The native ginger oleoresin does not contain volatile compounds.
Thus, ginger essential oil is usually added to the non-volatile resinous fraction to make
commercial ginger oleoresin have a flavor profile close to the respective fresh spice
(Balakrishnan, 2004). The predominant volatile compounds added in GO are classified as
sesquiterpene hydrocarbons. Commercial GO is more attractive to the industry than fresh
ginger because it is microbiologically safe and can be standardized for acceptable flavor
levels (Balakrishnan, 2004; Singh et al., 2008; Huang, Chung, Wang, Law, & Chen, 2011;
Kubra & Rao, 2012; Murthy, Gautam, & Naik, 2015).

In the liquid form, commercial GO may present difficulties in handling during
products formulation, due to its high viscosity and volatility. Also, some of its compounds
may be degraded or volatilized if exposed to heat and light during processing or storage.
Encapsulation techniques have been used to overcome these problems, employing food grade
materials to coat and carry oleoresin (Reineccius, 1989; Vaidya, Bhosale, & Singhal, 2006;
Wang, Yuan, & Yue, 2015). The use of powdered GO is convenient for the food industry for
many reasons, such as maintaining stability and protecting the compounds against the external
environment such as light, heat and humidity. Furthermore, powders can have improved
handling and flow properties in relation to the liquid form (Re, 1998; Jafari, Assadpoor, He,
& Bhandari, 2008).

There are several ways to convert oleoresins into powder. One of them is the
spray chilling technique that employs fatty acids, triacylglycerols, waxes or blends among
these materials as carriers. The active material is first dispersed, emulsified or solubilized in
the molten lipid matrix which is then fed into a heated nozzle and atomized into a chamber
with temperature kept below the lipid melting point, where droplets solidify in contact with
cooled air to form SLM. Spray chilling has many advantages when compared to spray drying

or other encapsulation techniques, such as not needing solvent evaporation, increased
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productivity, reducing cost and facilitating scale up (Desai & Park, 2005; Okuro, Matos, &
Favaro-Trindade, 2013).

The use of lipids as encapsulating materials extend particle application
possibilities, by exploring temperature or mechanical-triggered release (Madene, Jacquot,
Scher, & Desobry, 2006).

Palm oil and its by-products are lipids of interest in the study of the formation of
lipid particles. The palm fat is considered one of the cheapest vegetable oils to produce and
refine (Gunstone, 2013). It is the only vegetable oil with almost 50-50 composition of
saturated and unsaturated fatty acids, that present a semi-solid physical state (Mba, Dumont,
& Ngadi, 2015). The refining of crude palm fat results in by-products such as palm fatty acid,
comprising mainly free fatty acid with palmitic acid and oleic acid as the major components
(Pyng, & Yousof, 2009). For production of solid lipid microparticles, blending high and low
melting point lipids to act as carriers can result in a disorganized crystal structure that
improves the active retention due to a modulation of lipid crystalline lattice (Jenning & Gohla,
2000; Mueller, Radtke, & Wissing, 2002; Hu, Jiang, Du, Yuan, Ye, & Zeng, 2005; Ribeiro,
Arellano, & Grosso, 2012; Sartori, Consoli, Hubinger, & Menegalli, 2015).

In this context, our aim in this work was to enable the production and
characterization of SLM loaded with a commercial GO by the spray chilling technique. A
solid lipid (palmitic acid), responsible for ensuring the formation of solid particles at room
temperature, and lipid modulators, with the function of modifying the crystal structure of the
solid lipid matrix (liquid lipid (oleic acid) and semi-solid fat (palm fat)), were used as carrier
agents. The microparticles were characterized in relation to volatile and pungent compounds
retention, crystalline structure, surface morphology and distribution of GO over SLM by the
confocal technique. The behavior of lipid microparticles loaded with GO and the effect of the

addition of lipid modulator in a solid lipid has not yet been studied.

3.2. MATERIALS AND METHODS

3.2.1. Materials

A commercial ginger oleoresin with 30% ginger essential oil addition was kindly
donated by NATUREX (S&o Paulo, Brazil), and will be further referred as GO for
simplification. As as carrier agents we used: Palmitic acid (PA; VETEC, Rio de Janeiro,
Brazil; melting point 63 °C; 98.8% palmitic acid determined by AOCS method; Ce 2-66,
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2004), oleic acid (OA; VETEC, Rio de Janeiro, Brazil; melting point 8.2+0.1 °C; 77.8% oleic
acid and 11.6% linoleic acid determined by AOCS method; Ce 2-66, 2004) and palm fat (PF;
Triangulo Alimentos, Itapolis, Brazil; melting point 44.9+0.2 °C; 39.9% palmitic acid, 37.6%
oleic acid, 10.2% linoleic acid and 8.2% stearic acid determined by AOCS method; Ce 2-66,

2004). All other reagents used were of analytical grade.

3.2.2. Methods

3.2.2.1. Selection of lipid carriers
Preliminary tests were conducted to define the lipid carriers. The miscibility of
lipid mixtures in GO were used as criteria for selection. The GO concentration was kept at

10% (w/w) in all mixtures analyzed.

3.2.2.2.Production of SLM by spray chilling

Each lipid component and GO were weighed according to their respective
proportion, as shown in Table 3.1. First, the lipids were heated to 85 °C by a temperature
controlled water bath (Tecnal, TE-184, Piracicaba, Brazil) to assure complete melting. They
were then added to GO and the mixture (0.050 kg) maintained under magnetic stirring. SLM
were obtained using a Biichi-B290 spray dryer set to the spray chiller mode (Buchi, Flawil,
Switzerland). The mixture was fed into a heated double fluid atomizer with a nozzle diameter
of 2.0 mm using a peristaltic pump, at a mass flow rate of 0.7 kg/h. SLM were formed within
a cooled chamber where the inlet air temperature was 7 °C. Atomizing air and cooling air
flow rates were 1,052 L/h and 35,000 L/h, respectively. At the end of the process, samples
were collected and stored in closed containers and kept at 5 °C. Each experiment was

performed in duplicate.

Table 3.1. Formulations and compositions of SLM loaded with ginger oleoresin.

Formulations

Components Role P1 | P2 | P3| P4 | PS

Composition, w/w
Ginger Oleoresin (GO) Flavor 10 10 10 10 10

Palmitic Acid (PA) Carrier %9 8 75 8 75
Oleic Acid (OA) Carrier - 5 15 - -
Palm Fat (PF) Carrier - - - 5 15
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3.2.2.3.Characterization of SLM

3.2.2.3.1. _Thermal analysis
Thermal analysis was performed by Differencial Scanning Calorimetry, using a

DSC 2920 Modulated thermal analyzer (TA Instruments, New Castle, Delaware, USA.).

Samples were weighed (~5 mg) in hermetically sealed aluminum pans. Operation conditions
were: heating to 80 °C and maintained for 5 min, cooled to -40 °C (10 °C/min) for 30 min,
and then heated to 80 °C at 5 °C/min.

The crystallinity index (CI) was calculated using Eg. (1) by Freitas and Muller (1999), with

some modifications.

A“M part
) = [ —— P9t
CI1(%) <AHM,PA x [PA] x 100 (D

Where AHypar and AHw,pa are the melting enthalpy (J/g) of SLM with GO and with bulk PA,
respectively; [PA] is the concentration of PA (g/100g) in the matrix.

3.2.2.3.2. Crystalline structure
Samples were analyzed using the X-ray powder diffraction technique. A Philips

X-ray diffractometer (Analytical, X Ray X Pert-MPD, Almelo, Netherlands) was used to

study the crystal structure. X-rays of A = 1.54056 A were generated by a Cu Ka source. The

diffraction was measured in the 26 range from 5 to 30° of 0.02°/s.

3.2.2.3.3. Particle size
The size distribution and mean volumetric diameter of the SLM were determined

by the light scattering technique using laser diffraction in a Mastersizer 2000 (Malvern
Instruments Ltd, Malvern, UK). Samples were dispersed in an aqueous solution containing
1.5% (w/w) Tween® 80, and then added into the dispersion unit of the equipment, which was
filled with distilled water. The analysis was conducted at room temperature. The mean
diameter was determined based on the average diameter of a sphere of the same volume (De
Brouckere diameter — Dy 3;). Size distribution was characterized by Do 1, Dosand Dog, Which

represent the diameter of accumulated distribution of 10%, 50% and 90% of total particles.

3.2.2.3.4. Fourier transform infrared spectroscopy-FTIR
Samples were ground with KBr and compressed by a hydraulic press, forming

pellets that were used in a FTIR spectrometer (JASCO, 6100, Tokyo, Japan). Samples were

analysed in the 4000 to 400 cm™ region, with a resolution of 4 cm™ for 100 scans.
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3.2.2.3.5. Morphology and GO distribution over SLM
The SLM morphology was investigated from images obtained in a scanning

electron microscope (SEM) (LEO Electron Microscopy Leo 440i, Oxford - Cambridge,
England). Microparticles were covered with a gold layer by a Polaron Sputter Coater (VG
Microtech, model SC7620, Uckfield, England) before analysis, which was performed with
accelerating voltage of 10 kV and a 50 pA beam current. Micrographs were obtained with
amplitude of 500x and 5000x.

The confocal microscopy was performed with SLM without any previous
preparation, based on the fluorescent properties of gingerols, to verify GO distribution over
SLM. Samples were examined at the National Institute of Science and Technology in
Photonics Applied to Cell Biology (INFABIC), using a Zeiss LSM 780-NLO confocal on an
AXxio Observer Z.1 microscope (Carl Zeiss AG, Germany), with a 20x objective. Images were

collected at a laser wavelength of 405 nm for excitation of gingerols molecules.

3.2.2.4.Retention of GO in SLM

3.2.2.4.1. Pungent compounds retention
Retention of the main GO pungent compounds in the lipid microparticles (6-

gingerol and 6-shogaol) was measured by HPLC analysis, using the ISO 13685:1997
(International Organization for Standardization, 1997), with some modifications. Analysis
was carried out using an DIONEX HPLC, UltiMate 3000 Standard LC model (California,
USA), controlled by Chromeleon 6.8 Software. An analytical column with reverse phase
(Poroshell 120 EC - C18 2.6 um, 250 mm x 4.6 mm) was used to separate samples. For
extracting pungent compounds, 50 mg of lipid microparticle were placed in a tube containing
10 mL of methanol and stirred in a vortex for 1 minute, in order to breakdown the particles
and release GO. Pungent compounds quantification was determined from peak areas using a
standard calibration curve (R*=0.99). Retention of the pungent compounds was calculated
based on the ratios of (6)-gingerol or (6)-shogaol in the microparticles and 6-gingerol or 6-
shogaol in the bulk GO.

3.2.2.4.2. Volatiles retention
For sample preparation, lipid microparticles (0.1 g) were added to 10 mL of

ethanol and vortexed for 1 minute to breakdown the particles and release GO. A 100 pL
aliquot of this oleoresin in ethanol solution was transferred to a 20 mL head space vial, where

4.90 mL of distilled water was added. The solid-phase microextraction method (SPME) was
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used to collect GO volatiles from this solution, for 30 minutes at 40 °C. Then, the fiber
(PDMS-DVB, Supelco, USA) was exposed in the Gas Chromatography - Flame lonization
Detector (GC-FID) (HP7990, Agilent Technologies, USA) for the thermal desorption of
analytes. The volatiles were analyzed with an HP-5 MS capillary column (30 m x 0.25 mm X
0.25 m - J&W Scientific, USA), with Helium carrier gas at a flow rate of 1 mL/min. The oven
temperature was programmed initially at 50 °C with a rate of 20 °C/min until 130 °C,
followed by heating to 170 °C (2 °C/min) and then up to 250 °C (20 °C/min) (Huang, Wang,
& Qin, 2012; Ding, An, Zhao, Guo, & Wang, 2012 — adapted). The same conditions were
utilized in the Gas Chromatography - Mass Spectrometry (GC-MS) (HP 7890/5975MS,
Agilent Tecnologies, USA) to identify GO compounds, using the mass spectra database
(NISTO08). Retention of volatile compounds were calculated based on the ratios of the sums of
the peak areas of GO compounds in the microparticles and the peak areas of bulk GO

compounds, obtained in GC-FID.

3.2.2.5. Statistical analysis
Results were subjected to analysis of variance (ANOVA) and a Tukey test with a
significance level of 5%. The Minitab software trial edition (Minitab 16.1.0, Minitab Inc.,

State College, PA, USA) was used to compare the differences between the mean values.

3.3. RESULTS AND DISCUSSION

3.3.1. Selection of lipid carriers
The choice of encapsulating matrix is an important step for the production of

particles since its composition can contribute to achieving higher active compound retentions.
Thus, preliminary tests were done to select lipid carriers to produce the ginger oleoresin
loaded microparticles. The miscibility of GO in lipids was used as criteria for selection.

The addition of GO in palm fat, a lipid matrix composed mainly of
triacylglycerols, did not promote a homogeneous mixture (the mixture was checked visually),
as shown in Fig. 3.1A, thus indicating that these materials are not compatible and therefore
bulk palm fat could not be used as the only GO carrier. This incompatibility can be explained
by complex chemical composition of the resinous fraction of GO, which did not interact with
nonpolar molecules of the palm fat triacylglycerols. On the other hand, the addition of GO in
free fatty acid matrices (palmitic acid or oleic acid) resulted in the complete miscibility of the
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materials (Fig. 3.1B), showing that these lipids can be used to carry GO. This positive result
occurred due to the presence of polar groups in fatty acids (Hinrichsen & Steinhart, 2006),
which favours the interactions between these lipids and GO.

Based on these previous mixtures, the use of palmitic acid showed to be suitable
for carrying GO, ensuring the formation of lipid microparticles which remain solid at room
temperature. However, according to the literature (Jenning & Gohla, 2000; Mueller, Radtke,
& Wissing, 2002; Hu, Jiang, Du, Yuan, Ye, & Zeng, 2005; Ribeiro, Arellano, & Grosso,
2012; Sartori, Consoli, Hubinger, & Menegalli, 2015), higher active retention could be
achieved if a low melting point lipid was incorporated in the solid lipid matrix. Therefore, the
miscibility of ginger oleoresin in mixtures formed with palmitic acid and low melting point
lipids was evaluated. It was found that, for the same concentration of GO (10% w/w), adding
up to 15% (w / w) of palm fat or oleic acid (semi-solid lipid or liquid lipid) in the structuring
matrix (palmitic acid) resulted in the obtention of solid homogeneous mixtures at room
temperature. The palmitic acid favored the palm fat miscibility in GO via interaction of the
polar fraction of the fatty acid with ginger oleoresin, and chain hydrocarbons (nonpolar
fraction) with triacylglycerols.

Fig. 3. 1. Visual observation of ginger oleoresin miscibility in a lipid matrix. (A) Ginger
oleoresin and palm fat. (B) Ginger oleoresin and palmitic acid.

3.3.2. Characterization of SLM
3.3.2.1. Thermal analysis

The thermal properties of the lipid microparticles loaded with GO are presented in
Table 3.2 and Fig. 3.2. Palmitic acid showed a sharp melting peak, with an ending
temperature near 63 °C. This behavior is caused by the high purity level (~98.8% - Section
2.1) of this material, which is a saturated fatty acid and as such, is then expected to melt at
high temperatures. Oleic acid, which has 11.6% linoleic acid in its composition (Section
3.2.1), also presented a well-defined melting peak around 10 °C, that is characteristic of the
predominance of unsaturated fatty acids in the composition. The melting curve of bulk PF,
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however, presented multiple irregular peaks. This behavior is due to its broad triacylglicerol
distribution (Zhang et al., 2013).

The addition of GO in PA (Formulation P1) produced microparticles with lower
melting enthalpy, and lower melting peak, in comparison to bulk PA.

The incorporation of OA or PF (Formulations P2, P3 or P4, P5, respectively)
produced microparticles with lower melting temperatures than the P1 formulation. PF has
approximately 50% high melting point fatty acids (palmitic acid and stearic acid) — Section
3.2.1), that contributed to lower variation in the melting point of P4 and P5 particles.
Conversely, the addition of OA, that has high concentration of unsaturated fatty acids (Section
3.2.1), resulted in the highest decrease in the melting peak of the particles (Formulations P2
and P3).

All formulations showed melting peaks higher than 56 °C (Fig. 3.2). This
characteristic can guarantee the solid structure of particles at room temperature (~25 °C)
(Alvim, Souza, Koury, Jurt, & Dantas, 2013).

An attempt to evaluate the crystalline state of the particles was performed using
the crystallinity index (CI) (Eq 1). P3 and P5 particles showed the lowest CI with 89.8% and
92.0%, respectively. The addition of 15% (w/w) of OA or PF decreased crystallization of PA
structures, requiring less energy for phase transition compared to P1 particle. Particles P1, P2
and P4 did not present statistical differences in the CI value. Thus, the addition of PF or OA,
at a lower concentration (5% w/w), was not enough to disturb the PA crystallinity structure.

The reduction in the SLM crystalline structure, caused by the addition of oily
ingredients, is in accordance with works presented by Carvalho et al. (2013) and Wang et al.
(2014).
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Table 3.2. Thermal properties, pungent and volatile compounds retention of SLM loaded with GO.

