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APLICACAO DE SISTEMAS AQUOSOS BIFASICOS NA EXTRACAO DE
ANTIOXIDANTES PRESENTES EM FRUTAS TROPICAIS

Igor Adriano de Oliveira Reis

A obtengdo de moléculas de interesse para a industria biotecnoldgica, como as de alimentos,
farmacéutica e bicombustivel, depende estritamente das técnicas de extracdo e do grau de
pureza dos biocompostos. Devido a complexidade dessas substancias, as técnicas de extragao
e purificacdo sdo invariavelmente mais refinadas, refletindo nos custos do processo e
consequentemente no valor do produto final. Portanto, ¢ muito importante o desenvolvimento
de uma metodologia simples, rapida, de facil capacidade de recuperagdo, baixo custo e com
alta eficiéncia de extracdo. Dentre as técnicas utilizadas, pode-se destacar o sistema aquoso
bifasico (SAB) que se baseia na particdo da biomolécula entre duas fases formadas por
constituintes dispersos em agua. Portanto, este estudo estd focado na avaliagao e utilizagdo de
SAB formados por alcoois (metanol, etanol, 1-propanol e 2-propanol) e sais de fosfato de
potassio (KsPO4, K;HPO,4 € K;HPO4/KH,PO4 - solucdo tampao) na extragdo de biocompostos
de frutas tropicais encontradas na regido nordeste do Brasil. Primeiramente os diagramas de
fase (curvas binodais, linhas de amarracdo e comprimentos das linhas de amarracdo) para os
sistemas ternarios compostos de alcool + sal inorganico + agua foram determinados a 25 °C e
pressdo atmosférica. A influéncia destes diferentes alcoois e sais inorganicos, na concepcao
do comportamento dos diagramas de fases foi investigada. Usando estes SAB’s como sistema
de extra¢do modelo foi possivel recuperar e separar as biomoléculas como a vanilina, acido L-
ascorbico, rutina, acido galico e malvidina para a fase rica em alcool ou para a fase rica em
sal. A influéncia do sal inorganico e do 4lcool utilizados foram avaliados pela estimagdo dos
coeficientes de parti¢do (K) e porcentagens de recuperacao obtida nas duas fases co-existentes
e para cada composto. Uma segunda etapa do trabalho foi a extracdo das biomoléculas em
SAB’s formados por alcoois e sais de fosfato de potdssio em residuos de frutas (acerola,
goiaba e jameldo). No processo de extragdo em matrizes reais as biomoléculas migram para a
fase de topo (K > 1) ou fase de fundo (K < 1) a depender dos constituintes dos sistemas e da
molécula alvo, corroborando com os sistemas modelos estudados. Assim, os SAB’s baseados
em alcool-sal podem ser encarados como processos alternativos de extragdo para a
recuperagdo de compostos de alto valor agregado, tais como acido ascorbico, acido galico,
vanilina, rutina e malvidina, a partir de residuos agroindustriais. Os constituintes do sistema
podem ser manipulados de modo a se ter as biomoléculas extraidas para a fase rica em alcool
ou rica em sal de potassio, demonstrando assim a versatilidade dos sistemas estudados.

Palavras-Chave: extracao, sistema aquoso bifasico, antioxidantes, biomoléculas.
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APPLICATION SYSTEMS IN AQUEOUS TWO-PHASE EXTRACTION
ANTIOXIDANTS IN THESE TROPICAL FRUITS

Igor Adriano de Oliveira Reis

The achievement of molecules of interest in the biotechnological industry, such as food,
pharmaceuticals and biodiesel, depends strictly on the extraction techniques and the purity of
the compounds. Due to the complexity of substances, the extraction and purification
techniques are invariably refined, reflection in the processes costs and consequently on the
final product. However, it is very important to develop a simple, rapid and of easy recovery
method, with low costs and high extraction efficiency. Among the techniques used, the
aqueous biphasic system (ABS) based on the partitioning of the biomolecule in two phases
formed by constituents dispersed in water. However, for this study the evaluation and use of
ABS formed by alcohols (methanol, ethanol, 1 — propanol and 2 — propanol) and potassium
salts (K3PO4 K;HPO,4, KoHPOS/ KoHPO, - buffer solution) in the extraction of biocompounds
from tropical fruits found in the northeast of Brazil were used. Firstly, the phase diagrams
(binodal curves, tie lines and its lengths) for the ternary system composed of alcohol +
inorganic salt + water were determined at 25 °C and atmospheric pressure. The influence of
these alcohols and inorganic salts, in the conception of the phase diagram behavior were also
investigated. Using ABS’s as the extraction model it was possible to recover and separate
biomolecules such as vanillin, ascorbic acid, rutin, galic acid and malvidin for the phase rich
in alcohol or rich in salt. The influence of inorganic salt and alcohol used were evaluated by
estimating the partitioning coefficients and recovery percentage in both coexisting phases and
for each compound. The second stage was the extraction of biomolecule from ABS formed by
alcohols and potassium phosphate salts residues from fruits (barbados cherry, guava and java
plum). In the extraction process in real matrixes, the biomolecules migrate to the top phase (K
> 1) or the bottom phase (K < 1) depending on the compounds of each system based in
alcohol salt, agreeing with the system studied. So the ABS's salt-alcohol-based can be viewed
as an alternative extraction processes for recovery of high-value compounds from various
agro-industrial residues. The constituents of the system may be manipulated such a way to
obtain biomolecules extracted from alcohol rich- phase or potassium salt rich- phase, thus
demonstrating the versatility of the systems studied.

Key words: extraction, biphasic aqueous system, antioxidants, biomolecules.
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INTRODUCAO

O Brasil ¢ um pais rico em frutos tropicais exoticos, de alto valor nutricional, os
quais apresentam vitaminas € pigmentos naturais na sua composicdo e tém alto
potencial de industrializacdo. O mercado dessas frutas, anteriormente restrito a areas
locais, tem se expandido para centros metropolitanos, isto devido ao sabor exdtico
apresentados por estes frutos tropicais, o que contribui para o aumento de seu consumo.
A produgdao mundial de frutas atingiu 540 milhdes de toneladas anuais, movimentando
um valor comercial de 162 bilhdes de doélares no ano de 2009 (DANTAS et al., 2009).
A China ocupa o primeiro lugar no ranking, com 175 milhdes de toneladas, seguida da
ndia e do Brasil, com 57 e 43 milhdes, respectivamente (IBRAF, 2012). No Brasil, a
fruticultura ocupa uma area de 2,5 milhdes de hectares, empregando 5,6 milhdes de
pessoas, aproximadamente 27% da mao-de-obra agricola do pais (NASCENTE, 2003).

O Nordeste do Brasil destaca-se na produ¢do de uma grande variedade de frutas,
representando uma 6tima alternativa de agronegocio para a regido. Muitas fruteiras sdo
bem adaptadas as condi¢des de luminosidade, clima e solo predominantes na regiao
Nordeste, e algumas espécies, em especial as frutas tropicais, tém se destacado por seu
enorme potencial nos mercados externo e interno. Atualmente, varios municipios de
Sergipe tém investido na fruticultura de frutas tropicais, em decorréncia disso o Estado
se destaca na producao de algumas frutas, como a acerola, com boas perspectivas para
os mercados externo e interno. Essas frutas apresentam em sua composi¢do compostos
extremamente importantes e de interesse da industria de alimentos como os corantes, e
para o segmento de saude destacam-se os acidos fenolicos, antocianinas, carotendides,
representando assim um grande potencial a ser explorado.

Pesquisas envolvendo compostos antioxidantes oriundos de fontes naturais tém
sido desenvolvidas em diferentes centros de estudos devido a sua importancia na
prevencao do desencadeamento das reacdes oxidativas. O interesse pela acdo
antioxidante de componentes da dieta ¢ notoriamente crescente nos ultimos anos, com
especial énfase as vitaminas A, C, E e o B-caroteno. Essa importancia esta relacionada
com a presenca de radicais livres no organismo humano que causam danos oxidativos a
proteinas, lipidios e acidos nucléicos, e consequentemente propicia o surgimento de
varias doencas como cancer, envelhecimento precoce dos tecidos, lesdes em orgao

como o figado, entre outros.



Um grande nimero de plantas aromaticas e medicinais contém compostos
quimicos que exibem propriedades antioxidantes, e estes efeitos devem-se
principalmente aos compostos fenolicos, tais como flavonoides, acidos fenolicos e
diterpenos fendlicos. Encontram-se ainda nas frutas, nos vegetais e condimentos, 0s
quais apresentam outras classes de substancias que também contribuem para suas
propriedades bioldgicas, como os compostos nitrogenados, carotenodides, vitaminas,
polissacarideos e clorofila.

Aliado ao aspecto nutricional os frutos tropicais apresentam uma elevada
producao e um forte potencial para industrializacdo, gerando residuo agroindustrial que,
geralmente, resulta em aciimulo de lixo e impacto ambiental. Vale destacar que as
cascas e as sementes sdo frequentemente os maiores componentes de varios frutos e
geralmente nao recebem a devida atencdo. Neste sentido, ndo ocorre o reaproveitamento
ou a reciclagem deste material, possivelmente, em decorréncia da falta de valor
comercial. Merece destaque, também, o teor de compostos com acdo antioxidante
presente nesses residuos, pois estudos tém revelado que as cascas e as sementes de
certos frutos exibem atividade antioxidante mais elevada do que a polpa, e que o perfil
dos fitoquimicos antioxidantes ¢ diferenciado nestas partes do vegetal (GUO et al.,
2003).

Diante do exposto, estudos sobre a extracdo de antioxidantes sdo de fundamental
importancia. Dentre os métodos de extragdo podem ser citados os métodos
convencionais de extracao utilizando solventes organicos (como etanol e metanol), € os
métodos ndo convencionais como a extracdo em fluido supercritico, extragdo com
liquido pressurizado, extragdo por micro-ondas, micro-extracdo em fase soélida, extragdo
por ultra-som e, como forma de purificacdo da biomolécula, a utilizacdo de técnicas
cromatograficas. Essas técnicas consomem quantidades elevadas de solventes ou sdo
procedimentos dispendiosos € podem apresentar condi¢des que sejam danosas as
biomoléculas, por serem muitas vezes condi¢des muito drasticas.

Por esta razdo o consumo de solventes € inevitavelmente alto, e
consequentemente os custos do processo sdo também elevados, sendo assim faz-se
necessario o uso de uma técnica que permita um alto grau de purificacdo, separagao e
recuperagdo associada a um baixo custo de operacdo. Além disso, o processo deve ser
simples, evitando sucessivas etapas.

Entre as técnicas de extracdo de antioxidantes destaca-se o uso do ultra-som,

cuja vantagem esta na possibilidade de usar diferentes solventes para a extragdo, bem
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como diminuir o tempo necessario para realizd-las, além de apresentar uma boa
reprodutibilidade. Todavia, a extracdo de antioxidantes com ultra-som depende da
intensidade da cavitagdo e temperatura, sendo necessario otimizar estes paradmetros para
a utilizagao desta técnica, além do custo do equipamento.

Uma técnica que desponta para a extracdo de biomoléculas sdo os sistemas
aquosos bifésicos, que podem ser formados utilizando uma série de compostos como
polimeros, sais inorganicos, liquidos idnicos, alcodis, dentre outros. A formagdo das
duas fases dependera das interagdes intermoleculares, que sdo responsaveis pela
distribuicao dos componentes, pela relagdo do volume entre as fases e do coeficiente de
parti¢do, dentre outros. Estes sistemas apresentam como maiores vantagens a sua
biocompatibilidade, facil ampliacdo de escala, facilidade de operacdo que permite um
seletivo e rapido processo de extracdo, além da alta concentracao de agua que oferecem
um Otimo meio para biomoléculas sensiveis, baixa tensdo interfacial que facilita a
migracdo das biomoléculas e também de particulas celulares entre as fases e ainda
minimiza o risco de comprometimento da estrutura da biomolécula.

Entretanto a utilizacdo de sistemas polimero-polimero apresenta algumas
desvantagens como a lenta segregacao das fases e a dificil reciclagem dos componentes
formadores das fases que levaram a aplicacdo de sistemas baseado em sais. Este
trabalho foca-se na utilizacdo de alcodis e sais, ambos de baixo custo e com uma
abundancia significativa na regido nordeste, area onde o trabalho ¢ desenvolvido.

Os sistemas aquosos bifasicos compostos por alcodis e sais de fosfato de potassio
apresentam como vantagem a baixa viscosidade, alta polaridade e a facil recuperagao
dos alcoois, associando-se ainda o mais baixo custo destes sistemas.

Entretanto, para a aplicacdo do sistema aquoso bifasico, ¢ necessario o
conhecimento prévio dos diagramas de fase dos sistemas em estudo, por este motivo as
curvas binodais para todos os sistemas utilizados e as linhas de amarragdo que preveem
a composicao das fases de topo e fundo para alguns pontos de mistura foram realizadas.
Cabe ressaltar a importancia deste procedimento para o entendimento dos efeitos
associados durante a particao de biomoléculas, além do ajuste matematico inserido.

Alguns trabalhos de particdo de moléculas em sistemas alcoois e sais (OOl et al.,
2009; WANG et al., 2010) ja foram publicados, porém a otimizagdo das condigdes do
processo de particdo das biomoléculas ndo foram inteiramente estudadas, bem como a
extracdo de biocompostos em frutas. Portanto este trabalho aplica a variagdo dos tipos e

concentragdes dos alcodis e sais de fosfato de potassio, da temperatura e da adicdo de
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eletrdlitos na extragcdo de antioxidantes em matrizes reais de frutas, tornando o trabalho
inovador. Para entendimento da particdo e recuperacdo de antioxidantes foram
escolhidas como modelos, o acido L-ascorbico, a vanilina, a rutina, o acido galico e a
malvidina. Assim, foi possivel constatar que a aplicagdo destes sistemas aquosos
bifasicos formados por alcool-sal podem ser promissoras técnicas para a extragdo de
compostos valiosos a partir de fontes simples ou ainda mais complexas, como por

exemplo, residuos agroindustriais e de alimentos.



Capitulo I

1. REVISAO BIBLIOGRAFICA

Neste topico serd apresentado o estado da arte referente a extracdo de
biomoléculas, em especial a revisdo bibliografica quanto a aplicagdo da técnica de
extracdo liquido-liquido, especificamente o sistema aquoso bifasico formado por alcoois
e sais de fosfato de potdssio. Também, sdo apresentadas as propriedades das

biomoléculas utilizadas.

1.1 Biomoléculas

O termo biomoléculas possui uma definicdo bastante ampla, abrange compostos
sintetizados por organismos vivos como vegetais, animais € micro-organismo, os quais
as utilizam no metabolismo, na digestdo, na protecdo, na locomogao e outros. As
biomoléculas podem ser classificadas como de origem enddgena ou de origem exdgena,

a Tabela 1.1 apresenta alguns exemplos de biomoléculas quanto a sua classificagdo

(GREISLER, 2003).

Tabela 1.1. Classificacao das biomoléculas.

Endogenas Exogenas
Acidos Nucléicos Antioxidantes
Lipidios Minerais
Glicidios Retinol
Proteinas Bioflavina

A aplicagdo de biomoléculas em diversas atividades industriais tem evoluido com
o passar dos anos, principalmente devido ao surgimento de diversas técnicas de extragdo
e purificacdo. Este interesse crescente ¢ fortalecido pela alta demanda das industrias
alimenticia, farmacéutica e biotecnoldgica por produtos com alto grau de pureza

(ZUNIGA et al., 2003), como por exemplo, proteinas, enzimas, acidos nucleicos,



antioxidantes, dentre outros. A seguir sao apresentadas algumas biomoléculas de

interesse deste trabalho.

1.1.1 Antioxidantes

Os antioxidantes sdo substancias que, presentes em baixas concentragdes quando
comparadas a do substrato oxidavel, atrasam ou inibem a oxidagdo deste substrato de
forma eficaz (SIES e STAHL, 1995), ou seja, inibem e reduzem as lesdes causadas
pelos radicais livres nas células. Esses agentes que protegem as células contra os efeitos
dos radicais livres podem ser classificados em antioxidantes enzimaticos ou nao-

enzimaticos, como apresentado na Tabela 1.2 (SIES, 1993).

Tabela 1.2. Principais agentes de defesa antioxidante.

Nao-enzimatico Enzimatico
a-tocoferol* superoxido dismutase
-caroteno catalase
Acido L-ascorbico** glutationa peroxidase

*Vitamina E, **Vitamina C

A producdo continua de radicais livres durante os processos metabdlicos leva ao
desenvolvimento de muitos mecanismos de defesa antioxidante para limitar os niveis
intracelulares e impedir a inducao de danos (SIES, 1993).

A presenca de radicais livres no organismo humano estd relacionada a danos
oxidativos a proteinas, lipidios e acidos nucléicos, causando varias doengas como
cancer, envelhecimento precoce dos tecidos, lesdes em 6rgao como figado, entre outros.

Esses danos sdao causados por fontes enddgenas e exdgenas (Tabela 1.3).

Tabela 1.3. Fontes endégenas e exodgenas de geragdo de radicais livres.

Fontes enddégenas Fontes exdgenas
Respiragdo aerdbica Cigarro
Inflamagdes Radiagdes gama e ultravioleta
Peroxissomos Medicamentos
Enzimas do citocromo P450 Dieta




Entretanto devido a eficiéncia parcial do sistema antioxidante enzimatico do
organismo humano, torna-se necessaria a ingestdo de compostos antioxidantes por meio
da dieta alimentar, o que contribui para o mecanismo antioxidantes ndo-enzimatico
(PIETTA et al., 1998). Os alimentos, principalmente as frutas, verduras e legumes
contém agentes antioxidantes (Tabela 1.4), tais como as vitaminas C, E e A, a
clorofilina, os flavondides, carotendides, antocianinas e outros que sdo capazes de
restringir a propagacao das reagdes em cadeia e as lesdes induzidas pelos radicais livres

(STAVRIC, 1994; FOTSIS et al., 1997; POOL-ZOBEL et al., 1997).

Tabela 1.4. Algumas fontes de antioxidantes na dieta alimentar.

Alimento Antioxidante
Mamao B-caroteno
Acerola rutina

Uva quercetina

Espinafre clorofila
Laranja acido L-ascorbico
Jameldo antocianinas

A vitamina C, B-caroteno e os acidos fenolicos sdo considerados excelentes
antioxidantes, capazes de sequestrar os radicais livres com grande eficiéncia. As fontes
geradoras de radicais livres podem diminuir os niveis de antioxidantes celulares.
Entretanto, as defesas antioxidantes do organismo podem ser restabelecidas com dietas
apropriadas e suplementos vitaminicos (CARAGAY, 1992; ANDERSON, 1996).

Recomendagdes dietéticas para uma alimentagdo sauddvel incluem o consumo de
frutas, pela presenca de vitamina C, um eficiente antioxidante natural (GARDNER et
al., 2000), além de compostos fendlicos e carotenodides, que também apresentam
potencial antioxidante (GARDNER et al., 2000). De acordo com Halliwell (1996), a
vitamina C possui alta disponibilidade biologica e, portanto, ¢ o mais importante
antioxidante hidrossolivel nas células, absorvendo eficientemente espécies reativas
como O, (oxigénio singlete), OH (radicais peroxila). Estudos epidemiologicos atribuem
a vitamina C um possivel papel de protecdo no desenvolvimento de tumores nos seres

humanos (DUTHIE et al., 1996).



Pigmentos, como o licopeno e o PB-caroteno, por exemplo, funcionam como
antioxidantes naturais e tém capacidade de proteger membranas, DNA e outros
constituintes celulares contra danos oxidativos (SANTAMARIA ¢ BIANCH, 1989;
KRINSKY, 1991).

Dentre os compostos antioxidantes, destacam-se os acidos fendlicos presentes nas
formas livres ou complexadas. Estes compostos foram identificados e quantificados nas
mais diferentes frutas e vegetais, apresentando alta correlagdo com a atividade
antioxidante demonstrada pelas mesmas (HOLMMAN e ARTS, 2000; KING e
YOUNG, 1999). Entretanto, o conteudo de fendlicos encontrados em diferentes frutas
ou vegetais ¢ bastante variado. Estas diferengas podem ser devido a complexidade desse
grupo de compostos, aos métodos de extracdo e/ou a metodologia de quantificagdo
empregada. Além disso, o conteudo de fendlicos de plantas depende de fatores
intrinsecos (gé€nero, espécie, cultivar) e extrinsecos (condigdes ambientais e de cultivo,
manejo e condi¢cdes de armazenamento) (SUN, 2002).

Os compostos fendlicos promovem a remog¢do ou inativagdo dos radicais livres
formados durante a iniciagcdo ou propagacao da reacao, através da doagdo de atomos de
hidrogénio a estas moléculas, interrompendo a reagdo em cadeia (RAMALHO e

JORGE, 2006), e esta representado pelas Equagoes 1.1 e 1.2:

ROO® + AH — ROOH + A® (1.1)

R*+AH— RH+A® (1.2)

Onde: ROO® e R® — radicais livres; AH — antioxidante com um atomo de hidrogénio

ativo e A® — radical inerte.

Estes antioxidantes agem por meio da transferéncia de hidrogénio para o radical
ROO* formando o radical fenoxil, este se torna estavel e inerte por ressonancia e perde
sua capacidade de iniciar ou propagar as reagdes oxidativas (RAMALHO e JORGE,
2006).

As frutas, por conterem uma variedade de vitaminas e minerais essenciais, sempre
foram consideradas como alimentos reguladores do metabolismo, ou seja, conservam e
fortalecem o sistema imunoldgico, previne doengas degenerativas, asteroclerose, entre

outras. Do ponto de vista das propriedades funcionais fisioldgicas, esses alimentos tém
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sido altamente recomendados pela sua riqueza em acido L-ascorbico (vitamina C), acido
galico, antocianinas, substancias fenolicas, carotenoides, substancias sulfuradas, fruto-

oligossacarideos, dentre muitos outros (SGARBIERI e PACHECO, 1999).

1.1.1.1 Acido L-ascérbico

Dentre os antioxidantes o 4cido L-ascérbico (vulgarmente conhecido como
vitamina C) ¢ o mais conhecido, possuindo inimeras fun¢des bioquimicas como a
capacidade de reagdo com oxigénio singleto e outros radicais livres, participagao do
colageno, sintese de alguns aminoacidos e auxilio na atividade de enzimas por meio da
doacdo de elétrons (YARDIM-AKAYDIN et al., 2003). O acido L-ascorbico possui
formula quimica C¢HgOg, cuja estrutura pode ser observada na Figura 1.1. Deste modo,
pode ser verificado que a estrutura molecular do acido L-ascorbico assemelha-se a de
um monossacarideo, apresentando extraordinario poder redutor devido a sua
configuracdo diendlica C(OH)=C(OH), redutona ou enediol (MURRAY et al., 1997). O
acido L-ascorbico possui uma grande instabilidade e ¢ facilmente hidrolisado em acido
dehidroascorbico, e essa degradagdo pode ocorrer devido ao calor, luminosidade,
oxigenacao e ao contato com enzimas oriundas de rompimento celular. Mas essa reagao

de oxidagao ¢ reversivel e no interior dos tecidos o acido dehidroascorbico se reduz em

acido L-ascorbico (BOBBIO e BOBBIO, 1995).

A A
HQ OH
AHO A
OH
A

Figura 1.1. Estrutura molecular do acido L-ascorbico. Sitios receptores de ligacao de

hidrogénio marcados com “A”. Fonte: http://www.chemspider.com

Variados teores de 4cido L-ascorbico sdo encontrados em frutos tropicais (Tabela
1.5), os quais podem ser adequados de acordo com a necessidade de ingestdo didria na

dieta.



As fontes de 4cido L-ascorbico nos frutos sdo classificadas em diferentes niveis:
fontes elevadas (100 a 300 mg/100g); fontes médias (50 a 100 mg/100g); fontes baixas
(25 a 50 mg/100g) e fontes muito baixas quando menores que 25mg/100g de polpa
(FRANCO, 1999).

Tabela 1.5. Teores de acido L-ascérbico de frutas tropicais.

