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RESUMO

Obtencédo de nanodispersdes aquosas contendo extrato de urucum (Bixa orellana
L.) com potencial aplicacdo em alimentos

Introducéo: A espécie Bixa orellana L. é endémica do Brasil e popularmente conhecida
como urucum. O extrato obtido das sementes possui majoritariamente o carotendide
bixina e apresenta alto potencial corante. A baixa solubilidade em agua dos carotendides
torna a sua utilizagdo em produtos aquosos um grande desafio tecnologico.
Nanodispersdes contendo carotendides sdo consideradas alternativas viaveis para
disponibilizacdo dessas substancias de origem natural em meio aquoso. Objetivo: O
presente trabalho tem o intuito de obter nanodispersées contendo extrato de urucum (Bixa
orellana L.), com potencial aplicacdo em produtos alimenticios. Metodologia: O extrato
de sementes de urucum foi obtido por maceracéo. A caracterizacdo deste foi realizada por
espectrofotometria por UV/Vis, espectroscopia de absor¢cdo na regido do infravermelho
com transformada de Fourier (FTIR), termogravimetria (TG) e cromatografia em fase
gasosa acoplada a espectrometria de massas (CG-EM). As nanodispersdes foram
preparadas por método de baixo aporte de energia, sem uso de solvente organico,
variando-se a propor¢do da mistura de tensoativos. Avaliou-se também a influéncia da
adicdo de wuma solucdo aquosa de monooleato de polietilenoglicol 400 nas
nanodispersdes formadas. Elas foram caracterizadas através do método de espalhamento
dindmico da luz para medicdo do tamanho de particula, indice de polidispersdo e
potencial zeta. Apés a escolha da formulacdo com melhores caracteristicas
(nanodisperséo otimizada), avaliou-se o efeito da exposi¢cdo ou néo a luz e a influéncia da
temperatura (25-80°C) nos parametros fisicos da nanodispersdo escolhida. Analise de
variancia (Anova One-way) foi realizada para avaliar todos os parametros. Resultados e
discussdes: No extrato foi possivel identificar a presenca de bixina e do terpendide
geranilgeraniol. Nao foi verificada diferenca significativa na distribuicdo do tamanho de
particula da nanodispersdo preparada com 0s tensoativos monooleato de
sorbitano/polisorbato 80 (equilibrio hidrofilo-lipofilo igual a 13), quando comparados 0s
sistemas diluidas em agua ou solucao aquosa de monooleato de polietilenoglicol 400
(1%). A nanodispersdo otimizada (EHL 13 diluida em &gua) apresentou aspecto
homogéneno, fino e alaranjado, sendo observada maior perda de coloragdo quando
exposta a luz. Na diluicdo de 1:10, ela manteve caracteristicas satisfatorias de tamanho
de particula e potencial zeta até 35 °C. Concluséo: O presente trabalho demonstrou que
€ possivel obter nanodispersées a base de urucum por técnica de baixo custo, livre de
solventes organicos durante a etapa de geracdo de nanoestruturas.

Palavras-Chave: Bixa orellana L., bixina, geranilgeraniol, nanodispersao.

Agradecimentos: CAPES, UNIFAP e UFPA.
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ABSTRACT

Obtaining aqueous nanodispersions containing urucum extract (Bixa orellanaL.)
with potential application in food

Introduction: The vegetal species Bixa orellana L. is endemic to Brazil and popularly
known as annatto. The extract obtained from the seeds has the carotenoid bixin and it has
high potential dye. The low water solubility of carotenoids makes their use in aqueous
products a major technological challenge. Nanodispersions containing carotenoids are
considered viable alternatives for the availability of these substances of natural origin in
agueous medium. Objective: In this context, the present work intends to obtain
nanodispersions containing urucum extract (Bixa orellana L.), with potential application in
food products. Methodology: Urucum extract was obtained by maceration. The
characterization was performed by UV / Vis spectrophotometr with Fourier transform
infrared (FTIR), thermogravimetry (TG) and Gas Chromatography coupled to mass
spectrometry (GC-MS). The nanodispersions were prepared by low energy method,
without using organic solvent, varying the proportion of the mixture of surfactants. The
influence of the addition of an aqueous solution of polyethyleneglycol monooleate 400 on
the formed nanodispersions was also evaluated. They were characterized by the dynamic
scattering method for measuring particle size, polydispersity index and zeta potential. After
the choice of the formulation with better characteristics (optimized nanodispersion), the
effect of the exposure or not the light and the influence of the temperature (25-80°C) on
the physical parameters of the chosen nanodispersdao were evaluated. Analysis of
variance (Anova One-way) was performed to evaluate all parameters. Results and
discussions: In the extract it was possible to identify the presence of bixin and the
terpenoid geranilgeraniol. No significant difference in the patrticle size distribution of the
nanodispersion prepared with the sorbitan monooleate / polysorbate 80 surfactants
(hydrophilic-lipophilic equilibrium equal to 13), when compared to systems diluted with
water or aqueous solution of polyethylene glycol 400 (1) monooleate %). The optimized
nanodispersion (EHL 13 diluted in water) presented homogenous, fine and orange
appearance, being observed greater loss of coloration when exposed to light. At the 1:10
dilution, it maintained satisfactory particle size and zeta potential characteristics up to 35 °
C. Conclusion: The present work demonstrated that it is possible to obtain
nanodispersions based on annatto by low cost technique, free of organic solvents during
the stage of nanostructures generation.

Keywords: Bixa orelllana L., bixin, geranylgeraniol, nanodispersion

Acknowledgements: CAPES, UNIFAP and UFPA.
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1 INTRODUGCAO

1.1 Bixa orellana L.

A espécie Bixa orellana (Linnaeus) apresenta-se como uma arvore de pequeno
porte e pertence a familia Bixaceae (SILVA et al., 2009; JOSEPH; SIRILL, 2014), e tem
como provavel ancestral a espécie selvagem Bixa urucurana (MOREIRA et al., 2015). E
nativa do Brasil, ocorrendo em todas as regides, encontrada e domesticada
principalmente na regido amazobnica, sendo popularmente conhecida como colorau e
urucum (LHERAS, 2005; MOREIRA et al., 2015). Esse nome popular deriva da palavra
tupi “ru-ku”, que significa “vermelho” (VILAR et al., 2014). Em outras culturas, o urucum é
conhecido como achiote ou annatto (inglés); rocou (francés); orleansstrauch (aleméao) e
anato ou bijol (espanhol). Foi levado para a Europa desde o século XVII e € mundialmente
empregado como corante de diversos fins.

As sementes de B. orellana foram amplamente utilizadas por maias e astecas,
principalmente como corante em produtos téxteis, alimentos e para pintura do corpo
(GIULIANO; ROSATI; BRAMLEY, 2003), sendo atualmente muito utilizado por industrias
alimenticias como corante natural (RAMAMOORTHY et al., 2010).

O urucunzeiro (figura 1) apresenta frutos castanho avermelhados ou vermelhos
guando maduros, apresentando na parte externa pseudoespinhos curtos. A abertura do
fruto ocorre de forma espontanea quando esta amadurecido, e dentro deste pode-se
observar sementes, que variam de 10 a 50 unidades, cobertas por uma resina alaranjada.
As sementes sdo comumente retiradas dos frutos manualmente, visto como melhor opcao
de manuseio para menor perda de pigmentos. O corante das sementes € proveniente
principalmente de frutos maduros, pois na fase final de desenvolvimento € o momento em
gue se obtém coloracdo avermelhada mais intensa. O Brasil estd entre os maiores
produtores de sementes desta espécie no mundo (MERCADANTE et al., 1996; MATH et
al., 2016). Aléem da utilizacdo do corante proveniente da superficie externa das sementes
(PAULA, 2009), os residuos (graos e 6leos) nao sao descartados, pois tem servido como
fonte de alimentos para animais por sua variedade de nutrientes (SILVA, 2006; BRITO et
al., 2015).
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Figura 1. (A) Arbusto com frutos dispostos em cachos; (B) Folhas glabras e flores rosadas
dispostas em paniculas terminais viscosas; (C) E dentro do fruto com espinhos
inofensivos, as sementes.

Fonte: Acervo do autor, 2017.

1.2 USO POPULAR E ATIVIDADES BIOLOGICAS DO URUCUM

Nas Américas central e do Sul € relatado o uso do urucum, considerando todas
as partes da planta, como laxativo, afrodisiaco, cardiotdbnico, expectorante, anti-
inflamatorio, antipirético, antidiabético e antidiarreico. A utilizacdo das sementes de
urucum como corante é feita ha tempos por indigenas brasileiros, para embelezamento da
pele em rituais religiosos e para protecdo contra raios ultravioleta e mosquitos oriundos
das florestas (VILAR et al, 2014).