P3 P4 P5

Bulk PA P1 P2
AH,, (3/g) 212.6+1.3° 186.2+3.6° 169.8+2.9°
Thermal properties Cl (%) 100 97.3+1.6*  93.9+1.6*°
AT cryst (°C)* 16.1+1.8°  18.9+1.1% 22.3+1.2™°¢
. (6)-gingerol retention (%) - 97.9+25%  98.4+0.2°
;ﬁggﬁzgzie\gﬁgﬁ (6)-shogaol retention (%) - 99.5+3.2%°  99.3+1.2°
Volatiles retention (%) - 83.3+1.9°  66.7+2.2°

143.442.9% 173.1+1.9° 146.4+2.7°
89.8+1.8° 9509+1.1° 92.0+1.7°¢
20.4+40.6° 21.7+1.7%% 252+0.9°
08.4+2.3* 08.7+1.5%°  06.6+2.2°
08.6+2.2° 99.2+0.8°  99.7+2.6%
37.5+3.0° 752+1.1° 78.742.2°

Different lowercase letters in each row represent statistically significant difference (p<0.05) by Tukey test.
AHwn: melting enthalpy

* Obtained by DSC, Ton and Tenaset O Crystallization curve.
P5 Tmp:59.4x0.2

P4  Tmp: 60.120.2

P3  Tmp: 56.9:0.1

P2 Tmp: 59.5:0.1

P1  Tmp: 60.5+0.2
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Fig. 3. 2. DSC thermograms and melting temperature peaks (Tmp) of solid lipid microparticles carrying GO. All formulations contain 10% (w/w)
GO. P1: 90% PA. P2: 85% PA 5% OA. P3: 75% PA 15% OA. P4: 85% PA 5% PF. P5: 75% PA 15% PF.
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3.3.2.2. Crystalline structure

X-ray diffraction (XRD) was used to obtain additional information about the SLM
crystal structure.

In the diffractogram presented in Fig. 3.3, bulk PA and particles from all
formulations showed the presence of peaks in diffraction angle, where 26 = 21.6° and 24.2°,
(d spacing: 4.1 A and 3.7 A, respectively). These peaks correspond to an orthorhombic crystal
structure (Ensikat, Boese, Mader, Barthlott, & Koch, 2006; Bunjes & Unruh, 2007). Peaks
with a diffraction angle <15° are characteristic of each fatty acid, and their position is defined
by the respective polymorphic form of the crystals (Sala et al., 2010; Teixeira, Garcia, Ilharco,
Gongcalves da Silva, & Fernandes, 2010). The incorporation of OA (P2 and P3) affected the
PA crystal structure, which can be observed by the peak in d spacing of 3.7 A, that showed a
shift to the left with an increase in the peak width (when compared to P1). This result is
related to the formation of a less crystallized particle, caused by the addition of a liquid lipid
with predominance of unsaturated molecules. Comparing the treatments P4 and P5 to P1, it
can be noticed that the intensity of peaks with diffraction angle >15° remained almost
constant (in d spacing of 3.7 A), but the position of peaks presented a small shift to the left,
which could indicate some crystalline perturbation in these particles.

The difference in the crystalline behavior of the formulations containing OA or PF
can be explained by the higher concentration of unsaturated molecules in OA than in PF
(Section 3.2.1), which influenced the more pronounced perturbation in the crystalline
structure of P2 and P3 particles. Unsaturated molecules show arched conformation due to
double bonds in cis arrangement, and this structure impairs the organization of saturated
molecules during particles crystallization, creating a disorderly structure (Mueller, Radtke, &
Wissing, 2002, McClements & Decker, 2007). The crystallization, verified by XRD,
presented a similar trend as the crystallinity index (Section 3.3.2.1).

The crystal structure of lipid particles was also studied by Silva and Pinho (2013),
who reported that the incorporation of 10% cupuassu butter in stearic acid decreased the
intensity of stearic acid polymorphic peaks, indicating that the original structure of the lipid
had been modified by the presence of the butter in the lipid matrix.

Liu and Hu (2010) investigated the incorporation of corn oil in glycerol
palmitostearate and lutein to produce nanoparticles, and concluded that the oil was able to
decrease the intensity of crystal peaks without altering the polymorphic structure, but
indicating that the particle crystallinity degree had diminished.
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Fatty acids present complex polymorphic behavior and show four different structures: A, B, C
and E, which are different from triacylglycerols (Hernqgvist, 1988; Bunjes & Unruh, 2007;
Sala et al., 2010). The polymorphic behavior of the SLM produced in this work was
confirmed by FTIR analysis (Section 3.3.2.4).

4.1 A
— — PS>
2 ‘A - P4
wn
cC
s
= A P3
A _ P2_
A - Pl
1 A A Palmitic acid
5 10 15

2 0 (diffraction angle °)

Fig. 3. 3. X-ray diffraction of bulk palmitic acid and lipid microparticles loaded with GO.
Spacing in 4.1A and 3.7A are characteristic of the orthorhombic crystal structure. All
formulations contain 10% (w/w) GO. P1: 90% PA. P2: 85% PA 5% OA. P3: 75% PA 15%
OA. P4: 85% PA 5% PF. P5: 75% PA 15% PF.

3.3.2.3.Particle size

Particles volumetric mean diameter and size distribution parameters are presented
Table 3.3. The obtention of mean diameter (Dps3)) in a relatively narrow range (~40 um) is
probably related to the use of the same process operation conditions (Section 3.2.2.2.) to
perform all assays. According to Rodriguez et al. (1999), operating parameters can have more
influence on particle size than the lipid matrix composition. Even so, in our work, small
variation in the particle size was observed for formulations depending on the addition of oleic
acid or palm fat to the palmitic acid. Formulation P3, with 15% (w/w) oleic acid, produced
particles with mean diameter significantly larger than those from formulations P4 and P5, in
which mixtures of palm fat with palmitic acid were used as carriers. Crystallization of liquid

lipids results in a volume contraction of the lipid molecules, whereas melting of the solid
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lipids leads to volume expansion (Tan & Che Man, 2002). During particle crystallization,
higher concentration of saturated lipid is associated with more compact crystal structure.
Therefore, larger mean diameters in P3 particles can be explained by their decreased
crystallinity, as verified by thermal and XRD analyses (Sections 3.3.2.1 and 3.3.2.2).

PF is mainly composed of triacylglycerol molecules that contain approximately
50% saturated and 50% unsaturated fatty acids (Section 3.2.1). Thus, the predominance of
saturated lipids in the P4 and P5 matrix resulted in a more organized crystal structure and
consequently in smaller particle size compared to P3. A higher concentration of saturated
lipids has shown to be related to the occurrence of smaller mean diameters in SLM produced
by spray chilling in other works (Sartori, Consoli, Hubinger, & Menegalli, 2015; Consoli,
Grimaldi, Sartori, Menegalli, & Hubinger 2016; Alvim, Souza, Koury, Jurt, & Dantas, 2013;
Ribeiro, Arellano, & Grosso, 2012). D.1), D(s) and D9y parameters, which represent the
diameter of accumulated distribution of 10%, 50% and 90% of the total particles showed a
typical behavior of a mono modal size distribution for all formulations. The influence of
formulation composition was more pronounced in P1 particles (90% palmitic acid), which

showed the lowest values for the three parameters.

Table 3. 3. Mean diameter (Dya,3) and size distribution of lipid microparticles.
Dpgy (um)  Dos (um) Dos (um) Do.g (um)
Pl  40.8+0.9*° 10.6+0.9° 31.0+1.5° 68.2+3.4°

P2  40.4+38*  158+0.5° 38.2+1.2*"  76.3+7.0*°
P3  432+#17*°  16.0+0.2°  41.2+3.0*  80.745.2°
P4  39.9+15° 14.9+0.3°  36.8+0.9°  70.7+#3.2"°¢
P5 39.8#3.9°  159+0.3* 37.8+0.6*"  85.3+3.2°

Different lowercase letters in each column represent statistically significant difference (p < 0.05) by Tukey test.

3.3.2.4.FTIR analysis
Fourier transformed infrared analysis was performed to detected possible
chemical interactions between GO and the carriers and also the polymorphism of lipid

microparticles. Fig. 3.4 shows the spectra of carriers and lipid microparticles loaded with GO.
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Fig. 3.4. FTIR spectra of carriers and lipid microparticles loaded with GO. All formulations
contain 10% (w/w) GO. P1: 90% PA. P2: 85% PA 5% OA. P3: 75% PA 15% OA. P4: 85%
PA 5% PF. P5: 75% PA 15% PF.

The infrared spectrum of bulk PA showed a peak at 941 cm™, which corresponds
to the OH bending vibration band of the carboxyl group. This vibration band is a
characteristic of the C polymorphic form (Kobayashi, 1988; Moreno et al., 2007; Sala et al.,
2010). The same band was identified in all formulations (P1; P2; P3; P4 and P5). The addition
of GO, OA or PF did not change the PA polymorphism. The C form is the most stable
polymorphism among the fatty acids (Herngvist, 1988; Moniruzzaman & Sundararajan,
2004).

The presence of a peak at 1517 cm™, which is characteristic of GO, can be
observed in all microparticle spectra (P1; P2; P3; P4 and P5). This band represents a type of
carbon — carbon (C=C) stretching vibration in the aromatic ring (Purnomo, Jaya, &
Widjanarko, 2010), that is present in volatile compounds.

The spectra of bulk PF, P4 and P5 microparticles showed a peak at 1748 cm™, that
represents the C=O vibration of the ester carbonyl functional group present in the
triacylglycerol molecules, which are predominant in PF (Rohman & Che Man, 2010).

The spectrum of bulk oleic acid (not shown) presented bands similar to those of
bulk palmitic acid. Particles containing OA (P2 and P3) did not show different bands
compared to P1.

The bands present in the SLM spectra (P1; P2; P3; P4 and P5) presented no band

shift when compared to bulk materials. FTIR analysis revealed no new significant chemical
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interaction between GO and the carriers, which means that the lipid microparticles loaded
with GO are just a physical mixture.
3.3.2.5.Morphology and GO distribution over the SLM

The particles showed a spherical shape (Fig. 3.5), which is typical of solid lipid
microparticles (Chambi, Alvim, Barrera-Arellano, & Grosso, 2008; Alvim et al., 2016). All
particles exhibited a rough surface. The addition of PF (P4 and P5) did not cause a difference
in the surface morphology compared to P1 particles (palmitic acid with ginger oleoresin). P3
particles presented the roughest surfaces of all, and also more agglomeration than particles of
the other formulations. This agglomeration is shown with more details in Fig. 5 at 500x%,
where smaller particles are adhered in the surface of the larger. The lower melting point of P3
particles may have affected the morphological aspect during particle solidification. Similar
morphological behavior of SLM was found by Albertini, Passerini, Pattarino, & Rodriguez
(2008).

Due to the fluorescent properties of gingerols (Chakraborty et al., 2012), it was
possible to observe the distribution of GO over the microparticles by the confocal microscopy
technique. The fluorescence intensity profile along the diameter of a selected particle is
shown in Fig. 3.5. The oleoresin was dispersed over the microparticles, but the differences in
fluorescence intensity could indicate that oleoresin was more concentrated in some regions
and less in others. These images proved affinity between lipids and GO, due to the

dispersibility of GO over the particle.

3.3.3. Retention of GO in SLM

3.3.3.1.Pungent and volatile compounds retention

The importance of monitoring the pungent and volatile compounds in the lipid
microparticles is due to the use of a high temperature (85 °C) in the spray chilling process.
High temperatures can cause the conversion of (6)-gingerol into (6)-shogaol and also cause a
loss of ginger volatiles by evaporation. HPLC analysis of bulk GO showed the pungent
compound (6)-gingerol in higher concentration than (6)-shogaol, 107.9 mg 6-gingerol/g
oleoresin and 30.4 mg 6-shogaol/g oleoresin, thus demonstrating the good quality of GO used

for the production of lipid microparticles in this work.
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Fig. 3. 5. 1) Morphology of lipid microparticle loaded with GO obtained by SEM with 500x
and 5000x. 2) Confocal scanning laser microscopy of lipid microparticle loaded with GO A)
Fluorescence of particle with GO. B) Fluorescence intensity profile along the diameter of a
particle selected. All formulations contain 10% (w/w) GO. P1: 90% PA. P2: 85% PA 5%
OA. P3: 75% PA 15% OA. P4: 85% PA 5% PF. P5: 75% PA 15% PF.

1) 500 x 1) 5000 x



CapiTuLo I | 78

Regarding the SLM, the analysis has shown retentions of (6)-gingerol and (6)-
shogaol above 96.6% and 98.6%, respectively (Table 3.2). We noted that (6)-gingerol showed
slightly lower retention than (6)-shogaol, that could mean the degradation of this pungent
compound. However, if the conversion of (6)-gingerol into (6)-shogaol had expressively
happened, (6)-shogaol retention would be higher than 100%, since the concentration of this
compound would have increased in relation to bulk GO. This occurrence demonstrates that
the use of the spray chilling technique for the production of lipid microparticles did not induce
a ginger oleoresin quality loss. The affinity of the pungent compounds with lipid carriers may
have favored the high pungent retention reached in all treatments. The addition of lipid
modulators (OA or PF) did not influence pungent compound retention. These compounds are
non-volatiles which could have contributed to higher retention. Cortés-Rojas, Souza, and
Oliveira (2014) state that factors such as the proportion of solid lipid and the percentage of
lipid phase provided strong effect on the retention of compounds derived from clove extract.
Gamboa, Gongalves, and Grosso (2011), using different ratios of lipid carriers from cotton,
palm, and soybean oils, obtained particles by spray chilling with over 90% retention of
tocopherol, and concluded that the lipid matrix may favor the high retention.

GO volatiles retention in lipid microparticles has been also analysed. The major
volatile compounds presented in GO, identified by CG-MS, were: zingiberene,
B—sesquiphelandrene, ar—curcumene, o—farnesene and B—bisabolene. The highest volatiles
retention value was 83.3% for P1 (palmitic acid with GO), and the lowest value was 37.5%
for P3, the formulation with the highest OA concentration.

The volatiles retention was influenced by the particle crystallization behavior.
During particle solidification, the lipid crystallization increases progressively. In Table 3.2,
the range of temperature in the crystallization curve (initial and final crystallization curve
temperature by DSC), showed a smaller variation for P1 particles, indicating that the
crystallization occurs faster, resulting in the immobilization of volatile compounds. For P3
particles, the crystallization temperature range was wider than the other formulations. This
indicates a slower particle crystallization, which could contribute to a greater loss of volatiles.
XRD (Section 3.3.2.2) showed that the presence of unsaturated molecules in a lipid matrix
induced the formation of a more disorganized crystal structure than in particles with
predominantly saturated molecules, which favors the formation of empty spaces that facilitate
volatile diffusion. Saturated molecules form an ordered structure, resulting in a labyrinth

effect, thus hampering volatile diffusion (McClements & Decker, 2007, Mellema, Van
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Benthum, Boer, VVon Harras, & Visser, 2006). The presence of unsaturated molecules resulted
in less volatile retention in P2 and P3 compared to P4 and P5. Bulk OA has more unsaturated
molecules than bulk PF (Section 3.2.1) consequently the particles with OA (P2 and P3)
favored more volatile diffusion than PF particles (P4 and P5). In this work, the addition of
unsaturated lipids did not lead to higher volatile retention as we had initially seen in other
studies that used lipid particles for carrying active compounds (Jenning & Gohla, 2000;
Mdeller, Radtke, & Wissing, 2002; Hu, Jiang, Du, Yuan, Ye, & Zeng, 2005; Ribeiro,
Arellano, & Grosso, 2012; Sartori, Consoli, Hubinger, & Menegalli, 2015). This indicates that
the affirmation that the addition of lipid modulators in solid lipid matrices increases the active
retention can not be generalized; each system must be studied individually.

Badan Ribeiro et al. (2009) verified that increasing the soybean oil ratio in a
mixture with fully hydrogenated soybean oil decreased the crystallization temperature.
Consequently the crystallization velocity of the blend was lower due to the dilution of solid
fat in liquid oil. Sillick and Gregson (2012) studied the formation of crystalline particles with
erythritol for the encapsulation of different flavors. Adding methyl salicylate, cinnamic
aldehyde and nicotine to the particles resulted in less retention of the active components due

to slower crystallization, which is in accordance with the results obtained in the present work.

3.4. CONCLUSIONS
The use of spray chilling showed to be a promising technique for the production

of SLM loaded with GO, given the high retention of pungent and volatile compounds
achieved in this work. Lipid carriers with higher concentration of saturated fatty acids
(palmitic acid and palmitic acid with palm fat) showed to be more affective for the retention
of GO due to the formation of a more organized crystalline structure, that hinders the
diffusion of the volatile compounds through the lipid matrix. Future studies are still necessary
to analyze the application, in a food matrix, of the SLM produced here in order to evaluate the

release profile and to verify the particle stability.
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ABSTRACT
The solid lipid microparticles (SLMs) can represent efficient structures to protect ginger

oleoresin and decrease its volatility during addition in food products. The aim of this work
was to characterize the behavior of ginger oleoresin lipid microparticles added in emulsion
(o/w) and the storage at different temperatures during 28 days. The composition of the lipid
matrix was stearic acid with or without oleic acid. The characterization of the SLMs showed a
melting point ranging from 59.2 to 66.1°C and volatile retention between 53.2+3.4% and
88.5£2.9%. Emulsions containing SLMs, emulsion with free ginger oleoresin and control
emulsion without ginger oleoresin were analyzed during storage in relation to antioxidant
capacity and peroxide value. Pungent and volatile releases were verified after particles
addition in emulsions and at the end of storage. Storage under 10°C or 25°C showed the same
antioxidant property behavior for emulsions containing SLMs. At 40°C all emulsions
exhibited peroxide compounds; however emulsions containing ginger oleoresin were effective
to reduce oxidation reactions. SLMs can promote the delivery of ginger oleoresin after the
process of incorporation in the emulsion, with the advantage of decreased oxidation reactions

in a food product.