Frutas Acido L-ascérbico (mg/100g) Referéncia
Caju (Anacardium occidentale) 249,7+8,7 FRANCO, 1999
Acerola (Malpighia emarginata) 1758,64+165,32 BATISTA et al., 2000
Laranja (Citrus Sinensis) 84,03 + 3,18 COUTO e C. BRAZACA, 2010
Caja (Spondias mombin) 26,5+0,5 RUFINO et al., 2011
Jameldo (Syzygium cumini) 112,0+£5,8 RUFINO et al., 2011

Além do seu papel nutricional, o acido L-ascérbico ¢ comumente utilizado como
antioxidante nas industrias para preservar o sabor e a cor natural de muitos alimentos, ¢
usado como aditivo nutricional em bebidas, cereais matinais, conservas e refrigerantes
enlatados e, por essa razdo, o acido L-ascérbico ¢ manufaturado em larga escala
(FIORUCCI, 2003). A producao mundial anual de acido L-ascorbico em 1999 foi de
80.000 toneladas, das quais 50% sao destinadas a industria farmacéutica, 25% ¢
utilizada no setor agroindustrial como aditivo, e ainda 15% na fabricacdo de bebidas, o

restante vai para ragdo animal (ARAUJO, 1999).

1.1.1.2 Acido gdlico

O 4cido 3,4,5-tridroxibenzoico (CsH(OH);COOH), também denominado de
acido galico (Figura 1.2), ocorre naturalmente nos vegetais, em especial nas frutas. Este
composto, amplamente distribuido no reino vegetal, apresenta uma estrutura fenodlica
tri-hidroxilada que lhes confere propriedade antioxidante (HERNANDEZ e PRIETO
GONZALES, 1999), originaria do metabolismo secundario, e ¢ frequentemente um

componente de taninos hidrolisiveis em plantas (GRUNDHOFER et al., 2001).

A separagdo e purificacdo desta biomolécula tem um grande interesse pratico, pois

ela tem varias caracteristicas de importancia biologica. Ela tem propriedades
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antioxidante, anti-inflamatoéria (DU et al., 2009; YILMAZ e TOLEDO, 2003),
antifungica, anti-tumor, diurético, depurativo, anti-séptico intestinal, bacteriostatica e
bactericida (CONDRAT et al., 2010), tonico, anti-artritica (ALBERTO et al., 2001) ¢
como transportadora de hidrogénio (SANTOS et al. 2010).

AH H A

H

A A

Figura 1.2. Estrutura quimica do &cido galico. Sitios receptores de ligagao de

hidrogénio marcados com “A”. Fonte: http://www.chemspider.com

O 4cido gélico também apresenta um importante papel como um inibidor do
metabolismo de alguns micro-organismos (a¢do antimicrobiana). Devido a estas
caracteristicas atraentes associadas ao acido galico, esta biomolécula executa uma
posi¢do essencial na industria farmac€utica no tratamento de problemas gastricos,
anorexia, flatuléncia, gases, gota, doencas urindrias, reparador da pele hemostatico
(GIL-LONGO e GONZALEZ-VAZQUEZ, 2010, e sedativo, uma vez que ¢ bem
absorvido pelos seres humanos (DANESHFAR et al., 2008). Além disso, o 4acido galico
¢ comumente utilizado como antioxidante em aditivos alimentares (SERGEDIENE et

al., 1999).

Este acido fendlico esta presente em diversos produtos naturais, como casca de
roma (LU et al., 2007), vegetais (GIL-LONGO e GONZALEZ-VAZQUEZ, 2010), chas
verde e preto (ZUO et al., 2002), algumas plantas como Plantae regnum (CONDRAT

et al.,2010), e também em frutas tropicais, como mostrado na Tabela 1.6.
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Tabela 1.6. Teores de acido galico em frutas tropicais.

Frutas Acido galico (ug/100g)
Abacaxi (Smooth cayenne) 147,2 £10,1
Manga madura (cv. Keaw) 397,4+13,1
Rambutdo (Nephelium lappaceum) 231,4+ 11,9
Goiaba (cv. Klom sali) 3743+ 13,1

Fonte: GORINSTEIN et al., 1999

1.1.1.3 Antocianinas

As antocianinas sdo pigmentos naturais pertencentes ao grupo dos flavonoides,

amplamente disseminados na natureza. Como todos os outros flavondides, as

antocianinas possuem um esqueleto basico do tipo C;C¢Cs, mas diferem dos demais por

apresentarem coloracdo intensa, maior grau de oxidacdo e por serem glicosiladas. Sao

responsaveis por inumeras cores em plantas, como: laranja, vermelho, azul e violeta

(FRANCIS, 2000).

Estruturalmente, as antocianinas sdo derivados glicosilados do cation 2-fenil

benzopirilium, também denominado de cation flavilico, cuja estrutura encontra-se

ilustrada na Figura 1.3 (JACKMAN et al., 1987).

Antocianidina grupo
em R
Cianidina OH
Delfinidina OH
Pelargonidina H
Peonidina OCH,
Petunidina QOCH;
Malvinidina OCH:

arupo
emR’

H
OH
H
H
OH
OCH-

Figura 1.3. Estrutura genérica das antocianinas a partir do esqueleto das antocianidinas
(agliconas). A substitui¢dao de R’’ por uma ou mais unidades de agticar na antocianidina
resulta numa antocianina. Outras unidades de ac¢ticares também podem ser ligadas pelos

grupos OH nas posicdes 3,5 e 7.
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Vinte e duas agliconas sdo conhecidas, das quais 18 sdo encontradas na natureza,
mas somente seis (pelargonidina, cianidina, delfinidina, peonidina, petunidina e
malvidina) s3o importantes nos alimentos. Raramente agliconas livres ocorrem em
plantas, pois estas quase sempre estdo combinadas com agucares que proporcionam

maior estabilidade a molécula (FRANCIS, 2000).

As antocianinas (Tabela 1.7) sdo encontradas em frutas sendo todas derivadas das

agliconas pertencentes a trés pigmentos basicos: pelargonidinas, cianidina e delfinidina.

As antocianinas s3o pigmentos muito instaveis, podem ser degradadas no proprio
tecido ou durante o processamento e a estocagem do alimento. Os principais fatores que
influenciam a estabilidade destes compostos sdo: estrutura quimica, temperatura,

atividade de agua, pH, oxigénio, luz e presenca de ions metalicos (FRANCIS, 2000).

Tabela 1.7. Antocianinas totais de Frutas Tropicais.

Antocianinas Antocianinas Malvidina
Frutas Totais (mg/100g) Totais (mg/100g) (mg/100g) —
— massa seca — massa umida massa seca
Guajiru (Chrysobalanus icaco) 958.,0 104,0 —
Acerola (Malpighia emarginata) 528,0 48,0 -
Jussara (Euterpe edulis) 2956,0 290,0 —
Jamelao (Syzygium cumini) 771,0 79,0 166,0

Fonte: BRITO et al., 2007.

De acordo com Wesche-Ebeling et al. (1996) as variacdes de pH e incidéncia de
luz sdo os fatores que mais contribuem para a degradacao da cor das antocianinas, sendo
maximizada pela a associacdo destes fatores com o oxigénio. Outro importante fator
relacionado a degradagdo das antocianinas € a interacdo destes pigmentos com o acido

L-ascorbico, causando a perda da cor e formagdo de pigmentos marrons.
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1.1.1.4 Vanilina

O 3-metoxi-4-hidroxibenzaldeido, vulgarmente conhecido como vanilina (Figura
1.4), ¢ um dos sabores e produtos antioxidantes mais valiosos devido & uma gama de

aplicacgoes industriais (KAYGORODOV et al., 2010).

Figura 1.4. Estrutura quimica da vanilina. Sitios receptores de ligagao de pontes de

hidrogénio marcados com “A”. Fonte: http://www.chemspider.com

A wvanilina ¢ uma biomolécula relevante para diversas finalidades, cuja
recuperacdo e purificagdo por processos de baixo custo e ambientalmentes seguros
ainda s3o de grande interesse e pouco explorados. Portanto, a vanilina ¢ uma das
substancias mais apreciadas visando a criagdo de aromas artificiais em uma ampla
escala de produtos comerciais. E atualmente utilizada na preparagio de sorvetes,
chocolates, bolos, refrigerantes, licores, produtos farmacéuticos, na industria de
perfumaria, e em nutracéuticos (NOUBIGH et al., 2010; TARABANKO et al., 2007),
bem como na industria de cosméticos com o objetivo de criar perfumes, mascarar
odores desagradaveis, e na obtencao de produtos de limpeza (ESPOSITO et al., 1997).

Além destas aplicacdes em aromas e fragrancias, a vanilina ¢ usada também como
um intermediario quimico na producdo de produtos farmacéuticos e produtos de
quimica fina para uso em biocidas (devido a sua estrutura fenolica) e produtos quimicos

especiais para aplicagdes técnicas (NOUBIGH et al., 2010; HOCKING, 1997).

A vanilina ¢ adicionada em muitos géneros alimenticios e bebidas para melhorar
seu sabor e qualidade. Ela pode ser adicionada na forma de um extrato de baunilha, que
se assemelha a forma mais palatdvel, mas também caro, ou puro, no caso da vanilina

sintética.
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Segundo Lomascolo (1999), mais de 12.000 toneladas de vanilina eram
produzidas por ano. Desse total, apenas 1% foram extraida de planta, sendo o restante
sintetizado. Os custos da vanilina natural oscilam entre US$ 1.200,00 e 4.000,00 por
quilo, em contraste com o pre¢o da vanilina sintética, cujo quilo custa menos de USS$
15,00. Devido a escassez da vanilina em fontes naturais, a sintese e rotas complexas
para a extragdo deste composto sdo exploradas (HOCKING, 1997), como por exemplo,
a sintese da vanilina a partir do método do acido sulfito. Também deve ser salientado
que ¢ possivel a obten¢do de vanilina realizando extracdes com um alcool (HEARON,

1980).

1.1.1.5 Rutina

A rutina (3’,4°,5,7-tetrahidroxiflavona-3-B-D-rutinosideo ou quercetina-3-
rutinosideo), ¢ um bioflavondide nao-toxico sintetizado em plantas como um protetor
contra a radiacao ultravioleta e doengas (GHIASI et al., 2010), cuja estrutura ¢ mostrado

na Figura 1.5.

¢H,

Figura 1.5. Estrutura quimica da rutina. Fonte: http://www.chemspider.com

A rutina ¢ extraida da fava d’anta por laboratorios e comercializadas por empresas
exportadoras como a Merck Nordeste, Sanrisil, Fitol ¢ PVP, sendo utilizada como um
eficaz vaso dilatador. Estas empresas exportam US$ 20 milhdes anuais de rutina. O
mercado mundial consome 2.100 toneladas por ano da substancia. A industria vende por

USS 25 o quilo de rutina para compor remédios, vitaminas e complementos alimentares.
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O refinamento da rutina em subprodutos aumenta seu valor agregado em até 25 vezes
(PAIVA, 1998).

Como composto flavonoide, a rutina t€ém recebido muita atenc¢do, porque provou
ser um antioxidante potente e tém importantes atividades bioldgicas, propriedades
farmacologicas e medicinais (IACOPINI et al., 2008). Este flavondide ¢ encontrado em
diversas fontes de alimentos como uva, cebola, trigo, feijdo vermelho, macas, tomates e
bebidas como o vinho tinto e o cha preto (THOMSON et al., 1999), e também em frutas
tropicais, principalmente na acerola (Malpighia emarginata DC) , como mostra a

Tabela 1.8.

Tabela 1.8. Teores de rutina em varios tipos de amostras de acerola.

Amostras Rutina (mg/L)
Polpa 0,58+0,06
Acerola espremida 0,90+0,15
Acerola esmagada 1,05+0,10
Suco de acerola 1,71+0,02

Fonte: MEZADRI et al., 2008.

A atividade antioxidante da rutina na acerola ¢ um tema que vém se destacando,
mas poucos dados tém sido relatados. Uma grande variedade de métodos analiticos
foram criados para determinacdo da rutina em vegetais (MEZADRI et al., 2008). Até
agora, os produtos mais comercializados de acerola no Brasil tém sido o proprio fruto, a
polpa congelada e o suco pasteurizado. No entanto, novos produtos aparecem no
mercado, tais como misturas de suco de acerola (caju, acerola e laranja), refrescos em
p6 e sumo concentrado (MARTINELLI, 1998).

Um grande numero de frutas tropicais, como da acerola, contém biomoléculas que
exibem propriedades antioxidantes como as vitaminas, bioflavonoides e varios outros

biocompostos.
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1.2 Frutas Tropicais

Algumas frutas chamam a nossa aten¢do por possuirem sabores e odores
inigualaveis. De acordo com Schottler e Hamatschek (1994), a atragdo por essas frutas ¢
devida a sua aparéncia e sabor exotico. Assim, a produgdo, comércio € consumo de
frutos tropicais exoticos, tém aumentado significativamente nos mercados nacionais e
internacionais devido as suas propriedades sensoriais atraentes e um crescente

reconhecimento de seu valor nutritivo e terapéutico.

O comércio mundial de frutas frescas ¢ estimado para ganhar cerca de 20 bilhdes
de dolares a cada ano, e o Brasil tem um grande destaque neste mercado particular, uma
vez que o pais € o terceiro maior produtor de frutas tropicais em todo o mundo (MAIA
et al., 2009). A producao mundial de frutas tropicais vem crescendo em um ritmo
consideravel e a cada dia novos mercados sdo conquistados. No mundo a produgdo de
frutas chega a ser superior a 540 milhdes de toneladas. No Brasil, a fruticultura ocupa
uma area de 2,5 milhdes de hectares, com uma producdo superior a 43 milhdes de
toneladas em 2009. Em Sergipe a producao ¢ superior a 36 mil toneladas no ano de
2009 (IBRAF, 2012).

O Brasil tem-se destacado na produ¢do mundial de frutas tropicais,
principalmente devido a sua grande extensdo territorial e clima favoravel (GRANADA
et al., 2004). Na regido Nordeste dentre as frutas tropicais nativas mais conhecidas
destacam-se: caja (Spondias lutea L.), umbu (Spondias tuberosa Arruda Cdmara),
seriguela (Spondias purpurea L.), mangaba (Hancornia speciosa Muell), pitanga
(Eugenia uniflora L.), jaca (Artocarpus integrifolia L.), carambola (Averrhoa
carambola L.), caju (Anacardium occidentale L.), graviola (Annona muricata L.),
acerola (Malpighia emarginata D.C.), goiaba (Psidium guajava L.) e jameldo (Syzygium
cumini).

Essas frutas sdo importantes devido as suas caracteristicas antioxidantes
associadas a sua ampla variedade de biomoléculas (acido L-ascorbico, acido galico,
rutina, antocianinas, dentre outras), as quais vém despertando um crescente interesse nas
areas de alimentos e farmacéuticas. Dentre estas, a acerola, goiaba e o jameldo, vem se
destacando cada vez mais no cendrio da biotecnologia, devido a sua grande quantidade

de biomoléculas, fontes naturais de antioxidantes.
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1.2.1 Acerola

A acerola — Malpighia emarginata D.C. (Figura 1.6), pertencente a familia
Malpighiaceae, ¢ originaria da América Central e foi introduzida no Brasil na década de
50. E uma pequena fruta de cor vermelha, laranja ou roxa, que apresenta peso médio
variando entre 2 a 10g e contém elevado teor de acido L-ascorbico, variando de 1.000
até 4.000 mg/100g, em média (GONZAGA NETO et al., 1999).

As industrias alimenticias que utilizam frutas tropicais processavam no Brasil
cerca de 34,40 mil toneladas de acerolas por ano, o que equivalia a 7,16% do total de
frutas processadas. O processamento de acerolas gerou, aproximadamente, 18 mil
toneladas de sucos e polpas por ano, concentrando-se esta produ¢do na regido nordeste
(ASTN e APEX, 2001).

Neste sentido, o Nordeste brasileiro ¢ um dos maiores produtores e exportadores
do fruto no pais, pois dispdem de condigdes climaticas ideais para o desenvolvimento
da aceroleira que se adapta muito bem ao clima tropical, produzindo trés ou mais safras
durante o ano, concentradas principalmente na primavera e verdo, que dependem da
disponibilidade de dgua no solo. Além disso, a partir do 3° ou 4° ano do plantio, pode
chegar a produzir acima de 40 kg de frutos/planta/ano, correspondendo a uma

produtividade em torno de 16 t/ha (VIGLIO, 1993).

Figura 1.6. Aspecto do fruto da acerola em estadio maduro.

A fruta pode ser ingerida na forma natural, mas também em preparagdes como
sucos, compotas, geléias, doces, entre outras. Alguns autores determinaram o contetido
de vitamina C na acerola produzida no Brasil, tendo sido encontrados teores variando de
1040 mg/100g (LEME, 1973) a 1790 mg/100g de parte comestivel (VISENTAINER et
al., 1997).
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Segundo Soares et al. (2001), o fruto acerola apresenta a seguinte composi¢ao
quimica em média: 1,34+0,03% de 4cido tanico (tanino); 1,14+0,11% de pectato de
calcio (pectina); 1,27+£0,05% de proteina; 0,2140,04% de lipidios; 0,46+0,03% de
cinzas; 5,49+0,15% de acucares redutores; 2,76+0,16% de amido e tragos de fibra.
Recentemente, muita aten¢do tem sido dada ao seu conteido em carotendides e
bioflavondides com suas propriedades antioxidantes (MEZQUITA e VIGOA, 2000). Os
carotendides estdo presentes em niveis entre 3,2 e 406,0 mg/kg (LIMA et al., 2005).
Mezadri et al. (2005) identificou por cromatografia liquida de alta eficiéncia (CLAE) 17
pigmentos carotendides da fruta acerola.

Diversos sdo os trabalhos encontrados na literatura enfocando os elevados teores
de acido L-ascorbico na acerola: selecdao de plantas (MOURA et al., 1997), método de
extracdo (SANTINI JR. e NEVAREZ, 1955), estabilidade da polpa ou suco
(GARDNER et al., 2000), entre outros.

O teor de vitamina C e outras caracteristicas atribuidas a qualidade da acerola, tais
como coloragdo, peso e tamanho dos frutos, teor de solidos soluveis totais e pH do suco,
além de serem afetadas pela variabilidade genética dos pomares, sofrem influéncia de
varios outros fatores, como precipitacdes pluviais, temperatura, altitude, adubacao,
irrigacdo e a ocorréncia de pragas e doengas (NOGUEIRA et al. 2002).

Em relagdo aos flavonoides, os componentes principais do fruto da acerola sao as
antocianinas (37,9 — 597,4 mg/Kg) e flavonois (70,0 — 185,0 mg/Kg) (LIMA et al.,
2003). Hanamura et al. (2005) identificou duas antocianinas (cianidina e pelargonidina)
e um flavonol (quercetina) na fruta.

A cor vermelha da acerola, no estadio maduro, decorre da presenca de
antocianinas (SILVA, 1999). Silva (1999) cita que as principais antocianidinas
presentes na acerola sao a pelargonidina e cianidina. Paiva et al. (1999) relatam que em
diferentes selecdes de acerola os teores de antocianinas totais variaram de 1,97 mg/100g
a 46,44 mg/100g. Freitas et al. (2006) citaram estudos que analisaram acerolas e polpas
congeladas de acerolas que identificaram antocianinas derivadas de cianidina e
pelargonidina, e o flavonol quercetina glicosilado nas concentragdes de 17,6 mg/100g;
2,7 mg/100g e 5,36 mg/100g (base umida) para a fruta, e 9,8 mg/100g; 1,1 mg/100 g e
3,2 mg/100g (base umida) para a polpa.

Outro composto fenolico encontrado no fruto da acerola ¢ a rutina. Mezadri et al.
(2008) determinou os teores de rutina presente na polpa congelada e no fruto esmagado,

e verificaram uma concentragdo 0,58 e¢ 0,96 mg/L, respectivamente.
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1.2.2  Jamelao

O jameleiro (Eugenta jambolana e atualmente Syzygium cumini) ¢ uma arvore
nativa dos tropicos, particularmente da India, Tailandia, Filipinas ¢ Madagascar, que
pode alcancar varios metros de altura (MARTINS et al., 2002). Com a exploragdo
territorial no século XV a planta foi introduzida em muitos paises tropicais localizados
na Africa e América Latina. No Brasil é encontrado em diversos estados das regides
Sudeste, Nordeste e Norte, entretanto pode também ser encontrada em alguns paises
como Estados Unidos, Argélia e Israel. A frutifera pertence a familia das Myrtacea, e ¢

denominada popularmente de jamelao ou jambolao (MIGLIATO et al., 2006).

O jameldo ¢ um fruto do tipo baga que se assemelha a azeitona pequena (Figura
1.7). Possui forma ovoide e se torna roxa escura quando completamente madura. Sua
pele ¢ fina, lustrosa e aderente, ja a polpa, também ¢ roxa, carnosa € envolve um carogo
unico e grande. O sabor apesar de adstringente ¢ agradavel ao paladar e a cor apresenta
grande impacto visual. Esta coloracdo ¢ devida ao alto teor de pigmentos antocianicos, o
que desperta o interesse pelos seus efeitos nutricionais e terapéuticos, associados a agdo

antioxidante (LAGO et al., 2006).

Figura 1.7. Aspecto do fruto do jamelao (Syzygium cumini) em estddio maduro.

Brito et al. (2007) verificaram que entre as frutas tropicais o fruto jameldo incluiu
a mais larga variedade de compostos antocidnicos: delfinidina, cianidina, petunidina
peonidina e malvidina, todos apresentando-se como diglicosideos. O composto
majoritario no jameldo foi delfinidina 3,5- diglicosideo (256 mg/100g de peso seco),

seguido por petunidina 3,5-diglicosideo (245 mg/100g), a malvidina 3,5-diglicosideo
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(166 mg/100g), peonidina 3,5-diglicosideo (75 mg/100g), e cianidina 3,5-diglicosideo
(29 mg/100g).

Segundo Lago et al.. (2006) o fruto jameldo apresenta a seguinte composi¢ao
quimica: cinzas, 0,34%; lipideos, 0,30%; proteinas, 0,67%; carboidratos, 10,07%;
fibras, 0,28%; umidade, 87,75%,; frutose, 0,4%,; glicose, 0,6%; antocianinas totais,
0,276%; substancias pécticas, 0,245%; acidez titulavel, 5,91%; solidos soluveis, 9,00%;
e pH, 3,9.

Em um estudo de diferentes sistemas para sequestrar o radical livre, observou-se
que as cascas do fruto do jameldo apresentaram atividade antioxidante significativa, o
que foi atribuido em parte as vitaminas antioxidantes, compostos fendlicos e taninos,

e/ou antocianinas (BANERJEE et al., 2005).

1.2.3  Goiaba

A Goiabeira, Psidium guajava L, pertencente a familia das Myrtaceae, ¢
originaria da América Tropical, possivelmente entre o México e o Peru, onde ainda
pode ser encontrada em estado silvestre. Sua capacidade de dispersdao e rapida
adaptacao a diferentes ambientes possibilitaram a propagagdo desta Myrtaceae por
amplas areas tropicais e subtropicais do globo, sendo até considerada uma praga em
algumas regides (MENZEL, 1985).

O fruto da goiabeira, a goiaba (Figura 1.8), denominado na Espanha e nos Estados
Unidos por “guayabo” e “guava”, respectivamente, ¢ uma baga de forma arredondada
ou ovalada, polpa de coloragdo branca ou avermelhada com numerosas pequenas
sementes (JIMENEZ-ESCRIG et al., 2001). Essa fruta de sabor e aroma agradaveis
possui quantidade regular de 4cidos, agucares, e pectinas, além de taninos, flavonoéides,
Oleos essenciais, alcodis sesquiterpenoides e acidos triterpendides (IHA et al., 2008).

Segundo Gongatti Netto ef al. (1996), a goiaba ¢ um dos frutos de maior
importancia nas regides subtropicais e tropicais, ndo s6 devido ao seu elevado valor
nutritivo, mas também pela excelente aceitacdo para o consumo in natura € grande

aplicacdo industrial, além de se desenvolver em condigdes adversas de clima.
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Figura 1.8. Aspecto do fruto da goiaba (Psidium guajava L).

A producdo brasileira nos tltimos anos tem sido relativamente estavel. Em 2001,
a producdo foi de 281.102 Toneladas, apresentando discreto aumento, chegando a
atingir, em 2011, 342.528 Toneladas. No territorio nacional, a plantagao de goiabas
concentra-se, principalmente, nas regides Sudeste ¢ Nordeste, as quais se configuram
como as mais produtoras (IBGE, 2012). Vale ressaltar que a producdo brasileira de
goiaba destina-se quase que totalmente ao mercado interno que, nos ultimos sete anos,
vém experimentando significativo aumento de oferta.