A atividade antioxidante do urucum, considerada uma das mais potenciais desta
espécie, esta relacionada a presenca de carotendides e compostos fendlicos, que agem
estabilizando moléculas eletronicamente excitadas (CARDARELLI; BENASSI;
MERCADANTE, 2008; CRISTE et al., 2011; PARK; MATHISON; CHEW, 2016). A forte
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atividade antioxidante do urucum ocorre, principalmente, pela presenca de dois
carotenoides: bixina e norbixina. Em geral, a reducdo do risco de cancer e doencas
cardiovasculares envolve a inibicdo de reacdes oxidativas por meio da captura de
oxigénio singleto e eliminag&o de radicais livres (CHISTE et al., 2011). Estas substancias,
Segundo Kiokias & Gordon (2003), apresentam maior atividade quando comparado ao
beta-caroteno e ao licopeno. A capacidade de captar radicais livres dos carotendides
presentes nas sementes de urucum também ja foi utilizado na incorporacdo em
embalagens de quitosana, demonstrando que pode ser utilizada para armazenar
alimentos lipidicos, como 6leos e gorduras para evitar a oxidacao destes (SANTANA et al.,
2013).

Estudos com o extrato das folhas de Bixa orellana demonstraram atividade
antimicrobiana em relacdo a uma variedade de bactérias gram-positivas (Bacillus,
Pseudomonas aeruginosa, Staphylococcus aureus e Streptococcus faecalis) e gram-
negativas (Escherichia coli), e fungos (Candida albicans e Aspergillus niger) (FLEISCHER
et al., 2003; STOHS, 2014), também o estudo realizado por Yong e colaboradores (2013)
aponta atividade antiinflamatéria em ratos do extrato das folhas do urucum. Além disso,
extratos de B.orellana tém revelado atividade antiprotozoaria em relagcdo a Tripanossoma
cruzi (BARRIO et al., 2004) e antileishimania em relagéo a L. amazonensis (MONZOTE et
al., 2014).

Devido a sua ampla atividade antioxidante e antibacteriana, e também propriedade
corante, extratos polares das sementes tém demonstrado grande potencial como
estabilizante e corante natural em matrizes alimentares (CARDARELLI et al., 2008;
VIUDA-MARTOS; CIRO-GOMEZ; RUIZ-NAVAJAS, 2012; CUONG; CHIN, 2016), e
também a associacdo dos carotenoides presente na planta com outros antioxidantes
apresenta elevada eficacia no aumento do tempo de conservacao de 6leos ou emulsdes
(OLEGARIO; SANTOS, 2014). Além das demais atividades bioldgicas, foi detectado em
ensaio com animais que as proteinas presentes nas sementes do urucum possuem a
capacidade de reduzir os niveis de creatinina no organismo sem que haja qualquer dano
hepatico (VALERIO et al., 2015).

1.3 CONSTITUINTES QUIMICOS DE Bixa orellana L.
As principais substancias encontradas em B. orellana sédo os carotendides. A bixina

€ um carotendide lipofilico, muito empregado para tingir materiais em couro e colorir

produtos lacteos. A norbixina, apocarotendide solivel em agua, € um potente corante
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capaz de colorir toneladas de queijo mesmo em pequenas quantidades. Este € obtido
através de extracdo por saponificacdo. Ambos os carotendides tém sido utilizados como
corantes, entretanto a industria também utiliza o potencial antioxidante proporcionado pela
estrutura quimica de tais constituintes para conservar produtos industrializados, evitando
desta maneira 0 uso de antioxidantes sintéticos (GIULIANO; ROSATI; BRAMLEY, 2003;
GARCIA et al., 2012). A bixina € utilizada normalmente em produtos com base lipidica e a
norbixina é empregada em matrizes com elevada quantidade de agua (OLIVEIRA, 2005).

Quanto maior a concentracdo de bixina e norbixina no urucum, mais forte sera o
potencial corante do extrato. A coloracdo amarelada indica grande presencga de norbixina
e a cor vermelha demonstra presenca de bixina, enquanto que a cor alaranjada indica um
equilibrio entre os dois carotendides presente no extrato (SATYANARAYANA; RAO; RAO,
2010).

A bixina, presente nas sementes de urucum, foi isolada pela primeira vez em 1825
por Boussingault. No ano de 1961 foi determinada sua estrutura quimica e estereoquimica
através de Ressonancia Magnética Nuclear de 1H e 13C. A bixina pertence a uma
pequena classe de apocarotendides naturais que sdo formados a partir da de degradacao
oxidativa de carotendides com 40 unidades de carbono (LOBATO et al., 2013).

A bixina (figura 2) consiste em uma cadeia de 25 carbonos e tem uma formula
molecular CysH3004 (MW = 394,51). Essa substancia possui um acido carboxilico e um
éster metilico nas extremidades da cadeia carbdnica. A bixina ocorre de forma natural na
forma 16-Z (cis), mas durante a extracdo esta configuracdo isomeriza resultando na forma
16-E (trans), que € chamada de isobixina (LOBATO et al., 2013; VILAR et al., 2014).

Figura 2. Configura¢des quimicas do carotendide bixina.

- = WCOOH

=
COOME {Z}'lelna
MeQOC. -~ -~~~ NN N M\COGH

(E)-Bixina

Fonte: Acervo do autor, 2017.
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A bixina € o compenente marjoritario de Bixa orellana. Apresenta caracteristicas de
hidrofobicidade que impossibilita a solubilizacdo em agua e em produtos com baixo teor
lipidico (LOBATO et al., 2013). O cromdforo, representado pela cadeia insaturada dessas
substancias, € responsavel pela absor¢do na regido do ultravioleta ou no visivel
(ALLINGER et al, 1978).

O teor de bixina encontrado nas sementes de B. orellana esta relacionado com um
gene que sincroniza outros genes responsaveis pela quantidade de bixina, estando
envolvidas a rota genética dos carotendides e a rota do metil-d-eritritol 4-fosfato (MEP)
(RIVERA-MADRID et al., 2016). E sugerido que a rota biosintética da bixina (figura 3) se
inicia com a quebra do licopeno e envolve a enzima carotendide oxigenase, que cliva o
licopeno nas duplas ligacdes 5-6 e 5’-6’, seguida de um aldeido oxidase e uma metil
transferase (GIULIANO; ROSATI; BRAMLEY, 2003). A biosintese da bixina envolve uma
remodelagem do licopeno, um intermediario comum que € precursor do beta-caroteno,
provitamina A (BOUVIER; DOGBO; CAMARA, 2003; RAMAMOORTHY et al., 2010).
Neste contexto, esses estudos podem contribuir para a viabilizacdo econémica de
producédo de bixina a partir do licopeno como precursor, utilizando ferramentas de biologia

molecular para acimulo de biomassa e geracao de bons rendimentos.
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Figura 3. Rota biosintetica da bixina.

T
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Ester Dimetil Bixina

Fonte: GIULIANO; ROSATI; BRAMLEY, 2003.

Segundo Taham e colaboradores (2015) a extracdo a frio utilizando etanol € mais
efetiva do que em outros métodos e/ou com a utilizagdo de outros solventes. O
rendimento da extracdo de bixina por maceragdo usando cloroférmio foi de 2,47%. A
maceracdo € um excelente método para obtencdo de teor significativo de bixina, pois
garante que ndo haja degradacdo quimica. A maceracao € mais eficiente em relacéo a
outros métodos de extracdo, como por exemplo extracdo por fluido supercritico (TAHAM;
CABRAL; BARROZO, 2015).
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Anualmente a producdo de urucum ultrapassa 10000 toneladas, sendo que deste
total a planta € negociada em relacdo as sementes (2/3) e ao extrato das sementes (1/3).
O valor estipulado para a venda esta relacionado, na maioria dos casos, ao teor de bixina
presente nos extratos, que comumente apresenta a média de 2,7% (GIULIANO; ROSATI;
BRAMLEY, 2003). Além de estar presente em Bixa orellana, foi revelada a presenca de
bixina em Crocus sativus e Vitis vinifera (RAMAMOORTHY et al., 2010).

Além da presenca dos carotendides, as sementes sdo ricas em proteinas, minerais
(sodio e potassio em maior quantidade), carboidrato e fibras. Foi identificado na pesquisa
realizada por Rao et al. (2015) que, especificamente nas sementes, ha a presenca de
acidos graxos. Ha também em sua constituicdo os acidos palmitico, oléico e linoleico nas
respectivas propor¢des 16,4%, 33,9% e 34,3%. Devido a esta constituicdo quimica, 0s
residuos das sementes tém sido utilizados como uma fonte de lipidios nas industrias
alimenticia, farmacéutica, cosmética e de moéveis. Fatores ndo nutricionais como taninos,
acido fitico e protease ndo foram detectados (RAO et al., 2015; VALERIO et al., 2015). Foi
quantificado nas sementes os valores de cinzas (3,82%), proteinas (10,34%), Oleo
(4,99%) e carboidratos (69,35%) (TAHAM et al.,, 2015). Outras substancias foram
relatadas através de andlise fitoquimica das sementes, sendo 0s principais esterois,
compostos alinfaticos e terpenos (SHAHID-UL-ISLAN; RATHER; MOHAMMAD., 2016),
estando presente de forma marjoritaria o diterpeno geranilgeraniol (COSTA; CHAVES,
2005).