Keywords: volatile release; 6-gingerol; spray chilling; storage; dissolution.

Highlights

« Solid lipid microparticles showed high volatile and pungent compounds retention.
« After dispersion of microparticles into emulsion, ginger compounds were release.
* Ginger oleoresin presented protection from emulsion oxidation.

« Volatile and pungent compounds were released after 28 days of storage.
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4.1. INTRODUCTION

The incorporation of specific ingredients into food products has particular
purposes: addition of antioxidants to protect lipids contained in the food against oxidative
degradation; addition of flavoring and coloring agents for improving sensory characteristics of
the food and others. Ginger oleoresin can be used in the food industry as a flavoring agent due
to its similar taste to fresh ginger, but more concentrated, resulting in a high amount of
components such as shogaol, gingerol and volatile compounds. Ginger oleoresin compounds
present antioxidant and antimicrobial activity that enables its addition in food products as a
functional ingredient. However, ginger oleoresin compounds are sensitive to environmental
influences and are easily oxidized or volatilized. Encapsulation technologies have been used
in the application of sensitive ingredients to decrease losses during food addition, mask
unpleasant flavors, maintain the stability of the ingredients and its function (technological or
nutritional), encapsulation for targeted delivery and conversion of viscous liquid into powder
to facilitate application (Jayanudin, Rochmadi, Fahrurrozi, & Wirawan, 2016; Zhu, 2017).

There are several encapsulation strategies and arrangements. The spray chilling
technique is an important strategy which is helpful to encapsulate and carry active
compounds. This technology is used for microencapsulation of pharmaceuticals, nutritional
ingredients and flavors and can be an alternative to produce solid dispersions. The particles
are generally dense, spherical and smooth-surfaced, resulting in high encapsulation efficiency.
Another advantage is that microparticles can be prepared without water or organic solvents
which also eliminates the drying step, resulting in an environmentally friendly process
(Okuro, Matos-Jr, & Favaro-Trindade, 2013; Oh, Guo, Heng, & Chan, 2014).

Using hydrophobic matrices, e.g. lipids with high melting point, spray chilling is
an ideal technique to release the active compounds into a specific site. In a food matrix, the
solid lipid microparticles (SLMs) can guarantee the targeted delivery only when temperatures
are higher than the lipid melting point and in an environment where the particle has affinity,
resulting in the dissolution of the hydrophobic matrix. Stearic acid can be used in the spray
chilling process to act as a solid matrix, due to its high melting point, to guarantee the
formation of solid particles. Nutritionally speaking, consuming it has a minimal effect on
LDL cholesterol and no effect on HDL cholesterol since it can be converted more quickly to
oleic acid than other saturated fat acids (O’Brien, 2009; Oh et al., 2014).
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Many food products are partially or totally composed by emulsions, e.g., ice
cream, soups, butter, mayonnaise, cheese, and the oil-in-water emulsion (o/w) is the most
common (McClements, 2005). Thus, in order to verify the release behavior of the ginger
oleoresin microparticles when inserted into a food product, an o/w emulsion was used as food
model system. In addition, emulsions present oils in their composition which can cause
oxidation reactions. Thus, as ginger has antioxidant potential (Ganji & Sayyed-Alangi, 2017),
it was proposed to verify the behavior of the particle as antioxidant in emulsions when stored

at different temperatures.

4.2. MATERIAL AND METHODS

4.2.1. Material

Core: A commercial ginger oleoresin with 30% ginger essential oil was kindly
donated by NATUREX (S&o Paulo, Brazil). Wall material: Stearic acid (Sigma-Aldrich) was
used as the solid lipid, and oleic acid (VETEC, Rio de Janeiro, Brazil) as liquid lipid. Food
model system (emulsion): Instantgum BA® gum arabic was supplied by Nexira Brasil
Comercial Ltd. (Sao Paulo, SP, Brazil). Xanthan gum was provided by Sigma Chemical Co,
USA and sunflower oil (Bunge Alimentos S.A., Gaspar, Brazil) was purchased in the local

market. The other reagents were of analytical grade.

4.2.2. Methods

4.2.2.1.Production of solid lipid microparticles

Each lipid component and ginger oleoresin (GO) were weighed according to their
respective proportion, as shown in Table 4.1. The production of SLMs is described in Oriani
et al. (2016).

Table 4.1. Solid lipid microparticles composition
Ginger oleoresin  Stearic acid Oleic acid

Treatment (GO) (SA) (OA)
(%, wiw) (%, wiw) (%, wiw)
I 10 90 -
1 10 75 15
i 20 80 -

v 20 65 15
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4.2.2.2. Thermal characterization, surface morphology and crystalline structure of solid lipid

microparticles

4.2.2.2.1. Thermal analysis
Thermal analysis was performed by Differential Scanning Calorimetry, using a

Modulated DSC 2920 thermal analyzer (TA Instruments, New Castle, Delaware, USA).

Samples were weighed (~5 mg) in hermetically sealed aluminum pans. Operational conditions
were: heating up to 80°C, remaining for 5 min, followed by cooling to -40°C (10°C/min) for

30 min, and then heating again to 80°C at a 5°C/min rate.

4.2.2.2.1.1.Hot stage microscopy
Physical changes in the solid lipid microparticles containing ginger oleoresin

during melting were monitored by Hot Stage Microscopy. A hot plate (THMS 600, Linkam
Scientific Instruments Ltd., United Kingdom) was connected to a temperature controller (FP 5
Mettler, Grefensee, Switzerland). A small amount of the microparticles was heated in the
temperature range of 10-80 °C at 5°C/min. Changes in the samples were observed via an

optical microscope (Nikon AZ100, Tokyo, Japan) (magnification 320x).

4.2.2.2.2. Surface morphology
Microparticles morphology was investigated using a scanning electron

microscope with Energy Dispersive X-ray (LEO Electron Microscopy Leo 440i, Oxford,
Cambridge, England), operating at 10 kV and electron beam current of 50 pA. Before
analysis, microparticles were covered with a gold layer by a Sputter Coater Emitech k450

model (Kent, United Kingdom). Micrographs were obtained with magnification of 5000x.

4.2.2.2.3. Crystalline structure

X-ray powder diffraction technique was used to verify the crystalline structure of
SLMs. A Philips X-ray diffractometer (Analytical, X Ray X Pert-MPD, Almelo, Netherlands)
was used to study the crystal structure and the diffraction was measured in the 20 range from
5 to 30° of 0.02°/s. X-rays of A = 1.54056 A were generated by a Cu Ka source.

4.2.2.2.4. Active retention
Retention of the pungent compounds of SLMs was calculated based on the ratios

of (6)-gingerol and (6)-shogaol in the microparticles and 6-gingerol or 6-shogaol in the bulk

GO. Retention of the main GO pungent compounds (6-gingerol and 6-shogaol) was measured
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by HPLC (HPLC DIONEX, UltiMate 3000 model, U.S.A.), using the 1SO 13685:1997
method (International Organization for Standardization, 1997).

Volatile compound retentions were calculated based on the ratios of the sums of
the peak areas of GO compounds in the microparticles and the peak areas of bulk GO
compounds, obtained in a GC-FID (HP7990, Agilent Technologies, USA). The volatiles were
analyzed with an HP-5 MS capillary column (30 m x 0.25 mm x 0.25 m - J&W Scientific,

USA), with Helium carrier gas at a flow rate of 1 mL/min, as described in Oriani et al. (2016).

4.2.2.3.Model emulsion preparation with addition of ginger oleoresin microparticles and
storage conditions

4.2.2.3.1. Model emulsion preparation
An oil-in-water (o/w) emulsion was used as a model system to addition of free or

microencapsulated ginger. The emulsion formulation (Karaiskou, Blekas, &
Paraskevopoulou, 2008; Castro, Rojas, Campos, & Gerschenson, 2009) was: sunflower oil
(20%, g /100g emulsion), Tween®80 (1%, g /100g emulsion), gum Arabic (1%, g /100g
emulsion), xanthan gum (0.3%, g /100g emulsion) and distilled water. The O/W emulsions
were prepared by first slowly mixing sunflower oil into the solution containing others
ingredients. The mixed solution was emulsified using a high shear (T18 Ultra-Turrax, KA,
Staufen, Germany) at a speed of 24,000 rpm for 3 min. The formulation containing free GO
was prepared as the same condition, but GO was incorporated in the emulsion during high

shear.

4.2.2.3.1.1. Addition of ginger oleoresin lipid microparticles on model emulsion
The incorporation of microparticles in the emulsion was the equivalent to 3,000

ppm of ginger oleoresin (Jorge, Veronezi, & Ré, 2015). After the emulsion preparation, the
particles containing GO were added directly into the emulsion through a magnetic stirrer with

agitation of 750 rpm until complete dispersion.

4.2.2.3.2. Storage conditions
The emulsion containing SLMs (E-SLMs), emulsion with free ginger oleoresin

(E-GO) and control emulsion without ginger oleoresin were stored at three different
temperatures:

10+1°C: Simulating storage condition under refrigerator temperature.

25+1°C: Storage at room temperature.

40x£2°C: Extreme storage condition.
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4.2.2.3.3. Evaluation of ginger oleoresin release to the model emulsion

The release study was performed during 28 days to verify the release behavior of
the ginger oleoresin as well as the benefit of antioxidant action in the model emulsion system.
A vacuum filtration system was used to separate the particles from the emulsion to verify the

release of the oleoresin microparticles into emulsion during storage.

4.2.2.3.3.1. Release of pungent and volatile compounds into emulsion

0.5 mL of filtered emulsion was added into 1.5mL of methanol and extract of GO
compounds was inserted into a vial for analysis via liquid chromatography (HPLC-UV). The
methodology used was described in section 4.2.2.2.4. Pungent compounds contained in
SLMs after spray chilling process was used as a control to compare the efficiency of pungent
compounds released from SLMs into the emulsion after dispersion (day 0) and at the end of
storage (day 28).

The release of volatiles from the SLMs into the emulsion was checked in the
filtered emulsion after dispersion (day 0) and at the end of storage (day 28). The methodology
used is described in section 4.2.2.2.4. The volatile retention in the emulsion (VR-E) was
calculated by Eq. (1).

Epeak areas of volatile release from SLMs into emulsion; day (0; 28)
%VR—E = : — Eq.(1)
Y peak areas of SLMs before emulsion addition

4.2.2.3.3.2. Antioxidant analysis of ginger oleoresin release on emulsion

The antioxidant property was determined by Ferric Reducing Antioxidant Power
(FRAP) (Rufino et al., 2010). Trolox (10; 25; 50; 75; 100; 150; 200 mg) was used as the
standard to generate the calibration curve (R% 0.9991), and expressed as mg Trolox
equivalent/L emulsion. Days of analysis: 0; 1; 3; 7; 14; 21; 28.

4.2.2.3.3.3.Peroxide value
The filtered emulsion that contained GO compounds, emulsion with free ginger

oleoresin and control emulsion without ginger oleoresin, were analyzed. The peroxide value
of sunflower oil contained in the emulsions was investigated. Extraction of sunflower oil was
performed according to Partanen et al. (2008) with modifications. The determination of the
peroxide value was performed by spectrophotometer using the standard method IDF 74A:
1991 (Shantha & Decker, 1994).
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4.2.2.4.Statistical analysis
Results were subjected to analysis of variance (ANOVA) and a Tukey test with a
significance level of 5%. The Minitab software trial edition (Minitab 16.1.0, Minitab Inc.,

State College, PA, USA) was used to compare the differences between the mean values.

4.3. RESULTS AND DISCUSSION

4.3.1. Thermal characterization, surface morphology and crystalline structure of solid
lipid microparticles
Hot stage microscopy was carried out to optically examine the melting process of

solid lipid microparticles. A sequence of microscope images was captured during heating of
the microparticles (Figure 4.1). The image captured at melting onset (Ton — Obtained by DSC)
showed agglomerated particles because was not possible observed unit particle. During
melting point in the hot plate microscope, it was observed that the agglomerated particles
resulted in transition of solid-liquid state, thus the melting point is the start to release the
ginger oleoresin into the environment. At the end of melting (Tenp), the solid lipid
microparticles resulted in ginger oleoresin dissolved in a lipid matrix, without precipitation or
agglomeration.

Melting properties of SLMs are of great importance since they will command the
release of the actives. To guarantee the thermal stability of solid lipid microparticles until the
application on a food product it is necessary that the solid lipid matrix formulation avoids
melting the particles at room temperature, but ensures that in a special environment
(temperature or chemical affinity) the lipid matrix results in a targeted delivery of the actives
(Ciftci & Temelli, 2016; Yang & Ciftci, 2016).

The melting temperatures of the ginger oleoresin microparticles are listed in
Figure 4.1. The onset of melting (Ton) showed a value between 38-59°C, which were
influenced by the matrix type. The samples with 20% oleoresin (11 and 1V) resulted in lower
Ton compared to the same sample composition with 10% oleoresin (I and I1). The range of
Ton between the particles I — 111 and 1l — IV was around 5°C. This can be due matrix
composition, because samples 111 and 1V are composed with less stearic acid addition and this
lipid is responsible to guarantee solid state of particles due to high melting point, so matrix
composition reduce melting onset value, as can be seen in Figure 4.1. The melting points of
SLMs were influenced by incorporation of liquid lipid, the matrix with 15% oleic acid

resulted in values of 60.5 and 59.2°C for samples Il and IV, respectively. On the other hand,
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the particles with only stearic acid addition resulted in higher value, 66.1 and 64.8°C, for
samples | and Ill, respectively. The composition of the physical mixture can influence the
melting point of the matrix in a colligative manner, consequently the melting point is
proportional to the increase or decrease of some specific component (Wong, Heng, & Chan,
2015). The melting profile of solid lipid microparticles is a critical point because it is one of
the variables that can ensure a free-flowing dry powder, when corresponding to a melting
point above 40°C. Free-flowing powder is desirable for easy handling, storage, and
consumption (Alvim, Souza, Koury, Jurt, & Dantas, 2013; Yang & Ciftci, 2017). All samples
resulted in a melting point above 59°C, which can guarantee a free flowing powder to be
added in food formulations and safe thermal stability conduct for SLMs during storage.

The samples obtained by scanning electron microscope (SEM) presented particles
with spherical surface, dense, and aggregated with smaller particles (Figure 4.1). Particles
with stearic acid (I and I111) showed a smooth surface, however this characteristic was lost
when incorporating oleic acid, resulting in an irregular surface. Solid lipid microparticles with
spherical shape can result in homogeneous mixing during product formulation, and controlled

release of the active ingredient (Yang & Ciftci, 2016).
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Tamb Ton: 59.6£0.9 °C Tmeting: 66.1£0.7 °C  Tenp: 74.2£1.2 °C
SEM: 5000x Hot stage: 320x Hot stage: 320x Hot stage: 320x

Tamb Ton: 44.1£0.5°C  Twmetting: 60.5+0.5°C  Tenp: 70.1+£0.2 °C
SEM: 5000x Hot stage: 320x Hot stage: 320x Hot stage: 320%
1l

Tamb Ton:54.8£L7°C  Tweling: 64.8£0.1°C  Tenp: 73.5£1.0 °C
SEM: 5000x Hot stage: 320x Hot stage: 320x Hot stage: 320x

Tamb Ton: 38.7+£0.1 °C TMeIting: 59.2+0.7 °C  Tgnp: 68.5+0.4 °C
SEM: 5000x Hot stage: 320% Hot stage: 320% Hot stage: 320%

Figure 4.1. Morphology of lipid microparticles loaded with GO, obtained by SEM with
5000x. Particles behavior during melting obtained by hot stage microscopy (320x), and the
respective thermal properties properties (Ton; Tmelting; Tenp) during DSC analysis. (1) 90%SA,
10%GO. (II) 75%SA; 10%GO; 15%0A. (Il) 80%SA; 20%GO. (IV) 65%SA; 20%GO;
15%0A. GO: ginger oleoresin. SA: stearic acid. OA: oleic acid.
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The main crystalline structures present in lipids are hexagonal, orthorhombic and
tricyclic; these structures have specific spacing among the crystals that are detected by X-rays
diffraction. Crystalline structures are responsible for maintaining or expulsing the actives in
the solid lipid microparticles (Muller, Radtke, & Wissing, 2002; McClements & Decker,
2010). All particles herein resulted in an orthorhombic crystalline structure, with spacing of
4.1A and 3.7A, as shown in Figure 4.2; however, samples 11, 1l and IV presented lower peak
intensity than stearic acid and sample I, which can indicate crystalline perturbation to those
particles. Alteration in the peak intensities is associated to the presence of liquid lipid or
amorphous compounds that resulted in less crystalline particles (Liu, & Wu, 2010; Oriani et
al., 2016).
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Figure 4.2. X-ray diffraction of stearic acid and solid lipid microparticles containing ginger
oleoresin. (1) 90%SA; 10%GO. (II) 75%SA; 10%G0O; 15%0A. (I11) 80%SA; 20%G0O. (1V)
65%SA; 20%GO0; 15%0A. GO: ginger oleoresin. SA: stearic acid. OA: oleic acid.