Esse fruto ¢ bastante consumido na forma in natura (cultivares Kumagai, Pedro
Sato, Sassaoka e Ogawa), no entanto a maior parte da producdo brasileira ¢ destinada a
industria para a producdo de doce, suco, geléia, polpa congelada, entre outros. O
processamento de goiaba para obtengdo de polpa ¢ uma atividade agroindustrial
importante na medida em que agrega valor econdmico a fruta, evitando desperdicios e
minimizando as perdas que podem ocorrer durante a comercializacdo do produto in
natura (FURTADO et al., 2000). Além disso, esse produto ¢ bastante utilizado como
matéria prima para industrias secundarias.

Vale destacar que a agroindustria brasileira ¢ um dos principais segmentos da
economia nacional, com importancia tanto para abastecimento interno como para o
desempenho exportador do Pais. Neste contexto, o processamento de produtos agricolas
tem gerado uma grande quantidade de subprodutos oriundos do tratamento industrial, a
exemplo de semente e cascas de vegetais (SILVA FILHO et al., 1999). No caso da
goiaba utilizada na produgdo de sucos e doces sdo gerados, aproximadamente, 30% de
seu peso em residuos que € constituido principalmente por sementes, representando uma

quantia estimada em 19.000 toneladas de residuo descartado anualmente (CORREA et
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al., 2005). Por serem estes subprodutos caracterizados frequentemente como potenciais
poluidores ambientais, acdes que minimizem o volume desses residuos pode se
apresentar como uma alternativa bem sucedida para a indéstria de alimentos e bebidas
(AMANTE et al., 1999; HENNINGSSON et al., 2004).

Vérios estudos vém demonstrando que este material ainda contém quantidades
significantes de fitoquimicos, dentre os quais se destacam os polifendis. Segundo
Hassimotto et al. (2005), o teor de fendlicos totais em polpa de goiaba vermelha (124,0
mg/100g) foi menor do que o encontrado na pele desta fruta (420 mg/100g). Soong e
Barlow (2004) relatam que os fenolicos totais de sementes de varias espécies de frutos,
como manga, “longan, abacate, e jaca” foram maiores do que os da polpa. Em funcio da
presenga destes fitoquimicos, os residuos agroindustriais de frutos apresentam-se como
fonte potencial antioxidante, conforme demonstrado por Bocco et al. (1998) ao
determinar a a¢do antioxidante de sementes de citrus; Wolfe et al. (2003) ao estudar o
potencial antioxidante de casca de macd; Shui e Leong (2006) ao investigar a acdo
antioxidante de residuo de carambola; Mielnik et al. (2006) ao determinar a atividade
antioxidante de sementes de uvas, Caetano et al. (2009) ao estudar a acdo antioxidante

de residuo agroindustrial de acerola, entre outros.

Devido a grande variedade de biocompostos presentes nestas frutas tropicais, ao
elevado valor economico atribuido aos antioxidantes, o desenvolvimento de um
processo recuperacao simples, barato e compativel para a extracdo e determinagdo

destas biomoléculas €, portanto, de grande importancia e deve ser proposto.

1.3 Extracio e Purificacio de Biomoléculas

Para a aplicacdo de biomoléculas em setores industriais faz-se necessario o
desenvolvimento de técnicas de extra¢do e, dependendo do grau de pureza exigido da
aplicag¢do, um procedimento de purificacdo adequado deve ser desenvolvido. A extragdo
¢ 0 passo mais importante em isolar os diferentes tipos de compostos bioativos de
frutas. O método ideal de extragdo deve ser quantitativo, ndo destrutivo para a
biomolécula e economicamente viavel. Existem diversos métodos para a extracdo de
compostos antioxidantes em vegetais e frutas. Muitos autores propdem métodos de

extracdo, separacao e identificacdo de biomoléculas a partir da biomassa ou matrizes
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complexas que utilizam solventes organicos, tais como etanol (ZHANG et al., 2013).
Técnicas mais modernas, como a extragdo supercritica (DIMITRIESKA-STOJKOVIC e
ZDRAVKOVSKI, 2003; PANIWNYK et al., 2001), extragdo assistida por micro-ondas
(ZHANG et al., 2009), micro-extracao em fase solida (MICHALKIEWICZ et al., 2008)
e extragao assistida por ultrassom (YANG e ZHANG, 2008).

A extragdo com solventes organicos ¢ a forma tradicional da extracdo de
compostos bioativos de tecidos de vegetais, essa técnica de extracdo depende em grande
parte do tipo de solvente, agitagdo empregada para melhorar a solubilidade e eficiéncia
do processo de transferéncia de massa. Normalmente, a extracdo convencional requer
longo tempo de contato e muitas vezes com baixo rendimento. O método ainda ¢
popular e amplamente utilizado porque foi bem estabelecido, ja que ¢ facil de executar e
barato para operar (YANG et al., 2008a). Na extracdo com solventes organicos a frio ou
a quente, o tipo de solvente utilizado depende da polaridade das biomoléculas,
entretanto o processo ¢ limitado devido a capacidade dos solventes em isolar a molécula
alvo (MARINOVA e YANISHLIEVA, 1997).

A extragdo com fluido supercritico utiliza um fluido submetido a pressao e
temperatura acima de seu ponto critico modificando as propriedades, como a densidade
do fluido supercritico sendo similar a dos liquidos e sua viscosidade com valores
proximos aos determinados para os gases. Devido as alteracdes dos valores destas
propriedades verifica-se a capacidade de difusdo do fluido. O estado supercritico de
fluidos pode ser definido como o estado no qual o liquido e o gas sdo indistinguiveis
entre si, apresentando assim caracteristicas tanto de um gas como de um liquido
(HERRERO et al., 2006). O dioxido de carbono (CO;) ¢ o fluido mais utilizado devido
a sua baixa temperatura (31,3°C) e pressao critica (72,9 atm), entretanto, o CO,
supercritico (pela sua baixa polaridade) possui um menor efeito nas extragdes de
moléculas de alta polaridade, podendo ser solucionado com a adi¢do co-solventes como
metanol e etanol nos processos (RAVENTOS et al., 2002).

A utilizagdo do ultra-som em processo de extracdo evoluiu para um rapido
desenvolvimento, demonstrando uma gama de aplicagdes para a extragdo de metabolitos
de plantas (KNORR, 2003), polissacarideos (YANG et al., 2008b), compostos fenolicos
(PRASAD et al., 2009), dentre outros. Inicialmente o ultra-som foi utilizado para
limpeza de materiais, mas devido as suas propriedades, comegou a ser aplicado para
preparagdo de emulsdo e suspensdo, esterilizacdo, desgaseificacdo de solventes e

extracao de plantas (BARBOZA e SERRA, 1992; CHEMAT et al., 2011).
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O ultra-som faz uso de fendmenos fisicos € quimicos que sao fundamentalmente
diferentes em comparag¢do com técnicas convencionais aplicadas no processamento de
extragdo oferecendo vantagens em termos de rendimento, produtividade e seletividade.
As ondas ultra-sonoras de alta poténcia produzidas no banho de ultra-som causam
mudangas fisicas e quimicas devidas a variagdo de pressdo, produzindo cavitagdao e
microfluxos nos liquidos, aquecimento e ruptura nos sdlidos e instabilidade na
superficie da interface de sistemas liquido-liquido e liquido-gads (CHEMAT et al.,
2011).

Os principais fatores que interferem na cavitagdo no processo de ultra-som sdo: a
intensidade e a frequéncia produzidas pelo ultra-som. Dependendo desses fatores a
producdo de bolhas pode ocorrer com tamanhos diferentes, podendo provocar maior
ruptura na superficie dos sélidos, acelerar o aquecimento e aumentar o fenomeno de
transferéncia de massa, fazendo com que o método seja mais ou menos eficiente
(BREITBACH et al., 2003).

No entanto, estes métodos alternativos de extracdo citados acima requerem
geralmente condigdes mais drésticas, isto €, temperaturas e pressoes elevadas, e eles
também dependem de um equipamento mais sofisticado transformando a extracdo em
um processo caro € complexo.

A escolha do processo de extragdo e purificagdo de algumas substincias bioativas
deve ser feita levando em consideragao o grau de purificagdo necessario. Assim, em
comparacao as técnicas citadas anteriormente, a particdo em sistema aquoso bifasico
(SAB) ¢ uma alternativa bastante eficiente para a extragdo e purificagdo de
biomoléculas, apesar de ndo ser ainda aplicado industrialmente. Pois, eles tém sido
estudados em escala piloto com sucesso na extragdo de varias biomoléculas tais como
enzimas (SOUZA et al., 2010), alcaldides (FREIRE et al., 2010), antibidticos (WANG
et al., 2010) e compostos de aromaticos (CLAUDIO et al., 2010). Este vasto leque de
aplicacdes ¢ justificado pela facilidade de aumento de escala do processo, e geralmente

atinge elevada eficiéncia e rendimentos de extragdo (ALBERTSSON et al., 1990).

1.3.1 Sistema Aquoso Bifasico

Os sistemas aquosos bifasicos sdo conhecidos desde o final do século XIX,
quando Beijerinck percebeu a separacdo espontanea em duas fases liquidas limpidas ao

misturar solu¢des aquosas de gelatina com agar ou amido soluvel. Posteriormente,
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pesquisadores como Ostwald e Hertel, ¢ Dobry e Boyer-Kawenoki estudaram sobre
esses sistemas, porém, foi apenas com os trabalhos de Albertsson, em meados da década
de 50, que ficou evidente para a comunidade cientifica a grande potencialidade de
aplicacdo desta técnica para a parti¢cao/purificacdo de biocompostos (ALBERTSSON et
al., 1990; ZAFARANI-MOATTAR e NASIRI, 2010).

De forma geral, os sistemas aquosos bifasicos sdo formados pela mistura de dois
polimeros (SARAVANAN et al., 2008) ou de um polimero e um sal (ZHAO et al.,
2011) acima de certas concentragdes criticas € em equilibrio resultando em duas fases
imisciveis, onde as duas fases liquidas sdo formadas contendo uma certa propor¢ao de
agua e diversos solutos, como macromoléculas bioldgicas, podendo estar distribuidas
desigualmente em cada fase (GARZA-MADRID et al., 2010). E também possivel usar
um solvente organico e um sal (REIS ez al., 2012), liquido i6nico e agucares (CHEN et
al., 2010; FREIRE et al., 2011), liquido i6nico e sais (GUTOWSKI et al., 2003), ¢
liquidos i6nicos como um adjuvante no processo de separacdo (PEREIRA et al., 2010).
A Tabela 1.9 classifica as composi¢des do sistema aquoso bifasico (SAB) em sete
grupos, os quais sdo aplicados de acordo com a biomolécula a ser extraida e/ou
purificada.

A aplicagdo do sistema aquoso bifasico (SAB) na separagdo de varios
biocompostos tem sido estudada por diversos pesquisadores, porém a quantidade de
reagentes quimicos consumidos, como sais € polimeros, determinam a competitividade
entre a extragdo com SAB e as outras técnicas de bioseparacio (COIMBRA et al.,
2003).

Os SAB’s formados por PEG + dextrana ou PEG + sais sdo amplamente
utilizados, pela disponibilidade, por ndo serem toxicos, possuir alta seletividade e
possibilidade de reciclagem dos reagentes (FERREIRA et al, 2009). Todavia,
apresentam algumas limitagdes como a desnaturagdo de proteinas em altas
concentracdes de sais (SILVA e MEIRELLES, 2000).

Os sistemas compostos por solventes organicos (alcodis) e sais (sais de potassio)
tém sido usados para separagcdo de biomoléculas, e apresentam como vantagem a baixa
viscosidade, alta polaridade e a facil recuperacdo dos alcoois, enquanto que os sais
podem ser recuperados através da eletrodialise ou precipitacao, por tudo isto, o custo

associado a estes sistemas ¢ mais reduzido (OOI et al., 2009).
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Tabela 1.9. Exemplos de componentes e tipos de sistema aquoso bifasico.

Grupos do SAB Exemplos
Dois polimeros ndo i6nicos Polietilenoglicol (PEG)/Ficoll
PEG/Dextrana
PEG/Polivinil &lcool

Polieletrolito e polimero nao-
106nico

Dois polieletrolitos

Polimero nao-idnico e composto
de baixa massa molecular (Sal)

Liquido Ib6nico e composto de
baixa massa molecular (Sal)

Liquido Ionico e composto de alta
massa molecular

Solventes organicos € compostos
de baixa massa molecular (Sal)

Polipropilenoglicol (PPG)/dextrana
Metil celulose/hidroxipropildextrana
Ficoll/dextrana.

Sulfato dextrana de s6dio/PPG
Carboximetilcelulose de sddio/metil celulose

Sulfato dextrana de sodio/carboximetildextrana de
sodio

Carboximetildextrana de sodio/
carboximetilcelulose de sédio

PPG/fosfato de potéssio

PEG/fosfato de potéssio
Metoxipolietilenoglicol/fosfato de potéassio
PPG/glicose

PEG/glicose

PEG/sulfato de magnésio

PEG/citrato de sodio

Liquido I6nico/fostfato de potéssio

Liquido I6nico/Acgucares

Alcoois/fosfato de potassio

Fonte: Pessoa Junior e Kilikian, (2005) (adaptado).

Na aplicacdo industrial o principal sal utilizado ¢ o fosfato devido ao seu baixo

custo e ao alto coeficiente de particdo de biomoléculas, porém altas concentracdes deste

sal podem acarretar problemas no equilibrio do SAB (YAN-MIN et al.,2010).

Algumas biomoléculas extraidas pelos sistemas aquosos bifasicos sdo descritas na

Tabela 1.10. Além disso, esta técnica de separacdo vem sendo aplicada em outros

segmentos como no tratamento de efluentes industriais e na industria de papel e celulose

(WAZIRI et al., 2003). Sao também utilizados na remocao de ions metalicos (GRABER

et al., 2000), compostos aromaticos de oleo cru (WAZIRI et al.,2003) e poluentes
organicos do meio ambiente (ROGERS et al., 1998).
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Tabela 1.10. Exemplos de diferentes componentes utilizados na formagao de sistema

aquoso biféasico para a extracdo de diversas biomoléculas.

Componente 1 Componente 2 Biomolécula Referéncia

Liquido I6nico Carboidratos -caroteno Freire et al., 2011

Liquido I6nico K5POy4 B-caroteno Louros et al., 2009
Alcoois Sais de potéssio Antioxidantes Reis et al., 2012
Alcoois K;HPO4 e Na,HPOy Rodamina B Wang et al., 2011
Etanol (NH4)>SO4 Acido litospérmico B Guoetal., 2012

Diferentes modelos termodinamicos t€ém sido desenvolvidos para a modelagem de

SAB. Dentre estes o modelo da equacdo virial, baseada no conhecimento da pressao

osmotica de um solvente, NRTL (Non Random Two Liquid) e o de Wilson. Estes

modelos sdo frequentemente utilizados para correlagdo e predicao do equilibrio de SAB
constituido por polimero e sal (ZAFARANI-MOATTAR e NASIRI, 2010). Devido ao

alto teor de agua, a representacdo grafica dos dados termodinamicos do SAB ¢

geralmente feita por meio de diagramas retangulares (Figura 1.9). A concentracdo de

um dos componentes ¢ representada no eixo horizontal (x), e o teor do outro

componente, no eixo vertical (y). A quantidade de agua (ou do terceiro componente) ¢

calculada por diferenga.
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Figura 1.9. Esquema representativo de um diagrama de equilibrio.
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Utilizando estes diagramas podemos obter em quais composi¢des globais o
sistema ¢ monofésico ou bifésico, sendo estas duas regides demarcadas por uma linha
denominada curva binodal. Também sdo representadas as linhas de amarra¢do ou do
inglés Tie-Lines (TL), que sdo retas que ligam pontos no diagrama que representam a
composi¢ao das duas fases em equilibrio. Qualquer ponto sobre essa mesma linha
fornecera fases de topo e fundo com a mesma composic¢do final, porém com diferentes
relacdes de volumes entre as fases (SILVA e LOH, 2006). Outra particularidade dos
diagramas de fases ¢ o ponto critico (Pc), onde as propriedades fisico-quimicas das duas

fases sao teoricamente iguais (ALBERTSSON, 1986).

O comprimento da linha de amarracdo (usualmente referido como TLL do inglés
Tie Line Length) ¢ um importante parametro termodindmico, geralmente utilizado como
variavel determinante dos processos de parti¢do. De acordo com Malpiedi et al.(2009),
o aumento da TLL ocasiona uma diminui¢do do volume livre na fase de fundo do
sistema, promovendo a parti¢do da proteina para a fase de topo. Segundo Silva e Loh
(2006), o comprimento da linha de amarracao pode ser calculado por meio da equagao

1.3.

TLL = [(AC))* — (AC,)1*? (1.3)
onde, AC; e AC; sdo as diferengas de concentragdo do componente 1 e 2 entre as fases,

respectivamente.

As fases sdo regides que possuem propriedades termodindmicas intensivas
diferentes, como densidade, indice de refracdo, pressdo, temperatura € composicao.
Mas, como as duas fases dos SAB estdo em equilibrio, nenhuma propriedade
termodindmica estd variando em uma dimensdo temporal, ou ainda, ndo ha troca
resultante de matéria entre as fases. Estas fases estdo separadas por uma interface que ¢
a regido na qual as propriedades termodinamicas intensivas de cada fase transitam para
valores diferentes, sempre tendendo para o valor daquela propriedade no seio da outra
fase em equilibrio (CARVALHO, 2004).

A distribuicdo desigual da biomolécula entre as duas fases ¢ resultante de um
complexo balango de interagdes entre componente 1 — biomolécula, componente 2 —
biomolécula, componente 1 — componente 2, componente 1 — 4gua, componente 2 —

agua e biomolécula — é4gua presentes nas duas fases que coexistem em equilibrio
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(LUECHAU et al., 2010). De acordo com Mageste et al. (2009), a distribuigdo de
biomoléculas entre as fases aquosas dos SAB ¢ caracterizada por um parametro

denominado coeficiente de particao (K), definido pela equagdo 1.4:

K= (1.4)

onde, Ct e Cp sdo, respectivamente, as concentracdes da biomoécula nas diferentes

fases (T= topo ou F= fundo).

Entretanto, os mecanismos que governam a particdo de materiais bioldgicos ainda
ndo sdo entendidos por completo. Segundo Johansson et al. (2008), a partigdo de
biomoléculas em sistemas aquosos bifasicos pode ser descrita com base na repulsao
entropica (Log Ks), interagdes eletrostaticas (Log Kcj) e hidrofobicas (Log Kyy), € a
forca motriz eletroquimica proveniente do sal do sistema, sendo a particdo total (K )

dada pela equacao 1.5:

log K (o = log Ks + log K¢ + log Kyy + log Kt (1.5)

Além disto, propriedades importantes das fases também contribuem nesta
distribuicdo, como a natureza quimica, tipo e concentragdo dos componentes
formadores do SAB, a presenca de ligantes ao longo da cadeia polimérica, pH,
temperatura e a adi¢@o de sais inorganicos como eletrolitos (CHAIWUT et al., 2010).

Assim, a adicdo de novos sais e a variacdo do pH e temperatura tém sido
alternativas que podem corroborar com a particdo das biomoléculas. A adi¢do de sais,
como cloreto de sodio (NaCl), pode aumentar a diferenca de hidrofobicidade entre as
fases, assim a  particdo de  biomoléculas depende do  balango
hidrofobicidade/hidrofilicidade e a carga dos compostos (GUNDUZ ¢ KORKMAZ,
2000). Zaslavsky et al. (1978) descreveram niveis de concentragdo molar de NaCl
correlacionados com a for¢a motriz que controla o processo de parti¢do: abaixo de 0,1
M de NaCl, a particilo ¢ determinada pela carga e o balangco de
hidrofobicidade/hidrofilicidade; entre 0,1 e 0,2 M de NaCl, a particio ¢ altamente
depende da carga do composto e, acima de 0,2 M, o balangco de

hidrofobicidade/hidrofilicidade governa o processo, portanto o NaCl como também
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outros eletrolitos podem contribuir para o aumento ou diminui¢do da recuperagdo de
biocompostos que se deseja purificar (ROSA et al,. 2010; LIMA et al., 2002).

Mokhtarani et al. (2008) observaram que o aumento da concentragdo de sal no
sistema aquoso bifasico formado por PEG + Na,SO,4 + 4gua, aumenta a forga i6nica do
sistema e consequentemente o antibiotico ciprofloxacina tem tendéncia a particionar-se
para fase rica em sal (fase de fundo). Ferreira et al. (2011) estudaram o efeito de
diferentes eletrolitos na parti¢do de diversas moléculas, em sistemas aquosos bifasicos
formado por PEG 8000 e sulfato de sodio e observaram que o aumento da concentragao
de NaCl permitiu o aumento do coeficiente de particdo de aproximadamente 1,6 (sem
adi¢ao de NaCl) a 2,2 (com cerca de 5,0% de NaCl). Segundo Ooi et al. (2009), quando
a lipase possui carga negativa a adicdo do NaCl cria um potencial eletrostatico que a
particiona fortemente para a fase de topo e melhora a sua recuperagdo. Em oposigao,
estudos realizados por Yang et al. (2010) mostraram que o aumento da concentracdo do
NaCl em sistema aquoso bifasico, composto por 27% de PEG 1000 e 13% de NaH,POy,
ndo foram significantes na particdo da molécula esterase.

Li et al. (2010) investigaram a influéncia de diferentes sais (KCl, KBr, KI, K,SOy,
NaCl, Na;SO4, NH4Cl e (NH4),SO4) e concentracdes (10 a 80 mM) na particdo da
lipase pura em sistema aquoso bifasico. Seus resultados mostraram que os efeitos do sal
fosfato na particdo da lipase sdo muito melhores em comparagdo ao sédio e amonio,
isso devido a diferenca de potencial elétrico entre as duas fases. Segundo Rawdkuen et
al (2011), a efetividade do sal ¢ determinada principalmente pela natureza do
componente e segue a seguinte ordem da série de Hofmeister: para 4nions SO4> >
HPO42' > CH3COO > CI' e para cations NH*">K">Na">Li" > Mg2+ > Ca®",

Comparado com os sistemas de extragdoes tradicionais contendo solventes
organicos, o SAB ¢ um sistema de extracdo liquido-liquido mais complexo. Ambas as
fases do sistema aquoso bifasico ¢ formada por uma mistura terndria dos constituintes
do sistema (componente 1 e componente 2) e agua. Os fatores que influenciam ndo so6
afetam a particao da biomolécula, mas também afetam a formacdo do SAB (WANG et
al., 2010). A Figura 1.10 mostra a influéncia do tipo de sal, alcool e da molécula alvo
no efeito hidrofilico, enquanto isso, o pH também afeta a sua particdo para o meio
hidrofilico e/ou hidrofébico, alterando as propriedades da carga da biomolécula alvo.
De acordo com Wang et al. (2010), o efeito do pH sobre a particdo da molécula alvo ¢
principalmente devido ao seu efeito sobre a forma da carga elétrica da biomolécula

(positivo/negativo/neutro), pois a alteracdo da forma da carga elétrica da biomolécula

31



ir4 afetar a sua hidrofobicidade/hidrofilicidade e influenciar na sua solubilidade. Ja as
concentragdes de sal e dlcool em uma determinada temperatura produzem um efeito
sobre a solubilidade da biomolécula, alterando as composi¢cdes dos constituintes de
ambas as fases.

A substancia com alta hidrofobicidade ¢ mais facil de ser excluida da fase rica em
sal para a fase rica em alcool. O efeito salting-out ¢ a forga motriz para a formacao do
SAB e a particao desigual da molécula alvo para a fase de topo. Portanto, a biomolécula
alvo pode particionar-se para a fase rica em alcool, na sua forma catidnica hidrofilica

(WANG et al., 2010).

Fatares que influenciam

Tipo de Sal propriedade

Tipo de alcool

— hidrofilicidade

Tipo de
moaolécula alvo

pH

Concentragao
de sal

Concentracao
de alcool

I solubilidade

hd

Temperatura

Figura 1.10. Fatores que influenciam o Sistema Aquoso Bifasico (SAB). Fonte

adaptada: WANG et al., 2010.