O geranilgeraniol é encontrado em maior quantidade no Oleo essencial das
sementes do urucum, estando em grandes quantidades (COSTA; CHAVES, 2005). Este
diterpeno € um componente de grande importancia visto que, segundo Calixto et al.
(2007),apresenta atividades farmacolégicas como a anti-inflamatéria e inibicdo das

prostaglandinas.

1.4 APLICACOES DO CORANTE OBTIDO DO URUCUM

O principal interesse na utilizacdo do colorau esta intimamente ligado a “satisfagao
visual” do consumidor, que considera o alimento corado mais atrativo devido a associagao
da cor ao sabor (CUNHA, 2008; HAMERSKI; REZENDE; SILVA, 2013). Tratando-se de
fatores culturais, no Brasil observa-se que o uso de colorau industrializado se tornou mais
comum que a utilizacdo do produto feito em casa. Tal préatica mostra que a populagéo
muitas vezes opta pela praticidade ao invés da qualidade, mesmo que o habito de

produzir-lo em casa seja antigo e que seu modo de preparo ainda seja lembrado pelos
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consumidores (MOREIRA et al., 2015), entretanto a busca por produtos menos agressivos
e mais saudaveis vem contribuindo para que este quadro cultural se modifique.

Atualmente, a populacdo tem buscado novas alternativas para manter a saude, e
desta forma minimizar o risco de doencas. Por esse motivo, estd ocorrendo um
crescimento da demanda de corantes naturais por ndo causar alergia, cancer nos
consumidores, efeitos adversos e por possuir natureza biodegradavel (CUNHA, 2008;
CHENGAIAH et al., 2010; SHAHID; SHAHID-UL-ISLAN; MOHAMMAD, 2013). Os
corantes podem ser divididos em corantes naturais, sintéticos, inorganicos e caramelos
(LOBATO et al., 2013). Muitos dos corantes naturais tém sido considerados promissores
pela menor incidéncia de efeitos adversos e toxicos (CHENGAIAH et al.,, 2010;
RODRIGUES et al.,, 2014). Os carotendides merecem posi¢cdo de destaque entre 0s
corantes naturais, uma vez que as industrias utilizam estas substancias em larga escala
(HAMERSKI; REZENDE; SILVA, 2013).

O consumo de corantes extraido de plantas tem crescido gradativamente, em
particular se tratando do uso do urucum (SILVA et al., 2009). Desta forma, Os corantes
naturais sdo caracterizados por serem provenientes de vegetais, sendo este obtido
através de processo tecnologico correto, e utilizado para acrescentar cor a materiais em
geral (madeira, papel ou roupas), mas também tem sido empregado pelas industrias
cosmética, farmacéutica e alimenticia, devido seu elevado valor nutritivo. Estes corantes,
muitas vezes, apresentam atividades biol6gicas importantes que levam a sua utilizagédo
em varias areas, incluindo a biotecnologia. Dessa maneira, a reducao ou eliminacao do
uso de corantes sintéticos acontecera espontaneamente ao longo do tempo. Entre as
principais plantas com capacidade corante esta o urucum (CHENGAIAH et al., 2010;
GARCIA et al., 2012; HAMERSKI; REZENDE; SILVA, 2013), sendo um dos corantes e
conservantes com maior uso mundialmente (OLIVEIRA, 2005).

O extrato de urucum pode ser encontrado em muitas formas nos mercados. Pode
ser em forma de po, pasta, 6leo ou naco (MALA et al., 2015). Utilizado ha centenas de
anos na América do sul no preparo de diferentes tipos de carne com a intencéo de deixar
estes alimentos com aparéncia mais atrativa. O uso do extrato de urucum como corante e
flavorizante tem sido acrescentado em varios produtos industrializados ou ndo, como por
exemplo a manteiga, queijo, 6leos, sorvetes, produtos de confeitaria, salsichas, derivados
carneos, “salgadinhos”, cereais e refrigerantes (GALINDO-CUSPINERA; LUBRAN;
RANKIN, 2002; CARDARELLI; BENASSI; MERCADANTE, 2008; GARCIA et al., 2012), e
também muito empregado em produtos para beleza e higiene pessoal (GIULIANO;

ROSATI; BRAMLEY, 2003).. Além da aplicacao do corante em alimentos, outras industrias
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ja o utilizam para a producado de tintas e vernizes, e na confeccdo de produtos téxteis
(OLIVEIRA, 2005). O uso das cores das sementes desta planta varia de pais para pais
devido as diferentes culturas alimentares (MALA et al., 2015). A propriedade corante dos
extratos de B. orellana pode ser medida através da determinacédo do teor do carotendide
bixina (CARDARELLI; BENASSI; MERCADANTE, 2008).

No Brasil a producdo e a exportacdo do corante proveniente das sementes de
urucum tém crescido a cada ano, estando junto a este crescimento o aumento do
investimento em pesquisa e inovacgdo. Mundialmente, a utilizagdo do corante ocorre
devido a versatilidade das funcBes das substancias presentes (OLEGARIO; SANTOS;
2014), visto que nos Estados Unidos o uso da bixina em alimentos e bebidas é permitido
pelo FDA (SHAHID-UL-ISLAM; RATHER; MOHAMMAD, 2016). Além disso, com o0
banimento do uso de corantes alimenticios artificiais na Unido Européia, por provaveis
efeitos cancerigenos, fez com que as exportacdes de corante provenientes do urucum

aumentassem cada vez mais (GIRIDHAR, 2014).

1.5 NANOTECNOLOGIA E NANODISPERSOES

A nanotecnologia geralmente se refere a estruturas que se apresentam em escala
nanometrica, e por este motivo apresentam funcdes diferenciadas e muito Gteis para as
mais diversas areas. Os tamanhos diminutos das particulas possibilitam uma maior
superficie de contato, resultando em uma maior interacdo com um alvo (SHARON;
NICKOLS-RICHARDSON, 2007).

No ambito farmacéutico, a nanotecnologia torna possivel o desenvolvimento ou o
melhoramento de novos produtos. Esta ciéncia, por exemplo, oportuniza a incorporacao
de substancias ativas hidrofébicas em meio aquoso (TAN; NAKAJIMA, 2005; IRACHE et
al., 2011). A nanotecnologia tem se tornado muito importante para o setor alimenticio
devido a diversos fatores (SOZER; KOKINI, 2009).

As formulagBes denominadas dispersdes possuem como caracteristicas principais
o tamanho reduzido de particulas e a estabilidade destas moléculas dispersas no meio,
visto que ha comumente duas fases liquidas com polaridades diferentes separadas por
tensoativo ou mistura deste. Dependendo do tipo de formulacdo na qual se deseja
produzir, define-se os valores de Equilibrio Hidrofilo-Lipéfilo (EHL) a ser atingido
empregando propor¢gdes entre tensoativos diferentes para atingir valores ideais de

equilibrio. A definicdo deste valor € muito importante para a industria por facilitar o
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processo de producdo com determinada substancia ativa (JUNIOR et al., 2011; SEN et al,
2016).

Os processos utilizados para homogeneizacdo sao, em grande parte, responsaveis
pela reducdo do tamanho médio de particula, pela reducdo da variabilidade dos valores
de distribuicdo de tamanho, o que leva a diminuigdo do numero de microparticulas e do
indice de polidispersdo (CHEONG et al., 2008). Os métodos que utilizam baixo aporte de
energia para formar formulacdes representam uma excelente alternativa para produzir
dispersbes com tamanhos diminutos e com alta estabilidade, visto que para alcancgar tais
resultados necessita apenas de equipamentos simples e relativamente baratos quando
comparado a métodos com alto aporte de energia (SOLANS; SOLE, 2012).

No processo de preparo de uma dispersao a utilizagdo de tensoativo ou mistura de
tensoativos se faz necessaria para oportunizar a homogeneizacao de liquidos imisciveis.
As nanodispersfes sao caracterizadas por serem transparentes, apresentar estabilidade
termodindmica e possuir goticulas na escala nanométrica (DAMASCENO et al., 2011).
Por outro lado, os tensoativos sdo 0s responsaveis por diminuir a tensao interfacial entre
a fase organica e a fase aquosa, reduzindo a carga energética necessaria para romper as
particulas e torna-las menores. A utilizacdo destes esta intimamente relacionada a
obtencéo de formulagcéo estavel, caracterizada por baixa aglomeracédo de particulas, sem
separacao de fases e que mantém o aspecto visual (aparéncia e cor) inalterado ao longo
do tempo, estando todas estas vantagens ligadas a camada protetora formada ao redor
das goticulas da formulacdo (JUNIOR et al., 2011; SILVA et al., 2011; HAMERSKI,
REZENDE; SILVA, 2013).