4.3.2. Compounds retention in solid lipid microparticles after spray chilling process
Commercial ginger oleoresin presents volatile and pungent compounds that are

responsible for a flavor profile similar to fresh ginger (Balakrishnan, 2005). Pungent
compounds are non-volatile, then the solid lipid microparticle formation process did not
influence on the retention of the majority of pungent compounds of ginger oleoresin (Table
4.2). 6-gingerols represent the highest concentration in ginger oleoresin, and all particles
displayed more than 98% retention. 6-shogaol is the second majority pungent compound, and
resulted in high retention, 98%. Volatile compounds showed different profile retention

according to the solid lipid microparticle composition. Samples I and 111 showed the highest
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retention of volatiles, due to higher stearic acid concentration and the incorporation of oleic
acid resulted in lower retention, samples Il and V. More crystalline particles result in higher
retention of volatiles, due to faster crystallization of stearic acid during the spray chilling
process. The oleic acid induces the formation of disorganized crystalline structures that
facilitate diffusion of volatiles during solid lipid microparticles formation (Oriani et al.,
2016).

Table 4.2. Ginger oleoresin compounds retention in solid lipid microparticles after spray
chilling process.

SLMs characterization

Treatment Volatile Pungent compounds retention
Retention (%) 6-gingerol (%) 6-shogaol (%)
I - 10%GO; 90%SA 88.5+£2.9° 99.5+0.8* 08.3 +1.4°
Il - 10%GO; 75%SA; 15%0A  54.3+1.6" 98.9 +1.7° 98.6 + 1.9°
111 - 20%GO; 80%SA 82.5+£1.6° 99.8 £2.2% 99.1 £ 0.6°
IV - 209%GO; 65%SA; 15%0A 53.2 £3.4° 99.8 £1.9° 99.9 £1.4*

2P Different lowercase letters in each column represent statistically significant difference
(p<0.05) by the Tukey test. GO: ginger oleoresin. SA: stearic acid. OA: oleic acid.

4.3.3. Evaluation of ginger oleoresin release into the model emulsion
The use of SLMs incorporated in the emulsion sought to delay or slow down the

contact of the oleoresin within the emulsion during the food processing. Consequently, we
studied the release behavior of oleoresin contained in the SLMs and the antioxidant capacity

of the oleoresin during release as a benefit to maintain the quality of the emulsion oil.

4.3.3.1. Release of pungent and volatile compounds into emulsion

After SLMs dispersion into emulsion, release of volatile and pungent compounds
was analyzed, according to Table 4.3. More than 60% of volatiles and 75% of the pungent
compounds were released into the emulsion, resulting in higher release during SLMs
dispersion. According to the literature, the use of lipids as a matrix for SLMs formation can
favor the release in the environment with a temperature increase or solution-matrix affinity,
particle melting or dissolution occurring, respectively (Favaro-Trindade, Okuro, & Matos-Jr,
2015). For GO release during dispersion, two hypotheses arose for the SLMs compounds
release: mechanical stirring can provide energy to the emulsion; this consequently increases
the emulsion temperature (Karcher, Perrechil, & Bannwart, 2015) that can induce the melting
of SLM. However, we cannot affirm that the increase of emulsion temperature was

responsible for the SLMs melting, resulting in GO compounds release, because the emulsion
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temperature was not measured during SLMs addition. The last hypothesis and the one more in
accordance with the literature (Samtlebe, Yucel, Weiss, & Coupland, 2012; Zafeiri, Smith,
Norton, & Spyropoulos, 2017) is the affinity of the oil emulsion and matrix composition of
SLMs: agitation favored the dissolution effect due to the affinity of the oil emulsion and
SLMs and consequently, resulted in SLMs dissolution during dispersion (Siepmann &
Siepmann, 2013). Volatile compounds showed higher release in samples Il and IV
(formulation with oleic acid) than in I and Ill. Lipid molecules from the sunflower oil
emulsion diffuse through the SLMs, consequently acting as a solvent for the crystalline lipid
(Samtlebe et al., 2012), thus formulations with less stearic acid can diffuse more quickly than
the stearic acid matrix. Matrix composition affects only the release of volatile compounds
during dispersion in the emulsion, but not for pungent compounds (Table 4.3). The use of a
matrix with high lipid solids content can be other way to delay or slow down the contact of
the oleoresin within the emulsion during SLMs dispersion.

After dispersion, the emulsions containing SLMs were stored under different
temperatures, and GO compounds released into the emulsion were measured after vacuum
filtration on 28th day, according to Table 4.3. However, volatile release value may be
influenced by air suction to vacuum formation that can result in partial volatile suction;
consequently the real value of volatile release on emulsion was not possible to measure. Thus,
the discussion about volatile was affected due to this problem just verified after finish the
storage study: Comparing the same formulation at 10°C and 25°C, the volatile compounds did
not present a difference after 28 days of storage. At 40°C samples I, 11 and 111 were influenced
by storage temperature, resulting in less volatile retention in the emulsion. The environment
shows influences on flavor retention in food products, for example, temperature, film formed,
oil type and concentration (Chen, Guo, Wang, Yin, & Yang, 2016; Mao, Roos, Biliaderis, &
Miao, 2017). The pungent compounds release did not show significant difference at the
distinct storage temperatures; probably the non-volatile characteristic of these compounds
contributed to maintaining their stability in the emulsion, and the high release after dispersion
(day 0) contributed to no statistical difference of pungent compounds at the end of storage at

different temperatures.
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Table 4.3. SLMs-GO compounds release into emulsion after dispersion (day 0) and SLMs-GO release into emulsion on day 28, storage at
different temperatures.

SLMs release into emulsion . .
after dispersion (day 0) SLMs release into emulsion on day 28
Volatiles Pungent Volatiles release (%) Pungent compounds release (%)
Release compounds release
(%) 6-G 6-S 10 °C 25 °C 40 °C 6-G 6-S 6-G 6-S 6-G 6-S
° (%) (%) 10 °C 25°C 40 °C
62.3+£2.5 78.7£3.0 80.4%x4.0 | 72.6+3.7 69.2+1.8 65.3£0.9 84.5£3.4 86.1£1.2 87.4+£3.3 88.1x1.5 94.2+57 85.1+6.3
| b a a bA bA,B bB aA aA aA aA aA aA
75.7£1.0 91.7485 87.8+7.6 | 88.9+8.4 81.2+6.5 71.8+1.3 90.1£5.9 93.6£0.5 91.1x1.6 88.7+1.8 99.7£5.8 95.0£4.0
1T a a a aA abA,B bB aA aA aA aA aA aA
67.0£2.6 81.0£6.3 83.3+2.7 | 82.2+4.3 78.3£2.4 68.4+1.8 87.3£1.8 88.845.8 87.5£2.5 87.9454 99.2+3.1 94.3+x4.9
111 ab a a a,bA a,bA bB aA aA aB aA aA aA
74.7£3.0 92.244.3 89.6+x2.9 | 78.1+3.2 89.24+8.8 82.0+£7.2 90.3+4.3 91.0+2.0 91.3+1.8 88.6x5.1 989+1.7 91.1+5.3
v a a a a,bA aA aA aA aA aA aA aA aA

(1) 90%SA,; 10%GO. (1) 75%SA; 10%G0O; 15%0A. (111) 80%SA; 20%GO0O. (1V) 65%SA; 20%G0O; 15%0A.

GO: ginger oleoresin. SA: stearic acid. OA: oleic acid. 6-G: 6-gingerol. 6-S: 6-shogaol

2P Different lowercase letters in each column represent statistically significant difference (p<0.05) by the Tukey test.

AB Different capital letters of the same sample, stored at different temperatures, represent statistically significant difference (p<0.05) by the
Tukey test.
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4.3.3.2. Antioxidant capacity of ginger oleoresin release into model emulsion

The antioxidant capacity of ginger oleoresin during a storage period of 28 days
under different temperatures is presented in Figure 4.3. Ginger has high antioxidant activity,
similar to synthetic antioxidants (Yeh et al., 2014; Si, Chen, Zhang, Chen, & Chung, 2018).
Ginger oleoresin presents phenolic compounds that are responsible for antioxidant properties
that might be attributed to their hydroxyl groups, being the predominant compounds are 6-
gingerol, 6-shogaol and others (Huang, Chung, Wang, Law, & Chen, 2011; Si et al., 2018).
The addition of free GO (3,000 ppm) in the emulsion showed the equivalent of 748 mg
Trolox/L emulsion after dispersion and the SLMs addition in the emulsion presented between
570 — 661 mg Trolox equivalent/L in emulsion. The difference in antioxidant capacity
between the free GO emulsions and encapsulated GO was evident due to a non-total release of
SLMs after dispersion.

During storage at all temperatures, it was observed that the release of ginger-
antioxidant compounds from SLMs occurred up to the 7th day. The others days in each
storage temperature showed a specific behavior for antioxidant properties. At 10°C and 25°C,
after day 7 there in the release reached the equilibrium, resulting in constant antioxidant
properties up to the end of storage period. At 10°C and 25°C storage temperature, the SLMs
were not completely dissolved until the end of storage, as presented in the example in the
filter paper shown in Figure 4.3, where the emulsion was filtered to retain the particles not
dissolved. However, SLMs containing in emulsion and storage at 40°C presented complete
dissolution on the 28th day, probably caused by the association of storage temperature and
solution-matrix affinity favoring the dissolution of SLMs and consequent total release of GO
compounds. However, it was observed that all samples showed a sharp drop in Trolox values
after the 7th day at 40°C. This behavior is associated to pro-oxidant activities of the oil
emulsion, due to the presence of oleic and linoleic fatty acid in sunflower oil, which are
responsible for free radicals formation (Chatterjee & Bhattacharjee, 2013; Kishk &
Elsheshetawy, 2013), thus affecting the antioxidant property results. After the 28th day,
emulsion containing SLMs and free GO presented higher antioxidant values, for storage at 10
and 25°C. Therefore, we can use either un-encapsulated or encapsulated ginger oleoresin as
natural antioxidants since both resulted in similar behavior under refrigerated and ambient

temperature.
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Figure 4.3. Antioxidant properties of ginger oleoresin release into the model emulsion during storage at different temperature and the retention of
ginger lipid microparticles on filter paper during emulsion filtration. ©: 90%SA; 10%GO. B: 75%SA; 10%GO0; 15%0A. {: 80%SA; 20%GO.

A 65%SA; 20%GO0; 15%0A.¢: free ginger oleoresin.
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4.3.3.3. Peroxide value of the oil contained in the emulsion

Peroxide value is the most common method of assessing oxidative stability of
vegetable oils. Hydroperoxide is the primary product of unsaturated lipid autoxidation.
Peroxide value measures the concentration of hydroperoxides formed in the initial stages of
lipid oxidation (Sun, Wang, Chen, & Li, 2011).

The SLMs were partially dissolved on the 14th day when stored at 40 °C and from
this day, a decrease in antioxidant capacity was verified (Figure 4.3). As a consequence, in
order to check parallel degradation, peroxide values began to be monitored. Control emulsion
without ginger oleoresin and emulsion with free ginger oleoresin (E-GO) were used to
compare the results with emulsions with SLMs addition. Table 4.4 shows temperature effect
on the oil emulsion oxidation. The control emulsion showed an increase of peroxide value

with temperature increase, for the same days of storage.

Table 4.4. Peroxide value of control emulsion, emulsion with free ginger oleoresin and model

emulsion with ginger oleoresin microparticles (I; I1; I11; 1V) addition.
Peroxide value Peroxide value Peroxide value
10 °C 25°C 40 °C
(mgq. O2/kg 0il)* (meq. Oy/kg oil)* (mgq. O2/kg 0il)*
Days 14 28 14 28 14 28

Control*  0.77+0.06°  0.95£0.20°C  2.13£0.06*® 2.74+0.14*®  6.64+0.29** 11.54+0.75*
Free2  0.73+0.04°C  0.69+0.14**®  0.98+0.11°®  1.45+£0.14°®  2.44+0.07°* 4.03+£0.79**
I 0.23+0.08%"  0.56+0.16"®  0.34+£0.05* 0.78+0.11°*®  0.61x0.09°* 1.1120.02°*
o 0.30+£0.06%®  0.51+0.06"® 0.46+0.10°*®  0.56+£0.07°®  0.69+0.07°* 1.06+0.11°*
- 0.51x0.02°*8  0.63+£0.04**®  0.46+0.02°®  0.83+0.02*® 0.57+£0.01°* 1.04+0.11°*
v 0.46+0.01>*  0.47+0.05°®  0.52+0.09°*  0.54+£0.05®  0.50+0.14* 1.06+0.21°*

! Control emulsion without ginger oleoresin

2 Emulsion with free ginger oleoresin

* Milliequivalents of peroxide oxygen per 1 kilogram of sunflower oil.

(1) 90%SA,; 10%GO. (I1) 75%SA; 10%GO; 15%O0A. (111) 80%SA; 20%GO. (1V) 65%SA;
20%GO0; 15%0A.

abed Different lowercase letters in each column represent statistically significant difference
(p<0.05) by the Tukey test.

ABC Different capital letters of the same sample stored at different temperatures represent
statistically significant difference (p<0.05) by the Tukey test.

Emulsion with free GO showed higher peroxide value during storage at 25°C and
40°C when compared to emulsions containing SLMs, at same temperatures. The free
oleoresin was totally exposed to the emulsion environment since the beginning, unlike the
oleoresin contained in the SLMs, which was gradually exposed to emulsion until day 7
(Figure 4.3). Chatterjee & Bhattacharjee (2013) commented that the controlled release of
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antioxidants from encapsulated clove extract could have possibly prevented the synergistic
effect of pro- and anti- oxidant activities of soybean frying oil compared to free clove extract.
During storage it was found that the emulsion with free GO and emulsion containing SLMs
were able to preserve the sunflower oil from oxidation when stored at temperatures of 10 °C,
25 °C and 40 °C, when compared to the control emulsion, this being an indication of the
benefit of oleoresin incorporation with the purpose of providing an antioxidant effect on food

products.

4.4. CONCLUSIONS
The spray chilling technique present favorable conditions for the formation of a

powder. As a result, these particles can facilitate ginger oleoresin dispersion into a food
product. The addition of SLMs containing ginger oleoresin in an oil-in-water emulsion can be
an alternative to delay or slow down the contact of the flavor with the foodstuff, since flavors,
when directly incorporated into a food can degrade or volatilize. Thus the SLMs lipid matrix
will behave as a barrier and temperature or matrix dissolution will be able to release the
oleoresin into the emulsion. The antioxidant properties revealed that SLMs can have a

promising potential as a natural antioxidant to be incorporated into an emulsion.
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ABSTRACT
Ginger oleoresin (GO) can be encapsulated within a protective lipid matrix in order to

facilitate handling, provide protection against the external environment or promote the
stability of GO compounds. The aim of this study was to verify the ability of solid lipid
microparticles (SLMs) containing GO (10-20%w/w) to maintain or improve the stability of
ginger compounds, by the monitoring of SLMs characteristics during storage at different
temperatures (25-40°C). The crystalline structure of the particles after 84-days of storage did
not present polymorphic alteration and presented spherical form by scanning electron
microscopy. SLMs containing oleic acid (15%w/w) showed the degradation of 6-gingerol
when stored at 40°C. Major volatile compounds showed better stability for particles
containing oleic acid and kinetics of volatiles release resulted in a diffusion mechanism.
SLMs showed better stability of GO compounds during storage at 25°C than un-encapsulated

GO and could improve the distribution of GO in foods due to conversion to powder.

Keywords: spray chilling; conversion to ar-curcumene; instability of 6-gingerol; lipid
compatibility; Avrami’s equation.

Highlights
e Oleic acid favored the compatibility with stearic acid and ginger oleoresin blend.
e Unsaturated lipid favored volatile retention but resulted in pungent degradation.
e SLMs stored at ambient temperature promotes stability of volatiles and pungent.

e Storage temperature affects volatile release.
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51. INTRODUCTION

Ginger (Zingiber officinale Roscoe) is a rhizome and one of the most commonly
used species of the family Zingiberaceae. It is grown in some tropical regions, such as India,
China, Nigeria, Australia and Jamaica and is used throughout the world as a spice, conferring
specific flavor and odor, besides having several potential pharmacological activities,
including cardiovascular protection, antioxidant potential, anti-inflammatory activity and
glucose reducer, among others. The pungency compounds (gingerols and shogaols) and
volatile constituents (sesquiterpenes and monoterpenes) contribute to health improvement
perspectives (Butt & Sultan, 2011; Said, Arya, Pradhan, Singh, & Rai, 2015, Srinivasan,
2017).