Muitos pesquisadores investigam a correlagdo do pH em sistemas aquosos
bifasicos. A concentragdo hidrogenionica afeta a transferéncia das biomoléculas, porque
estes biocompostos contém uma grande variedade de grupos acidos e basicos com
diferentes pK,, resultando em cargas elétricas que sao funcdes dos valores de pH. Esta
densidade de carga elétrica na superficie da biomolécula pode modificar o potencial
elétrico, bem como processos de associacdo ou dissociagdo entre as macromoléculas
presentes no sistema. Todos estes processos que ocorrem com a biomolécula modificam
sua interagao com os componentes do sistema bifésico, alterando seu comportamento de
particdo. O pH também pode modificar a composicao das fases dos SAB, seja a posi¢ao

da linha binodal ou o comprimento das linhas de amarra¢do (SILVA e LOH, 2006).
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O efeito da temperatura no SAB varia de acordo com o tipo dos componentes.
Sistemas PEG e dextrana quando submetidos a temperaturas elevadas necessitam de
uma maior concentracdo dos polimeros para que haja a separagdo das fases, por este
motivo este tipo de sistema normalmente ¢ submetido a temperaturas inferiores a
ambiente. J4 para sistema PEG e sal o aumento da temperatura favorece o aumento da
concentragdo do PEG na fase de topo e consequentemente ocorre a redugdo da
concentragdo do polimero na fase de fundo (PESSOA-JUNIOR e KILIKIAN, 2005). De
acordo com Coimbra et al. (2003), sistemas cuja composicdo se aproxima do ponto
critico sao mais afetados por mudancas de temperatura, devido a instabilidade inerente a
regido do ponto critico. A influéncia da temperatura nos sistemas aquosos bifasicos tem
relacdo direta com o tipo de biomolécula que serd empregada. Portanto, o efeito da
temperatura na extracdo depende muito da biomolécula a ser particionada. Wang et al.
(2010) apresentam um aumento de até 5% na eficiéncia de extracdo de tetraciclina
quando a temperatura aumenta em sistemas formados por 2-propanol e sulfato de
amonia.

A miscibilidade dos alcodis metanol, etanol, 1-propanol e 2-propanol com agua
também foram estudados por Wang ef al. (2010) e observaram que estes alcoois
misciveis em agua também podem formar SAB com sais cosmotropicos, tais como
Na,HPO4, K;HPO4, Na,CO3, K,COs3, K3POy.

Os principais efeitos que podem ocorrer no SAB sdo: o volume de exclusdo e o
efeito salting out (Figura 1.11). O efeito de volume de exclusdo ¢ ocasionado pelo
aumento da massa molar ou concentracdo do polimero, que ocupa os espacos
intersticiais da fase de topo ocasionando a diminui¢do da solubilidade e aumento da
viscosidade da biomolécula na fase polimérica, respectivamente (RAWDKUEN et al.,
2011). O efeito salting out deve-se ao aumento da concentragdo do sal, resultando na
diminui¢ao da solubilidade das biomoléculas na fase de fundo e consequentemente o
aumento da sua parti¢ao para a fase de topo (BABU et al., 2008). Segundo Wang et al.
(2010), o efeito salting-out dos sais pode levar a exclusao de pequenas moléculas de
alcodis misciveis em agua.

Ribeiro et al. (2007) notaram a diminui¢do do coeficiente de parti¢ao utilizando
diferentes massas molares de PEG (300 a 1500) na purificacdo de glicose-6-fosfato
desidrogenase (G6PD). O aumento da massa molecular do PEG proporcionou o
aumento da G6PD na fase de fundo do sistema, sugerindo uma maior hidrofobicidade

desta enzima.
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Figura 1.11: Representacio esquematica da parti¢do dos biocompostos no SAB: (&
Polimero; ((O)) Biomolécula; (€®) Sal; V1: volume da fase de topo; Va: volume da fase de
fundo. Fonte: BABU et al., 2008 (adaptado).

Oliveira ef al. (2001) realizaram a parti¢do da G6PD em sistema aquoso bifésico
formado por PEG e o sal citrato, variando a massa molecular e concentra¢do do
polimero bem como a concentracdo do sal. Os resultados obtidos mostraram que o
maior coeficiente de parti¢ao, K = 184, foi obtido com extra¢des conduzidas com 22%
de PEG 400 e 20% de citrato. Sendo assim, de todas as variaveis testadas a baixa massa
molar do PEG associada a elevada concentracdo do sal citrato favoreceram a

transferéncia da biomolécula para a fase de topo no sistema aquoso bifasico (SAB).
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Capitulo II

2. OBJETIVOS
2.1. Objetivo Geral

Avaliar e utilizar sistemas aquosos bifasicos formados por alcoois (metanol,
etanol, 1-propanol e 2-propanol) e sais de fosfato de potassio (K;PO4, KoHPO4 e
K>;HPO4/KH,PO; - solucdo tampao) na extragdo de antioxidantes encontrados em frutas

tropicais da regiao Nordeste do Brasil.

2.2. Objetivos Especificos

*+ Construir curvas binodais utilizando alcoois: metanol, etanol, 1-propanol e
2-propanol e sais de potassio: K3PO4, KoHPO4 e tampao (KH;PO./
KzHPO4);

*+  Ajustar modelo matematico proposto por Merchuck para as curvas
binodais nos sistemas formados por alcodis e sais de potéssio
determinados;

+ Estudar e otimizar o processo de extragao de antioxidantes como acido L-
ascorbico, vanilina, rutina, acido gélico, malvidina nos sistemas modelos
formados por alcoois e sais de potéssio;

*+ Estudar o processo de extracdo de acido gélico nos sistemas modelos e
reais formados por PEG e sais de potassio.

*+ Estudar a extragdo de antioxidantes, como acido L-ascorbico, vanilina,
rutina, acido galico, malvidina, presentes nas frutas tropicais (acerola,
goiaba e jameldo), nos sistemas aquosos bifasicos propostos;

*+ Estudar a partigdo de rutina da acerola em extracdes convencionais

utilizando solventes a frio e por ultra-som.
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INTRODUCAO AOS CAPITULOS IIL IV, V, VI e VII

Os capitulos III, IV, V, VI e VII sdo apresentados em forma de artigos cientificos,
e estdo organizados conforme as normas propostas pelo periddico de publicagdo. Estes
capitulos trazem uma pequena introducdo, os materiais ¢ métodos utilizados no
desenvolvimento de cada artigo, os resultados obtidos e sua discussdo, além das
conclusodes de cada etapa.

No primeiro artigo (Capitulo III — “Increased significance of food wastes:
Selective recovery of added-value compounds”), foram estudados a formagao e o uso de
sistemas aquosos bifasicos formados por alcodis/sais de potassio para extrair o acido L-
ascorbico e a vanilina como um modelo para antioxidantes a partir de residuos de
alimentos e outras fontes. Este artigo esta publicado no periédico Food Chemistry, v.
135, p. 2453-2461, 2012. Doi: 10.1016/j.foodchem.2012.07.010.

O segundo artigo (Capitulo IV — “Extraction and recovery of rutin from acerola
waste using alcohol-salt-based aqueous two-phase systems”) avalia as melhores
condig¢des de extragao de rutina a partir de residuos de acerola utilizando sistema aquoso
bifasico. Este artigo foi submetido ao periddico Separation Science and Technology.

O terceiro artigo desta tese (Capitulo V — “Potassium phosphate salts-based
aqueous two-phase systems applied to the extraction of gallic acid from guava”)
estudou os sistemas aquosos bifasicos (SAB’s) constituidos por sal fosfato de potéssio +
alcool (metanol, etanol, 1-propanol e 2-propanol) ou polietileno-glicol (1500, 4000 e
8000 g/gmol) para extrair o acido galico em residuos da goiaba. Este artigo serd
submetido ao periddico Food Research International.

O quarto artigo (Capitulo VI — “Rutin extraction from acerola residue assisted by
ultrasound combined with biphasic aqueous system”) avalia a eficiéncia de extracdo de
rutina a partir de residuos da acerola empregando varios métodos de extracdo
(convencional, assistido por ultra-som e sistema de duas fases aquosas). Este artigo sera
submetido ao periddico Ultrasonics Sonochemistry.

O quinto artigo desta tese (Capitulo VII — “Recuperacdo de compostos
antioxidantes a partir de residuos da fruta jameldo: Extracdo de malvidina usando
sistema de duas fases aquosas formados por alcoois e sais de fosfato de potéassio”) foi
estudado a extra¢do e identificacdo da malvidina e dos fenois totais de residuos do
jameldo utilizando sistemas de duas fases aquosas formados por alcool-sal fosfato de

potassio. Este artigo sera submetido ao periddico Quimica Nova.
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Abstract

A single-step selective separation of two food additives was investigated using alcohol-
salt aqueous two-phase systems (ATPS). The selective partitioning of two of the most
used additives from a processed food waste material, vanillin and L-ascorbic acid, was
successfully accomplished. The results obtained prove that alcohol-salt ATPS can be
easily applied as cheaper processes for the selective recovery of valuable chemical
products from food wastes and other sources.

As a first approach, the phase diagrams of ATPS composed of different alcohol +
inorganic salt + water were determined at 298 (£ 1) K and atmospheric pressure. The
influence of methanol, ethanol, 1-propanol, and 2-propanol and K;PO,, K;HPO4 or
KH,PO4/K;HPO, in the design of the phase diagrams was addressed. After the
evaluation of the phase diagrams behavior, the influence of the phase forming
constituents was assessed towards the partition coefficients and recovery percentages of
vanillin and L-ascorbic acid among the coexisting phases. Both model systems and real
processed food waste materials were employed. Using these ATPS as partitioning
systems it is possible to recover and separate vanillin, that migrates for the alcohol-rich

phase, from L-ascorbic acid, that preferentially partitions for the salt-rich phase.

Keywords: food waste, selective separation, aqueous two-phase system, alcohol,

inorganic salt, flavor, antioxidant, L-ascorbic acid, vanillin

1. Introduction

"Roughly one-third of the edible parts of food produced for human consumption
gets lost or wasted globally, which is about 1.3 billion ton per year” is one of the main
highlights described in the report “Global Food Losses and Food Waste — Extent,
Causes and Prevention” presented recently by the Food and Agriculture Organization of
the United Nations (FAO) (Gustavsson, Cederberg, Sonesson, van Otterdijk, &
Meybeck, 2011). The management of these food wastes is becoming extremely difficult
due to legislative restrictions on landfill. These are however an incredible source of raw
materials or added-value compounds and there is, therefore, the need to develop new

recovery and reuse technologies, along with the development of sustainable
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ideas/technologies/processes to avoid those disposals or, at least, to restrain the loss of
added-value compounds attached to these wastes.

Processed food that has passed its validity time is an immense source of priceless
and valuable chemical compounds, where different sugars, fats, flavors, and
antioxidants are included. Taking this into account, this work aims at the development
of a sustainable and economical process for the recovery of valuable products from food
wastes, namely flavors and antioxidants.

An antioxidant compound can be defined as a substance that, when present in low
concentrations compared to that of the oxidizable substrate, significantly delay or
inhibit the oxidation of that substrate (Atoui, Mansouri, Boskou, & Kefalas, 2005;
Moreira & Mancini Filho, 2003). The 3-methoxy-4-hydroxybenzaldehyde, commonly
known as vanillin, is one of the most valuable flavor and antioxidant products obtained
from waste sources (Kaygorodov, Chelbina, Tarabanko, & Tarabanko, 2010). Indeed,
vanillin as a natural flavor, occupies a prominent market place and is commonly used in
the preparation of ice creams, chocolates, cakes, soft drinks, pharmaceuticals, and
liquors, in the perfumery industry, and in nutraceuticals (Noubigh, Mgaidi, &
Abderrabba, 2010; Ranadive, 1994; Tarabanko, Chelbina, Sokolenko, & Tarabanko,
2007). Since this product has a large range of applications, the development of new
techniques for its separation and purification, while keeping unchanged its functional
characteristics, is still ongoing. Some publications have demonstrated different
approaches to perform the separation of vanillin from different matrices (Converti,
Aliakbarian, Dominguez, Bustos-Vazquez, & Perego, 2010; Hocking, 1997; Tarabanko,
Chelbina, Sokolenko, & Tarabanko, 2007). L-Ascorbic acid is the main biologically
active form of Vitamin C. This chemical compound is mostly present in plant cells
where it plays a crucial role in their growth and metabolism. As an effective antioxidant,
L-ascorbic acid has the capacity to eliminate several reactive oxygen species, acts as a
cofactor maintaining the activity of a number of enzymes, appears to be the substrate for
oxalate and tartrate biosynthesis, and contributes for the stress resistance (Arrigoni &
De Tullio, 2002; Davey, et al., 2000; Klein & Kurilich, 2000; Lee, et al., 2004). Also,
given the essential role played in the human diet, L-ascorbic acid (E300) and its salt
derivatives (E301-303) are commonly used as food additives due to their antioxidant
and flavor enhancing properties. Due to the high economical value attributed to vanillin
and L-ascorbic acid, the development of a simple, cheap and compatible recovery

process from food wastes is thus of utmost importance.
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Aqueous two-phase systems (ATPS) are vital techniques used for the extraction, or
even purification, of several compounds and biomolecules, due to their versatility, high
effectiveness, high yield, improved degree of purification, selectivity, low cost and
technological simplicity. Moreover, ATPS usually allow the combination of the
recovery and purification steps (Claudio, Freire, Freire, Silvestre, & Coutinho, 2010;
Malpiedi, Romanini, Pico, & Nerli, 2009). ATPS are generally described as two
aqueous liquid phases that are immiscible at critical concentrations of the phase forming
components. In the past decades, these systems have been widely applied in the
separation/purification of proteins, enzymes, antibiotics, among other biomolecules of
interest (Albertsson, 1986; Lima, Alegre, & Meirelles, 2002; Wang, Han, Xu, Hu, &
Yan, 2010). To promote the formation of ATPS, several compounds can be used, such
as different polymers (Azevedo, et al., 2009; Silva & Meirelles, 2000), inorganic salts
(Lima, Alegre, & Meirelles, 2002; Silva, Coimbra, Rojas, & Teixeira, 2009; Souza,
Barbosa, Zanin, Lobao, Soares, & Lima, 2010), sugars (Chen, Meng, Zhang, Zhang,
Liu, & Yang, 2010; Wu, Zhang, Wang, & Yang, 2008; Wu, Zhang, & Wang, 2008), and
more recently, ionic liquids (Freire, et al., 2012; Gutowski, et al., 2003; Neves, Ventura,
Freire, Marrucho, & Coutinho, 2009; Ventura, Neves, Freire, Marrucho, Oliveira, &
Coutinho, 2009). However, several of these ATPS forming components present some
crucial disadvantages, when the objective is to apply them as separation systems for
products that can easily suffer irreversible chemical alterations, and lose thus their main
characteristics (for example, their antioxidant capacity). The high viscosity of polymer-
based systems, the low window of potential ATPS based in sugars, and the high cost of
ionic liquids, are some of the additional disadvantages that should be taking into
account for a number of ATPS (Ooi, et al., 2009). Thus, in this work, the use of polar
hydroalcoholic ATPS was considered (Broinizi, et al., 2007; Roesler, Malta, Carrasco,
Holanda, Sousa, & Pastore, 2007; Wang, Han, Xu, Hu, & Yan, 2010). These systems
have already shown to be successful in the separation of enzymes, antibiotics, and
nucleic acids (Broinizi, et al., 2007; Louwrier, 1999).

In this work, four alcohols (methanol, ethanol, 1-propanol and 2-propanol) and
three salting-out ionic species (K;PO4, KoHPO4 and KH,PO4/K,HPO4) were studied
through the formation of ATPS. Their phase diagrams, tie-lines and tie-line lengths
were determined at 298 K and atmospheric pressure. Subsequently, these systems were
evaluated toward their application as liquid-liquid separation processes for two

antioxidants: vanillin and L-ascorbic acid. The results gathered highlight a selective
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partitioning of both antioxidants, while maintaining their main chemical characteristics
unchanged. Thus, it is possible to realize that the application of these alcohol-salt-based
ATPS can be promising techniques for the extraction of valuable compounds from

simple or even more complex sources, such as food wastes.

2. Materials and methods
2.1. Materials

Methanol, ethanol, 1-propanol, 2-propanol, dipotassium hydrogen phosphate
(K,HPO,4), potassium dihydrogen phosphate (KH,PO.) and potassium phosphate
(K5sPO4) were purchased at Vetec (Rio de Janeiro, Brazil). The alcohols have purities
higher than 99 %. The phosphate salts present a purity level higher than 98 wt %. The
L-ascorbic acid (> 98 wt %) was acquired at Labsynth (Sdo Paulo, Brazil) and vanillin
(> 99 wt %) was purchased at Sigma-Aldrich. Ultrapure water, double distilled, passed
by a reverse osmosis system and further treated with a Milli-Q plus 185 water
purification apparatus, was used.

The vanilla diet pudding Dr. Oetker was purchased at a regular supermarket in

Aracaju, Brazil (see ("http://www.oetker.com.br/?actA=2111&produtoID=138,")).

2.2. Phase diagrams and tie-lines

The ATPS were formed using aqueous solutions of alcohols (methanol, ethanol, 1-
propanol and 2-propanol) at 80 wt % and distinct aqueous solutions of inorganic
potassium phosphate salts (K;PO4, K;HPO, and the phosphate buffer solution
KH,PO4/K,HPO, - Henderson-Hasselbalch equation equivalents = 1.087) at circa 40
wt %. The phase diagrams were determined through two different experimental
methodologies well described in literature, the cloud point titration method (Merchuck,
Andrews, & Asenjo, 1998; Neves, Ventura, Freire, Marrucho, & Coutinho, 2009;
Ventura, Neves, Freire, Marrucho, Oliveira, & Coutinho, 2009; Ventura, Sousa,
Serafim, Lima, Freire, & Coutinho, 2011 in press) and the turbidometric titration
method ("Aqueous Two-Phase Systems: Methods and Protocols (Methods in
Biotechnology) (Ed.: R. Hatti-Kaul), Humana Press, Totowa, 2000.,"; Freire, et al.,
2012) at (298 + 1) K and atmospheric pressure.

The tie-lines (TLs) were obtained using a gravimetric method originally applied by
Merchuck and co-workers (Merchuck, Andrews, & Asenjo, 1998) and already validated

in previous studies (Neves, Ventura, Freire, Marrucho, & Coutinho, 2009; Ventura,
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Neves, Freire, Marrucho, Oliveira, & Coutinho, 2009). Each tie-line (TL) was
determined by the application of the lever-arm rule. For that purpose, the experimental

solubility curves were correlated using the following Equation (1),

Y Aexp[(BX**) (C X?)] (1)

where Y and X, are respectively, the alcohol and salt mass fraction percentages, and 4, B

and C are the regression constants.

2.3. Partitioning of antioxidants

The partitioning systems for L-ascorbic acid were prepared using graduated
centrifuge tubes by weighing the appropriate amounts of alcohol (at ca. 50 wt %),
inorganic salt (at ca. 15 wt %) and L-ascorbic acid (2.8 mg). To prepare the vanillin
partitioning systems, vials with the same weight fractions of alcohol and inorganic salt
were prepared. An aqueous solution of vanillin (concentration of ca. 1.0 g.dm™) was
used as the aqueous phase. Then, the mixtures were gently stirred and centrifuged at
3,000 g for 10 minutes. The extraction systems were placed at (298 + 1) K, for at least
18 h, to reach the equilibrium and the consequent and complete partitioning of the
antioxidants. The vials were closed during this period to avoid the alcohol vaporization.
Finally, both phases were carefully separated and weighted, the volume of each phase
was measured, and the biomolecules were quantified in each one of the phases. Their
quantification was performed in triplicate being the final concentrations reported the
average of the three assays (accompanied by the respective standard deviations).

The quantification of L-ascorbic acid was performed using the volumetric
Tillman’s method (Lutz, 2008), which is based on the oxidation of 2,6-
dichlorophenolindophenol-sodic (DCPIP). The vanillin was quantified through UV-
spectroscopy, using a SHIMADZU UV-1700, Pharma-Spec Spectrometer, at two
different wavelength values, namely 280 nm and 347 nm. These two wavelengths were
considered, since the significant variation in the pH of the phases is responsible for
alterations on the surface charge of wvanillin, and consequently, these differences
promote the variation of the maximum peaks of absorption. Thus, to guarantee that the
totality of vanillin is quantified, its absorbance was measured in the two maximum

peaks of absorption for these pH conditions. Calibration curves were properly
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established for each wavelength considered, and the mass balance of vanillin was
calculated and confirmed in each experiment.

The partition coefficients of each antioxidant were estimated according to Equation
(2)
ko& @

B

where K is the partition coefficient, C represents the concentration of vanillin or L-
ascorbic acid, and the subscripts 7 and B denote the top and bottom phases,
respectively. It should be remarked that in all the extraction systems, the top phase
corresponds to the alcohol-rich phase while the bottom phase is the inorganic-salt-rich
phase.

The recovery percentages of each biomolecule for the top (R.r) and bottom (R;.5)

phases are determined accordingly to the following equations,

R, 0100 (3)
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where Ry represents the volume ratio between the volume of the top phase (Vr) and the
volume of the bottom phase (Vg), K represents the partition coefficients of each
biomolecule, and the subscripts 7" and B denote the top and bottom phases, respectively.
The subscript i describes each biomolecule, being substituted by van for vanillin and

AA for L-ascorbic acid.

2.4. pH determination

The pH (*== 0.02) of the top and bottom phases was measured at 298 (*= 1) K using
an HI 9321 Microprocessor pH meter (HANNA instruments). The compositions
adopted at the biphasic region mixture correspond to 50 wt % of alcohol and 15 wt % of
inorganic salt, being these compositions similar to those used in the partitioning
experiments. All mixtures were gravimetrically prepared within = 10* g. After the
separation of the equilibrated phases the pH was measured.
2.5. Selective recovery of vanillin and L-ascorbic acid from a food sample

The selective recovery of both biomolecules (vanillin and L-ascorbic acid) was

carried out in a real food waste sample, namely in the vanilla diet pudding Dr. Oetker
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("http://www.oetker.com.br/?actA=2111&produtolD=138,"). According to the product
specifications both vanillin and L-ascorbic acid are presented as constituents.

The composition of the preferred ATPS to selectively extract the two antioxidants
was chosen taken into account the partition coefficients and recovery efficiencies
obtained with the model systems. Thus, the system composed of ethanol (50 wt%) +
K,HPO4 (15 wt%) + H,O (35 wt%) was used with the intent of maximizing the
concentration of vanillin in the top phase, while the system composed of 2-propanol (50
wt%) + KoHPO4 (15 wt%) + H,O (35 wt%) was employed based on enhanced partition
coefficients obtained for L-ascorbic acid at the bottom phase.

The pudding powder samples (5 g of total mass) were dissolved in 23.3 mL of
aqueous solutions of alcohol (ethanol or 2-propanol at 50 wt%) and at (298 + 1) K. The
inorganic salts (K;HPO4 or K3PO4 at 15 wt%) and water were then added to prepare the
respective ATPS in the required concentrations up to a total volume of 14 mL. Then, the
mixtures were gently stirred during 5 minutes and finally centrifuged at 2,000 rpm for 5
minutes. The extraction systems were placed at (298 + 1) K for 18 h to reach the
equilibrium. The vials were closed during this period to avoid the alcohol vaporization.
Finally both phases were carefully separated and weighted, the volume of each phase
was measured, and the biomolecules were quantified in each phase by the standard
methods described before. The pH of both phases was also measured according to the
experimental methodology described above. The biomolecules quantification was
performed in triplicate, and the average of the three assays and respective standard

deviations are reported.

3. Results and Discussion

3.1. Phase diagram and tie-lines

The ATPS formation capacity of four alcohols, using three different potassium
inorganic salts (K;PO4, K,;HPO,4, and K,;HPO4/ KH,PO4) was assessed in the present
study. All phase diagrams were determined at 298 (1) K and at atmospheric pressure.
The mass fraction solubility data for all systems are presented in Supporting
Information (Tables S1 to S5). The set of solubility curves obtained is depicted in
Figure 1 and Figure S1 (see Supporting Information), according to two different criteria,
namely, (a) the effect of alcohols while maintaining the inorganic salt, and (b) the

influence of the inorganic salts against one alcohol. All the phase diagrams are
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presented in molality units to avoid discrepancies in the phase diagrams behaviour
which could be a direct result of the differences between the alcohol and salt molecular
weights.