As nanodispersdes podem ser facilmente produzidas em escala industrial, e devido
sua estabilidade satisfatoria sobre determinados tempos de estocagem e alta
biodisponibilidade, eles tém representado ser importantes para carear substancias ativas
como os carotendides (RIBEIRO et al., 2008), permitindo diversas vantagens, como uma
melhor biodisponibilidade (BARRIOS, 2010; TAN; NAKAJIMA, 2005). Neste contexto, a
nanodispersdo seria a forma farmacéutica alternativa e eficiente para veicular
carotendides, jA que o preparo de formulacdo na escala nano € interessante
principalmente para substancias com baixa solubilidade em agua, sensibilidade a luz,
temperatura e mudancas de pH (IRACHE et al., 2011).

Pesquisas tém sido realizadas com a intencdo de desenvolver formulacdes em escala
nanometrica que sejam capazes de proteger a bixina, principal carotenoide que compde a
espécie Bixa orellana, de degradacdo quimica e da consequente perda de coloracao
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(TAKAMOTO, 2015). Zhang & Zhong (2013), por exemplo, obtiveram microcapsulas

proteicas contendo bixina que se mostraram estaveis contra a perda de cor.
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2 OBJETIVOS

2.1 OBJETIVO GERAL

¢ Obter nanodispersdes estaveis contendo extrato de urucum (Bixa orellana L.) com

potencial aplicacdo em produtos alimenticios.

2.2 OBJETIVOS ESPECIFICOS

o Caracterizar quimicamente e fisicamente o extrato de urucum;

o Obter nanodispersdes contendo extrato de urucum através de metodologia
inovadora sem adi¢é@o de solvente organico com baixo aporte de energia;

o Avaliar a influéncia de diferentes propor¢cdes de tensoativos n&o iGnicos na
formacé&o das nanodispersoes;

o Avaliacdo da influéncia da adicdo de uma solugcédo aguosa de outro tensoativo nao-
ibnico na estabilidade das nanodispersoes;

o Caracterizar fisicamente as nanodispersdes obtidas;

o Realizar o ensaio de fotoestabilidade na nanodisperséao otimizada;

Avaliar a influéncia da temperatura na estabilidade da nanodispersao otimizada.
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ABSTRACT

The extract from seeds of Bixa orellana L. is widely used in food industry as natural
colorant. A major technological challenge for its utilization on aqueous food products is the
low water solubility. On this context, the present study aimed to obtain aqueous
nanodispersions using this natural raw material. The carotenoid bixin and the terpenoid
geranylgeraniol were found on the extract. Nanodispersions were prepared by addition of
water on a mixture of extract and surfactant (s). Effect of surfactant and dilution on the
annatto nanodispersions were evaluated. Particle size distribution and zeta potential were
measured. Optimal results were achieved using polysorbate 80/sorbitan monooleate at
hydrophile-lipophile balance of 13 (diluted in water, 1:10). The present paper shows for the
first time the preparation of annatto aqueous nanodispersions by a low energy and organic
solvent-free method. Thus, it is in accordance with an ecofriendly approach and opens

perspective for its food applications.

Keywords: Bixin, Dynamic light scattering, Gas-chromatography couple to mass-

spectrometry, Geranylgeraniol, Spectrophotometry, Thermogravimetry.
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1. Introduction

Nowadays, people worldwide are interest in agents that induce less impairment to
health. On this context, growing interest has been observed for natural colorants, mainly
due to adverse effects of the chemicals that are used for this purpose, including potential
induction of cancer, allergy and others problems. Most of them also present biological
properties and substitution of synthetic chemicals by the natural products with coloring
properties have been encouraged (Chengaiah et al., 2010; Shahid et al., 2013). The
carotenoids develop a main role as natural colorants and have great potential for industrial
applications. Among the several plants that have these compounds and high colorant
potential, annatto is one of most economic important plants (Chengaiah et al., 2010).
Annatto is the common name of the species Bixa orellana L. Its seeds are used for
obtainment of carotenoid-rich natural products that is widely used in the food industry, as
colorant of butter, cheese, bakery products, oils, ice creams, sausages, cereals and
extruded products (Cardarelli et al., 2008).

Bixin is the most important carotenoid of annatto seeds and coloring potential of its
extract is associated to this compound (Ramamoorthy et al., 2010). However,
hydrophobicity of bixin is a major problem if solubilizing in water is required. Some
strategies have been used to overcome this technological challenge, such preparation of
water-soluble potassium carbonate or oil/water soluble propylene glycol formulations (Mala
et al., 2015). Annatto seeds also have fatty acids, such as palmitic, oleic and linoleic acids
(Rao et al., 2015), in addition to geranylgeraniol (Costa & Chaves, 2005), that also
contributes to low water solubility of this extract, which is widely used as natural colorant.

Preparation of nanostructured systems as potential delivery systems, including as
enhancers of water-solubility, is considered very promising, especially for food industry.
Moreover, it offers additional advantages, including potential enhancement of

bioavailability. The concept of aqueous nanodispersions containing natural products
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involves oil in water nanoemulsions or polymeric nanoparticles disperse in water
(Surassmo et al., 2010; Ribeiro et al., 2008). However, the term nanodispersion is more
associated to disperse systems of non-liquid compounds on water and without any coating
polymer (Tan & Nakajima, 2005; Anarjan et al., 2010; Leong et al., 2011; Silva et al., 2011;
Shariffa et al., 2016; Tan et al., 2016a,b,c). Aqueous nanodispersions are colloidal
systems containing dispersed particles with average size bellow 1000 nm. However, the
issue related to the exact mean diameter that should be used to define nanodispersions is
still nuclear. Several upper limits are accepted according to author criteria (eg. 500, 300,
200 and 100 nm). However, it can be highlighted that no major physical-chemical
alterations may occur when it is below 1000 nm (Solans & Solé, 2012). Thus, in case of
food products, this would not be a major issue if the aqueous nanodispersion has desired
characteristics, such as physical stability, improved water solubility of the encapsulated
compounds and, in case of colorants, satisfactorily homogeneity and expected colour
appearance.

The nanodispersions prepared with some carotenoids, such as astaxanthin, have
been well investigated as promising systems for application into food matrices (Delgado et
al., 2017). The concept of utilization of an organic solvent during the preparation of
nanodispersions for industrial application is a main approach (Silva et al., 2011). The
organic phase constituted by a water-immiscible solvent (eg. hexane) is associated to an
emulsification-evaporation method, while an organic phase constituted by water-miscible
(eg. ethanol) solvent is associated to a solvent displacement method. However, in both
cases the volatile organic solvent that is used for solubilizing of entrapped compounds
must be removed (Leong et al., 2011). Despite the utilization of organic solvents can be
considered an advantage in terms of obtainment of nano-scale dispersed system, the
potential toxicity of residues even after evaporation must be considered (Kelmann et al.,

2007). Thus, as part of our ongoing investigations with annatto nanodispersions, the
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present study aims to generate aqueous nanodispersions with annatto extract using a
simple methodology without necessity of organic solvent, based on a green and

ecofriendly concept.

2. Materials and methods
2.1. Plant material

Seeds of Bixa orellana L. were collected at the municipality of Macapa (S
00°01'07.5" W 051°06°'18.4") at Amapa State (Brazil). Identification of plant material was
performed by the botanist Roséngela Sarquis and a voucher specimen is deposited at the

Herbario Amapaense (HAMAB) under register number 10068.

2.2. Chemicals

The non-ionic surfactants (sorbitan monooleate, polysorbate 80 and polyethylene
glycol 400 monooleate) were obtained from Praid® Especialidade Quimicas (SP, Brasil).
Acetone used on the extraction of B. orellana (annatto) seeds was purchased from Vetec®

(RJ, Brasil).

2.3. Annatto extract

Extraction of annatto seeds was performed according to a method described by
Costa and Chaves (2005) with some modifications. The seeds (814.94 g) were removed
from the fruits and immediately extracted with acetone by maceration. This procedure was
successively performed with solvent renewal (7 L) until a clear filtrate was obtained.
Extraction was performed under room temperature and protected from light. The filtrates
were pooled together and concentrated under reduced pressure using a rotary evaporator
IKA® (modelo HB 05). Then, the concentrated extract was lyophilized in order to remove

any trace of solvent and stored in amber glass flask at 4°C.
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2.3.1. Determination of bixin content by UV/Vis spectrophotometric assay

The bixin content on the annatto extract was determined by a spectrophotometric
assay (Costa & Chaves, 2005) with some modifications. Measurements were performed
on an UV Mini spectrophotometer (Shimadzu, Japan) at 470 nm. It was solubilized with
chloroform and bixin content was determined using the specific absorptivity coefficient of
bixin (2826 L g* cm™) in chloroform using a 1 cm cuvette. The analysis was performed in

triplicate and result expressed as mean + standard deviation.