The use of spice oleoresins has increased significantly in the food industry,
especially for facilitating the flavor standardization through the monitoring of compounds, in
addition to the absence of microbiological contamination, compared to the fresh spice. They
are considered a GRAS (Generally Recognized As Safe) food and due to this ingredient
present in concentrated form, storage space is reduced and small amount can be used
(Balakrishnan, 2005; Bailey-Shaw et al., 2008; Murthy, Gautam, & Naik, 2015).

Ginger oleoresin is a viscous product containing volatile and non-volatile
compounds. Pungent compounds, volatile oil and lipids are the majority and other non-
volatile compounds are in lower concentrations. Volatiles are present in the ginger essential
oil, which can be added into the oleoresin to provide characteristics similar to the fresh
product, in relation to odor and taste (Zachariah, 2008; Said et al., 2015). The ginger
pungency is mainly due to the non-volatile compounds. The major pungent compounds of
ginger oleoresin are gingerols and shogaols, which are responsible for the ginger taste. 6-
gingerol is the most abundant in ginger oleoresin, and upon applying heat or storage, can be
converted into a dehydrated compound 6-shogaol or via a condensation mechanism, to
zingerone. The increase of these compounds can lead to a loss of ginger oleoresin quality
(Bailey-Shaw et al., 2008; Huang, Chung, Wang, Law, & Chen, 2011; Gopi, Varma, & Jude,
2016). The predominant volatile compounds in ginger oleoresin are the sesquiterpenes o.-
zingiberene, B-sesquiphellandrene and ar-curcumene. These compounds, under inadequate
storage, such as excessive light and heat, convert to ar-curcumene, indicating quality loss of
the volatile oil (Vernin, & Parkanyl, 2005; Zachariah, 2008).
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Flavor encapsulation is a common way to improve the performance and stability
of compounds. In general, encapsulation provides protection for a flavor by reducing losses
and increases the quality through prevention of degradation or retardation of its volatilization.
Additionally, encapsulation provides a means for controlled release, as well as conversion of a
liquid or viscous flavor into a solid powder (Koupantsis & Paraskevopoulou, 2017). The use
of spray chilling techniques for the formation of solid lipid microparticles (SLMs) has been
studied in recent years in the pharmaceutical and veterinary areas (Meunier et al., 2007;
Passerini et al., 2010; Martins, Siqueira, & Freitas, 2012), but there are few studies for SLMs
for application in food compared to the spray drying technique. The formation of particles by
the spray chilling technique consists in the use of lipid carriers, such as fatty acids,
triacylglycerols and waxes, or their mixture, which must be solid at room temperature to
result in a rigid consistency to ensure particles with good physical resistance, dispersibility,
ease of handling and storage (Zuidam; Shimoni, 2010; Okuro; Matos-Jr; Favaro-Trindade,
2013; Oh et al., 2014).

Thus, the aim of this work was to produce different SLM compositions containing
ginger oleoresin, by the spray chilling technique and to evaluate the stability of ginger volatile
and pungent compounds at different storage temperatures (25 and 40°C). SLM
characterizations, such as crystalline structure, mean diameter and morphology, were

evaluated during stability in order to verify particle comportment.

5.2. MATERIAL AND METHODS

5.2.1. Material

Commercial ginger oleoresin (30% of ginger essential oil) was kindly donated by
NATUREX (S&o Paulo, Brazil). The solid lipid sample stearic acid (Sigma-Aldrich) was used
as solid lipid matrix, and oleic acid (VETEC, Rio de Janeiro, Brazil) as liquid lipid. All other

reagents used were of analytical grade.

5.2.2. Methods

5.2.2.1.  Compatibility of lipids and ginger oleoresin blend

The compatibility was determined using nuclear magnetic resonance (NMR)
spectrometry (Bruker Minispec PC120) and a high precision dry bath (0-70°C) (TCON 2000 -
Duratech, USA), according to the AOCS method Cd 16b-93. The compatibility or miscibility
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of the lipids and oleoresin blend was determined by the analysis of the isothermal solid
diagrams. This analysis was carried out in Laboratory of Oils and Fats located at School of

Food Engineering, UNICAMP.

5.2.2.2. Production of SLMs

Each lipid component and ginger oleoresin (GO) were weighed according to their
respective proportion, as shown in Table 5.1. The lipids were heated up to 85°C by a
temperature controlled water bath (Tecnal, TE-184, Piracicaba, Brazil). Then they were added
to GO and the mixture (0.050 kg) was kept under magnetic stirring. SLMs were obtained
using a Buchi-B290 spray dryer set to the spray chiller mode (Blchi, Flawil, Switzerland).
The mixture was fed into a heated double fluid atomizer with nozzle diameter of 2.0 mm
using a peristaltic pump, at a mass flow rate of 0.7 kg/h. SLMs were formed within a cooled

chamber where inlet air temperature was at 7°C.

Table 5.1. SLMs formulations

Samples (%, wiw)
I mm v
Ginger oleoresin (GO) 10 10 20 20
Stearic acid (SA) 90 75 80 65
Oleic acid (OA) - 15 - 15

Components

5.2.2.3. Storage Conditions for the Stability Study

After microparticles production, the powders and un-encapsulated ginger
oleoresin were stored in sealed airtight plastic containers, and were placed under two different
temperatures: 25 °C (ambient temperature) and 40 °C (extreme condition) for 84 days. For
each day of analysis, a container of each formulation was used, not returning the container to

the storage.

5.2.2.4.  Characterization of microparticles during storage

52.24.1. Crystalline structure
The crystalline structure of SLMs was determined by X-ray powder diffraction

technique. A Philips X-ray diffractometer (Analytical, X Ray X'Pert-MPD, Almelo,
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Netherlands) using X-rays of A=1.54056 A were generated by a Cu Ka source. The diffraction
was measured in the 26 range from 5 to 30° of 0.02°/s. Days of analysis: 0 and 84.

5.2.2.4.2. Surface morphology
The SLM surface was observed in a scanning electron microscope (SEM) (LEO

Electron Microscopy 440i, Oxford-Cambridge, England), which was performed with
accelerating voltage of 10 kV and a 50 pA beam current. Microparticles were covered with
thin layer of gold in a Sputter Coater Emitech (model k450, Kent, United Kingdom).
Micrographs were obtained with magnification of 500x and 5000x. Days of analysis: 0 and
84.

5.2.2.4.3. Mean volumetric diameter

The mean volumetric diameter (D,3), Equation 1, of the SLMs were determined
by the laser diffraction technique using in a Mastersizer 2000 (Malvern Instruments Ltd,
Malvern, UK). Days of analysis: 0 and 84.

Znidi4
" Ynd?

(1)

43

5.2.2.4.4. Stability of pungent compounds

The pungent compounds retention (%) during the storage stability was calculated
in relation to the proportions of 6-gingerol, 6-shogaol and zingerone present on day 0 in the
microparticles and in the un-encapsulated GO. The analysis was carried out on days
0,14,28,56 and 84.

Retention of the main GO pungent compounds (6-gingerol, 6-shogaol and
zingerone) was measured by HPLC (HPLC DIONEX, model LC UltiMate 3000, USA), using
the 1ISO 13685:1997 method (International Organization for Standardization, 1997).

5.2.2.45. Retention and stability of volatile compounds

During stability of SLMs, the volatile compounds retention were calculated based
on the ratios of the sums of the peak areas of ginger oleoresin compounds in the
microparticles and the peak areas of un-encapsulated GO compounds, obtained in GC-FID
(HP7990, Agilent Technologies, USA). The volatiles were analyzed with an HP-5 MS
capillary column (30 m x 0.25 mm x 0.25 m - J&W Scientific, USA), with helium carrier gas

at a flow rate of 1 mL/min, as described in Oriani et al. (2016).
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The degradation of a-zingiberene and B-sesquiphellandrene to ar-curcumene was
verified using the peak area values of each compound.

To measure the ginger oleoresin quality, the following consideration was taken:
sum of peak areas of volatiles, a-zingiberene and p-sesquiphellandrene, in relation to sum of

peak area of ar-curcumene. Low ratio value indicates higher oleoresin quality loss.

5.2.2.45.1. Kinetics models for the volatile release during storage
Zero Order and First-Order (Vazquez-Landaverde, Qian & Torres, 2007), Higuchi

(Wang, Ding, Tao & Chen, 2007), Hixson-Crowell (Partheniadis, Karakasidou, Vergkizi &
Nikolakakis, 2017) and Weibull/Avrami’s equation (Soottitantawat et al., 2004) release

kinetics models (Equations 2-6) were used to determine the suitable model (R? = 1) that
represent the volatile release during storage at different temperatures.

Zero Order equation:

Q =kt (2)
First Order equation:

Q=1 exp*D 3)
Higuchi equation:

Q =kt @
Hixson-Crowell equation:

Jo=1—kt (5)

Weibull equation/Avrami’s equation:

Q =1— expCkt? (6)

where Q is the amount (%) of volatile released at the time t, k is the release rate constant and

b is the release mechanism.

5.2.2.5.  Statistical analysis
Results were subjected to analysis of variance (ANOVA) and a Tukey test with a
significance level of 5%. The Minitab software trial edition (Minitab 16.1.0, Minitab Inc.,

State College, PA, USA) was used to compare the differences between the mean values.
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5.3. RESULTS AND DIscUsSION

5.3.1. Compatibility of lipids and ginger oleoresin blend

The combination of lipids with different chemical compositions can result in
different phase behaviors. Thus, to verify the compatibility among different lipids it is
necessary to study the phase behavior through phase diagrams, e.g., isothermal solid
diagrams. These diagrams define the solid fat content (SFC) at different temperatures vs.
blend compositions, and when the blends are compatible, isothermal solid diagrams are linear
(for ideal behavior) (Meng et al., 2011). However, as shown in Figure 5.1, the graphs showed
curvatures in both system (stearic acid and ginger oleoresin; stearic acid+oleic acid and ginger
oleoresin) and these mixtures can be qualified as non-ideal. The difference between curvature
graphs and linearity may be attributed to dissolution of some solid fat of one ingredient by
liquid fat from another ingredient (Braipson-Danthine & Deroanne, 2006).

Braipson-Danthine & Deroanne (2006) proposed to use second-order polynomial-
type relations of the graphs SFC vs. blend compositions due to curvature of the graphs, where
the equation SFC = a(x)? + b(x) + c is represented as: (x) is the concentration of fatty acid
in the system; a, b, and c are dependent on the fatty acid, on the temperature, on the thermal
history and also on the type of interaction existing between lipids and oleoresin. A high a/b
ratio value is observed for a strong incompatibility between the fats. The a value for an ideal
behavior is zero (Braipson-Danthine & Deroanne, 2006). Thus, for this present work, we can
observe in Figure 5.1 that resolving the a/b ratio in the polynomial equation (data not show),
at all temperatures, resulted in a lower value, practically zero. For the a parameter, all assays
showed a value near zero, thus it can be considered that the blend are come near to the
compatibility.

Comparing stearic acid+GO blend and stearic acid+oleic acid+GO blend, it is
possible to see that the a parameter showed a lower value for the blend containing oleic acid,
which can be an indication that the samples containing oleic acid are more compatible than
samples with stearic acid only and GO. This study showed that the mixture of fatty acid and

ginger oleoresin can be considered a compatible mixture, next to ideal behavior.



CAPiTULO V | 112

100 - y=0.0055x2-0.0188x + 33.107  y =0.0064x2- 0.0403x + 24.021 y =0.0076x2- 0.0936x + 16.494

R2=0.9285 R2=0.9281 R2=0.9394
10°C 20°C 30°C
R?= 09433 R2=0.9346 ~
O 40°C
L 60 -
n
X
° 40 -
20 | =TT T ieeeeeeeettt ** y=0.0148x2- 0.9318x + 9.6376
R2=0.851
...... e 60°C
O 1 T T T T 1
50 60 70 80 90 100
% Stearic Acid
60 - y=0.0027x2-0.0293x + 31.765 y =0.003x2+ 0.0226x + 22.341 y =0.0033x2 + 0.0579x + 14.125
R2 = 0.9380 Rz =0.9342
10°C 20°C
50 - y=0.004x2+ 0.0264x + 7.7425
40
2
o 30
5 y = 0.0044x2 - 0.0673x + 3.3873
> R? = 0.9857
20 - 50°C ..t
10 V= 0.0039x2 - 0.2368x + 3.401
......... R2=0.9678
.......... phvta
0 1 I 1
50 60 70 80 90 100
% Stearic Acid: Oleic Acid (15:3)
10°C = 20°C -— =30°C
- o« «/40°C meme 50°C  esesses 60 °C

Figure 5.1. Isothermal solid diagrams to verify compatibility of lipids and ginger oleoresin
blend. —: polynomial fit for each temperature. SFC: solid fat content

5.3.2. Characterization of SLMs during stability at different temperatures

5.3.2.1.  Crystalline structure, surface morphology and mean volumetric diameter

X-ray diffraction is used for the study of crystalline structure to identify crystal
polymorphs. Polymorphism is defined as the ability of a chemical compound to rearrange
itself through intermolecular interaction, inducing formation of specific crystalline structures
(Ensikat, Boese, Mader, Barthlott, & Koch, 2006; O’Brien, 2009; Sato & Ueno, 2011). The
possible difference in polymorphic forms during storage is an important characteristic to be
considered in SLMs. Stable polymorphic form can guarantee stability of the active compound
in the lipid matrix and the opposite behavior can cause the expulsion of the active during
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crystal reorganization (Mueller; Radtke; Wissing, 2002; Lopes et al., 2015). Diffractograms
presented in Figure 5.2 show the crystals peaks of SLMs during stability. The major peaks in
the diffraction angle for all samples on day zero were 20 = 21.5° and 24.1°, that are associated
with d-spacing of 4.1A and 3.7A, respectively, that represent an orthorhombic crystalline
structure (Ensikat, Boese, Mader, Barthlott, & Koch, 2006; O’Brien, 2009). After 84 days of
storage under both temperatures, the variation of diffraction angle was insignificant for
samples with oleic acid, and no variation in d-spacing was observed. However, storage at
40°C for the sample containing 90%(w/w) stearic acid presented in d-spacing, of 3.7A, a
small shift of the peak to the left, which could indicate some crystalline perturbation in these
particles. The orthorhombic form corresponds to a geometric structure that is associated to
facility in the incorporation of the active, due to numerous lattice defects (Jenning & Gohla,
2001; Zheng, Falkeborg, Zheng, Yang, & Xu, 2013).

Visually, all samples were a powder with a yellow color and fine aspect; however
samples with 20% ginger oleoresin showed a more intense yellow color. The morphology of
SLMs during stability maintained the characteristic of the spray chilling technique, resulting
in a spherical surface, dense with variable diameters and aggregated with smaller particles but
with no cracks, which ensures lower gas permeability and consequently bigger active
compound protection, Figure 5.3. The left side of Figure 5.3 presents representative particles
scanned at a magnification of 500x%; on the right, a closer look at individual particles at 5000x.
Formulations with oleic acid and 20% (w/w) ginger oleoresin resulted in smaller particles
adhered to the surface of those with larger sizes, on day zero. Agglomeration may occur due
to the microparticles not being completely solidified when they reach the cooling chamber
(Consoli, Grimaldi, Sartori, Menegalli, & Hubinger, 2016). The SLMs images after 84 days at
different storage temperatures showed irregular surfaces and the formulations with oleic acid
resulted in wavy surfaces, different from the same particles on day zero that showed few
crystals located on the microparticles surface. Formulation with 90%(w/w) stearic acid
exposed less smooth surfaces. The temperature and storage time can influence the crystallinity
of the lipids. As was observed via X-ray diffraction, formulations with only stearic acid
presented small shift of the peak to the left at 40°C, that is associated to the crystalline
structure perturbation. The production of particles with spherical shape facilitates the flow of
the powder and its application. Particle agglomeration may also contribute to powder
application due to the reduction of dust formation (Pelissari et al, 2016).
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The mean volumetric diameters (D43) of SLMs on day zero ranged from 24um to
38um (Figure 5.3). The addition of oleic acid and higher oleoresin concentration in the
formulations contributed to an increase of the mean volumetric diameters. High concentration
of unsaturated lipids has shown to be related to the occurrence of higher mean volumetric
diameters due to smaller compact crystal structure (Ribeiro, Arellano, & Grosso, 2012; Alvim
et al., 2013; Oriani et al., 2016). During storage, the volumetric diameters showed increases at
different temperatures compared to day zero, probably a result of agglomeration or crystalline

structures melting.
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Figure 5. 2. X-ray diffraction of SLMs on days 0 and 84, storage at 25°C and 40°C. Trace indicates the crystal spacing corresponding to
crystalline structure on day 0.
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Figure 5.3. Scanning electron microscopy at magnifications 500x and 5000>< Mean volumetric diameter (D43) obtained during storage at

different temperatures. SA: stearic acid. OA: oleic acid. GO: ginger oleoresin.*
significant difference (p<0.05) by Tukey test.

b Different lowercase letters in each line represent statistically
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5.3.3. Stability of 6-gingerol, 6-shogaol and zingerone

All samples and ginger oleoresin (un-encapsulated), on day zero, presented
pungent compounds as, approximately, 115 mg of 6-gingerol, 35 mg of 6-shogaol and 25 mg
of zingerone, in relation to one gram of oleoresin, according to Figure 5.4. In fresh ginger the
shogaols and zingerone content is insignificant. Both are formed when ginger is heated up to
high temperatures, which results in degradation of gingerol compounds (Bailey-Shaw et al.,
2008; An, Zhao, Wang, Wu, Xu, & Xiao, 2016). The results obtained in this work are typical
of ginger oleoresin, which presented higher 6-gingerol content than the other compounds.
Thus, for the initial study of SLMs stability it was ensured that the spray chilling process did
not induce ginger oleoresin quality loss (Oriani, et. al, 2016; Varakumar, Umesh, & Singhal,
2017).