According to Fig. 1, it is possible to conclude that alcohols with longer alkyl chains
have, in general, a higher ability for ATPS formation, as described by the trend: 1-
propanol (370 K) > 2-propanol (356 K) > ethanol (351 K) > methanol (337 K). It should
be stressed that the boiling temperatures of each alcohol are presented in parenthesis. It
i1s well-known that the solubility of an aliphatic alcohol in water depends on its chain
length, and decreases while increasing the number of carbon atoms. Therefore, alcohols
with a lower affinity for water are easily separated from aqueous media by the addition
of salting-out inorganic salts (Ventura et al., in press). Particularly, for the systems
composed of K;HPO,4 and K3POy, the alcohol with a branched-alkyl chain, 2-propanol,
is less effective for undergoing liquid—liquid demixing, when compared with its isomer,
1-propanol. These results are in good agreement with the literature (Greve & Kula,
1991; Ooi et al., 2009; Shekaari, Sadeghi, & Jafari, 2010; Wang, Wang, Han, Hu, &
Yan, 2010; Wang et al., 2010; Zafarani-Moattar, Banisaeid, & Beirami, 2005), where
ternary systems based in the same alcohols and organic citrate salts (sodium- and
potassium-based) were used. This trend can be explained by the higher hydrophobicity
of 1-propanol. Generally, the solvent with the higher hydrophobicity has a lower
capacity for dissolving in water, and thus, it is easily excluded from the salt-rich media
for an alcohol-rich phase. The higher hydrophobicity of the 1-propanol isomer is also
confirmed by its higher octanol-water partition coefficient (Ko, = 1.78) (Oliferenko et
al., 2004) when compared with 2-propanol (K, = 1.12) (Oliferenko et al., 2004). Wang
and co-authors (Wang et al., 2010) also pointed out that, despite the idea that the phase
separation is driven by the competition of alcohol-water and salt-water interactions,
those were still not sufficient to explain the phase formation behaviour. The authors
justified the capacity of these four alcohols in promoting the phase formation by
showing clear correlation of the acting forces of the alcohol molecules with themselves,
and that this condition is well described by their ‘‘boiling points’’ (Lide, 2008) (shown
above).

The authors justified the capacity of these four alcohols in promoting the phase
formation by showing clear correlation of the acting forces of the alcohol molecules
with themselves, and that this condition is well described by their ‘‘boiling points’’

(Lide, 2008) (shown above).
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The same correlation is obtained here, meaning that the forces established between the
alcohol molecules are also crucial interactions, which rule the phase behaviour. It is also
mentioned that the difference of 15 K in the “‘boiling points’’ of the isomers reflects the
enhanced capacity of 1-propanol to establish van der Waals forces, and which further
facilitates the exclusion of this alcohol from the salt- to the alcohol-rich phase (Wang et
al., 2010). The same argument is given to explain the small difference on ATPS
formation by ethanol and 2-propanol. In fact, these two systems have similar alcohol-
alcohol forces described by their close ‘‘boiling points’’.

For a better understanding of the phenomenon included in the formation of alcohol-
salt ATPS, the same binodal curves were also considered aiming to focus the influence
of the three inorganic salts on the ATPS formation (Figure S1). The decrease in the

capacity of the inorganic salts to promote ATPS formation is as follows:

methanol: K,HPO4/KH,PO4> K5PO,4 > KoHPO,
ethanol: KzPO,4 = K,HPO4/KH,PO,4 > KoHPO,
I-propanol: K3PO4 > K,;HPO4 > K,;HPO4/KH;PO4
2-propanol: K;PO4 = K,;HPO4 = K;HPO4/KH,PO4

The capacity of these specific inorganic salts to promote the phase separation was
already investigated as part of different ternary systems (Ventura et al., 2011; Ventura et
al., in press), and, in general, the effect of these inorganic salts follows the Hofmeister
series: K3PO4 > K ;HPO4 > K, HPO4/KH,PO4 (Ventura et al., 2011). However, this trend
was only verified for systems composed of 1-propanol. The remaining systems do not
follow the accepted trend in what concerns the position of K;HPO4/KH,PO,. In fact, it
is possible to confirm that between K;HPO4 and K3POys, the latter inorganic salt has the
highest capacity to induce the phase separation, although in some cases, only a small
difference is observed. This behaviour can be easily supported by literature data and it is
related to the idea that the strong salting-out inducing anions, PO,> and HPO,*, exhibit
a stronger capability for creating ionhydration complexes by excluding water from the
alcohol-rich phase, and thus favouring the formation of ATPS (He, Li, Liu, Li, & Liu,
2005). Also, according to literature, the K,HPO4/KH,POy salts have a lower ability for
the ATPS formation, due to the presence of KH,PO4, which tends towards the salting-in
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regime. Indeed, it was already described that KH,POy is not capable by itself to promote
the formation of alcohol-based ATPS. Here the ‘‘usual’’ behavior of KoHPO4+/KH,PO4
was only detected for the 1-propanol system. Searching for an explanation for this

behaviour, the pH of both phases of each system were measured (Table 1).

Table 1
pH values of the top (7) and bottom (B) phases for the extraction systems composed of

alcohol + inorganic salt + water, at 298 K and atmospheric pressure.

Ternary System pH (7)£0.02 pH (B)£0.02
methanol 12.79 13.20
ethanol 12.80 13.22
K;POy4
1-propanol 12.38 12.69
2-propanol 12.61 12.83
methanol 10.34 9.76
ethanol 9.78 9.52
K;HPO,
1-propanol 9.69 9.01
2-propanol 9.85 9.15
methanol 8.68 8.99
ethanol 7.70 8.01
K;HPO4/KH;PO4
1-propanol 7.88 7.64
2-propanol 8.08 7.31

According to Table 1, it is observed that the pH is salt dependent and
alcoholindependent. The addition of some of these alcohols is responsible for the
destruction of the buffer condition, which is demonstrated by significant differences in
the expected pH values of the phases. The buffer condition was lost in most of the
systems, with the exception of the 1-propanol. Thus, for the ternary systems with
K,;HPO4/KH,PO,4 and methanol, ethanol and 2-propanol, the effect is not driven by the
phosphate buffer ionic strength and respective interactions, but it is induced by the
presence of two different inorganic salts, K;HPO4 and KH,PO,, as individual ionic
species, and which partition in different directions of the system. Since ATPS making
use of KoHPO4/KH,PO4 were not found in literature, a comparison between our results

and those in the literature was not possible. Evidently, the use of these ternary systems
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for extraction purposes should be cautiously carried out since the pH value is not neutral
for systems composed of methanol, ethanol or 2-propanol.

The solubility curves described before, were correlated using the mathematical
approach originally described in literature (Merchuck et al., 1998), by the application of
Eq. (3.1). The regression parameters 4, B and C, the respective standard deviations
(std), and the correlation coefficients (R?), are reported in Table S6 in Supporting
Information. To complete the phase diagrams, the tielines (TLs), and respective tie-line
lengths (TLLs), were determined. Their values are reported in Table S7 in Supporting
Information, along with the compositions of inorganic salt and alcohol at the top (T) and
bottom (B) phases. The graphical representation of the phase diagrams of all the
systems studied is depicted in Supporting Information (Figures S2 to S12). The TLs
information is crucial for the extraction process of any compound when using ATPS.
Usually, as the concentrations of alcohol and salt used to form the biphasic system
increases, the TLL becomes longer, and the top and bottom phases become increasingly
different in composition (Guo et al., 2002; Neves et al., 2009; Pereira, Lima, Freire, &
Coutinho, 2010; Salabat & Hashemi, 2006; Ventura et al., 2011; Ventura et al., in press;
Willauer, Huddleston, & Rogers, 2002). Thus, the partitioning of common molecules in
ATPS depends on the TLL considered, which reflects the hydrophilicity/hydrophobicity
of the phases (Willauer et al., 2002).

3.2. Partitioning of antioxidants in model systems

In this part of the work we focused on the possibility of using alcohol-salt ATPS to
promote the selective partition of two compounds, namely vanillin and L-ascorbic acid,
found in some food matrices. Several mixture compositions using alcohol-salt ATPS
were prepared according to the following weight percentages: 50 wt.% of alcohol + 15
wt.% of salt + 35 wt.% of biomolecule aqueous solution (L-ascorbic acid or vanillin).
The exact mass fraction composition percentages used in the preparation of the mixture
points and the respective partition coefficients and corresponding standard deviations
are reported in Tables S8 and S9 in the Supporting Information.

The L-ascorbic acid was quantified by the Tillman’s method, and the influence of
the alcohols and inorganic salts in the antioxidant quantification was assessed before the
partition assays. Thus, several saline (40, 20, 10, 5 and 1 wt.%) and alcoholic aqueous

solutions (80, 60, 40, 20 and 10 wt.%) were prepared, in combination with three
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concentrations of L-ascorbic acid (5, 50 and 200 mg.L™"). The results suggest that the
alcohols’ effect in the antioxidant quantification using the Tillman’s method is
insignificant (results provided in Supporting Information — Figure S13). On the other
hand, higher deviations are observed between the real and the quantified concentration
of L-ascorbic acid at the salt-rich phase. Thus, the acid concentration was only
measured at the alcohol-rich phase (top phase), with its concentration in the other phase
estimated by the difference between the initial concentration used to prepare the
partition systems, and its concentration in the top phase.

To appreciate the influence of the phase forming components of the ATPS on the
vanillin quantification, its UV—Vis spectra were evaluated under different compositions
of these alcohols and inorganic salts. It is well known that vanillin changes its surface
charge and chemical structure at different pH values because of the deprotonation of its
hydroxyl group (Li, Jiang, Mao, & Shen, 1998) (Figure S14 in Supporting Information).
Vanillin has a pKa of 7.4, indicating that for pH values above 7.4, this biomolecule is
preferentially negatively charged. The difference in its structural conformation at
different pH values and UV—Vis spectra was already verified by Li and co-workers (Li
et al., 1998). Thereby, two different calibration curves were prepared considering the
maximum absorbance peaks observed for the biomolecule at different pH values (280
and 347 nm). To achieve the mass balance, the total amount of vanillin was determined
using one or both the calibration curves depending on the vanillin structures present in
the media.

After the validation of the methods used for the quantification of the biomolecules,
their partition coefficients were addressed. The partition analysis of these ATPS was
assessed making use of the logarithmic function of the partition coefficient (log K).
According to Figure 2, it is observed that vanillin and L-ascorbic acid preferentially
migrate to opposite phases, the top and bottom phases, respectively. While vanillin
preferentially migrates to the alcohol- rich phase (log K > 0), L-ascorbic acid has a
higher affinity for the salt-rich phase (log K <0).

Aiming at explaining the preference of the acid for the salt-rich phase, some
assumptions can be taken into account. The first is related to the L-ascorbic acid
chemical structure (depicted in Figure 2). This biomolecule is highly polar and has the
capacity to establish a vast number of hydrogen bonds with water, having more affinity

to the more hydrophilic (salt-rich) phase.
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Fig. 2. Logarithm function of the partition coefficients (log K) of the two compounds,
vanillin (black lines) and L-acid ascorbic (gray lines), for all the extraction systems
composed of methanol, ethanol, 1-propanol, and 2-propanol, and the inorganic salts:
K3POy4 (circles - solid line), K;HPO4 (squares - pointed line) and K;HPO4/KH,PO4
(triangles - dashed line). The chemical structures of each one of the biomolecules are

also shown in this figure to help the results’ interpretation.

In an opposite way, vanillin is less polar since it presents a lower number of hydrogen-
bond acceptors, and has a consequently higher aptitude for the hydrophobic (alcohol-
rich) phase. This trend is also in close agreement with the 1-octanol-water partition
coefficients reported in literature for each biomolecule. Reported experimental values of
this parameter, log Koy = 1.19 (Noubigh et al., 2010) for vanillin and log Ky = -1.85
(Takacs-Novak & Avdeef, 1996) for L-ascorbic acid, show that these molecules have a
different hydrophilic/lipophilic aptitude. L-ascorbic acid is more hydrophilic (log Koy <
0), while vanillin is more hydrophobic (log K, > 0). The partition results obtained here
are indeed in good agreement with the log K, values (Noubigh et al., 2010; Takacs-
Novak & Avdeef, 1996), suggesting that the molecules’ hydrophobicity control the
partition nature of these ATPS. Moreover, in order to evaluate the alcohol and salt

influence in the partitioning of both biomolecules, the recovery percentages of vanillin
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in the top phase (R,;:..7) and L-ascorbic acid in the bottom phase (R.4.5), were also

evaluated and are presented in Figure 3.
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Fig. 3. Recovery percentages of vanillin (dark lines) and L-ascorbic acid (gray lines)
obtained in each one of the extraction systems studied. The ternary systems are
composed of different alcohols, namely methanol, ethanol, 1-propanol, and 2-propanol,
with the inorganic salts: K;POy (circles - solid line), K,;HPO, (squares - pointed line)
and K,HPO4/KH,POy (triangles - dashed line).

For all the aqueous systems studied, the recovery of vanillin for the alcohol-rich
phase is between (98.37 = 0.08)% and (99.94 + 0.01)%, while the recovery of L-
ascorbic acid for the salt-rich phase is between (85.15 + 1.27)% and (95.50 £ 0.19)%.
Finally, the recovery results obtained also show that the effect of the alcohol molecular
structure on the extraction of both antioxidants is marginal; yet, stronger saltingout
inducing inorganic salts, namely K;PO4 and K,HPO,, largely enhance the recovery

achieved at each phase.
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Summing up, the selective partitioning of the two biomolecules is envisaged taking
into account the results obtained with the model systems. Therefore, the next stage of
this work was to employ the enhanced systems for the selective partitioning of vanillin

and ascorbic acid in real food samples.

3.3. Selective recovery of vanillin and L-ascorbic acid from a food sample

The success of a new methodology or process is only proven when the final goal
behind the optimisation studies is accomplished. In this context, the capacity of these
new alcohol-salt ATPS to simultaneously separate vanillin and L-ascorbic acid from a
food waste source was evaluated in this work as a real separation. Thus, the vanilla diet
pudding Dr. Oetker was used here as the food waste source of vanillin and L-ascorbic
acid. The choice of this food matrix was based on the fact that both biomolecules are
present in significant (non-residual) quantities, providing the necessary conditions for
their accurate quantification. Since our goal is to demonstrate the separation capacity of
the ATPS investigated here for real systems, this part of the investigation was carried
out using the best two partition systems identified above, described by the two ATPS
with higher partition coefficients and recoveries of both biomolecules into opposite
phases. The two systems selected were: ethanol (50 wt.%) + K;HPO4 (15 wt.%) + H,O
(35 wt.%) and 2-propanol (50 wt.%) + KoHPO4 (15 wt.%) + H,O (35 wt.%). The ATPS
systems were prepared using an alcohol solution of the pudding samples (Table S10 -
see Supporting Information).

To study the capacity of the selected ATPS in the separation of vanillin and L-
ascorbic acid from the vanilla diet pudding, the following parameters were evaluated:
the partition coefficient logarithmic function, the recovery percentage in the top
(vanillin) and bottom (L-ascorbic acid) phases, and the pH of each phase. The results
are shown in Figure 4.

Despite the smaller values obtained for K of vanillin and L-ascorbic acid, Figure 4
shows that both systems are capable of promoting the separation of the biomolecules. In
this context, it is observed that in the real separation, as in the optimisation study
described above, vanillin is migrating almost completely for the top phase (log K > 0
with recovery > 95%) while L-ascorbic acid is concentrated in the bottom phase.

The smaller values of K445, obtained in the real extraction from the pudding

powder, can be explained by the complexity of the pudding sample. Nevertheless the
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high recovery values obtained for vanillin, and good recoveries (above 50%) for the L-

ascorbic acid in 2-propanol, prove the success of this selective separation process.
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Fig. 4. Extraction parameters (recovery percentages and pH values for the top and
bottom phases) and partition coefficients of vanillin (dark bars) and L-ascorbic acid
(gray bars) from the vanilla diet pudding Dr. Oetker, obtained using the optimised
ATPS: 2-propanol (50 wt.%) + K;HPO4 (15 wt.%) + H,O (35 wt.%) and ethanol (50
wt.%) + KoHPO4 (15 wt.%) + H,O (35 wt.%). The pH values together with the

respective standard deviations are also reported.

To the best of our knowledge, this is the first time that a selective separation is
optimised and successfully applied to simultaneously extract two distinct biomolecules
from a food waste raw material into different phases. In this context, alcohol-salt-based
ATPS can be envisaged as novel and alternative extractive procedures for the recovery

of added-value compounds from several raw materials.

4. Conclusions

Alcohol-salt aqueous two-phase systems (ATPS) were successfully applied to the
selective partitioning of two biomolecules, namely vanillin and L-ascorbic acid, from a
real food waste matrix. In this context, novel phase diagrams to perform the partitions
were determined at 298 (+1) K and at atmospheric pressure. The main results showed
that alcohols with longer aliphatic chains (higher hydrophobicity) enhance the phase

separation.
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The capacity of these ATPS to be used in the separation of two biomolecules
studied was proven, with vanillin being preferentially concentrated in the alcohol-rich
phase, whereas L-ascorbic acid migrates for the salt-rich phase. This behaviour is in
close agreement with the hydrophilicity/lipophilicity balance of each biomolecule. The
optimised systems in what concerns the selective partitioning of vanillin and L-ascorbic
acid are: 50 wt.% ethanol + 15 wt.% K,HPO4 + 35 wt.% H,0 (K, = 430 + 46 and R, .
7= (99.93 £ 0.01)%) and 2-propanol (50 wt.%) + KoHPO4 (15 wt.%) + H,O (35 wt.%)
(K44 =0.018£0.001 and R 44.5= (95.50 + 0.19)%).

From the application of the optimised ATPS to real food samples, it was concluded
that it is possible to design cheaper and simple separation processes capable of
promoting the simultaneously separation of two different biomolecules. Thus, this work
shows for the first time the successful use of alcohol-salt ATPS in the selective recovery
of valuable products from food waste sources, with their application being envisaged in

other raw material sources.
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Table S1. Experimental binodal mass fraction data for the system composed of

methanol (1) + salt (2) + water (3) at 298 K

K;POy4 K;HPO4 KH,PO4/K;HPO,
100 w, 100 w, 100 w, 100 w, 100 w, 100 w,
77.761 1.119 77.459 1.271 76.819 1.591
71.190 1.759 66.454 2.502 68.362 2.165
59.623 3.453 47.671 6.694 62.376 2.603
55.068 4.196 42.179 8.584 43.984 4.766
49.930 5.623 33.943 13.458 40.683 5.312
35.409 13.345 25.035 21.786 26.260 9.866
30.958 16.904 20.706 32.120
22.804 26.022
21.269 28.328
19.528 31.402
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Table S2. Experimental binodal mass fraction data for the system composed of ethanol

(1) + salt (2) + water (3) at 298 K

K;PO4 K;HPO, KH,PO4/K;HPO,

100 w, 100 w, 100 w, 100 w, 100 w, 100 w,
60.138 1.341 78.476 0.762 78.382 0.809
52.740 2.227 64.258 1.426 69.996 1.533
37.034 6.745 60.604 1.845 51.200 4.270
20.875 15.301 47.554 3.007 29.370 12.899
15.267 24.453 42.300 3.820 25.961 15.169
13.704 27.097 38.373 4.940 24.682 16.304
11.526 30.820 34.967 5.905 20.351 23.440

26.540 9.882

23.790 12.840

21.849 14.043

19.301 16.259

14.201 21.136

10.116 26.963
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Table S3. Experimental binodal mass fraction data for the system composed of 1-propanol (1)

+ salt (2) + water (3) at 298 K

K;3;POy K>HPO4

100 wy 100 w, 100 w, 100 w,
75.966 2.017 25.481 7.336
67.157 2.194 24.007 7.879
35.465 5.302 22.778 8.173
34.651 5.573 21.455 8.911
28.667 7.097 20.266 9.372
27.300 7.411 19.415 9.705
25.721 7.634 18.657 10.058
24.585 8.183 17.742 10.578
23.306 8.426 17.376 11.034
22.126 8.666 16.943 11.086
20.727 9.427 16.288 11.686
19.328 9.693 16.022 11.694
18.066 10.505 15.652 12.114
16.815 10.924 11.502 16.197
15.553 12.022 10.265 17.582
14.330 12.806
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Table S4. Experimental binodal mass fraction data for the system composed of 1-propanol (1)

+ K>HPOL/KH,PO, (2) + water (3) at 298 K

KH,PO4/K;HPO4

100 w, 100 w, 100 wy 100 w,
33.330 6.670 75.336 2.332
30.252 7.605 67.423 2.856
28.011 8.284 36.421 6.075
25.494 9.222 35.320 6.375
23.454 10.248 32.464 7.166
22.019 10.710 30.086 7.692
20.680 11.277 29.417 7.921
19.175 12.187 28.685 8.116
17.950 12.863 10.287 20.607
15.949 14.418 8.112 24.408
13.873 16.024 6.390 27.628
12.177 17.855
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Table SS. Experimental binodal mass fraction data for the system composed of 2-propanol (1)

+ salt (2) + water (3) at 298 K.

K;POy4 K;HPOy4 KH,PO4/K;HPO,
100 w, 100 w» 100 w, 100 w, 100 w, 100 w»
76.040 1.980 75.480 2.260 77.449 1.276
29.226 12.604 65.908 2.824 66.984 1.816
19.924 16.607 27.032 10.638 36.671 6.221
17.517 19.203 24.824 11.858 33.497 7.366
15.280 21.730 23.327 12.746 29.687 9.595
13.110 24.430 21.718 13.849 26.655 11.486
11.486 26.655 20.954 14.339 24.430 13.110
9.595 29.687 19.826 15.172 21.730 15.280
7.366 33.497 11.548 22.134 19.203 17.517
6.221 36.671 9.225 24.513 16.607 19.924
4.760 40.190 14.192 22.334
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Table S6. Adjusted parameters and respective standard deviations (stzd) obtained from the

regression of Eq. (1), at 298 K and atmospheric pressure.

Ternary System Regression parameters
R2

Alcohol Inorganic Salt A £ std B +std C<£std
K3PO, 105.6+£2.0 -0.304+£0.010 2.3x107*£2.1x10° | 0.9981
methanol K,HPO, 109.3+£3.2  -0.315£0.014 6.2x10"* £3.2x10° | 0.9967
KH,PO/K,HPO, | 1622+58 -0.592+0.023 1.5x10"°£6.0x107 | 0.9988
K;PO, 91.0£2.5  -0.359£0.016 2.1x10°+3.5x10° | 0.9985
ethanol K,HPO, 112448  -0.462£0.027 1.2x10"°£2.1x10° | 0.9923
KH,PO,/K,HPO, | 108.8+1.9  -0.362+0.011 8.8x10™+5.6x10° | 0.9990
K;PO, 219.5+£10.0 -0.774+0.027 4.3x107° £4.6x10° | 0.9958
1-propanol K,HPO, 1354102 -0.620+0.027 1.5x107°£9.7x10° | 0.9973
KH,PO/K,HPO, | 218.8+6.5 -0.708+0.013 2.4x10™"°+7.3x10° | 0.9960
K;PO, 146.7+£29  -0.466+0.010 7.7x10°+1.9x10° | 0.9986
2-propanol K,HPO, 170.7+43  -0.554+0.013  8.4x10°+6.7x10° | 0.9988
KH,PO/K,HPO, | 128.1+49 -0470+0.021 1.9x10"+1.2x10° | 0.9939
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Table S7. Mass fraction compositions for the initial mixture (M), TL data and respective
TLLs, in the top (7) and bottom (B) phases, for the systems composed of alcohol (Y) and

inorganic salt (X), at 298 K and atmospheric pressure.