2.3.2. Infrared analysis

The annatto extract was analyzed by infrared spectroscopy using an attenuated
total reflectance Fourier transform infrared (ATR-FTIR) spectrophotometer (Shimadzu ®
Corporation IR Prestige 21 Cat. No. 206-73600-36-Kyoto-Japan). Spectral region was in

the range of 4000-600 cm™ with resolution of 4 cm and 32 scans.

2.3.3. Thermogravimetry analysis

Annatto extract was subjected to a thermal analyzer (Shimadzu® model TGA
50/50H). Experimental conditions were as follows: nitrogen and synthetic air atmosphere
with flow rate of 50 mL/min, at a 10°C min ratio on a temperature range of 25-600 °C,

using a platinum crucible.

2.3.4. Gas-chromatographic analysis

Annatto extract was analyzed using a GCMS-QP 2010 gas-chromatograph coupled
to mass spectrometer (Shimadzu) using electron ionization (70 eV). It was solubilized in
dichloromethane and experimental conditions were as follows: injector temperature, 270

°C; detector temperature, 270°C; carrier gas, Helium; flow rate 1 mL/min; split injection
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with split ratio 1:60. The oven temperature was programmed from 180 °C, with an increase
of 10 °C/min to 270 °C, ending with a 20 min isothermal at this temperature; RTX-5MS
column (i.d. = 0.25 mm, length 30 m, film thickness = 0.25 um). Mass spectrometry (MS)
conditions were ionization voltage, 70 eV and scan rate, 1 scan/s. Mass range was m/z

from 50 to 600). Identification was performed by comparing to literature data.

2.4. Annatto aqueous nanodispersions

Stock solutions of annatto extract (0.100 g) suspended on surfactant (s) (2.9 g)
were individually prepared after homogenization under magnetic stirring (400 rpm) for 2
hours. Then, the mixtures were centrifuged by 15 min and the supernatants were collected
and used as oily phase for the preparation of the nanodispersions. The oily phase (2 g)
was placed on a becker and distilled water (98 g) was added under controlled flow (2.8
mL/s) and constant magnetic stirring (500 rpm). Total homogenization process was
performed for 1 hour. Then, annatto nanodispersions were diluted in deionized water (1:1)

prior to storage.

2.4.1. Influence of different non-ionic surfactant blends on the annatto nanodispersions
Mixtures of sorbitan monooleate and polysorbate 80 were obtained at different
ratios for preparation of the oily phase. Various hydrophile-lipophile balance values (HLB =

9-15) were achieved and calculated as follows:

HLBa x ma + HLBb x mb
ma + mb

HLB =

Where HLB = hydrophile-lipophile balance of the surfactant of surfactant/co-surfactant
mixture; HLBa = hydrophile-lipophile value of the most hydrophobic surfactant; HLBb =
hydrophile-lipophile value of the most hydrophilic surfactant; ma = mass of the most
hydrophobic surfactant and mb = the most hydrophylic surfactant.

Artigo 1 20



2.4.2. Influence of addition of another non-ionic surfactant aqueous dispersion

The prompt prepared annatto nanodispersions were also diluted in polyethylene
glycol 400 monooleate aqueous dispersion (1%, w/w) prior to storage (1:1), in order to
evaluate the influence of aqueous surfactant dispersion prepared with another non-ionic
surfactant on behavior of pre-formed annatto nanodispersions prepared with different

blends of sorbitan monooleate/polysorbate 80.

2.4.3. Characterization of annatto-based aqueous nanodispersions

The annatto nanodispersions were characterized using a Zetasizer Nano ZS
(Malvern Instruments Ltd, Malvern, UK) equipped with a 10 mW “red” laser (A = 632.8 nm)
and samples were measured at a 90° scattering detector angle for size measurements.
They were diluted with distilled water prior to measurements, which were performed at
different days (Day O, 1, 7 and 21). Average particle size, polydispersity index and zeta
potential were measured in triplicate and results are expressed as mean * standard

deviation.

2.4.4. Optimal annatto aqueous nanodispersion

After evaluation of aforementioned parameters, optimal annatto aqueous
nanodispersion was chosen based on the blend of sorbitan monooleate/polysorbate 80
that allowed achievement of best results. It was diluted with deionized water at different
ratios (1:10, 1:20 and 1:50). Each diluted nanodispersion was hermetically stored at
different conditions, being protected or unprotected from light under controlled temperature
(30 = 2 °C). Particle size distribution and zeta potential were measured at different days
(Day 0, 1, 7 and 21 and 30).

Analysis using a programmed linear ramp of temperature was also performed as

follows: temperature ramp was 25 °C to 80 °C, increased at 5 °C intervals (Oliveira et al.,
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2017). Particle growth (PG) was determined (Mehmood, 2015; Guttoff et al., 2015) during
temperature increase as follows: PG = 100 x [mean particle size (t2) —mean particle size
(t1)] / mean droplet size (t1), where t2 = mean particle size after temperature increase and

t1 = mean particle size on initial temperature.

2.5. Statistical analysis
Analysis of variance (One-way Anova) with 95% of confidence interval followed
by Tukey test was performed using the Software R (R Core Team, 2013). Differences

were considered statistically significant when p < 0.05.

Results and discussion

Extraction of annatto seeds allowed obtainment of 31.993 g of an orange-red
extract. Spectrophotometric analysis indicated a carotenoid content (expressed as bixin;
w/w) of 2.09 £ 0.02 % on the extract. This yield is in accordance with literature data for
carotenoid content (expressed as bixin) of annatto extracts obtained after extraction with

acetone, which ranges between 1.2 — 2.3% (w/w) (Costa & Chaves, 2005).

geranylgeraniol (2)

The carotenoid trans-bixin (1) was identified on the infrared spectra (Fig. 1). The

presence of characteristic peaks, such a large and intense absorption band at 3171 cm™

correspondent to vibration of hydroxyl from the carbonyl group. The stretch vibration of -

Artigo 1 22



CH bond was observed at 2922 cm™ and 2854 cm™. The absorption band characteristic
for C=0 bond of aliphatic a,B-unsaturated esters was also observed at 1716 cm™. The
peak at 1612 cm™ was attributed to asymmetric axial deformation of C=C bond of
conjugated alkenes and absorption bands of C—C(C=0)—C of a,3-unsatured esters were
observed within the range 1377-1159 cm™. The vibrational band at 962 cm™ was attributed
to methylene group of trans-bixin. These assignments are in accordance with literature
data of this compound (Rao et al., 2014; Rahmalia et al., 2015).

Curve of mass change versus temperature (TG) were obtained to allow drawing
information on thermal stability of the annatto extract. TG curve (Fig. 2) presents four
events characterized by weight loss. The first event occurred in the interval of 36°C — 50°C
with 0.4% of mass loss, that until 100°C the mass loss corresponding to water and/or
volatiles evaporation from the annatto extract. The second event of the occurred at the
range of 179°C - 222°C with 27.8 % mass loss corresponding to start thermal degradation
of the sample. The third event is observed at the interval 265°C-310°C with 31.9% mass
loss of the materials. According to literature a temperature range of 155 °C to 310 °C
corresponds to the stage of thermal decomposition of carbohydrates and other organic
compounds present in the species (Costa et al., 2013). From 460°C to 485°C a sudden
mass loss (8.9%) of the annatto extract occurred, indicating the carbonization of the
material. However, until 179°C the annatto extract present physical stability to be
incorporated formulation. This is special important, since isomerization of bixin (cis-trans)

occurs between 200-240 °C (Silva et al., 2005; Marcolino et al., 2011).
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In order to detect the expected volatile compound on annatto extract, GC-MS
analysis was carried out. Few compounds were able to elute under the experimental
conditions, however, a remarkable peak with retention time (Rt) = 6.625 min was
observed. Mass spectra of this compound revealed a fragmentation pattern with peaks at
m/z 69 (base peak), 81, 107 and 55, which correspond to literature data of geranylgeraniol
(2) (Teixeira, 2003). This terpenoids is the main constituent of annatto extract, being even
more abundant than bixin (Costa & Chaves, 2005). Geranylgeraniol is a liquid that with
intrinsic water-immiscibility, and therefore, co-generation of some nanodroplets together
with nanoparticles in the annatto nanodispersions should be also considered, even if the
extract that was used had a powder appearance.