During storage at 25°C, the SLMs or ginger oleoresin (un-encapsulated) did not
show alteration in pungent compounds, as displayed in Figure 5.4. Un-encapsulated ginger
oleoresin maintained stable during storage at 40°C, however, storage higher temperature
resulted in modification of pungent compounds for SLMs. Particles containing oleic acid
(samples Il and 1V) showed a lower 6-gingerol concentration after the 56th-day of storage and
an increase of 6-shogaol concentration, in the same period. Samples I and 111 showed a slight
variation in 6-gingerol and 6-shogaol. Bhattarai, Tran, & Duke (2001 and 2007) showed that
the degradation of gingerol to form shogaol was dependent on temperature and acidic
catalyzed dehydration environment. Thus, the oxidation products of lipids containing to
formation of SLMs could lead to formation of compounds that resulted in an acidic
environment and in association with temperature lead to gingerol degradation reaction,
principally for formulations containing unsaturated lipids. Unsaturated fatty acids are
susceptible to oxidation at higher temperatures. This produces rancidity in oil, with the
accompanying off flavors and smells (O’Brien, 2009).

The zingerone compound showed no difference during storage at all temperature,
which is a good result for SLMs and un-encapsualted GO, because zingerone is a product of
gingerol degradation, by condensation, that can cause GO off-flavor.

Storage at 25°C did not present any difference for pungent compounds after 84-
days of storage, and the same consideration is applied to samples I, 111 and un-encapsulated

oleoresin storage at 40°C.
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Figure 5.4. Pungent compounds stability. (GO) Un-encapsulated ginger oleoresin. Solid lipid microparticles: (I) 90%SA; 10%GO
(IN75%SA; 15%0A,; 10%GO (111)80%SA; 20%GO (1V)65%SA,; 15%A0; 20%G0O. SA:stearic acid. OA:oleic acid.
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5.3.4. Volatile retention during storage

The retention profile of the volatile compounds in SLMs and un-encapsulated
ginger oleoresin was monitored at 25 and 40°C during 84 days. The retention behaviors are
shown in Figure 5.5. In all cases, the volatile retention was defined as the ratio of the residual

amount of volatiles in each day in relation to the initial amount.
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Figure 5.5. Volatile retention during storage at 25 and 40°C. (Ginger Oleoresin) Un-
encapsulated ginger oleoresin. Solid lipid microparticles: (1) 90%SA; 10%GO (11)75%SA,;
15%0A; 10%GO (111)80%SA; 20%GO (IV)65%SA; 15%A0; 20%GO. SA:stearic acid.
OA:oleic acid.

Specifically, the ability of samples 1V to retain the aroma compound was greater
than samples I, 1, 11l and un-encapsulated GO. Over 84 days at 25°C, the volatile retention
was approximately 30% and 51%, for Il and 1V respectively, and for I and Il it was 11% and
19%, respectively. At 40°C, retention decreased to 19 and 30%, for Il and IV respectively.
The storage temperature had a pronounced effect on the volatile retention. Storage at 40°C
promotes rapid volatilization of un-encapsulated GO and after the 28th day, resulted in lower
retention.

Samples containing oleic acid presented the best volatile retention. The efficiency
of oleic acid to stabilize volatile compounds at all temperatures could possibly be due to better

compatibility of ginger oleoresin-oleic acid, as shown in Figure 5.1. According to Paravisini
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& Guichard (2016) the retention or release behavior of volatile compounds mostly depends on
their solubility in the lipid matrix, and the presence of unsaturated fatty acids leads to higher
solubility of volatile compounds; however the incorporation of a high amount of solid lipids
reduces their solubility, thus increasing their release. As demonstrated in storage at 40°C on
day 7, particles with only stearic acid (I and Ill) resulted in a release of about 65-80%.
According to Wissing, Kayser & Mueller (2004) for the active compounds on the outer
surface of the matrix, the release is fast, like a burst effect, or even at short distance between

the active and the matrix surface the release may be quick.

5.34.1.  Kinetics models for the volatile release during stability

Volatile release modeling studies were performed on SLMs and un-encapsulated
GO as a means to verify release mechanisms of the volatiles. Table 5.2 shows the release-
kinetics correlation coefficients (R%) of samples in accordance to each mathematical model
evaluated.

Controlled release is mainly described by zero order and first order Kinetics to
uniform particles, in relation to morphology, size and other characteristics. Variable
morphology, shell materials, variable particle size, and release environment could differ from
zero or first order (Shahidi & Han, 1993; Ho; Joyce & Bhandari, 2011). Un-encapsulated
ginger oleoresin storage at 25°C presented First-Order as the best release model that
associates the release rate dependence of the active concentration. Avrami’s/Weibull equation
was used to show the release mechanism, which is associated with b parameter (Table 5.3), in
accordance to Soottitantawat et al. (2004): b = 1 represents the first order release mechanism;
b < 1 means that the molecular diffusion became rate limiting; and b > 1, show a quickly
release with an induction period.

Avrami’s equation was the best fit for GO-volatile release from SLMs at different
temperatures condition and showed b < 1 for all assay, and corresponded to the diffusion
limited system (Ho; Joyce & Bhandari, 2011). For each sample the increase of storage
temperature showed increase in the release rate constant (k — Table 5.3), thus SLMs at higher
temperature resulted in quickly release, comparing the same sample at 25°C. Samples
containing oleic acid (Il and IV) resulted in lower k-value at 40°C, this can be a consequence
of volatile solubility in oleic acid that favored the slowly released. The k-value can be a
significant index to indicate that the GO volatiles release in SLMs is dependent of matrix

composition and storage temperature.
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Table 5.2. Best-fitting models for volatile release. Release-kinetics correlation coefficients
(R?) for derived models

Zero  First ) ~ Hixson- ]
Higuchi Weibull*
Order Order ) Crowell )
2 2 R 2 R )
(R (R) (R

GO (25°C) 0.889 0986 09830 009703  0.959
GO (40°C) 0554 0795 0.8431 07443  0.967
| (25°C)  0.629 0.849 08732 07796  0.939
| (40°C) 0331 0633 06023 05013  0.908
I1(25°C) 0705 0.835 0.8521 0.8079  0.961
11 (40°C) 0567 0.788 0.8248 0.7155  0.940
111 (25°C) 0.650 0.840 08704 0.7803  0.872
111 (40°C) 0398 0.605 0.6822 05272  0.878
IV(25°C) 0.655 0745 0.8612 0.7157  0.890
IV (40°C) 0524 0652 0.7890 06101  0.817

(GO) Un-encapsulated ginger oleoresin. Solid lipid microparticles: (I) 90%SA; 10%GO (1)
75%SA; 15%0A,; 10%GO (I11) 80%SA; 20%G0O (IV) 65%SA; 15%A0; 20%G0. SA:stearic
acid. OA:oleic acid. *Avrami’s equation.

Table 5.3. Weibull shape b parameter values indicating release mechanism and release rate
constant (k value) of Weibull/Avrami’s equation.

b values k (1/day)
OG (25 °C) 0.96 0.03
OG (40 °C) 0.31 0.41
I (25°C) 0.58 0.19
I (40 °C) 0.19 1.13
11 (25 °C) 0.47 0.16
11 (40 °C) 0.34 0.37
111 (25 °C) 0.48 0.19
111 (40 °C) 0.26 0.69
IV (25 °C) 0.30 0.16

IV (40 °C) 0.28 0.36
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5.3.5. Stability of the main volatile compounds

The ginger oleoresin extraction process does not result in ginger volatile
compounds, thus the essential oil is obtained separately and is added to the oleoresin to
maintain the product similar to fresh ginger. The ginger essential oil, which is a mixture of
monoterpene and sesquiterpene compounds, contains the volatiles responsible for the
characteristic ginger flavor and a-zingiberene is its major component, with 35%, followed by
B-sesquiphellandrene (15%) and ar-curcumene (14%) (Huang, Wang, Chu, & Qin, 2012;
Bellik et. al, 2013). The increases of ar-curcumene and decreases of a-zingiberene and [3-
sesquiphellandrene are responsible for the GO quality loss. The storage at high temperatures
can result in a-zingiberene degradation and ar-curcumene formation (Balakrishnan, 2005).
Thus, Table 5.4 presents the behavior of the main ginger volatile compounds during storage
and the consideration of the ratio in GO compounds to evaluate the ginger quality.

On day zero, all volatile compounds were present in the ideal proportion of ginger
volatiles, thus they were shown as 100%, as can be seen in Table 5.4. Each sample, on day 7
or day 14, at 25°C, showed similar percentage for all volatile compounds, indicating that no
degradation occurred, but volatile release happened, because the proportion for each
compound diminish comparing day 7 with day 14. For samples I, 1l and un-encapsulated GO,
on 28th day at 25°C, the high percentage of ar-curcumene and low for o-zingiberene
indicated that a-zingiberene converted to ar-curcumene, probably the matrix composition,
that present just stearic acid, was not able to maintain or protect volatile compounds, thus
resulted in degradation of volatiles similar as GO un-encapsulated. At 40°C, from the 7th, the
high proportion of ar-curcumene, comparing two others compounds, was observed for GO
and samples 111 and 1V, indicating a-zingiberene degradation.

The sample II (at 25°C), containing 10% GO and oleic acid, displayed the best
results for the stability of ginger volatile compounds, because for each day until the end of
storage all compounds maintained the same proportion, that is, not present statistical
differences, resulting in no degradation of a-zingiberene. Addition of oleic acid in the
particles containing until 10% GO guaranteed affinity between matrix and volatile
compounds to support storage condition and not occur ginger compound degradation,
however the lipid matrix assured 30% of volatile retention (as shown in section 5.3.4).

The ratio of main volatile compounds is just to verify the behavior of compounds

during storage. Sample that presented little variation in ratio on days 0 and 84, it was possible



CAPiTULO V | 123

affirm that show good ginger volatile quality, because all compounds maintained in the same
proportion. The relation showed that high temperatures for GO and SLMs storage was not
adequate to maintaining volatile quality, because the ratio of compounds presented a low
value (< 2) in all samples at the end of storage, comparing initial value, this result is
consequence of ar-curcumene increases. Sample II presented lower variation of the ratio at
25°C, from 3.7 to 3.0 (Table 5.4), this is an indication that SLMs containing unsaturated lipids
can be able to guarantee quality for ginger volatiles better than un-encapsulated ginger

oleoresin, that showed variation of the ratio from 4.5, at day zero, and 1.1, at end of storage.
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Table 5.4. Retention of majority compounds (ar-curcumene, o-zingiberene and -
sesquiphellandrene) in SLMs and the ratio of major compounds as an indication of GO

quality during storage.

25°C 40°C
g 5 3 5 | & g S 5
38 B EX ®w= 3 X 52y £ BT
5< c <= o o t 5< c <~ S o +
Q N =] 3 Q N =) 3

@ 5 2 T = 8 2

& &

Ginger Oleoresin
0 100 100 100 4.5 100 100 100 45
7 78+5%  T71+2%  73+3* 4.2 46+3%  36x2° 45428 3.8
14  64+4% 58+4° 6246 4.2 34+3%  15+1° 27+3° 2.5
28  59+3* 50+3° 60+4° 4.1 27428 3x1° 11+3° 1.0
56  49+2% 15+1° 30+3° 1.8 2041 2+1° 7+1° 0.7
84  37+4* 6x1° 17+2° 1.1 17+¢1°  1+1° 642" 0.8
I - 90% SA: 10% GO
0 100 100 100 45 100 100 100 45
7  63+2% 58+4* 66+3° 4.3 22438 17+3% 21447 3.6
14  39+4% 34+5% 41+6° 4.1 20428 11+2°  14+1° 2.6
28 42+3%  16+2° 20+3° 2.5 21+1%  9+1°  15+3° 2.3
56  22+4* 11+2° 16+3* 1.8 21+4%  6x2°  11+4° 15
84  27+4%  7+2°  12+42° 1.3 13+12  3+1° 6+1° 1.2
Il - 75% SA; 15% OA; 10% GO
0 100 100 100 3.6 100 100 100 3.6
7 68+3% 69+2° T72+4% 37 50+2%  45+3%  50+3? 3.3
14  5246% 51+4° 54+5% 35 4945% 4343  49+4° 3.2
28  A47+4*  45+4%  A7+4* 3.4 47+5%  20+3°  32+4° 1.8
56  38+3% 32+4% 34+2° 3.1 4445°  15+4°  27+3° 15
84  32+6° 27+4% 30+4* 3.0 41+5%  9+3°  21+4° 1.1
111 - 80% SA; 20% GO
0 100 100 100 4.4 100 100 100 4.4
7  80+7% 59+9° 70+6® 35 44+3% 3243 39+4® 3.4
14  39+1% 3842 40+2° 4.3 33+3%  12+1°  20+4° 2.3
28  44+5% 35+1° 4243 37 3845  8+1°  19+3° 1.3
56  4545% 2243° 31+2° 2.4 36+3° 9+2°  19+3° 15
84  46x7°  9+2°  20+3° 1.2 35+3%  10+1°  19+2° 1.6
IV - 65% SA; 15% OA:; 20% GO

0 100 100 100 3.7 100 100 100 3.7
7 83+7% 71+4® 78+5% 3.3 65+4% 51+5° 58+7* 3.0
14  68+5* 63+6*° 61+3* 35 65+3%  46+3° 59+4% 2.8
28  T71+3% 64+4° 68+4* 3.4 54+6%  23+3°  35+4° 1.9
56  69+5% 54+4° 61+6° 3.0 61+4%  18+3°  34+5° 1.4
84  67+7% 44+5° 53+7*® 26 68+2%  13+4°  32+3° 1.1

GO: ginger oleoresin. SA: stearic acid. OA: oleic acid.
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5.4. CONCLUSION

Storage of SLMs at 40°C showed that the presence of oleic acid can interfere with
the degradation of 6-gingerol, however at ambient temperature the SLMs guarantee great
ginger oleoresin performance. Samples with oleic acid ensured a better stability of the volatile
a-zingiberene and B-sesquiphellandene compounds. In general, this work presented good
results for SLMs because they can be a substitute for un-encapsulated ginger oleoresin in food
applications, guaranteeing better distribution within foods due to their conversion to powder,
and reliability in maintaining the quality of ginger pungent and volatile compounds at ambient

storage temperature.
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6.1. DiscussAo GERAL

O uso de oleoresina tem aumentado significativamente na industria de alimentos,
por facilidade no processamento (mistura e sabor padronizado) e por apresentar maior
seguranga bioldgica (sem contaminagdo microbiana). A oleoresina de gengibre apresenta
sensibilidade quando exposta a condi¢bes adversas de armazenagem, resultando em uma vida
de prateleira curta. Além disso, o aquecimento no preparo do alimento pode conduzir a perda
de compostos volateis e de pungéncia, causando a reducdo da qualidade do sabor global. A
utilizacdo de técnicas para microencapsulacao de oleoresina de gengibre tem como finalidade
diminuir a velocidade de degradacdo dos compostos de pungéncia e volateis ou diminuir a
transferéncia dos compostos encapsulados para o meio durante o armazenamento, facilitar a
manipulacdo, promover liberacdo controlada e a diluicdo homogénea do material na forma de
po para as formulagBes alimenticias. A microencapsulagdo por spray chilling tem sido
bastante estudada nos Gltimos anos nas areas farmacéutica e veterindria, mas ha poucos
estudos para aplicacGes em alimentos. Assim, o presente trabalho tornou-se uma escolha
interessante para conhecer o comportamento da particula solida lipidica contendo oleoresina
desde a caracterizacdo, liberagdo e estabilidade da microparticula.