Ternary System 100 x Mass fraction composition / wt %
TLL
Alcohol Inorganic salt Yu Xu Yr Xr Yz Xz
3492  20.07 4644 732 1453 42.65 | 47.61
K;PO,
4195 26.08 6647 232 1083 5623 | 77.47
3833  19.13  55.65 459 1560 3820 | 52.28
K,;HPO,

methanol 4481 24.83 7092 1.89 10.59 54.89 | 80.31
3995 1995 5193 3.70 1.04 7277 | 85.79
KH,PO/K,HPO, | 30.65 1527 39.39 5.71 2.99 45.52 53.94
2494 1495 3038 8.00 342 4249 | 43.77

29.92 1495 4252 449 12,17 29.70 | 3945

K;PO, 3481 20.52 60.74 1.27 8.10 40.35 65.56
29.65 2044 53.30 2.22 9.62 35.87 55.14
24.84 1487 3348 6.86 9.15 29.43 33.19
ethanol K,HPO,

35.01 19.84 5934 191 573 4140 | 66.58
39.92 1997 57.73  3.06 843  49.88 | 67.98

KH,PO/K,HPO,
45.02 1994 66.09 1.90 8.07 51.58 76.39
49.81 1498 83.95 1,54 247  33.61 87.57
K;PO,
30.03 1497 72.09 2.07 5.61 2246 | 69.54
1999 1499 5556  2.06 9.10 18.95 49.43
1-propanol K,HPO,
21.04 19.04 65.36 1.38 6.09 25.00 | 63.80
20.05 20.03 5294 4.02 549  27.12 52.77
KH,PO,/K,HPO,
25.04 2041 58.13 351 425 31.03 60.50
30.52  19.72  63.01 3.29 892 30.64 | 60.61
K;PO, 3427 2072 71.38  2.39 7.10 3414 | 71.69
2491 20.14 5399 4.60 10.71  27.72 | 49.07
2-propanol 29.87 1495 50.74 4.79 949 2486 | 45.87
K,HPO,
4991 15.04 7755 2.03 394  36.68 81.36
3489 2494 4853 4.26 2.21 74.51 84.15
KH,PO/K,HPO,

25.06 1498 41.18 582 15.13 20.62 | 29.96
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Table S8. Weight fraction compositions and partition coefficients data of L-ascorbic acid
(K44), determined at 298 (£ 1) K.

Ternary system 100 x Ma§s fraction
composition / wt %
K4 (fold)
Alcohol Inorganic salt | alcohol salt water

K;PO, 49.88 15.05 35.06 0.020 + 0.001
methanol K,HPO, 50.27 14.60 35.13 0.031 + 0.004
KH,PO,/K,HPO, 49.99 14.99 35.03 0.030 £+ 0.005
K;PO, 49.97 15.06 34.97 0.019 £ 0.001
ethanol K,HPO, 49.99 15.00 35.00 0.034 £ 0.001
KH,PO,/K,HPO, 50.03 15.02 34.94 0.045 +0.002
K;PO, 49.95 15.05 35.00 0.023 £ 0.001
1-propanol K,HPO, 49.90 15.04 35.05 0.039 + 0.003
KH,PO/K,HPO, |  50.08 14.98 34.94 0.047 + 0.004
K;PO, 49.94 15.05 35.01 0.018 +0.001
2-propanol K,HPO, 49.83 15.08 35.09 0.034 + 0.004
KH,PO,/K,HPO, | 50.03 15.02 34.96 0.047 + 0.004
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Table S9. Weight fraction composition and partition coefficient data of vanillin (K,,,),

determined at 298 (+ 1) K.

Ternary system 100 x Ma§s fraction
composition / wt %
Kyan
Alcohol Inorganic salt | alcohol salt water
K;PO, 50.34 14.99 34.67 166 + 61
methanol K,HPO, 50.03 15.00 34.37 358 +8
KH,PO,/K,HPO, 49.87 14.89 35.24 14.1+0.5
K;PO, 49.80 15.22 34.98 351 +£19
ethanol K,HPO, 49.83 15.06 35.10 430 £ 46
KH,PO,/K,HPO, 49.83 15.06 35.11 15+1
K;PO, 49.72 15.35 34.93 74+ 1
1-propanol K,HPO, 49.85 15.05 35.10 78+ 6
KH,PO,/K,HPO, 49.96 15.00 35.04 34+4
K;PO, 49.79 15.12 35.09 122+3
2-propanol K,HPO, 49.98 14.92 35.10 114 £3
KH,PO/K,HPO, | 49.70 14.93 35.37 1542
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Table S10. Concentration of the antioxidants and pH values of the alcohol solution of the
pudding samples for the extraction systems composed of alcohol + inorganic salt + water, at

298 (= 1) K and atmospheric pressure.

Alcohol Catstd (gL Cyantstd (g.L7) pHzstd
ethanol 5.95+0.00 3.49 + 0.42 5.31+0.04
2-propanol 476 +0.00 5.88+0.26 5.06 +0.01
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Fig. S2. Phase diagrams for two ternary system composed of: (i) methanol + K,HPO, + water
and (ii) 2-propanol + KsPO4 + water. The data presented was prepared at 298 (+ 1) K and is
described by: (O) experimental phase diagram data; (*) TL data. The solid line represents the
fit of the experimental data by Equation (1).
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Fig. S3. Phase diagram for the ATPS composed of methanol + K;PO4 + water at 298 (+ 1) K:
(O) solubility curve experimental data, (*) TL data. The solid line represents the fitting of the
experimental data by Equation (1).
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fitting of the experimental data by eq (1).
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Fig. SS5. Phase diagram for the ATPS composed of ethanol + K;PO,4 + water at 298 (+ 1) K:

(o) solubility curve experimental data, (*) TL data. The dashed line represents the fitting of
the experimental data by eq (1).
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Fig. S6. Phase diagram for the ATPS composed of ethanol + K,HPO4 + water at 298 K: (o)
solubility curve experimental data, () TL data. The dashed line represents the fitting of the
experimental data by eq (1).
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Fig. S7. Phase diagram for the ATPS composed of ethanol + K,HPO4/KH,PO, + water at 298
K: (o) solubility curve experimental data, (*) TL data. The dashed line represents the fitting
of the experimental data by eq (1).
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Fig. S8. Phase diagram for the ATPS composed of 1-propanol + KsPO4 + water at 298 K: (o)

solubility curve experimental data, () TL data. The dashed line represents the fitting of the
experimental data by eq (1).
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Fig. S9. Phase diagram for the ATPS composed of 1-propanol + K,HPO,4 + water at 298 K:

(o) solubility curve experimental data, (*) TL data. The dashed line represents the fitting of
the experimental data by eq (1).
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Fig. S10. Phase diagram for the ATPS composed of 1-propanol + K,HPO4/KH,PO, + water at

298 K: (o) solubility curve experimental data, (*) TL data. The dashed line represents the
fitting of the experimental data by eq (1).
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Fig. S11. Phase diagram for the ATPS composed of 2-propanol + K;HPO, + water at 298 K:

(o) solubility curve experimental data, (%) TL data. The dashed line represents the fitting of
the experimental data by eq (1).
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Fig. S12. Phase diagram for the ATPS composed of 2-propanol + K,HPO4/KH,PO, + water at

298 K: (o) solubility curve experimental data, (*) TL data. The dashed line represents the
fitting of the experimental data by eq (1).
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Fig. S13. Graphical representation of the data dispersion between the real mass concentration
of L-ascorbic acid used in the preparation of different alcoholic solutions and the respective
mass concentrations measured using the Tillman’s method. (W) methanol; (O0) ethanol; (A) 1-

propanol; (A) 2-propanol.
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Abstract

Extraction of rutin from acerola waste was investigated using alcohol-salt-based aqueous two-
phase systems (ATPS). Initially, the partitioning was studied using model systems with pure
commercial rutin. The impact of the ATPS constituents and composition, initial amount of
rutin, temperature and addition of electrolytes were evaluated. Rutin can be recovered either
in the alcohol-or-salt-rich phase depending on the salt used. To validate the optimization
process, rutin extraction from acerola waste was further carried out. The results obtained with
the real samples are in close agreement with the model systems and validate the optimization

tests and support their applicability in bioresource-related processes.

Keywords: rutin, acerola waste, extraction, aqueous two-phase system.

INTRODUCTION

Acerola, also known as West Indian cherry or Barbados cherry, is a native plant from
Central America. It is also present in South America, mainly in Brazil, due to its versatile
adaptation to soil and climate (1, 2). The wide chemical composition of acerola accounts with
a large amount of volatile compounds, such as substances responsible for the aroma, and non-
volatile compounds such as vitamin C, anthocyanins, carotenoids and flavonoids, including
rutin (3).

The use of acerola as a dietary supplement by humans has positive health effects,
namely protective effects against cancer, arteriosclerosis, neurodegenerative diseases and
ageing (4—6). Furthermore, according to Zibadi co-workers (7), the daily consumption of

bioflavonoids, phenolic acids, and anthocyanin through fruits and vegetable decreases the risk
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of degenerative and chronic diseases. For this reason, the consumption of acerola as an in
natura fruit or by juices and jams is highly recommended for human health maintenance (8).

Nowadays, as a consequence of the industrialization of some fruit-related products,
agro-industrial wastes are generated in high quantities resulting in the accumulation of
residues with an inherent environmental impact. Besides the fruit pulp by itself, peels and
seeds do not receive an adequate attention and they are the main residues resulting from fruit
processing approaches (9). Nevertheless, some works already demonstrated that some added-
value components, such as antioxidant compounds, are present in higher amounts in the
residues of certain fruits when compared with the pulp (10, 11). According to Freitas and co-
workers (6), the Brazilian industry uses 34.4 thousand tons of acerola (7.16% of the total
fruits) and produces 18.0 thousand tons of juice and pulp (52.3%) and 16.4 thousand tons of
waste (47.7%). In this context, there is a large interest in finding sustainable processes to
reuse and take the maximum value of those wastes.

Among the antioxidant compounds present in acerola, rutin (3°,4°,5,7-
tetrahydroxyflavone-3-B-D-rutinoside or quercetin-3-rutinosid) is a non-toxic bioflavonoid
constituted by the flavonol quercetin and the disaccharide rutinose (12, 13). The chemical

structure of rutin is depicted in Fig. 1.

FIG. 1. Molecular structure of rutin.
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Traditionally, rutin is extracted from biomass or complex matrices making use of
organic solvents such as ethanol (14). More modern techniques, such as supercritical fluid
extraction (15), microwave-assisted extraction (16), pressurized liquid extraction (17), solid
phase micro-extraction (18) and ultrasound-assisted extraction (19, 20) have also been
proposed. However, these alternatives usually require more drastic conditions, namely high
temperatures and pressures, and they also depend on more sophisticated equipment turning
the current extraction in an expensive and complex process.

In order to eliminate some of the disadvantages mentioned before, aqueous two-phase
systems (ATPS) can be regarded as alternative liquid-liquid extraction techniques. Due to
their high content in water they have been labeled as biocompatible systems. Indeed, they
have been successfully applied in the extraction of several biomolecules such as enzymes (21,
22), alkaloids (23), antibiotics (24), dyes (25), lithospermic acid B (26) and aroma compounds
(27). This large spectrum of applications is justified by the easiness of scaling-up the process,
and high extraction efficiencies and high yields usually attained (28).

ATPS are formed in aqueous media by the dissolution of two incompatible polymers
(29) or a polymer and a salt (30). In both examples there is the formation of two macroscopic
liquid phases with water as the major constituent (31). Despite these conventional ATPS,
more recent works have shown the possibility of forming liquid-liquid systems by the
combination of an organic solvent and a salt (32) or by the addition of an inorganic salt to an
aqueous ionic liquid solution (33, 34). Particularly, the use of polymer-polymer and polymer-
salt systems has some disadvantages such as the high cost of the polymer, phases of high
viscosity, a slow phase separation and a challenging recyclability of the phase forming
components (35). On the other hand, ATPS formed by alcohols and salts are of low cost,

allow the easy recovery of the alcohol by evaporation or distillation approaches, are of low
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viscosity, and usually lead to high extraction efficiencies and purification levels in a single-
step procedure (36).

In this work, the use of ATPS for the extraction and recovery of rutin from acerola
wastes was evaluated. Different ATPS composed of alcohol + potassium phosphate salts
(methanol, ethanol, 1-propanol and 2-propanol, and K3;PO,4, K,;HPO,4 and potassium phosphate
buffer composed of K,HPO4/KH,PO,), and whose phase diagrams were recently published by
our group (32), were used. As a first and preliminary methodology it was investigated the
partitioning behavior of commercial and high purity rutin and for which the several
constituents of each ATPS, the composition of the biphasic mixture, the concentration of
rutin, the temperature (278.15 to 308.15 K) and the addition of electrolytes (NaCl) were
investigated and optimized. After the optimization step with model systems, the optimized

conditions were further employed in the extraction of rutin from acerola waste.

EXPERIMENTAL
Materials

Methanol, ethanol, 1-propanol, 2-propanol, dipotassium hydrogen phosphate (K,HPOy),
potassium dihydrogen phosphate (KH,PO.) and potassium phosphate (K;PO4) were
purchased at Vetec (Rio de Janeiro, Brazil). The alcohols have purities higher than 99%. The
phosphate salts are more than 98% pure. Rutin (> 97 wt % pure) was acquired at Acros
Organics (New Jersey, USA). Ultrapure and double distilled, passed by a reverse osmosis
system and further treated with a Milli-Q plus 185 water purification apparatus, was used in
all experiments. Acerola at a mature stage was purchased in a regular supermarket in Aracaju,
Brazil. The fruit was squeezed using a domestic depulper and the waste generated was kept at

253.15 K until use.
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Methods
Partitioning studies of rutin in model ATPS

The studied model ATPS are composed of different alcohols (methanol, ethanol, 1-
propanol and 2-propanol) and several potassium phosphate salts (K3;PO4, K;HPO,4 and the
buffer K;HPO4/KH,POy4). The phosphate buffer is constituted by the mixture of the two salts
K,HPO4 and KH,POj in the proper proportions (pH = 7.0; Henderson-Hasselbalch equation

equivalents = 1.087).

The biphasic systems were prepared in graduated centrifuge tubes (15 mL) by
weighing the appropriate amounts of alcohol (40-60 wt%) and potassium phosphate salts (10-
20 wt%) taking into account the phase diagrams previously reported (32). To these systems it
was added aqueous solutions containing rutin at 25, 50, 70, 100 and 200 mg/L. The total
weight of each ATPS was 14.0 g. After, the mixtures were stirred for 2 min and then
centrifuged at 3000 g for 10 min. The graduated tubes were then placed at the respective
temperature (from 278.15 to 308.15 K), for at least 12 hours and within = 1.0 K, using a
thermostatic bath MARCONI MA-127 (Brazil). It should be remarked that the vials were kept
closed during this period to avoid the alcohol vaporization. The two phases were then
cautiously separated and collected for the determination of their volume and weight. Finally,
rutin was quantified in both the top and bottom phases. Details on the quantification of rutin
are described below. The quantification of rutin was performed in three assays and the
average partition coefficients, average extraction efficiencies and respective standard
deviations were calculated. It should be noted that for all studied ATPS, the top phase is the
alcohol-rich phase while the bottom phase corresponds to the salt-rich phase.

The partition coefficient of rutin (K,,) is defined as the ratio between the

concentration of rutin in the top phase (Cr) to that in the bottom phase (Cp) according to,
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In order to evaluate the rutin percentage extraction efficiencies (EE,,%) and the

volume ratio (R,) in each ATPS the following equations were used,

RO

B

K, R
EE,, %[0 10000—m— 2
10K, R,

2)

3)

where V' is phase volume and 7 and B correspond to the top and bottom phases, respectively.

Thermodynamic functions

The thermodynamic functions associated to the migration phenomenon of rutin, namely

the Gibbs free energy (AG',), the enthalpy (AH',,) and the entropy of transfer (AS,,) were

determined according to equations (4) and (5),
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where T is the temperature, K,,, is the partition coefficient of rutin and R is the universal gas

constant (8.314 J.mol-K™").

Extraction and partitioning of rutin from acerola waste

Acerola waste samples (X10 g of peels and seeds), after a depulping process, were

dispersed in 25 mL of an aqueous solution of 1-propanol at 46 or 60 wt%. The vials were kept

sealed and at 298.15 K under constant agitation, at 200 rpm and for 24 h, using a shaker
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Marconi MA-095. After 24 h, the samples were filtrated through 0.42 “Nm microporous
membranes. The inorganic salts (K;HPO4+/KH,PO4 or K;PO4) and water were then added to
prepare the respective ATPS in the required concentrations up to a total weight of 14 g. The
compositions of each component in a given ATPS and the optimized conditions determined
with the model systems were used in this step. In particular, the systems composed of 1-
propanol (50 wt%) + KoHPO4/KH,POy4 (15 wt%) + H,0 (35 wt%) and 1-propanol (40 wt%) +
K,HPO4/KH,POs (20 wt%) + H,O (40 wt%) were employed for maximizing the
concentration of rutin in the top phase and 1-propanol (50 wt%) + KsPO4 (15 wt%) + H,O (35
wt%) was used for maximizing the partition of rutin into the bottom phase. The mixtures were
then stirred for 5 min and finally centrifuged at 3,000 rpm for 10 min. These systems were
further placed at 298.15 K for 12 h to reach the equilibrium. Both phases were carefully
separated and weighed, the volume of each phase was registered, and the rutin was quantified
in the top phase by high-performance liquid chromatography (HPLC) analysis. The
quantification of rutin was only determined in the alcohol-rich phase due to the high salt
content in the bottom phase. Thus, the rutin concentration on the bottom phase was
determined by the mass balance of the rutin concentration on the initial alcoholic extract and

its concentration at the top phase.

Rutin quantification

The concentration of rutin in both phases of the model systems was determined by UV-
Vis spectroscopy, using a Varian Cary-50 spectrophotometer UV-visible Bio apparatus, at
350 nm and using a calibration curve previously established. The mass balance of rutin was
always confirmed and is within + 5.5 %. Interferences of both the inorganic salt and the
alcohol in the analytical method were taken into account and found to be insignificant at the

dilutions performed. The quantification of rutin was carried out in three assays and the
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average partition coefficients, average extraction efficiencies and respective standard
deviations were calculated.

The concentration of rutin extracted from acerola waste was determined by HPLC
analysis according to a method initially described by Fang and co-workers (37) with slight
modifications. Chromatographic separations were performed on a Discovery® HS C18
(Supelco, USA) column (26.0 cm x 4.6 mm, 5 pm). The HPLC equipment consists on a
Varian Prostar (Australia) LC Detector series pumping system with an UV detector set at 360
nm and a Galaxie chromatography data system software. Two solvents with a constant flow
rate of 1.0 mL/min were used: solvent A which is composed of 20% of acetonitrile and 5% of
methanol in water (pH 3.0), and solvent B which is constituted by 55% of acetonitrile and
15% of methanol in water (pH 3.0). All the solvents are of HPLC grade. The gradient elution
program was as follows for solvent B: 2% from 0-15 min, 2-28% from 15— 28 min, 28-36%
from 28—40 min, 36% from 40—44 min, 36-80% from 4445 min, 80% from 45-52 min. At
least three quantifications were performed for each system and the respective average values

and standard deviations were calculated.

RESULTS AND DISCUSSION

In this work it was investigated the use of alcohol-salt-based ATPS as an alternative
platform for the extraction and recovery of rutin from acerola waste. As a first approach the
extraction of rutin was studied and optimized using model systems with commercial and high
purity rutin. Different parameters, namely the type of alcohol and phosphate salt, the
composition of the system, the rutin concentration, the temperature of extraction and the
addition of NaCl as an additional electrolyte, were evaluated regarding the partition
coefficients and extraction efficiencies obtained. As a second and validation step, the

optimized ATPS were further used for the partitioning of rutin extracted from acerola waste.

94



Partitioning Studies of Rutin in Model ATPS

The influence of the alcohol and salt, as well as the initial concentration of rutin added
to each ATPS, was investigated by means of the partition coefficients and extraction
efficiencies obtained. The concentration of rutin used varied between 25 and 200 mg/L. The
results obtained at 298.15 K are depicted in Fig. 2.

Previously we have published (32) the pH values of the coexisting phases of the
systems studied here. For the systems composed of K;PO4 the media is highly alkaline with
pH values ranging between 12.38 and 13.22 while for the remaining systems the pH values
are lower and more close to the pKa of rutin. Thus, at alkaline medium, almost all rutin is
negatively charged and preferentially migrates for the most hydrophilic and ionic phase (salt-
rich phase). For the remaining systems the amount of charged rutin is lower and the majority
of neutral rutin partitions for the most hydrophobic alcohol-rich phase. Indeed, among the
ATPS based on KH,PO4/K,HPO, and K;HPOy the partition coefficients of rutin are higher in
the systems composed of the phosphate buffer — those with the lower pH values and close to
7. The choice of the salts, and subsequently the pH values that they induce in aqueous media,
is a dominant parameter in the extraction of biomolecules that suffer speciation as the pH of
the solution changes. In the systems considered here there are two aqueous phases of different
nature: a predominant hydrophobic phase composed mainly of alcohol and a more hydrophilic
and ionic phase constituted majorly by the inorganic salt. These differences in the phases’
polarities coupled to the charged or non-charged nature of rutin control the preferential
migration for a given phase. Indeed, this trend was already observed in the partition
coefficients of gallic acid using ATPS formed by ionic liquids and different inorganic salts
(40). In this work (40) it was observed that the neutral and less hydrophilic form of gallic
acid, present in the acidic media, is more easily extracted into the most hydrophobic ionic-

liquid-rich phase. On the other hand, gallate, the charged conjugate base of gallic acid present
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in neutral or alkaline pH solutions, preferentially migrated for the charged salt-rich phase

(40).
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FIG. 2. Partition coefficients of rutin, K,.,, in the several alcohol-salt ATPS at 298.15 K as a
function of initial rutin concentration. Alcohol: L1 - methanol, I - ethanol, M - 1-propanol, l
- 2-propanol; potassium phosphate salts: (i) KH,PO4+/K,HPO,, (i) K;HPO,, and (i) K;PO,.
All ATPS are composed of 50 wt% of alcohol and 15 wt% of salt.
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For ATPS composed of the same salt and different alcohols, the partition coefficients
of rutin decrease in the order: methanol < ethanol < 2-propanol < 1-propanol. Rutin is poorly
soluble in water and highly soluble in alcohols supporting thus the preferential migration of
rutin for the alcohol-rich phase in most cases. In general, the solubility of rutin increases with
the alkyl chain length of the alcohol, e.g., with the increase on the alcohol hydrophobicity
(41). This increased solubility in alcohols with longer aliphatic chains supports the higher
partition coefficients observed in systems formed by propanol towards the lower partition
coefficients observed in the systems constituted by methanol. Regarding the results obtained
with ATPS constituted by the two isomers of propanol, 1-propanol and 2-propanol, the
partition coefficients of rutin are higher in the 1-propanol-based systems because of its higher
hydrophobicity. The higher hydrophobicity of 1-propanol isomer is sustained by its higher
octanol-water partition coefficient (K, = 1.78) compared to that of 2-propanol (Koy = 1.12)
(42). This straight pattern is less visible in the systems composed of K3;PO,. Nevertheless, it
should be remarked that more complex phenomena take place in these ATPS due to the
charged character of rutin at alkaline medium.

The influence of the initial concentration of rutin, ranging from 25 to 200 mg/L, was
also evaluated. In general, and as seen in Fig. 2, the partition coefficients of rutin increase
with the concentration of the solute. This trend is independent of the alcohol or salt employed.
Nonetheless, this pattern is less pronounced in the systems with K;POj,. In the ATPS formed
by K;HPO4 and K;HPO4/KH,PO4 the improved migration for the alcohol-rich phase with the
increase on the initial rutin content can be a main result of solute-solute interactions such as
A A interactions (non-covalent interactions between the aromatic rings) and improved
hydrogen-bonding ability between the hydroxyl groups. This pattern was already observed by
Claudio and co-workers (40) with the partitioning of vanillin in ATPS composed of ionic

liquids and salts. Furthermore, Tavagnacco and co-workers (43) already demonstrated the
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presence of A A interactions in aromatic solutes when dissolved in aqueous media using
molecular dynamics simulations.

In summary, it was shown that the preferential migration of rutin for a given phase is
versatile and mainly depends on the pH of the aqueous media. For instance, the biomolecule
can be recovered in the top phase (with extraction efficiencies ranging between 91.62% and
98.23%) or in the bottom phase (with extraction efficiencies within 8.16% and 23.04%) (data
not shown).

In order to infer on the effect of the composition of the ATPS towards the partitioning
of rutin, several experiments were carried out varying the concentration of 1-propanol in the
total mixture, from 40 to 60 wt%, while maintaining the concentration of the
KH,PO4/K;HPO4 mixture of salts at 20 wt%. It should be noted that according to the phase
diagrams published before (32) the lower limit of 1-propanol capable of ensuring the
formation of two liquid phases is 40 wt%. The partition coefficient and extraction efficiency
results are shown in Fig. 3.

Increasing the amount of 1-propanol leads to a slight decrease in the partition
coefficients of rutin albeit no significant changes were observed in the extraction efficiencies.
However, in all cases, rutin was almost completely extracted to the top phase with extraction
efficiencies in the order of 98%.