Figure 3 (A, B and C) shows particle size distribution and zeta potential of
annatto aqueous nanodispersions prepared with sorbitan monooleate and polysorbate 80
at different blends and diluted in deionized water. Inmediately after preparation (Day 0),
analysis of the nanodispersions indicated that the lowest mean droplet size were observed
for nanodispersions at HLB 9 (358.9 nm £ 18.96), HLB 10 (309.6 nm * 8.542), HLB 11
(384.9 nm £ 37.49) and HLB 13 (337.4 nm = 64.79). The absence of major particle growth
is considered a good indicative of stability of aqueous nanodispersions (Mehmood, 2015),
highlighting the potential of this annatto nanodispersions. Higher mean droplet size was
observed at HLB 15 (876.5 nm + 103.80). On Day 0, lowest polydispersity index was
observed for nanodispersion at HLB 13 (0.483 £ 0.038), which also presented lowest
variation in this parameter during storage. Lower zeta potential values were observed for
nanodispersions at HLB 12 to 9, which reached negative values below -30 mV. However,
the nanodispersions at lower HLB values presented major variation during storage. Less
variation of zeta potential during storage was observed for nanodispersion prepared at
HLB 15 followed by nanodispersion prepared at HLB 13, which remained around — 17.5 to

— 24.0 mV. This parameter is associated to surface charge of colloids and classification of
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stability is established according to values follows: relatively stable (£10-20 mV),
moderately stable (+20-30 mV) and highly stable (> £30 mV) (Bhattacharjee, 2016).
Combining surfactant and co-surfactant with similarities in chemical structural is
considered an advantage, since interaction between then would facilitate formation of
stable dispersions (Asmaoglu et al., 2016). Moreover, the resulting HLB value of the
mixture can be used to predict the formation of aqueous dispersions on the present study,
utilization of sorbitan monooleate and polysorbate 80 in different blends using a wide
range successfully allowed generation of nanodroplets. It is well known that the main
problem related the physical stability of nanodispersions is associated to Ostwald ripening.
On this issue, utilization of additional less polar oils and/or more lipophilic polymeric
surfactant with low water-solubility is considered a good strategy to enhance the stability of
the system (Tadros et al., 2004). The less alteration on particle size observed for
nanodispersions that have blends of polysorbate 80/sorbitan monooleate instead of solely
polysorbate 80 may be associated to these factors. Overall, considering aspects of all
analyzed parameters, the nanodispersion prepared with HLB 13 should be highlighted,
since it presented low mean droplet size, lower polydispersity index and zeta potential
values in accordance with moderately stable systems during storage. The nanodispersions
prepared at HLB 9-11 presented higher changes in polydispersity index than
nanodispersion prepared at HLB 13, reaching high values (>0.500) during storage. This
upper limit is related to broad size distributions (Cheong et al., 2008). However,
considering high negative zeta potential values and particle size comparable to
nanodispersion prepared at HLB 13, they also can be promising for further studies aiming
to refine the nanodispersions, obtain narrower particle size distributions and more stable

systems that also may be applicable on food products.
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Fig 3. Characterization of annatto nanodispersions prepared with polysorbate 80/sorbitan
monooleate at different hydrophile-lipophile balance (HLB). Results from nanodispersions diluted in
deionized water A) droplet size (nm), B) polydispersity index and C) zeta potential (mV) or diluted
in polyethylene glycol 400 (1%, w/w) aqueous dispersion D) droplet size (nm), E) polydispersity
index and F) zeta potential (mV).

Figure 3 (D, E and F) shows particle size distribution and zeta potential of
annatto nanodispersions prepared with sorbitan monooleate and polysorbate 80 at
different blends after dilution with polyethylene glycol 400 aqueous dispersion (1% wi/w)

prior to storage (1:1). Similar profile after addition of this third non-ionic surfactant were
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observed during storage. Comparing the particle size distribution of nanodispersions
diluted with deionized water and agueous solution of polyethylene glycol 400 (1% w/w), no
statistical difference was observed on nanodispersions prepared at HLB 9, 10, 11 and 13.
Statistical significant difference was observed on particle size of nanodispersion prepared
at HLB 12 (Day 1; p = 0.0327), HLB 14 (Day 7; p = 0.0029 / Day 21; p = 0.0024) and HLB
15 (Day 0; p = 0.0133), while statistical significant differences on polydispersity index were
observed on nanodispersions prepared at HLB 15 (Day 0; .p = 0.0133). Only the
nanoemulsions prepared at HLB 11 and 15 did not present statistical significant difference
on zeta potential after dilutions.

Enhancement of stability of nanodispersions for food application by diluting the
nanostructures solely with distilled water or with co-surfactants is a promising strategy
(Guttoff et al.,, 2015). The effect of some components, such as glycerol (Saberi et al.,
2013a), propylene glycol and ethanol on diluted nanodispersions have been evaluated and
improved stability was observed (Saberi et al., 2013b). A previous study performed with
annatto aqueous nanodispersions indicated that polyethylene glycol 400 allowed
preparation of most stable nanodispersions, when compared to a series of
nanodispersions prepared with single surfactants (Prada et al., 2016). This surfactant has
not water-solubility at the same level of aforementioned substances, such as glycerol,
propylene glycol and ethanol, since it spontaneously forma a dispersion in water (with a
great tendency to sub-micron droplets). Despite this surfactant is widely used in cosmetics,
to our knowledge, more studies should be carried out with this surfactant for its utilization
in nanodispersions for food products.

Thus, the formulation prepared with sorbitan monooleate/polysorbate 80 at HLB
13 and diluted with water was considered the optimal annatto aqueous nanodispersion
due to well-established use of these non-ionic surfactants as food grade additives and

good performance on the analyzed parameters. Figure 4 (A, B and C) shows particle size
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distribution and zeta potential of optimal annatto nanodispersions after different dilution
ratios in water (1:10; 1:20; 1:50) protected from light. The particle size profile revealed a
tendency, in all dilutions, to decrease to values close to 180 — 220 nm. (Fig. 4A). The
polydispersity index of the nanodispersions diluted at 1:10 and 1:50 presented a similar
profile along the storage until day 14. Their polydispersity index increased after seven
days of storage. Then, a decrease was observed on nanodispersion diluted at 1:10 ratio,
presenting the lowest pdi (0.432 £ 0.025) after 21 days of storage. (Fig. 4B). After reaching
a minimum of zeta potential value after 14 days of storage (- 26.9 £ 0.758 mV), the
nanodispersion diluted at 1:10 increased to a value around -20 mV after 21 days of
storage. The zeta potential values of the nanodispersion diluted at 1:50 presented a
tendency for linear decrease and reached the smallest value after 21 days (- 27.8 + 2.02

mV) (Fig. 4C).

Artigo 1 29



A D
00 - 5001
> -%- 1:50 -#- 1.30
4004 - 1:20 4004 - 1:20
o 1:10 voe 1010
@ 3004 2 300+
? 2001 I
100 1004
0 . 0 .
g N S "
Day Day
B E
0.8- 1.0-
-%- 1:50 -+- 1:50
> E
2 -= 1.20 £ 0.8- - 1:20
£ 081 oo 110 | £ re- 1110
2 £ 0.64
= 5
£ 0.4 g
g & 04
2 0.2 302
o o 0.24
o o
0.0 ’ ’ 0.0 .
K o I\ "
Day =
F
Cc
0+ 0-
-=- 1:50 -=- 1:50
i = 120 -= 1:20
g o 110 | F o o0 1110
c c
2 2
E -204 &
1] ]
5 < .20-
ﬁ -30+ I?I
-40 . -30 ,
> o Ny P«
Day Day

Fig 4. Characterization of optimized annatto agueous nanodispersion (prepared with polysorbate
80/sorbitan monooleate at HLB 13) at different dilution ratios in water. Results from
nanodispersions protected from light A) droplet size (nm), B) polydispersity index and C) zeta
potential (mV) or unprotected from light D) droplet size (nm), E) polydispersity index and F) zeta
potential (mV).

Similar profile was observed on particle size of the nanodispersions that were
protected (Fig. 4A) or unprotected (Fig. 4D) from light. However, comparison between the

analyzed parameter of nanodispersions protected and unprotected from light revealed
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significant difference on size of nanodispersions at diluted ratios of 1:10 (Day 14; p =
0.0038 / Day 21; p < 0.0001) and 1:20 (Day 7; p < 0.0001). Regarding polydispersity
index, difference was only observed for nanodispersion at dilution ratio of 1:20 (Day 7; p =
0.0006). Only this dilution did not present statistical significant difference (p> 0.05) on zeta
potential, which was observed on nanodispersions at dilution ratios of 1:10 (Day 21; p =
0.0088) and 1:50 (Day 21; p < 0.0001).