No inicio deste trabalho, o principal foco foi a escolha da matriz lipidica para
garantir a formacéo das microparticulas lipidicas solidas, a qual foi descrita no Apéndice A.
Devido a complexa composicdo da oleoresina de gengibre, lipidios com caracteristicas
apolares ndo apresentaram homogeneizacdo na oleoresina, consequentemente o0 uso de
lipidios comercialmente disponiveis, como o 6leo de soja e palma totalmente hidrogenado e
cera de carnalba, foram descartados. Assim, &cidos graxos livres, como &cido palmitico,
estedrico foram os lipidios selecionados para o estudo inicial da caracterizacdo das
microparticulas sélidas lipidicas devido a homogeneizacdo na oleoresina de gengibre.
Conforme descrito no Capitulo 111, os estudos foram iniciados com a formacdo e
caracterizacdo das microparticulas lipidicas. Alguns estudos envolvendo a técnica de spray
chilling para a formacdo de microparticulas solidas utilizaram na matriz lipidica a adicdo de
lipidios insaturados para uma possivel melhora na retencdo do ativo. Portanto, a fim de
verificar o comportamento da oleoresina de gengibre, foram incorporados na matriz sélida
contendo acido palmitico os lipidios com moléculas insaturadas: &cido oleico ou gordura de
palma. As microparticulas sélidas foram detalhadamente caracterizadas, utilizando a técnica
de calorimetria diferencial de varredura, que mostrou a influéncia da adicdo lipidios

insaturados na reducdo do ponto de fusdo da microparticulas, além de constatar que o
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comportamento da cristalizacdo das microparticulas solidas influenciou na retencdo de
volateis. Portanto, particulas nas quais houve predominéncia de lipidios saturados resultaram
em rapida cristalizacdo e consequentemente maior retencdo dos compostos volateis da
oleoresina de gengibre. Através da técnica confocal de varredura a laser, foi verificado que a
oleoresina apresentou-se dispersa por toda a microparticula, sendo que a fluorescéncia
observada por essa técnica foi devido a presenga dos compostos de pungéncia que apresentam
propriedades fluorescentes, sendo que esses mesmos compostos exibiram alta retencdo nas
microparticulas. Esse estudo inicial mostrou que spray chilling pode ser uma técnica
promissora para a produgdo de microparticulas lipidicas contendo oleoresina de gengibre.

Para a continuacdo dos estudos, optou-se por substituir o acido palmitico pelo
acido estearico, visto que ambos sdo lipidios sélidos a temperatura ambiente, porém
nutricionalmente o acido estearico apresenta minimo efeito sobre o colesterol, visto que no
organismo se converte rapidamente para acido oleico. Assim, no Capitulo IV foi proposto
caracterizar as particulas contendo &cido estearico e adicionar essas particulas em uma
emulsdo modelo para verificar a liberacdo da oleoresina de gengibre em diferentes
temperaturas de estocagem. Microparticulas lipidicas, independente da concentracdo de
oleoresina adicionada, logo ap6s a homogeneizagdo liberaram para a emulsdo quantidade
significativa dos compostos volateis e pungentes, devido a afinidade da matriz lipidica e a
porcdo lipofilica da emulsdo, favorecendo a dissolucdo das particulas, consequentemente
liberando a oleoresina para 0 meio. No final dos 28 dias de estocagem da emulsédo, foi
verificado que as particulas remanescentes apresentaram (visualmente) minima dissolucéo. A
liberagdo verificada atraves da analise de antioxidante nas temperaturas de 10 e 25°C ndo
apresentaram diferenca significativa. Porém, a estocagem a 40°C resultou na total liberacéo
dos compostos de pungéncia, associada a temperatura € a homogeneizacao inicial como
responsaveis pela dissolucdo da particula. Os graficos apresentando a liberacdo da oleoresina
em funcdo da atuacdo como antioxidante mostraram que a estocagem influenciou no
comportamento antioxidante da oleoresina, visto que a 40°C no 14° dia houve decréscimo, o
gue nos levou a investigar a oxidacdo da emulsdo. Posteriormente foi constatado que a
temperatura de 40°C foi propicia & oxidacdo do 6leo da emulsdo, porém a emulsédo contendo
oleoresina sofreu menos efeito da oxidagdo do que a emulsdo modelo. Nesse Capitulo foram
verificados dois aspectos importantes das microparticulas lipidicas solidas contendo

oleoresina de gengibre: a incorporacdo em alimentos das microparticulas contendo oleoresina
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de gengibre pode favorecer a liberacdo retardada dos compostos volateis e de pungéncia, além
de promover a atuagdo como antioxidante natural em emulsoes.

No Capitulo V, durante o estudo da estabilidade das microparticulas lipidicas
estocadas em diferentes temperaturas, verificou-se que as particulas contendo acido oleico
apresentaram a degradacdo do 6-gingerol quando estocadas a 40 °C, devido a possivel
oxidacdo do lipidio insaturado, que resultou na formacdo de compostos que conduziram a
reacdo de degradacdo para 6-shogaol. No inicio e final do armazenamento, a estrutura
cristalina das particulas foi mantida, ndo apresentando nenhuma alteracéo polimorfica, porém
a particula com 90% (m/m) de éacido estearico mostrou um leve deslocamento em um dos
picos relacionados as estruturas cristalinas. A mesma formulacdo resultou em répida perda
dos volateis nessa temperatura de estocagem, podendo ser um indicativo de uma possivel
organizacdo polimorfica que permitiu uma rapida expulsdao do ativo ou mesmo devido a
menor compatibilidade do acido estearico com os volateis, ja que a amostra com 80% (m/m)
do mesmo lipidio também mostrou maior perda de volateis. A microscopia eletrénica de
varredura a laser apresentou as particulas como o mesmo formato ao final do armazenamento,
sendo assim garante que as mesmas podem ser utilizadas para a aplicacdo em alimentos,
garantindo melhor distribuicdo da oleoresina na forma de produto em p6. Os compostos
volateis majoritarios a-zingibereno e -sesquifelandreno apresentaram melhor estabilidade na

presenca do &cido oleico, para a amostra com 10% (m/m) de oleoresina de gengibre.
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7.1. CoNcLUSAO GERAL

e No Capitulo 111, a caracterizagédo das particulas mostrou que a adicao de acido
oleico ou gordura de palma na matriz solida, acido palmitico, interferiu na cristalizacdo da
particula e influenciou a retengdo dos volateis da oleoresina de gengibre, sendo que quanto
maior a concentracao de lipidios insaturados na particula, menor a retencdo. Porém nao afetou
a retencdo dos compostos de pungéncia.

e As microparticulas lipidicas caracterizadas no Capitulo 111 e Capitulo 1V,
contendo acido palmitico e &cido estearico, respectivamente, como matriz soélida
predominante, apresentaram comportamento semelhante: conforme houve a adicéo de lipidio
insaturado, a particula reteve menos volateis.

e A adicdo de particulas contendo oleoresina na emulsdo modelo, Capitulo 1V,
apresentou-se como alternativa para retardar o contato do flavor no alimento, visto que
somente a temperatura ou afinidade da matriz alimenticia com a particula foi capaz de liberar
0 ativo para o alimento.

e Tanto as particulas contendo oleoresina como a oleoresina livre apresentaram
capacidade antioxidante para o 6leo da emulsdo, sendo efetiva para retardar a oxidacéo,
quando comparado a emulsdo sem oleoresina, Capitulo 1V.

e No Capitulo V, verificou-se que as particulas com acido oleico apresentaram
maior retencdo dos volateis da oleoresina de gengibre durante a estocagem devido a maior
solubilidade e afinidade que ha entre lipidios liquidos e volateis. As particulas somente com
acido estearico resultaram em menor retencéo devido a matriz sélida formada por esse lipidio
ter menor afinidade com os volateis e no decorrer dos dias ocorreu a expulsao das moléculas.

e A alta temperatura de estocagem ocasionou a degradacdo do composto volatil
a-zingibereno para ar-curcumeno, Capitulo V, porém as particulas com &cido oleico na
composicao e estocadas a temperatura ambiente foram eficientes para manter a qualidade da
oleoresina de gengibre comparado a oleoresina livre.

e Todos os resultados obtidos nesta tese apresentaram as microparticulas
lipidicas sélidas contendo oleoresina de gengibre como potencial ingrediente a ser
incorporado pela industria alimenticia ou farmacéutica, visto que as caracteristicas de facilitar
0 manuseio devido a conversdo para poO, além de possibilitar melhor desempenho na
estocagem quando analisados os compostos volateis e de pungéncia contribuem como

beneficios  comparando a  oleoresina de  gengibre na  forma livre.
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8.1. SUGESTOES PARA TRABALHOS FUTUROS

Aperfeicoar as microparticulas lipidicas contendo oleoresina de gengibre utilizando
lipidios com menor custo de aquisi¢édo para disponibilizar particulas economicamente
viaveis para as industrias alimenticia ou farmacéutica:

v Estudar a incorporacdo de 6leo de soja totalmente hidrogenado e 6leo de soja na
formacéo de particulas sélidas contendo oleoresina de gengibre pela técnica de spray chilling.

v Utilizacdo de emulsificantes com caracteristicas lipofilicas para formacdo de emulsdo
do tipo agua em o6leo (a/o0), para verificar a homogeneizacdo dos lipidios apolares com a
oleoresina. As sugestdes de emulsificantes comerciais sdo os derivados de monoglicerideos
destilados (Datem® e Dimodan®).

v" Analisar a compatibilidade das emulsdes que apresentarem estabilidade durante a
homogeneizacao.

v Verificado que ha a formacdo de emulsdo compativel e que é possivel formacao de
microparticulas lipidicas sélidas pela tecnica spray chilling, € interessante analisar o
comportamento dos volateis e compostos de pungéncia durante a estocagem em diferentes

temperaturas e assim comparar com o presente estudo.

Comparar microparticulas contendo oleoresina de gengibre a partir de diferentes
processos: spray drying e spray chilling
v' Estudo detalhado sobre microparticulas de spray drying contendo oleoresina de
gengibre ndo foi encontrado na literatura, podendo ser avaliado a fim de comparagdo com as
microparticulas obtidas por spray chilling, como por exemplo, a estabilidade e

comportamento na aplicacdo em alimentos.

Estudar a influéncia de alguns materiais presentes na formacéo de uma emulsao (o/a)

para a liberacdo dos volateis e compostos de pungéncia da microparticula lipidica

v Influéncia da composicdo e concentracdo do 6leo da emulsdo para liberacdo dos
volateis na microparticula lipidica (diferentes tipos de 6leos variando a composicéo de acidos
graxos e estado fisico).

v" Composicao dos agentes espessantes para auxiliar a retencdo dos volateis na emulséo.

v Diferentes tipos de emulsificante (s6lidos e liquidos).

v Estudo de vida de prateleira acima de 120 dias.
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APENDICE A: CARACTERIZACAO DAS MATERIAS PRIMAS E MISCIBILIDADE
DA MISTURA BINARIA OLEORESINA - LIPIDIO

Este apéndice apresenta a caracterizacdo das matérias primas, envolvendo o0s

lipidios carreadores e principalmente a oleoresina de gengibre. Um estudo inicial para
definicdo dos lipidios carreadores para a formacgdo das particulas foi necessario. Os &cidos
graxos palmitico, estearico e oleico proporcionaram miscibilidade com a oleoresina de
gengibre, sendo também adicionada ao sistema de carreadores lipidicos a gordura de palma,
porém a gordura deve ser associada junto com um &cido graxo, pois lipidios com

caracteristicas apolares ndo apresentaram afinidades com a oleoresina de gengibre.

ETAPA 1: CARACTERIZACAO DE CARREADORES LIPIDICOS E OLEORESINA
DE GENGIBRE

Caracterizacdo dos Carreadores Lipidicos

Caracterizacdo Lipidica em Acidos Graxos

A Tabela 1 apresenta a composicdo em &cidos graxos dos carreadores lipidicos
que foram utilizados para a formacdo da microparticula, essa analise foi realizada no
Laboratorio de Oleos e Gorduras pertencente ao Departamento de Tecnologia de Alimentos
da Faculdade de Engenharia de Alimentos - UNICAMP.

Tabela 1. Composicao em acidos graxos dos carreadores lipidicos
Acido Graxo Acido Palmitico  Acido Estearico  Acido Oleico Gordura de Palma

C12:0 (%) - - - 1,19+0,01
C14:0 (%) 0,72+0,01 - 0,31+0,01 1,30+0,01
C16:0 (%) 98,94:0,04 1,32+0,23 5,91+0,02 39,94:0,01
C18:0 (%) 0,22+0,01 97,54:0,24 1,63+0,01 8,16+0,04
C18:1 (%) - - 77,76+0,02 37,62+0,01
C18:2 (%) - - 11,60+0,12 10,20+0,02
C18:3 (%) - - - 0,22+0,01

A composicéo lipidica da gordura de palma utilizada é tipica de 6leos e gorduras,
conforme é possivel verificar na Tabela 2, com a predominéncia da classe lipidica dos
triacilglicerdis (91%), sendo também verificada a presenca de 8% de diacilglicerois, essa

classe lipidica pode influenciar no polimorfismo desse lipidio. Essa anélise foi realizada no



APENDICE A | 156

Laboratorio de Oleos e Gorduras pertencente ao Departamento de Tecnologia de Alimentos
da Faculdade de Engenharia de Alimentos — UNICAMP, utilizando Cromatografia de Alta
Eficiéncia por Exclusdo Molecular (HPSEC).

Tabela 2. Composicao lipidica e classificacdo triacilglicerolica da gordura de palma.
Composicao lipidica %

Monoacilglicerdis + acidos graxos livres  0,7+0,1

diacilglicerois 8,1+0,7
triacilglicerdis 91,2£1,0
Classes dos triacilglicerois %
SSS (31,5-73,5 °C)* 13,6
SUS (18,6 — 39,8 °C)* 38,4
SUU (-5,6 — 23,7 °C)* 40,7
UUU (-24,2 - 5,6 °C)* 6,9

S: lipidio saturado. U: lipidio insaturado

*Faixa de fusdo obtida através das informag6es contida em Hidalgo e Zamora (2004) e O’Brien (2008).

A composicdo em triacilglicerdis da gordura de palma foi obtida através da
plataforma LAMES instalada na Universidade Federal de Goiéas

(http://projetos.extras.ufg.br/plames/), sendo a classificacao triacilglicerdlica de acordo com a

Tabela 2. A composicdo em triacilglicerdis dos tipos trissaturados (SSS), monoinsaturados
(SUS), diinsaturados (SUU) e triinsaturados (UUU) apresentam diferentes regies de ponto de
fusdo e para a gordura e devido a essa composicdo heterogénea, faz com que esse lipidio
apresente diferentes picos de fusao.

O objetivo de utilizar o &cido oleico e a gordura de palma foi acrescentar lipidios
insaturados, assim modificar a cristalizacdo da mistura lipidica da matriz e consequentemente
verificar como seria o comportamento da oleoresina diante da adicdo desses lipidios

moduladores.

Comportamento Térmico

O comportamento térmico dos materiais lipidicos foi avaliado por analise
calorimétrica de varredura (DSC).

A temperatura média de transicdo de fase na fusdo e cristalizagdo do acido

palmitico foi de 63,19 £+ 0,54 °C (Pico 1) e 54,88 £ 1,06 °C (Pico 2), respectivamente, e para


http://projetos.extras.ufg.br/plames/
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o0 acido estearico a fusdo foi em 69,76 + 0,52 °C (Pico 1) e 60,41 + 0,69 °C (Pico 2) na
cristalizagdo, conforme Figura 1 e Figura 2.

A energia necessaria para que ocorra a transicdo de fase na fusdo e cristalizagao
do acido palmitico ¢ -212,23+1,26 J/g e 215,97+2,69 J/g, respectivamente. No acido estearico
a energia foi de -214,15+1,67 J/g para a fusao e 219,10+1,44 J/g para a cristalizagao.
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Figura 1. Curva de aquecimento e resfriamento do acido palmitico obtida por DSC.
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Figura 2. Curva de aquecimento e resfriamento do acido estearico obtida por DSC.

A curva de aquecimento e resfriamento do &cido oleico (Figura 3) apresenta dois
picos de transicdo de fase em cada curva, diferentemente dos &cidos graxos palmitico e
estearico. A presenca de um pico endotérmico (~ -25 °C — pico 1) é detectada na curva de
aquecimento e uma das hipoteses € devido a composicéo desse lipidio, que ndo € 100% puro,
conforme a Tabela 1. Na composicao lipidica é encontrado 11,6% de &cido linoleico (C18:2),

assim esse pico pode ser relacionado com a fusdo desse lipidio. Como outra hipotese, a
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literatura apresenta o pico de menor intensidade com uma transi¢do polimorfica, na qual os
cristais se reorganizam em uma nova fase cristalina mais estavel (CEDENO et al., 2001;
ECKERT et al., 2016).

A temperatura de transicdo de fase na fusdo solido-liquido do &cido oleico foi de
8,21+0,02 °C (pico mais intenso - 2). O pico 3 esta relacionado com a cristalizagdo do acido

oleico (C18:1), onde passa da fase liquida para a sélida.
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Figura 3.Curva de aquecimento ¢ resfriamento do acido oleico obtida por DSC.

A gordura de palma utilizada neste trabalho apresentou curva de fusédo
caracteristica desse lipidio, Figura 4. Esse perfil de fusdo é devido a diversificagdo na
composicdo lipidica, resultante de uma fracdo de baixo ponto de fusdo e outra de alto ponto de
fusdo conhecidas como a fracdo de oleina (pico 1) e estearina (pico 2) de palma,

respectivamente.
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Figura 4.Curva de fusdo da gordura de palma obtida por DSC. Linha pontilhada representa
a temperatura de fusdo da gordura de palma.
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As curvas de DSC para a cristalizagdo da gordura de palma sdo mostradas na
Figura 5. A subdivisdo da curva de cristalizacdo da amostra de gordura de palma em
diferentes picos exotérmicos corresponde as diferentes fracdes lipidicas de oleina (Pico 2) e

estearina (Pico 1).
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Figura 5. Curva de cristaliza¢ao da gordura de palma obtida por DSC.