After the evaluation of the 1-propanol concentration we further analyzed the effect of
the concentration of the mixture of the salts KoHPO4+/KH,PO4 from 10 to 20 wt%. In these
studies the concentration of 1-propanol was maintained at 40 wt%. It should be remarked that
the maximum concentration of salt than can be used is 20 wt% since higher values lead to the
precipitation of the salt and to fall into the solid-liquid region. The partition coefficients and

extraction efficiencies of rutin are depicted in Fig. 3.
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FIG. 3. Influence of the 1-propanol concentration in the ATPS containing K,HPO,/KH,POy, at
15 wt% (i) and K,HPO4/KH,PO, buffer concentration in the ATPS containing 1-propanol at

40 wt % (ii) at 298.15 K in the partition coefficient () and extraction efficiency (L) of rutin.

salt concentration leads to higher partition coefficients of rutin, i.e., to a higher ability of rutin

to migrate for the alcohol-rich phase. In accordance, the extraction efficiencies of rutin




increased from 95.8 to 98.5%. Rutin was almost completely extracted to the alcohol-rich
phase with the higher amount of salt. This phenomenon is a main result of the salting-out
effect of the salt over rutin which forces the biomolecule migration for the other phase. Wu
and co-workers (36) studied different solvents and reported extraction efficiencies of 13.0%
(water), 80% (ionic liquid - [Csmim]Cl) and 90.0% (methanol). All these values are lower
than those found in this work with the enhanced ATPS.

The influence of temperature on the rutin extraction was also studied using ATPS
composed of 1-propanol at 40 wt% and K,HPO4/KH,PO,4 at 20 wt%. The temperature of

equilibrium was changed from 278.15 to 308.15 K and the results obtained are shown in Fig.

4.
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FIG. 4. Effect of temperature on the partition coefficient () and extraction efficiency (L) of

rutin in the ATPS composed of 1- propanol at 40 wt % and K;HPO4/KH,PO, at 20 wt%.

In general, an increase in temperature slightly favors the extraction of rutin for the

alcohol-rich phase. At the highest temperature of 303.15 K the partition coefficient reaches

the value of 43.1 = (0.3. On the other hand, the extraction efficiencies were almost constant at
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all temperatures because a change in temperature also leads to different volumes of the
phases.

In order to calculate the thermodynamic functions of transfer of rutin, namely the
molar Gibbs energy (5G°,), the molar enthalpy (5H°,) and the molar entropy of transfer
(55°,), equations (4) and (5) were used. The calculated value for SG°, (-13.20 KJ/mol) is
negative reflecting therefore the spontaneous and preferential partitioning of rutin for the
alcohol rich-phase (K,,, > 1). The migration process of rutin from the salt-rich phase to the
alcohol-rich phase is endothermic (5H’,, = 3.97 KJ/mol) and mainly governed by entropic
forces (55, = 44.30 J/mol.K) since 7 = 55°, > SH’,.

ATPS formed by 1-propanol (40 wt%) and K;HPO4/KH,PO4 (20 wt%) were chosen to
study the effect of the addition of further electrolytes. The effect of the NaCl addition (from

0.5 a 10.0 wt%) in partition coefficient of rutin was investigated and the results are shown in

Fig. 5.
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FIG. 5. Effect of the concentration of NaCl in the partition coefficient (ll) and the extraction
efficiency ([J) of rutin in the system composed of 1-propanol (40 wt%) and K,HPO4/KH,PO4

(20 wt%) at 303.15 K.
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A close examination of the results indicates a slight increase of K., from 42.76 (without
NaCl addition) to 51.47 when 2.5 wt% of NaCl was added. Hence, the addition of an
additional electrolyte forces the migration of rutin for the alcohol-rich phase. The addition of
the electrolyte is mainly expected to be retained in the salt-rich phase turning this phase into a
more hydrophilic and charged one. On the other hand, for concentrations higher than 2.5 wt%
of NaCl the opposite trend is observed. The addition of large amounts of NaCl decreases the
partition coefficients of rutin. This result can be a direct consequence of the dissolution of
NaCl that at larger concentrations tends to partition also for the alcohol-rich phase and
blocking the partitioning of the biomolecule for the most hydrophobic phase. In fact, the
partitioning of biomolecules depends on hydrophobicity/hydrophilicity balance of the

coexisting phases as well as on the charge of the compounds (44).

Extraction and Partitioning of Rutin from Acerola Waste

To validate the optimized and model extractions using the commercial and high purity
rutin, the extraction of rutin from acerola waste (peels and seeds) was further conducted.
Besides the optimal conditions gathered for the extraction of rutin to the top phase with the
ATPS composed of 40 or 50 wt% of 1-propanol + 20 wt% of K;HPO4/KH,PO, it was also
studied the system formed by 50 wt% of 1-propanol + 15 wt% of KsPO4 + 35 wt% of water.
The three systems allow us to infer on the extraction of rutin for the two different phases.
While in the first two systems rutin preferentially partitions for the alcohol-rich phase, in the
third system with K3;PO4 the opposite trend was observed. These three ATPS ensure that the
system conditions can be manipulated and that the biomolecule can be recovered in a
preferential phase. The extractions carried out with acerola waste were conducted at 298.15

K.
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Firstly, the extraction of rutin from acerola waste was performed with aqueous solutions
of 1-propanol at 46 wt% and 60 wt%. Then, the respective ATPS were formed by the addition
of the appropriate amounts of water and salts, and the partitioning of rutin obtained from a
real sample was analyzed. The results obtained from acerola waste are depicted in Fig. 6.

The extraction yields of rutin from the acerola peels and seeds with the 46 and 60 wt%
aqueous solutions of 1-propanol was 0.54 < 0.01 mg/g and 0.527 <= 0.003 mg/g,
respectively. Hence, there is an almost insignificant effect of the alcohol concentration from
40 to 50 wt%. The low influence of the alcohol concentration towards the extraction yields of
rutin was already verified by Peng and co-workers (45). For comparison purposes, Nunes and
co-workers (46) obtained extraction yields of rutin from acerola (Malpighia glabra L.) of the

order of 1.5 mg/g, demonstrating that 33.3 wt% of rutin is present in acerola waste.
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FIG. 6. Partition coefficients and extraction efficiencies of rutin extracted from the peels and

seeds of acerola at 298.15 K.

Comparing the results of K,,, obtained for the systems composed of 1-propanol +
K,;HPO4/KH,POy,, it is observed that reducing the concentration of 1-propanol and increasing
the amount of the salt there is an increase in the partition coefficient of rutin, and as observed

before with the model systems. For instance, in the system with the optimized partition
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coefficients (40 wt% of 1-propanol + 20 wt% of K,HPO4/KH,POy,), the K,,, in the model
systems and in the ones with rutin from the biomass extractions is 26.31 and 45.58,
respectively. In the same line, the extraction efficiencies are 97.67 % and 98.41 %,
respectively. Hence, it seems that rutin from acerola waste is even better extracted for the
alcohol-rich phase than the commercial rutin in the K;HPO4/KH,PO4-based ATPS. The
extraction efficiencies obtained with the acerola waste are also slightly superior although the
results are very close and in the same order of magnitude. In this context, the optimization
tests carried out with the model systems apply to the rutin extracted from the acerola samples.

In order to tailor the extraction of rutin for the salt-rich phase, the system constituted by
1-propanol (50 wt%) + K;3PO4 (15 wt%) + water (35 wt%) was also investigated. K,,, and
EE,..% are 0.072 and 5.60% with the model systems, whereas with rutin extracted from
acerola waste these parameters are 0.068 and 12.49%, respectively. These values are in close
agreement and, in general, the optimization investigations and optimal conditions gathered

with the model systems can be applied to the extraction of rutin from bioresource samples.

CONCLUSIONS

In this work it was evaluated the ability of ATPS composed of alcohols and potassium
phosphate salts to extract and recover rutin in one of the coexisting phases. It was observed
that the studied ATPS are versatile since the biomolecule can be recovered either in the
alcohol- or in the salt-rich phase. This trend is mainly dependent on the salt employed which
leads to different pH values in solution. The differences in the phases’ polarities coupled to
the charged or non-charged nature of rutin control the preferential migration for a given
phase. Indeed, it was observed that the neutral and less hydrophilic form of rutin, present in
the lower pH values media, is more easily extracted into the most hydrophobic alcohol-rich

phase whereas the charged conjugate base of rutin, present in highly alkaline pH solutions,
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preferentially migrates for the salt-rich phase. Regarding the effect of the alcohol employed,
and in general, an increase in the alkyl chain length of the alcohol or an increase in its
hydrophobicity conducts to higher extraction efficiencies of rutin into the top phase. The
highest partition coefficient (51.47) and extraction efficiency (98.64 %) were obtained in
ATPS consisting of 1-propanol (40 wt%) + K;HPO4/KH,PO4 (20 wt%) + water (40 wt%) and
2.5 (wt%) NaCl at 298.15 K. To validate the optimization tests conducted with the model
systems using commercial rutin, the extraction of rutin from acerola wastes (peels and seeds)
was initially carried out with alcohol aqueous solutions which were further applied in the
composition of a given ATPS. The results obtained with rutin extracted from the real samples
are in close agreement with the model systems and validate all the optimization investigations

and support their further applicability.

ACKNOWLEDGMENTS

The authors acknowledge Fundagao de Amparo a Pesquisa e Inovagao Tecnologica do
Estado de Sergipe — FAPITEC for the financial support and scholarship of 1.A.O. Reis, and
CAPES/Brazil for the scholarship of S.B. Santos. The authors also thank Fundacdo para a
Ciéncia e a Tecnologia (FCT/Portugal)) for the post-doctoral grant SFRH/BPD/41781/2007 of

M.G. Freire.

REFERENCES

1. Mezadri, T.; Villato, D.; Fernandez-Pachon, M.S.; Garcia-Parrilla, M.C.; Troncoso, A.M.
(2008) Antioxidant compounds and antioxidant activity in acerola (Malpighia emarginata
DC.) fruits and derivatives. J. Food Compos. Anal., 21: 282.

2. Rosso, V.V.; Mercadante, A.Z. (2005) Carotenoid of two Brazilian genotypes of acerola

(Malpighia punicifolia L.) from two harvest. Food Res. Inter., 38: 1073.

105



. Vendramini, A.L.; Trugo, L.C. (2000) Chemical composition of acerola fruit (Malpighia
punicifolia L.) at three stages of maturity. Food Chem., 71: 195-198.

. Mercali, G.D.; Sarkis, J.R.; Jaeschke, D.P.; Tessaro, I.C.; Marczak, L.D.F. (2011) Physical
properties of acerola and blueberry pulps. J. Food Eng., 106: 283.

. Oliveira, F.C.; Coimbra, J.R.S.; Silva, L.H.M.; Rojas, E.E.G.; Silva, M.C.H. (2009)
Ovomucoid partitioning in aqueous two-phase systems. Biochem. Eng. J., 47: 55.

. Freitas, C.A.S.; Maia, G.A.; Costa, J.M.C.; Figueiredo, R.W.; Sousa, P.H.M. (2006)
Acerola: producao, composi¢do, aspectos nutricionais e produtos. Rev. Bras. Agrociénc.,
12: 395.

. Zibadi, S.; Farid, R.; Moriguchi, S.; Lue, Y.; Foo, L.Y.; Tehrani, P.M.; Ulreich, J.B.;
Watson, R.R. (2007) Oral administration of purple passion fruit peel extract attenuates
blood pressure in female spontaneously hypertensive rats and humans. Nutr. Res., 27: 408.

. Caetano, P.K.; Daiuto, E.R.; Vieites, R.L. (2012) Caracteristica fisico-quimica e sensorial
de geléia elaborada com polpa e suco de acerola. Braz. J. Food Technol. 15: 191.

. Soong, Y.Y.; Barlow, P.J. (2004) Antioxidant activity and phenolic content of selected
fruit seeds. Food Chem., 88: 411.

10. Ajila, C.M.; Bhat, S.G.; Prasada Rao, U.J.S. (2007) Valuable components of raw and
ripe peels from two Indian mango varieties. Food Chem., 102: 1006.

11. Guo, C.; Yang, J.; Wei, J.; Li, Y.; Xu, J.; Jiang, Y. (2003) Antioxidant activities of peel,
pulp and seed fractions of common fruits as determined by FRAP assay. Nutr. Res., 23:
1719.

12. Ghiasi, M.; Taheri, S.; Tafazzoli, M. (2010) Dynamic stereochemistry of rutin (vitamin
P) in solution: theoretical approaches and experimental validation. Carbohyd. Res., 345:

1760.

106



13. Kreft, I.; Fabjan, N.; Yasumoto, K. (2006) Rutin content in buckwheat (Fagopyrum
esculentum Moench) food materials and products. Food Chem., 98: 508.

14. Zhang, D.Y.; Zu, Y.G.; Fu, Y.L.; Wang, W.; Zhang, L.; Luo, M.; Mu, F.S.; Yao, X.H.;
Duan, M.H. (2013) Aqueous two-phase extraction and enrichment of two main
flavonoids from pigeon pea roots and the antioxidant activity. Sep. Purif. Technol., 102:
26.

15. Dimitrieska-Stojkovic, E.; Zdravkovski, Z. (2003) Supercritical fluid extraction of
quercetin and rutin from Hyperici Herba. J. Lig. Chromatogr. R. T., 26: 2517

16. Zhang, F.; Yang, Y.; Su, P.; Guo, Z. K. (2009) Microwave-assisted extraction of rutin
and quercetin from the stalks of Euonymus alatus (Thunb.) Sieb. Phytochem. Analysis.
20: 33.

17. Zhang, Y.; Li, S. F.; Wu, X. W. (2008) Pressurized liquid extraction of flavonoids from
Houttuynia cordata Thunb. Sep. Purif. Technol., 58: 305.

18. Michalkiewicz, A.; Biesaga, M.; Pyrzynska, K. (2008) Solid-phase extraction procedure
for determination of phenolic acids and some flavonols in honey. J. Chromatogr. A,
1187: 18.

19. Yang, Y.; Zhang, F. (2008) Ultrasound-assisted extraction of rutin and quercetin from
Euonymus alatus (Thunb.) Sieb. Ultrasonics Sonochemistry, 15: 308.

20. Paniwnyk, L.; Beaufoy, E.; Lorimer, J.P.; Mason T.J. (2001) Extraction of rutin from
flower buds of Sophora japonica. Utrason. Sonochem., 8: 299.

21. Ventura, S.P.M.; Sousa, S.G.; Freire, M.G.; Serafim, L.S.; Lima, A.S.; Coutinho, J.A.P.
(2011) Design of ionic liquids for lipase purification. J. Chromatogr. B., 87: 2679.

22. Souza, R.L.; Barbosa, J.M.P.; Zanin, G.M.; Lobdo, M.W.N.; Soares, C.M.F.; Lima, A.S.

(2010) Partitioning of porcine pancreatic lipase in a two-phase systems of polyethylene

glycol/potassium phosphate aqueous. Appl. Biochem. Biotechnol., 16: 288.

107



23.

24.

25.

26.

27.

28.

29.

30.

Freire, M.G.; Neves, C.M.S.S.; Marrucho, I.M.; Lopes, J.N.C.; Rebelo, L.P.N.; Coutinho,
JLA.P. (2010) High-performance extraction of alkaloids using aqueous two-phase
systems with ionic liquids. Green Chem., 12: 1715.

Wang, Y.; Han, J.; Xu, X.; Hu, S.; Yan, Y. (2010) Partition behavior and partition
mechanism of antibiotics in ethanol/2-propanol-ammonium sulfate aqueous two-phase
systems. Sep. Purif. Technol., 75: 352.
Wang, Y.; Liu, Y.; Han, J.; Hu, S. (2011) Application of Water-Miscible Alcohol-Based
Aqueous Two-Phase Systems for Extraction of Dyes. Separ. Sci. Technol. 46: 1283.

Guo, Y.X.; Han, J.; Zhang, D.Y.; Wang, L.H.; Zhou, L.L. (2012) An ammonium
sulfate/ethanol aqueous two-phase system combined with ultrasonication for the
separation and purification of lithospermic acid B from Salvia miltiorrhiza Bunge.
Ultrason. Sonochem., 19: 719.
Claudio, A.F.M.; Freire, M.G.; Freire, C.S.R.; Silvestre, A.J.D.; Coutinho, J.A.P. (2010)
Extraction of vanillin using ionic-liquid-based aqueous two-phase systems. Sep. Purif.
Technol., 75: 39.
Albertsson, P.A.; Johansson, G.; Tjerneld, F. (1990) Aqueous two-phase separations, in:
Asenjo, J.A. (Ed.), Separation Processes in Biotechnology (pp. 287-327). New York:
Marcell Dekker.

Saravanan, S.; Rao, J.R.; Nair, B.U.; Ramasami, T. (2008) Aqueous two-phase
poly(ethylene glycol)—poly(acrylic acid) system for protein partitioning: influence of
molecular weight, pH and temperature. Process Biochemistry, 43: 905.

Zhao X.; Xie X.; Yan Y. (2011) Liquid-liquid equilibrium of aqueous two-phase
systems containing poly(propylene glycol) and salt (NH4),SO4, MgSO,, KCI, and KAc):

experiment and correlation. Thermochimica Acta, 516: 46.

108



31.

32.

33.

34.

35

36.

37.

38.

Garza-Madrid, M.; Rito-Palomares, M.; Serna-Saldivar, S. O.; Benavides, J. (2010).
Potential of aqueous two-phase system constructed on flexible devices: human sérum
albumin as proof of concept. Process Biochem., 45: 1082.

Reis, I.LA.O.; Santos, S.B.; Santos, L.A.; Oliveira, N.; Freire, M.G.; Pereira. J.F.B.;
Ventura, S.P.M.; Coutinho, J.A.P.; Soares, C.M.F.; Lima, A.S. (2012) Increased
Significance of Food Wastes: Selective Recovery of Added-Value Compounds. Food
Chem., 135: 2453.

Pereira, J.F.B.; Lima, A.S.; Freire, M.G.; Coutinho, J.A.P. (2010) Ionic liquids as
adjuvants for the tailored extraction of biomolecules in aqueous biphasic systems. Green

Chem., 12: 1661.

Gutowski, K.E.; Broker, G.A.; Willauer, H.D.; Huddleston, J.G.; Swatloski, R.P.;
Holbrey, J.D.; Rogers, R.D. (2003) Controlling the aqueous miscibility of ionic liquids:
Aqueous biphasic systems of water-miscible ionic liquids and water-structuring salts for
recycle metathesis, and separations. J. Am. Chem. Soc., 125: 6632.

. Ooi, C.W_; Tey, B.T.; Hii, S.L.; Kamal, S.M.M.; Lan, J.C.W.; Ariff, A.; Ling, T.C. (2009)
Purification of lipase derived from Burkholderia pseudomallei with alcohol/salt-based
aqueous two-phase systems. Process Biochem., 44: 1083.

Wu, H.; Chen M.; Fan Y.; Elsebaei F.; Zhu Y. (2012) Determination of rutin and
quercetin in Chinese herbal medicine by ionic liquid-based pressurized liquid extraction—
liquid chromatography—chemiluminescence detection. Talanta, 88: 222.

Fang, F.; Li, J-M.; Pan, Q-H.; Huang, W-D. (2007) Determination of red wine
flavonoids by HPLC and effect of aging. Food Chem., 101: 428.
Hofmeister, F. (1888) Zur Lehre von der Wirkung der Salze. Arch. Exp. Pathol.

Pharmacol., 24: 247.

109



39. Shpak, A.P.; Gorbyk, P.P. (2009) Nanomaterials and supramolecular structures: physics,
chemistry and applications. Heidelberg: Springer.

40. Claudio, A.F.M.; Ferreira, A.M.; Freire, C.S.R.; Silvestre, A.J.D.; Freire, M.G.; Coutinho,
J.A.P. (2012) Optimization of the gallic acid extraction using ionic-liquid-based aqueous
two-phase systems. Sep. Purif. Technol., 97: 142.

41. Zi, J.; Peng, B.; Yan, W. (2007) Solubilities of rutin on eight solvents at T= 283.15,

298.15, 313.15, 323.15, and 333.15 K. Fluid Phase Equilibr.,261: 111.

42. Oliferenko, A. A.; Oliferenko, P. V.; Huddleston, J. G.; Rogers, R. D.; Palyulin, V. A.;
Zefirov, N.S.; Katritzky, A.R. (2004) Theoretical scales of hydrogen bond acidity and
basicity for application in QSAR/QSPR studies and drug design, Partitioning of aliphatic
compounds. J. Chem. Inf. Model., 44: 1042.

43. Tavagnacco, L.; Schnupf, U.; Mason, P. E.; Saboungi, M-L.; Cesaro, A.; Brady, J. W.
(2011) Molecular dynamics simulation studies of caffeine aggregation in aqueous
solution. J. Phys. Chem. B, 115: 10957.

44. Giindiiz, U.; Korkmaz, K. (2000) Bovine serum albumin partitioning in an aqueous two-
phase system; effect of pH and sodium shloride concentration. J. Chromatogr. B, 743:
255.

45. Peng, B.; Li, R.; Yan, W. (2009) Solubility of rutin in ethanol + water at (273.15 to
323.15) K. J. Chem. Eng. Data, 54: 1378.

46. Nunes, R.S.; Kahl, V.F.S.; Sarmento, M.S.; Richter, M.F.; Costa-Lotufo, L.V.; Rodrigues,
F.A.R.; Abin-Carriquiry, J.A.; Martinez, M.M.; Ferronatto, S.; Ferraz, A.B.F.; Silva, J.
(2011) Antigenotoxicity and antioxidant activity of acerola fruit (Malpighia glabra L.) at

two stages of ripeness. Plant Foods Hum. Nutr., 66: 129.

110



Capitulo V

Potassium phosphate salts-based aqueous two-phase systems applied to the extraction of

gallic acid from guava

Igor A.O. Reisl, Andressa F. Camposl, Patricia H.S. Santosl, Samuel B. Santosl, Cleide M.F.

’ . %
Soares'? Alvaro S. Lima'?

"Programa de Pos-Graduagdo em Engenharia de Processos, Universidade Tiradentes, Av.
Murilo Dantas 300, Farolandia. CEP: 49032-490, Aracaju-SE, Brasil
*Instituto de Tecnologia e Pesquisa. Av. Murilo Dantas, 300. CEP: 49032-490, Aracaju — SE,

Brasil

* To whom correspondence should be addressed: e-mail: alvaro lima@unit.br. Phone: +55

7932182115. Fax: +55 7932182190.

111



Abstract

An aqueous two-phase system (ATPS) consisting of potassium phosphate salt + alcohol
(methanol, ethanol, 1-propanol and 2-propanol) or polyethylene glycol (1500, 4000 and 8000
g.gmol™) to extract gallic acid from guava (Psidium guajava L) was investigated in this study.
As a first approach, the partitioning process of the biomolecule was studied using model
systems with commercial and high-purity gallic acid. In this stage, the impacts of the ATPS
constituents and composition, the temperature of extraction and the addition of further
electrolytes were evaluated. Manipulation of the ATPS constituents promoted the partition of
gallic acid to the bottom or top phases, thus, the system was versatile to the recovery of gallic
acid. The kind of potassium phosphate salt influenced the value of the pH phase, consequently
the deprotonation of gallic acid and the migration of biomolecules by a specific phase, acted
as a driving force for the partitioning process. The results obtained with the real samples
(gallic acid from guava) are in close agreement with the model systems and validate all the
optimisation tests, thus, supporting their further applicability in real bioresource-related

Processes.

Keywords: galic acid, aqueous two-phase system, guava, extraction.

1. Introduction

The world production of the major tropical fruits reached 62 million tons in 2010,
corresponding to 33% overproduction since 2000 (FAO, 2012). The significant growth in
production was associated with rapidly developing consumption and trade in domestic and

international markets, which in turn, is due to the recognised nutritional and therapeutic
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effects of the constituents of these fruits (Bicas et al., 2011). Several constituents (for example
phenolic compounds, terpenes and alkaloids) originate from the secondary metabolites of
plants to act in different functions, such as growth regulators, antioxidants, enzyme inhibitors,

pigments and UV light screens (Ning et al., 2012).

One of these substances is gallic acid (3,4,5-trihydroxybenzoic acid), a phenolic
compound tri-hydroxilate (Fig. 1) with antioxidant properties (Herndndez & Prieto Gonzalez,
1990), and therefore it is commonly applied in food additives (Sergediene et al., 1999). The
pharmaceutical industry is showing a hightened interest because of the applications of gallic
acid in the treatment of gastric disorders due to its antioxidant activities at stomach pHs
(Yilmaz & Toledo, 2003), anorexia, flatulence, gout, urinary diseases, skin repair haemostasis
and as a sedative (Gil-Longo & Gonzéles-Vasquez, 2010; Daneshfar et al., 2008). These
biomolecules are found in some vegetables, such as pomegranate (Lu et al., 2007), green and
black tea (Zuo et al., 2002) and tropical fruits (mango - Soong and Barlow, 2006; guava -

Gorinstein et al., 1999).