Figure 5 shows the macroscopical appearance after storage of optimal annatto
nanodispersions after different dilution ratios in water (1:10; 1:20; 1:50). Those protected
from light maintained the initial organoleptic properties, with a remarkable orange colour
and homogeneous aspect. It is more pronounced on the concentrated nanodispersion and
gradually decreased as the system was diluted. The storage unprotected from light
induced loss of colour in all nanodispersions, especially on the diluted systems, while the
major colour intensity was observed on the concentrated nanodispersion. Highly diluted
nanoemulsions may be used in food systems (Chang et al., 2015), including in commercial
applications such as functional foods or beverages (Saberi et al., 2013a,b) and an
appropriate concentration that allow achievement of excellent final concentrations on the
food product must be considered for the nano-additive (Davidov-Pardo et al., 2015). Thus,
the present optimal nanodispersion in its concentrated form may be considered promising
as a natural nano-colorant for further dilution and application on highly diluted food

products.
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Fig 5. Macroscopical appearance of optimized annatto aqueous nanodispersion (prepared with
polysorbate 80/sorbitan monooleate at HLB 13) at different dilution ratios in water (from the left to
the right, respectively, concentrated nanodispersions and diluted nanodispersions at 1:10, 1:20 and
1:50) after storage. (A) protected from light and (B) unprotected from light.

Despite comparison of appearance of nanodispersion diluted at 1:10 ratio between
the two conditions suggest photodegradation and alteration on colour, a bluish reflect still
can be observed after storage. This is an indicative that colloidal system still are present in
the formulation, since this appearance is characteristic for nanodispersions due to Tyndall
effect.

Therefore, we chosen the optimal annatto aqueous nanodispersion diluted at 1:10
ratio for evaluation of the influence of the temperature on patrticle size distribution and zeta
potential (Fig. 6A,B,C). Lowest particle growth was achieved until 35 °C (7.2%), while
higher particle growth was observed until 40 °C (22.1 %) and 45 °C (41.6%). After the
maximum that was reached at 45 °C (522.2 £ 25.3 nm), a tendency for linear decrease

was observed until 80°C, reaching a minimum value size of 282.2 + 13.02 nm at this
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temperature. The polydispersity index presented a slight change from 25 to 30 °. Then a
tendency for linear decrease was observed from 30-40 °C, reaching a minimum (pdisgc =
0.367 + 0.033) followed by an overall increase until 80 °C, when it reached a value slightly
lower (pdiggec = 0.446 + 0.033) than the initial polydispersity index. Changes in particle size
distribution may affect the polydispersity index, if a particle size population increases or
decreases. This may be induced by rearrangement of particles due to release of some
entrapped compounds or even alterations due to plasticity of the film formed by the
surfactants. The zeta potential value remained around -17 mV to — 15 mV until 50 °C,
reaching the value -12.7 £ 0.61mV at 60 °C. Then, a rapid increase was observed, ending
with zeta potential value of 5.12 + 0.85 mV at 80 °C. Slight particle growth (<10 %)
together with acceptable polydispersity index suggest relative stability (Guttoff et al.,
2015), while highly unstable systems are observed when zeta potential values are +0-10
mV (Bhattacharjee, 2016). Thus, considering this results, we can suggest that optimal
storage conditions were observed on the temperature range of 25 to 35 °C, due to
maintenance of droplet size and zeta potential values according to relative stability.
However, due to relative stable behavior regarding zeta potential, further strategies aiming
to generate narrower particle size distribution without any major particle growth could be

performed for enhanced activity at least to 60 °C.
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Fig 6. Evaluation of the influence of temperature increase on (A) droplet size, (B) polydispersity

index and (C) zeta potential of optimized annatto aqueous nanodispersion (prepared with

polysorbate 80/sorbitan monooleate at HLB 13) diluted in water (1:10).

Under optimal conditions, an experimental polydispersity index value around 0.410

was considered appropriate for astaxanthin agueous nanodispersions. The method that
Artigo 1 34




was employed was based on the dispersion of an organic phase constituted by a
dichloromethane solution of the carotenoid and its further addition to the aqueous phase
under high-pressure homogenization. Considering that, the method also involved
evaporation of the organic solvent prior to achievement of the final nanodispersion, it was
proposed as a food ingredient (Anarjan et al., 2010). Lycopene aqueous nanodispersions
were also prepared by this approach (high-pressure method and dichloromethane as
organic phase constituent). Poorly dispersability was related to systems prepared solely
with polysorbate 80, evidenced by pdi values greater than 0.700 (Shariffa et al., 2016).
Phytosterol-based nanodispersions were also prepared. At atmospheric pressure, the
utilization of hexane as component of the organic phase induced formation of internal
phase with average size around 150 nm and pdi around 0.430. Polydispersity values
below 0.700 were also considered acceptable for food applications by these authors. On
another hand, utilization of water-miscible organic solvents as constituents of organic
phase induced higher average size, highlighted by the system prepared with acetone (size
around 280 nm) (Leong et al., 2011). Regarding particle size, it was observed that lutein
nanodispersions presented higher diameter after utilization of high-pressure valve
homogenization (236.6 + 10.0 nm). At the experimental organic-phase-to-aqueous-phase
volume ratio that was used (3:7), lutein nanodispersion could not be produced using the
solvent displacement method (Tan et al., 2016c).

Microparticles prepared with annatto seeds (geranylgeraniol-rich oil) for food
applications were prepared using ultrasonication in order to reduce the superficial
diameter. The lowest mean size that was achieved was around 700 nm (Silva et al., 2015).
Polymeric nanocapsules containing bixin were prepared using interfacial deposition of
preformed polymers. The spontaneous formation of nanocapsules in this procedure
required utilization of organic solvents. Mean droplet size was around 200 nm and the zeta

potential values ranged, approximately, from -15 mV to -26 mV during storage (Lobato et
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al., 2013). To our knowledge, the only study regarding preparation of nanostructure
systems with annatto seeds extract was carried out using single surfactant and organic
solvent (Prada et al., 2016). Overall, the results obtained on the present study show the
suitability of the present approach to generate nanodroplets with polydispersity index, in
accordance with literature data for aqueous dispersed systems based on natural products

that were proposed as food additives

Conclusions

Most of studies that generated nanodispersions for application in food science
makes use of organic solvents on the preparation of organic phase prior to
homogenization step. Despite a further removal step is performed, a method that avoid the
needs for organic solvents that may be potentially toxic in some level should be
encouraged. We provided a simple method that meets this concept and make use of low
energy method and low-cost equipment, which is also an advantage in terms of industrial
application and consumer expectance. It is also in accordance with green and ecofriendly
concepts, generating less organic solvent residues. This approach, together with the
utilization of pair of non-ionic surfactants on a wide range of HLB values has been widely
used for preparation of aqueous nanoemulsions. However, to our knowledge, until this
moment it was not explored in terms of agueous nanodispersions based on solid
substances or extracts. The promising annatto nanodispersion that was prepared opens
perspectives for its evaluation and utilization in food matrices. Moreover, this method may
be useful for other carotenoids or extracts and we believe that it open perspectives its

study raw materials of great interest.
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CONSIDERAGOES FINAIS E PERSPECTIVAS (quando necessario).

O interesse pela utilizacdo de produtos de origem natural tem crescido de forma
exponencial na ultima década. Os corantes, por exemplo, sdo ingredientes primordiais no
ramo alimenticio e devido a esta razao busca-se escolher aqueles que ndo apresentam
efeitos nocivos a populacdo e ao meio ambiente. O urucum estad entre as principais
plantas, especificamente a parte das sementes, utilizada para gerar cor a alimentos e a
outros produtos.

A viabilizacdo de corantes naturais em meio liquido ainda € um problema. Grande
parte das substancias capazes de acrescentar cor em produtos e encontrado em vegetais
sdo os carotenoides. Estes sdo caracterizados por possuirem uma baixa solubilidade em
meios aquosos, 0 que torna restrita sua utilizacéo.

A nanotecnologia € uma ferramenta importante neste caso, pois possibilitou neste
trabalho através da producdo de nanodispersdes, veicular bixina e outras substancias
biologicamente importante, em uma formulacdo a base de agua. A técnica utilizada para
obtencdo das formulacdes foi eficiente, evidenciada pela boa estabilidade fisica, e com
baixo custo, visto que nao houve utilizacdo de solvente organico e empregou-se baixo
aporte de energia para a obtencao dos produtos.