Polimorfismo de Cristais Lipidicos
Pela andlise de Difracdo de Raios-X (DRX) foi possivel verificar a estrutura

cristalina presente nos &cidos graxos e na gordura de palma. Através da analise de
espectroscopia na regido do infravermelho (FTIR) foi verificado o polimorfismo para os
acidos graxos, sendo essa andlise realizada no Laboratério Multiusuarios do Instituto de
Fisica IFGW — LAMULT — UNICAMP.

Os difratogramas dos acidos graxos estearico e palmitico obtidos pela anélise de
DRX estdo apresentados na Figura 6. Os picos onde 26> 15°, correspondentes ao
espacamento de 4,1 e 3,7 A, estdo de acordo com a estrutura cristalina ortorrombica. Os picos
na regido onde 26 < 15° sdo caracteristicos de cada acido graxo, sendo a forma polimdrfica

que definira a posi¢do desses picos.
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Figura 6. Difratograma dos acidos graxos palmitico e estearico obtido por DRX. As linhas
tracejadas correspondem aos espagamentos tipicos de estrutura ortorrombica.

O estado polimdrfico dos acidos graxos utilizados para a formacdo das particulas
foi analisada por FTIR. Nos espectros apresentados na Figura 7, foi observada similaridade
nas bandas de absorcdo para ambos os acidos graxos. A literatura apresenta que a banda no
comprimento de onda de 941 cm™ corresponde & vibragdo do grupamento — OH do grupo
carboxila como caracteristicas na forma polimorfica C (HOLLAND; NIELSEN, 1962;
MORENO et al., 2007; SALA et al., 2010). Para &cidos graxos, essa forma polimorfica é a
mais estavel, ndo havendo transicdo para outra forma polimérfica com maior estabilidade
(HERNQVIST, 1988; MONIRUZZAMAN; SUNDARARAJAN, 2004; ZAMORA;
HIDALGO, 2004).
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Figura 7. Espectrograma obtido por FTIR dos &cidos graxos palmitico e estearico. O
pontilhado observado na figura esta relacionado & banda em 941 cm™.
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Caracterizacao da Oleoresina de Gengibre

Caracterizagdo Lipidica

Entre alguns métodos disponiveis para andlise da composicdo lipidica, neste
trabalho foram utilizadas as anélises de composicdo em acido graxo, HPSEC para verificar a
presenca de algumas classes lipidicas (essas analises foram realizadas no Laboratério de
Oleos e Gorduras pertencente ao Departamento de Tecnologia de Alimentos da Faculdade de

Engenharia de Alimentos — UNICAMP). A acidez titulavel também foi mensurada.

Tabela 3. Composi¢do em percentual de &cidos graxos.

C12:0 C14:0 Cl16:0 C18:0 C18:1 C18:2 C18:3
OG* 5,76+ 3,64+ 31,02+ 9,02+ 16,02+ 29,16+ 5,38+
0,01 0,02 0,07 0,04 0,15 0,12 0,18

*Qleoresina de gengibre

Conforme verificado na andlise de HPSEC — Tabela 4, os acidos graxos livres
juntamente com os monoacilglicer6is predominam na composicdo com 58%, seguidos de
diacil (21,9%) e triacilglicerois (19,9%). A composicdo lipidica da oleoresina de gengibre é
complexa, pois ndo predomina somente lipidios derivados de esteres e glicerdis, a composicdo
a base de outros lipidios como ceras e resinas ainda ndo é conhecida para a oleoresina de
gengibre. A oleoresina deste trabalho apresentou teor de 2,5% de equivalente em &cido graxo
palmitico livre, sendo que oleoresina ndo passou por nenhum processo de refinamento de

Oleos.

Tabela 4. Acidos graxos livres e composicdo lipidica obtida pela analise de HPSEC, da
oleoresina de gengibre.

% &cido % &cido graxo livre
palmitico**  + monoacilglicerol
oG* 2,510,6 58,1+1,3 21,940,6 19,940,6

*Oleoresina de Gengibre
** utilizado como referéncia para acidos graxos obtidos pela analise de acidos graxos livres

% diacilglicerol % triacilglicerol
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Composi¢do dos Compostos Volateis
A metodologia utilizada foi de acordo com Huang (2012) e Ding et al. (2012) com
algumas modificacdes. De acordo com a Tabela 5 é possivel verificar os volateis majoritarios

presentes na oleoresina de gengibre.

Tabela 5.Composicdo qualitativa dos compostos volateis presentes na oleoresina de
gengibre

Nome do composto % Area*
ar—curcumeno 13,579 £ 0,213
o~—zingibereno 34,550 + 0,275

o—farneseno 12,613 + 0,091
[3—bisaboleno 8,015 = 0,061

B—sesquifelandreno 15,482 + 0,132
Somatorio das areas: 84,239 + 0,771

*Indice Volatil

Composi¢do dos Compostos de Pungéncia

Foram identificados e quantificados somente os compostos de pungéncia com
maior influéncia na oleoresina de gengibre, sendo o 6-gingerol e 6-shogaol. A metodologia foi
desenvolvida pela International Organization for Standardization (ISO) sob o nimero
13685:1997 utilizando cromatografia liquida de alta eficiéncia (HPLC). Neste trabalho, a
quantificacdo dos compostos de pungéncia apresentaram para o 6-gingerol 107,92 + 7,41 mg,
em 1 g de oleoresina, representando aproximadamente 11% do total da oleoresina, e 0 6-
shogaol resultou em 30,36 + 2,62 mg, em 1 g de oleoresina, correspondendo a 3% no total de

oleoresina.
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ETAPA 2: VERIFICACAO DA HOMOGENEIDADE DAS MISTURAS BINARIAS
LIPIDIO - OLEORESINA PARA ESTUDOS DE FORMACAO DE PARTICULAS
LIPIDICAS A PARTIR DA TECNICA DE SPRAY CHILLING

Verificacdo da Mistura de Oleoresina de Gengibre e Lipidio
A concentracdo do material ativo foi fixada em 10% (g/100 g mistura lipidica). Os

lipidios foram testados individualmente com a oleoresina de gengibre. Na Tabela 6 é possivel
verificar o resultado visual da mistura.

A homogeneizacdo da oleoresina de gengibre com a gordura de palma apresentou-
se imiscivel (Tabela 6 — Ensaio 1). A gordura de palma é um lipidio composto de moléculas
de triacilglicerois, provavelmente a polaridade interferiu na homogeneizacdo com a
oleoresina, conforme foi observado para outras bases lipidicas testadas que mostraram ser
imisciveis na oleoresina de gengibre, sendo apresentadas no APENDICE B. Segundo o
fornecedor da oleoresina de gengibre, NATUREX, a extracdo da mesma foi feita por
solventes polares (acetona e acetato de etila — Anexos), o que resulta na extracdo de
compostos com caracteristicas mais polares do que apolares. Esses compostos podem
dificultar a mistura nos lipidios com predominancia de moléculas apolares, como o0s
triacilgliceradis.

A adicdo dos é&cidos graxos (palmitico, estearico e oleico) na oleoresina
apresentou miscibilidade e, provavelmente, a afinidade foi devido & porcéo polar do lipidio
que facilitou a interacdo com a oleoresina.

A Tabela 6 apresenta a classificacdo do estado fisico da mistura a temperatura
ambiente, sendo sélido, liquido ou semissélido. Os &cidos oleico, estearico e palmitico foram
misciveis na oleoresina de gengibre e a mistura com 0s ensaios 2 e 3, Tabela 7, apresentaram
estado fisico solido a temperatura ambiente, assim essas misturas poderiam garantir a

producdo microparticulas lipidicas solidas pela técnica de spray chilling.
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Tabela 6. Miscibilidade da oleoresina de gengibre com os lipidios, estado fisico da mistura a
temperatura ambiente e possibilidade de formacdo de particula.

; Possibilita a
) Resultado visual da 0Ge (i ~
Ensaio  Proporgao ; miscivel no EStado f'S:CO formagdo de
mistura lipidio?  Tam (~25°C)  microparticulas?

9:1
1 Néo Semissoélido Néo
GP:0G
9:1
2 Sim Sélido Sim
AP:0OG
9:1
3 Sim Sélido Sim
AE:0OG
9:1
4 Sim Liquido Né&o
AO:0G

OG: oleoresina de gengibre. GP: gordura de palma. AP: acido palmitico. AE: acido estearico. AO: &cido
oleico.
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Utilizacdo da Gordura de Palma como Carreador Modulador

A incorporagdo de lipidios ndo-sélidos para a producdo de microparticulas foi de
interesse para estudar o comportamento da particula com a oleoresina.

Testes preliminares deram indicativo que a inclusdo da gordura de palma em
acidos graxos favoreceu a miscibilidade com a oleoresina de gengibre. A mistura de gordura
de palma com o agente estruturante (acidos graxos) e a oleoresina de gengibre foi observado
em relacdo a miscibilidade e estado fisico a temperatura ambiente. Verificou-se que hd uma
concentracdo limite de gordura de palma na qual os carreadores estruturantes
(palmitico/estearico) favorecem a incorporacdo dessa gordura na oleoresina de gengibre. Foi
constatado que a adicdo de até 15% (g/100 g mistura) em 75% (g/100 g mistura) de acido
graxo estearico ou palmitico e 10% (g/100 g de mistura) de oleoresina de gengibre, resultou
em uma mistura miscivel, conforme observado na Tabela 7, e com caracteristica solida a
temperatura ambiente, o que possibilitou a utilizacdo da mistura para formacdo de
microparticulas lipidicas sélidas pela técnica de spray chilling.

Tabela 7. Ensaios com adigdo de acido graxo solido palmitico ou estearico (AP ou AE) na
oleoresina de gengibre (OG), seguida da adicdo da gordura de palma (GP).

Proporciao massica
GP : OG : APouAE

Ensaios

1 1,5 : 1 15
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Utilizagéo do Acido Oleico como Carreador Modulador

Apo6s a definicdo da concentracdo maxima de gordura de palma (15g/100g
mistura) possivel de ser inserido no sistema com oleoresina de gengibre, o proximo teste foi
verificar a mistura de carreador estruturante (&cido palmitico ou acido estearico) com a
oleoresina de gengibre e adicionado de 15% &cido oleico (g/100 g mistura), para verificar o
estado fisico a temperatura ambiente, pois esse lipidio apresenta-se liquido e poderia interferir
no estado fisico da mistura, resultando negativamente na formacdo das particulas. Porém, a
mistura apresentou-se solida a temperatura ambiente (mistura acido estearico: 63°C; mistura
acido palmitico: 56°C), assim garantiu a utilizacdo do acido oleico em até 15% para ser

incorporado nas misturas com o &cido graxo estruturante e oleoresina.

Miscibilidade da Oleoresina nos Carreadores
Para verificar visualmente a miscibilidade da oleoresina nos carreadores, foi

utilizada microscopia sob luz polarizada, sendo possivel observar que a oleoresina aparece
como pequenos pontos quando miscivel nos carreadores, Figura 8. A figura de nimero C
mostra a oleoresina quando imiscivel em lipidios com triacilglicerdis, no qual foi verificada

total incompatibilidade.

| 15A0:75AP:100G [  15GP:75AP:100G 90GP:100G |

"//
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Luz Polarizada
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Figura 8. Miscibilidade da oleoresina em lipidios. AO: &cido oleico. AP: acido palmitico.
GP: gordura de palma. OG: oleoresina de gengibre. As setas brancas indicam alguns pontos
de oleoresina de gengibre dispersa no carreador lipidico. As fotos A e B apresentam escala de
50 um e a foto C escala de 25 um.
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DEFINICAO DOS ENSAIOS PARA 0S CAPITULOS 111, IV e V.

Capitulo 111: Para esta etapa do projeto, optou-se por fixar a concentracdo de
oleoresina de gengibre em 10% (g/100g de mistura lipidica) e estudar a formacdo e
caracterizagdo das microparticulas com o lipidio estruturante &cido palmitico e verificar o
comportamento da particula com a adicéo dos lipidios moduladores (acido oleico e gordura de
palma).

A gordura de palma foi inserida no sistema para averiguar a influéncia da adicéo
de um lipidio com caracteristica naturalmente semissolida.

O é&cido oleico teve como objetivo de estudo verificar a influéncia da adicdo de
um lipidio liquido no sistema de formac&o de microparticulas lipidicas sélidas.

Capitulo 1V: Neste capitulo foi adicionado para a caracterizacdo das particulas
ensaios com 20% (g/100g de mistura) de oleoresina de gengibre, porém com a substituicdo do
acido palmitico pelo &cido esteérico, visto que a utilizagdo de acido estearico pode favorecer a
aplicacdo da particula quando verificada a questdo nutricional, pois esse lipidio é convertido
rapidamente em &cido oleico no organismo, consequentemente traz efeito minimo sobre o
colesterol. Nesse capitulo, foram prosseguidos os estudos de formacdo de particulas com
acido oleico na concentracdo de 15% (g/100g de mistura) para ambas as concentracfes de
oleoresina (10 e 20%). A aplicacdo das particulas em uma emulsdo modelo foi realizada com
o0 intuito de avaliar o comportamento da liberacdo da oleoresina diante 0 armazenamento em
diferentes temperaturas.

Capitulo V: Para o estudo de estabilidade das microparticulas lipidicas foram

mantidos 0s mesmos ensaio do capitulo anterior.
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APENDICE B: OLEORESINA DE GENGIBRE IMISCIVEL EM LIPIDIOS

A Oleoresina de gengibre apresentou imiscivel no 6leo de soja totalmente
hidrogenado (OSTH). A apresentacdo visual da mistura esta de acordo com a Figura 1.

Figura 1. Mistura 90% OSTH + 10% OG

Oleoresina de gengibre totalmente incompativel com 6leo de soja (OS), conforme
ja observado, a oleoresina ndo apresenta compatibilidade para lipidios com predominéncia de
triacilgliceradis.

Figura 2. Mistura 90% OS + 10% OG

A mistura cera de carnatba (CC) e oleoresina de gengibre inicialmente apresentou
miscivel conforme houve a fusdo da cera, porém no final da homogeneizacdo foram
verificadas pequenas porcdes da oleoresina imisciveis, conforme observado na Figura 3.

Figura 3. Mistura 90% CC + 10% OG. A seta indica oleoresina imiscivel.
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APENDICE C: PRODUCAO DAS MICROPARTICULAS

O processo de obtencéo das microparticulas em todos os artigos seguiu 0 seguinte
protocolo:

Para a producdo das misturas lipidicas, foram pesados os agentes carreadores e a
oleoresina de gengibre, de acordo com as suas respectivas proporc¢des. O lipidio sélido foi
aquecido até 85°C com banho térmico e, em seguida, misturado ao &cido oleico ou gordura de
palma, quando presentes na formulacdo, seguido pela adicdo da oleoresina. A mistura lipidica
(50 g) foi homogeneizada em um agitador magnético a 750 rpm e mantida sob agitacdo em
um agitador mecanico até o final do processo. A mistura lipidica foi mantida a 85°C; em
seguida, a alimentacdo da mistura até o bico atomizador (modelo duplo-fluido com 2,0 mm de
diametro) foi feita através de uma bomba peristéltica com vazdo de 0,7 kg/h, o bico foi
mantido aquecido a 85°C para que ndo ocorresse a solidificacdo da mistura. Foi utilizado o
equipamento spray chilling (mini Spray Dryer Bichi-290, Flawil, Suica) com a atomizacgéo
da amostra pelo bico duplo-fluido, efetuada dentro da cadmara resfriada (com 16,5x60 cm,
DxH). A vazdo do ar de atomizagdo e ar de resfriamento foi de 1.052 L/h e 35.000 L/h,
respectivamente, e a temperatura da camara foi de 7°C (Figura 1). No final do processo, as
amostras produzidas foram recolhidas, armazenadas em recipientes fechados e mantidas a 5°C

até a realizacdo das analises.
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Figura 1. Esquema do equipamento de spray chilling para producdo das microparticulas
lipidicas contendo oleoresina de gengibre.

Figura 2. Particulas retidas no ciclone apds a atomizagdo. (A) Particulas contendo somente
lipidio saturado. (B) Particulas contendo lipidios saturados com adicéo de acido oleico na
formulacéo.
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APENDICE D: ASPECTO FiSICO DOS POS PRODUZIDOS

P1 P2 P3 P4 P5
Figura 1. Aspectos dos pos - Capitulo I11.
P1: 10%Oleoresina ; 90% Acido Palmitico
P2: 10%0leoresina ; 85% Acido Palmitico ; 5% Acido Oleico
P3: 10%0leoresina ; 75% Acido Palmitico ; 15% Acido Oleico
P4: 10%Oleoresina ; 85% Acido Palmitico ; 5% Gordura de Palma
P5: 10%0leoresina ; 75% Acido Palmitico ; 15% Gordura de Palma

Al 3

El E2 E3
Figura 2. Aspectos dos pos - Capitulo 1V.
E1: 10%0leoresina ; 90% Acido Estearico
E2: 10%0leoresina ; 85% Acido Estearico ; 15% Acido Oleico
E3: 20%0leoresina ; 80% Acido Estearico
E4: 20%0leoresina ; 65% Acido Estearico :15% Acido Oleico
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