A utilizagdo do urucum é feita h4 anos, sem qualquer evidéncia de danos a saude.
Dessa forma, as formulagcdes produzidas podem ser reproduzidas de forma facil e rapida,
sem agredir o meio ambiente. Desta forma, os resultados gerados por este trabalho
permitem a ampliacdo de estudos que utilizem o extrato de urucum, em diversos ramos

da pesquisa.
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ANEXO 2 — MATERIAIS E METODOS

MATERIAS PRIMAS

As sementes de Bixa orellana L. foram coletadas no municipio de Macapa
(Amapda) (Coordenada geogréfica - S 00°01'07.5" W 051°06°'18.4"). A identificacdo do
material botanico foi realizada pela botanica Roséngela Sarquis e a exsicata foi
depositada no Herbario Amapaense (HAMAB) e registrada sob o n°® 10068.0s tensoativos
nao idnicos utilizados (polisorbato 80, monooleato de sorbitano e monooleato de
polietilenoglicol 400) foram obtidos da empresa Praid® Especialidade Quimicas (SP,

Brasil). A acetona foi obtida da empresa Vetec® (RJ, Brasil).
EXTRATO DE Bixa orellana L.

A obtencédo do extrato de urucum foi realizada conforme descrito por Costa &
Chaves (2005). As sementes foram retiradas dos frutos (814,94 g) e imediatamente
submetidas a extragdo por maceracgao utilizando-se acetona, sob temperatura ambiente e
ao abrigo da luz. Em seguida, foi feita a filtracdo do material e as sementes foram
novamente submetidas a extragdo, apos nova adicdo de acetona. Esse procedimento foi
repetido até o filtrado se apresentar como um liquido incolor. O volume total de acetona
empregado para a extragdo foi de 7 litros. Os filtrados obtidos foram reunidos e
concentrados sob pressao reduzida em evaporador rotatério da IKA® (modelo HB 05) até
completa remocdo do solvente. O extrato seco obtido foi posteriormente congelado,

liofilizado e armazenado ao abrigo da luz e sob refrigeracéo.

Determinacéao do teor de bixina (UV-VIS)

A concentracdo de bixina presente na solugéo estoque foi obtida através de andlise
espectrofotométrica (Costa e Chaves, 2005), com algumas modificacbes. As medidas
foram realizadas em um espectrofotometro UV Mini (Shimadzu, Japédo). O extrato foi
solubilizado em cloroférmio e o teor de bixina foi determinado utilizando-se o coeficiente

de absorcao especifica da bixina (2826 L g™ cm™). A anélise foi realizada em triplicata e o
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resultado expresso pela média e desvio padréo. O teor de bixina foi calculado a partir da

equacédo A = ach, onde:

A = absorvancia da solucao contendo o analito
a = absortividade especifica da bixina (¢ = 2826)
b = caminho 6ptico (1 cm)

¢ = concentracao de bixina (g/L)

Andlise termogravimétrica

A termogravimetria (TG) foi realizada em um analisador térmico Shimadzu®
(modelo TGA 50/50H) (Quito, Japdo). A analise foi feita com o extrato acetdnico de
urucum em atmosfera de nitrogénio e de ar sintético com fluxo de 50 mL/ min, razdo de
aquecimento de 10°C/ min numa faixa de temperatura de 25 a 600°C, utilizando-se um

porta amostra de platina.

Infravermelho

A espectroscopia de absorgéo na regido do infravermelho do extrato acetdnico
do urucum foi realizada em espectrofotometro com transformador de Fourier (FTIR)
(Shimadzu® Corporation IR Prestige 21 Cat. No. 206-73600-36- Kyoto-Japan) na regiao
espectral de 4000 a 600 cm™ com resolucdo de 4 cm e 32 scans, com auxilio do acessoério
de Refletancia Total Atenuada.

Cromatografia em fase gasosa acoplada a espectrometria de massas (CG-EM)

O extrato de urucum foi analisado em um cromatografo gasoso acoplado a
espectrbmetro de massas (GCMS-QP5000,SHIMADZU) equipado com detector por
impacto de elétrons. A amostra foi solubilizada em diclorometano e injetada em coluna
RTX-5MS (30m x 0,25 mm x 0,25 pum). As condi¢des de analise foram: hélio como gas de
arraste; fluxo com taxa de 1mL/min; injecdo de split com taxa de 1:60; temperatura do
injetor, 270°C, temperatura do detector, 270 °C. A temperatura inicial do forno foi 180°C,

com posterior incremento de 10°C/min até 270 °C, finalizando com 20 min de eluicédo
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isotérmica nessa temperatura. As condicdes da espectrometria de massas foram:

voltagem de ionizacéo de 70eV, taxa de varredura de 1 scan/s e faixa de m/z =50 — 600.

NANODISPERCOES AQUOSAS A BASE DE URUCUM

SolugBes estoque constituidas por extrato de urucum e tensoativo (s) foram
preparadas através da homogeneizacdo em agitador magnético (400 rpm, 2 h) de 0,1 g de
extrato de urucum e 2,9 g de tensoativo, ou mistura de tensoativos. Em seguida, a mistura
foi centrifugada durante 15 minutos. Apos a centrifugacao, retirou-se, com o auxilio de
uma pipeta Pasteur, o sobrenadante da mistura, que foi utilizado como fase oleosa para
preparacdo das nanodispersdes. Agua destilada (98 g) foi adicionada lentamente (2,8
mL/s) a fase oleosa (2,0g) em um bequer, sob agitacdo magnética (500 rpm). O processo
de homogenizacdo durou durante 1 hora, a partir da completa de adicdo de agua. Apés
esse periodo, as nanodispersfes aquosas a base de urucum foram diluidas em agua

deionizada (1:1) e armazenadas ao abrigo da luz sob temperatura ambiente.

Avaliacao da influéncia de diferentes proporcdes de tensoativos néo iénicos

Misturas de monooleato de sorbitan e polisorbato 80 foram obtidas sob diferentes
propor¢des para preparacdo das fases oleosas. Valores de Equilibrio Hidréfilo-Lipofilo

(EHL) entre 9 - 15, foram obtidos através da equacéo abaixo:

EHLa x ma + EHLb x mb
ma + mb

EHL =

Onde, EHL = equilibrio hidréfilo-lipofilo da mistura de tensoativos; EHLa = valor de
equilibrio hidrofilo-lipofilo do tensoativo mais hidrofébico;, EHLb = valor de equilibrio
hidroéfilo-lipofilo do tensoativo mais hidrofébico, ma = massa do tensaotivo mais

hidrofébico e mb = massa do tensoativo mais hidrofilico.

Avaliacdo da influéncia da adicdo de uma dispersdo aquosa de outro tensoativo

nao-idnico

As nanodispersfes aquosas de urucum recém-preparadas também foram diluidas
(1:1) em uma dispersdo aquosa de monooleate de polietilenoglicol 400 (1%,p/p). Foi

avaliada a influéncia desse tensoativo adicional no comportamento das nanodispersdes ja
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formadas pela utilizacao de diferentes propor¢cdes de monooleate de sorbitano/polisorbato
80.

Caracterizacao das nanodispersdes aguosas a base de urucum

As nanodispersfes aquosas a base de urucum caracterizadas utilizando-se um
equipamento ZetaSizer® Nano-ZS (Malvern, Reino Unido) equipado com laser vermelho
(A = 632.8 nm) e 0 angulo de espalhamento do detector foi 90°. As nanodispersdes foram
diluidas em é&gua deionizadas e analisadas apd6s 0, 1, 7 e 21 dias. O tamanho de
particula, indice de polidispersdo e potencial zeta foram medidos em triplicata e os

resultados expressos em funcdo da meédia e desvio padrao.

Nanodispers&o aquosa otimizada a base de urucum

AplGs a avaliagdo dos parametros acima mencionados, a nanodispersdo aquosa
otimizada a base do urucum foi escolhida com base na mistura de monooleate de
sorbitano/polisorbato 80 capaz de gerar a nanodispersdo com melhores caracteristicas.
Ela foi diluida em agua deionizada (1:10, 1:20 e 1:50). Cada diluicdo foi armazenada
protegida ou exposta a luz, sob temperature controlada (30 + 2 °C). A analise de
distrituicdo de tamanho de particula e potencial zeta foi realizada sob diferentes dias 0, 1,
7 e 21 and 30).

A distribuicdo do tamanho de particula e potencial zeta também foram avaliadas
utilizando-se uma rampa de temperatura linear em condigdes programadas (Oliveira et al.,
2017): 25-80°C, com aumento de 5°C a cada medicdo. O crescimento da particula (CP)
(Mehmood, 2015; Guttoff et al., 2015) foi determinado através da equac¢ao a seguir: CP =
100 x [tamanho médio (t2) —tamanho médio (t1)] / tamanho médio (t1), onde t2 = tamanho
meédio de particula apds increment de temperatura e t1 = tamanho médio de particula na

temperature inicia.
ANALISE ESTATISTICA
Analise de Variancia (Anova One-way) com 95% de interval de confianca, seguido

deteste de Tukey, foi realizado utilizando-se o Software R (R Core Team, 2013).As

diferencas foram consideradas significativas quando p < 0.05.
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