HO
OH

HO
OH

Figure 1: Chemical structure of gallic acid.

Guava (Psidium guajava L) is a fruit widely distributed in tropical America, from
Mexico to Brazil, as well as in Asia (India), Africa (Algeria, Tunisia and South Africa),
mainly in zones of warm climate (Castro-Vargas et al., 2010). The fruit is round, ranging from

3 to 10 cm in diameter and has a yellow or pink peel at maturity in some species (Lee et al.,
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2010). Guava is industrially processed to obtain jams, juices and "goiabada" (kind of
Brazilian sweet), generating about 4 to 12% of waste, consisting mainly of seeds and peel
(Mantovani et al., 2004). The secondary metabolites of plants as gallic acid can be extracted
from agroindustrial waste (Puoci et al., 2012), and interestingly, according to Guo et al.
(2003) the peel and seed fractions of some fruits possess higher antioxidant activity than the
pulp fractions. In this context, wastes resulting from the beneficiation process of fruits are a
rich source of bioactive phenolic. Therefore, simple, fast and efficient methods for the
extraction of compounds of added values, such as gallic acid, are of great industrial
importance.

The design and development of efficient processes for the production, extraction,
recovery and purification of biological products is an area of major importance for the
biotechnology industry (Graza-Madrid et al., 2010). Several extraction methods are carried
out using solid-liquid equilibrium procedures with pure organic solvents, such as methanol
and ethanol (Roesler et al., 2007). Some drastic processes, namely the use of supercritical
fluids (Manpong et al., 2011) and microwave- and ultrasound-assisted extraction (Amirah et
al., 2012) have also been reported as alternative recovery methods. However, while these
processes require drastic conditions, such as high temperatures and pressures, they were also
dependent on special and sophisticated equipment, turning the extraction into an expensive
and complex process. According to Pan et al. (2002), the yield and purity of products of
interest is relatively low, and the solvent consumption and processing costs are high.

Among the extraction processes, the aqueous two-phase system (ATPS), which was first
used in Sweden in the 1950s, is useful for the separation of macromolecules and cells
(Albertson, 1986). The application of ATPS to extract and purify biomolecules is largely
studied due to biocompatibility, process integration and intensification capability, and scaling-

up feasibility (Benavides et al., 2008).
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The ATPS is formed by mixing two water-soluble polymers (Saravanan et al., 2008) or
a single polymer and specific salt (Zhao et al., 2011) above a certain critical concentration or
temperature (Garza-Madrid et al., 2010). As a result, two immiscible aqueous phases are
formed (Ferreira et al., 2011). Nowadays, it is possible to form an ATPS using an organic
solvent and salts (Ooi et al., 2009; Reis et al., 2012), ionic liquids and salts (Gutowski et al.,
2003, Ventura et al., 2012) and acetonitrile and sugar (Cardoso et al., 2013).

The use of alcohols and PEG as components of the system is of great interest for the
extraction of biomolecules due to the low interfacial tension between the combined phases,
the rapid attainment of equilibrium partitioning, and availability of commercial separators,
which could easily be expanded (Bassani et al., 2010; Ooi et al., 2009), and the use of
potassium phosphate salts is related to the low cost and salting-out characteristics required for
phase separation (Ventura et al., 2012). In this context, ATPSs have been largely explored in
the separation, recovery, and purification of the most distinct biomaterials, such as proteins
(Asenjo & Andrews, 2011), enzymes (Lima et al., 2002; Souza et al., 2012), nucleic acids
(Gomes et al., 2009), antibodies (Rosa et al., 2009), antibiotics (Wang et al., 2010; Bora et al.,
2005), antioxidants (Wu et al., 2011) and flavour compounds (Reis et al., 2012).

The goal of this work was to use different alcohol-salts, recently published by our group
(Reis et al., 2012), and PEG-salts ATPS, for the partition of gallic acid as a target
biomolecule. This study shows the versatility of ATPS to extract gallic acid to the top or
bottom phase simply by manipulation of the system’s constituents, such as alcohol (methanol,
ethanol, 1-propanol and 2-propanol), inorganic salt type (potassium phosphate salts, namely
K3;PO4, KoHPO4 and potassium phosphate buffer composed of K,HPO,/KH,PO,) and
different molecular weights of PEG (1500, 4000, 8000 g.gmol™) at 25 °C. The main aim of
this study is to prove that the partition of gallic acid in potassium phosphate salt-based ATPS

can be applied to extract gallic acid from guava waste.
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2. Material and Methods
2.1. Material

Methanol, ethanol, 1-propanol, 2-propanol, dipotassium hydrogen phosphate (K,HPOy),
potassium dihydrogen phosphate (KH,;PO.) and potassium phosphate (K;PO4) were
purchased at Vetec (Rio de Janeiro, Brazil). The alcohols have purities higher than 99%. The
phosphate salts are more than 98% pure. Polyethylene glycol (PEG) with molecular weights
of 1500, 4000 and 8000 g.gmol” were obtained from Sigma (St. Louis, MO, USA). Gallic
acid (> 98% pure), was acquired from Vetec (Rio de Janeiro, Brazil). Ultrapure water, double
distilled, passed by a reverse osmosis system and further treated with a Milli-Q plus 185 water
purification apparatus, was used throughout the experiments. All chemicals were of analytical
grade. The guava fruit at mature stage was purchased at a regular supermarket in Aracaju,

Brazil. The fruit was peeled, and the peel, pulp and seed were kept at -20 °C until further use.

2.2. Gallic acid partition in the aqueous two-phase system

The model systems studied are comprised by different potassium phosphate salts
(K5PO4, K;HPO4 and buffer K;HPO4/KH,POy), alcohols (methanol, ethanol, 1-propanol and
2-propanol) and PEG (1500, 4000 and 8000 g.gmol™) were previously prepared. The
solutions of a phosphate buffer (PB) were composed with the two inorganic salts K,;HPO4 and

KH,PO4 (pH = 7.0; Henderson-Hasselbalch equation equivalents = 1.087).

The partition systems were prepared using graduated centrifuge tubes (15 ml) by
weighing the appropriate amounts of alcohol (50 wt%) and potassium phosphate salts (15
wt%) (Reis et al., 2012) or PEG (20 wt%) and potassium phosphate salts (10 wt%). The
aqueous solution containing the gallic acid at 500 mg.L'1 was used to form 14.0 g of the

system.
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Then, the mixtures were gently stirred and centrifuged at 3000 rpm for 10 minutes.
The graduated tubes were placed at room temperature (25 °C) and atmospheric pressure, for at
least 18 hours, using a thermostatic bath MARCONI MA-127, to reach the equilibrium and to
promote the complete partition process of gallic acid. The vials were closed during this period
to avoid alcohol vaporisation. The two phases were then cautiously collected for the
determination of their volume and weight, and finally the gallic acid was quantified in both
the top and bottom phases. Its quantification was performed in triplicate, and the final
partition coefficients and extraction efficiencies reported the average of the three assays
(accompanied by the respective standard deviations). It should be remarked that for all studied
ATPSs, the top phase was the alcohol-rich phase while the bottom phase corresponded to the
salt-rich phase.

The partition coefficient (Kga) is defined as the ratio between the gallic acid
concentrations in the top phase to that in the bottom phase. In order to evaluate the partition
process, the volume ratio (Ry) and recovery percentages of gallic acid for the top (Rt) and

bottom (Rp) phases are determined according to the equations 1-4.
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where C is the gallic acid concentration, V is the phase volume and T and B correspond to the
top and bottom phases, respectively. Ry represents the volume ratio between the volume of

the top phase (Vr) and the volume of the bottom phase (Vg), Kga represents the partition
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coefficients of gallic acid, and the subscripts T and B denote the top and bottom phases,
respectively.

The pH of both phases was also measured using a DIGIMED DM-20 pH meter.

2.3. Extraction and partitioning of gallic acid from guava waste

The recovery of gallic acid was carried out from the real waste of guava. The
compositions of the preferred ATPS to selectively extract the antioxidant were chosen by
taking into account the partition coefficients and extraction efficiencies obtained with the
model systems. Thus, the system composed of 1-propanol (50 wt%) + K,HPO4/KH,;PO4
buffer (35 wt%) + H,0 (35 wt%) and PEG 8000 g.gmol™ (20 wt%) + K,HPO,/KH,PO, buffer
(15 wt%) + H,0 (65 wt%) were employed with the intent of maximising the concentration of
gallic acid in the top phase. On the other hand, to maximise the partition to the bottom phase
the following systems were used, 1-propanol (50 wt%) + K3PO4 (15 wt%) + H,O (35 wt%)
and PEG 8000 g.gmol™ (20 wt%) + K3PO, (15 wt%) + H,0 (65 wt%). All experiments were
carried out at 25 °C.

The guava waste samples (#10 g of total mass) were dissolved in 25 mL of aqueous
solution of I-propanol (60 wt%) at 25 °C under constant agitation (shaker at 200 rpm -
Marconi MA-095) during 24 h. After 24 h, the system was filtered through a 0.42-“m
membrane. The inorganic salts (K;HPO4/KH,PO,4 or K3POy4 at 15 wt%) and water were then
added to prepare the respective ATPS in the required concentrations up to a total volume of
14 g. The second system was prepared using the guava waste samples (¥10 g of total mass)
dissolved in 25 mL of water at 25 °C under constant agitation (200 rpm) during 24 h. Next,
PEG at 8000 g.gmol'1 and inorganic salts (K,HPO4/KH,PO, or K3PO4) were added to form

the systems with 14 g.
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The mixtures were gently stirred for 5 min and finally centrifuged at 3000 rpm for 10
minutes. The extraction systems were placed at 25 °C for 18 h to reach equilibrium. The vials
were closed during this period to avoid alcohol vaporisation. Finally, both phases were
carefully separated and weighed, the volume of each phase was measured, and gallic acid was

quantified.

2.4. Assay of gallic acid concentration

The concentration of gallic acid in both phases was determined by UV-Vis
spectroscopy, using the apparatus Varian Cary-50 spectrophotometer UV-visible Bio in two
wavelength-defined absorption peaks (215 and 265 nm). The respective calibration curve was
properly established for the wavelength considered. The quantification of gallic acid was
based on the capacity of the aromatic molecules to be absorbed by the ultraviolet visible
region. The concentration of gallic acid was performed in triplicate. Interferences of both the
inorganic salt and the alcohol in the analytical method were taken into account and found to
be insignificant at the dilutions performed. Three samples of each phase were precisely
quantified, and the average of the gallic acid concentrations and respective standard

deviations were determined for both phases.

3. Results and Discussion
3.1. Partitioning of gallic acid in alcohol-salt-based aqueous two-phase system

In order to evaluate the influence of the type of alcohol (methanol, ethanol, 1-propanol
and 2-propanol) and potassium phosphate salt (K3PO4, K;HPO4 and K,HPO4/KH,PO, buffer
solution) in the partitioning of gallic acid in ATPS, a mixing point was used consisting of 50
wt% of alcohol and 15 wt% of potassium phosphate salt at 25 °C. This mixing point was

chosen so as to have two phases for all constituents of the system. The behaviour of gallic
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acid partitioning in ATPS was performed using a logarithmic function of the partition
coefficient (log Kga) to facilitate the interpretation of the results (Fig. 2). The presence of
gallic acid at the interface of the system has been neglected, since the mass balance of gallic
acid was always confirmed and is within + 9.0%.

log K
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Figure 2. Logarithm function of the partition coefficients (log Kga) in the ATPS composed of
methanol, ethanol, 1-propanol, and 2-propanol, and the inorganic salts Ks;POy (circles - solid

line), KoHPO4 (squares - pointed line) and K;HPO4/KH,PO, buffer (triangles - dashed line).

The potassium phosphate salts studied lead to very different behaviours in the
partitioning of gallic acid. For the alcohols investigated, the Kga increased in the following
order: K;HPO4/KH,PO4>> K,HPO4 > K;3POy4, suggesting that the choice of inorganic salt is a
driving force of the optimisation of gallic acid extraction. The three salt solutions used were
selected because they attribute different pH values to the systems, generally more acidic due
to the presence of alcohol.

Gallic acid has four potential acidic protons with pK, values of 4.0 (carboxyl acid), 8.7,
11.4, and > 13 (phenolics-OHs) (Eslami et al., 2010), therefore gallic acid changes its surface

charge.
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The partitioning of gallic acid is directly linked to the amount of hydrogen ionized. The
more charged the greater the affinity of the target biomolecule by the phase rich in potassium
phosphate (bottom phase), while the uncharged species migrate to the more hydrophobic
phase (alcohol-rich phase), as suggest by Claudio et al. (2012). The change in the electrical
charge and surface chemical structure at different pH values due to ionization of the hydroxyl
groups influences the solubility characteristics of the biomolecule and the
hydrophobic/hydrophilic target compound (Wang et al., 2010).

In systems formed with K,HPO4/KH,PO, buffer, the pH value near to neutral (5.87 «=
0.05 to 8.11 == 0.02) (Table 1), provided only the ionization of the hydrogen from the
carboxylic group, with gallic acid partitioning to the top phase (log Kga > 0). For K;HPO,
systems (8.00 == 0.27 to 9.97 «= 0.11), one phenolic-OH was ionized, while for K;PO4
systems (11.58 «= 0.14 to 12.96 == 0.04) two phenolic-OH were ionized; in both cases, the
OH from the carboxylic group was ionized. Using K;HPO, and K3PO,, the biomolecule target

partitioned to the bottom phase.

Table 1. pH values of the top (T) and bottom (B) phases for the extraction systems of gallic

acid (500 mg.L™") composed of alcohol + inorganic salt + water, at 298 K and atmospheric

pressure.

Ternary System pH (7)£std pH (B)+std
methanol 12.60+0.05 11.58+0.14
K-PO ethanol 12.90+0.09 12.68+0.04
3 1-propanol 12.87+0.06 12.72+0.07
2-propanol 12.96+0.04 12.30+0.13

methanol 9.97+0.11 8.00+0.27

ethanol 9.43+0.12 8.51+0.09

K;HPO, 1-propanol 9.35+0.08 9.05+0.13

2-propanol 9.27+0.06 9.18+0.03

methanol 8.11+0.02 7.40+0.04

ethanol 7.30+0.08 7.23+0.23

K;HPO/KH;PO, 1-propanol 6.89+0.02 5.87+0.05

2-propanol 7.24+0.07 6.81+0.12
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The recoveries follow the trend partition, and gallic acid almost completely extracted to
one of the phases, except for systems formed with methanol (Fig. 3). For all aqueous systems
studied, recovery of gallic acid to the alcohol-rich phase was between 92.88 + 0.44 to 98.51 +
0.10%, while the recovery of gallic acid to the salt-rich phase (bottom phase) was between

58.61 £ 0.86 t0 99.32 £ 0.03%.
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Figure 3. Recovery percentages of gallic acid obtained in each one of the extraction systems
studied. The ternary systems are composed of different alcohols, namely methanol, ethanol, 1-
propanol, and 2-propanol, with the inorganic salts K3PO4 (circles - solid line), K;HPO4

(squares - pointed line) and K,HPO4/KH,PO, buffer (triangles - dashed line).

3.2. Partitioning of gallic acid in a PEG-salt-based aqueous two-phase system

The systems formed from PEG with different molecular weights (1500, 4000 and 8000
g.gmol'l) and salts (K3PO4, K;HPO4, KoHPO4/KH,PO,4 buffer) were used to investigate the
partitioning of gallic acid. The composition of the mixing point was 20 wt% to PEG and 15
wt% for potassium phosphate salts, and the system was developed at 25 °C. This mixing point
was chosen to have two-phase aqueous systems for all components. As in systems formed by

alcohols and salts, analysis of the partitioning behaviour was performed using the log of the
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partition coefficient (log Kga), and the presence of gallic acid at the interface was discarded
because the mass balance of gallic acid was always confirmed and was within & 9.0%.
Figure 4 shows that the molecular weight of PEG did not influence the Kga, except for

the system formed with K,HPO4/KH,PO,, for which there was only a slight increase of Kga.
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Figure 4. Logarithm function of the partition coefficients (log Kga) in the ATPS composed of
PEG 1500, PEG 4000 and PEG 8000, and the inorganic salts K;PO, (circles - solid line),

K,;HPOy4 (squares - pointed line) and K,HPO4/KH,PO, buffer (triangles - dashed line).

In this case, the pH value of the system was between 6.65 «= 0.05 and 6.94 «= 0.04
(Table 2), and only the carboxyl groups were ionized. Therefore, the aromatic ring of gallic
acid had more influence on the hydrophobic characteristics, and the gallic acid migrated to top
phase. Zufiiga et al. (2001) also observed that hydrophobic biomolecules (&-lactoglobulin)
migrate to the polymer phase, because of the increased molecular weight of the PEG and
consequently its hydrophobicity. For systems formed with K;HPO,, the pH value of the
phases changed from 9.06 «= 0.07 to 9.45 «= 0.04, allowing the ionization of OH from the
carboxyl and phenolic groups. This deprotonation was not strong enough to exceed the

hydrophobicity effect. On the other hand, for a system using K;PO,4 the pH value changed
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from 13.26 «= 0.11 to 13.79 «= (.11, allowing the total ionization of gallic acid and

consequently its migration to the bottom phase.

Table 2. pH values of the top (T) and bottom (B) phases for the extraction systems the

biomolecule rutin composed of alcohol + inorganic salt + water, at 298 K and atmospheric

pressure.
Ternary System pH (T)+std pH(B)+std
PEG 1500 13.70+0.01 13.50+0.01
K5PO4 PEG 4000 13.67+0.04 13.26+0.11
PEG 8000 13.79+0.11 13.56+0.48
PEG 1500 9.37+0.03 9.09+0.07
K>;HPO4 PEG 4000 9.31+0.01 9.06+0.07
PEG 8000 9.45+0.04 9.07+0.13
PEG 1500 6.87+0.02 6.69+0.05
K,HPO4/KH,POs  PEG 4000 6.94+0.04 6.65+0.05
PEG 8000 6.93+0.04 6.65+0.05

According to Claudio et al. (2012), a higher pH value favours the charged form of gallic
acid prevailing an affinity for the hydrophilic phase (bottom phase) than at a low pH and,
therefore, the Kga decreased with the increase of pH (alkaline); this can result from
electrostatic interactions between the units of gallic acid and salt.

The results of recoveries indicated two distinct regions (Fig. 5), one with recoveries in
the top phase and bottom phase in another.

For the top phase, the larger recoveries were observed for ATPS formed by the PEG-
4000/buffer (93.86 + 0.25%) and PEG-8000/buffer (94.88 + 0.27%). Moreover, the highest
recovery of gallic acid in the bottom phase occurred in ATPS formed by PEG 8000/K3PO4

(85.78 + 1.43%).
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Figure 5. Recovery percentages of gallic acid obtained in each one of the extraction systems
studied. The ternary systems are composed of different PEG molecular weight, namely PEG
1500, PEG 4000 and PEG 8000, with the inorganic salts K;POy4 (circles - solid line), K;HPO,4

(squares - pointed line) and K,HPO4/KH,PO, buffer (triangles - dashed line).

3.3. Solvent extraction of gallic acid from guava

Gallic acid was extracted from different parts of guava (peel, pulp and seeds) using four
kinds of alcohols (methanol, ethanol, 1-propanol and 2-propanol) and water. The
concentration of gallic acid was expressed as Ng.100g™, as shown in Figure 6.

The concentration of gallic acid in the guava peel is approximately 60% higher than in
the pulp and seed, indicating that this waste is a source of added-value compounds. The
results corroborate Soong & Barlow (2004), who reported that certain fruit peels exhibit more
antioxidant activity than the pulp and seeds, and that the profile of the antioxidant

photochemical is differentiated in these parts of the plant.

125



600,0 -

500,0 -

400,0 -
Pul
300,0 - P
_ Seed
200,0 - - M Peel
100,0 - - "B - l
0,0 T T T T

Methanol Ethanol 1-Propanol 2-Propanol Water

Concentration gallic acid (ug.100g™*
guava)

Figure 6. Conventional extraction of gallic acid from guava using different alcohols, namely

methanol, ethanol, 1-propanol and 2-propanol.

According to Naczk & Shahidi (2006), the solubility of phenolic compounds is
affected by the polarity of solvents used. The increase of extraction of gallic acid from guava
followed the increased order of parameters of solvent polarity (alcohols) reported by

Reichardt (1994) and expressed in Kcal.mol™:

methanol (55.4) > ethanol (51.9) > 1-propanol (50.7) > 2-propanol (48.4)

Moreover, it is associated with gallic acid solubility, which decreases with the
increasing alkyl chain of alcohol and low solubility of the biomolecule in water (Daneshfar et
al., 2008).

The content of gallic acid in the guava (pulp, peel and seeds) was 243.1 «= (.2, 581.9 &=
0.9 and 240.4 «= 0.1 pg.100g" of fresh samples, respectively. These results are in agreement

with Gorinstein et al. (1999), who determined an average concentration of gallic acid in guava
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(cv. Klom sali) of 374.3 + 13.1 pg.100g™ fresh fruit; and Jiménezz-Escrig et al. (2001) who

reported more total phenolic content expressed in gallic acid in the peel of guavas.

3.4. Potassium phosphate salt-based aqueous two-phase extraction of gallic acid from
guava peels

Here, we describe an assay of the versatility of the systems formed with the potassium
phosphate salts using alcohols or PEG to extract gallic acid from guava peels. The
partitioning occurred to the top phase (PEG - or alcohol-rich phase) with log K > 0.0 (1-
propanol - 50 wt% + K;HPO4/KH,PO4 buffer — 15 wt% + H,O - 35 wt% and PEG 8000-20
wt% + KoHPO4/KH,PO,4 buffer - 15 wt% + H,O - 65 wt%) and to the bottom phase (salt-rich
phase) with log K < 0.0 (1-propanol - 50 wt% + K3;PO4 - 15 wt% + H,O - 35 wt% and PEG
8000-20 wt% + K3POy4 - 15 wt% + H,O - 65 wt %). All experiments were carried out at 25 °C.

Initially, gallic acid extractions were performed with 1-propanol (for systems alcohols-
salts) and water (PEG-salts). Then, the potassium phosphate salts were added to promote the
phase’s separation. The values of partition coefficient, pH and recovery phase are shown in
Table 3.

The behaviours of the partition coefficient and recovery of extraction of gallic acid from
guava peels were similar to those found in model systems. The gallic acid phase migrates to
the top (log K > 0.0 with recovery between 90.51 £ 0.32% and 96.84% =+ 0.08) using the
ATPS formed by 1-propanol (50 wt%) + K,;HPO4/KH,PO,4 buffer (15%) + H,O (35 wt%),
and PEG 8000 (20 wt%) + K,HPO4/KH,PO, buffer (15%) + H,O (65 wt%), respectively,
while it migrates to the bottom phase (log K < 0.0 with recovery between 79.34 + 0.18 and
94.07 £ 0.71%) using the ATPS formed by 1-propanol (50 wt%) + KsPO4 (15 wt%) + H,O

(35 wt%) and PEG 8000 (20 wt%) + K3POy4 (15 wt%) + H,O (65 wt%), respectively.
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Table 3. Partition Coefficient of gallic acid, recovery and pH values of phase for different

ternary system at 298, 15 K.

Composition of ternary system Kga Log Kga Rga (%) pH

Top phase

1-Propanol (50 wt%) + buffer (15
wt%) + H,O (35 wt%) 14.02+0.61 1.15£0.02  96.84+0.17 5.25+0.23

PEG 8000 (20 wt%) + buffer (15

wt%) + H,O (35 wt%) 9.55+0.36 0.98+0.02  90.51+0.32 6.98+0.04
Bottom phase
Composition of ternary system Kga Log Kga Rga (%) pH

1-Propanol (50 wt%) + K3PO4 (15
wt%) + H,O (65 wt%) 0.044+0.004  -1.36+£0.04 94.07+0.71 13.27+0.11
PEG 8000 (20 wt%) + K;PO, (15

wt%) + H,0 (65 wt%) 0.38+0.01 -0.42£0.01  79.34+0.18 13.30+0.03

The different values of Kga obtained in real extraction (using guava) in relation to
ATPS models can be explained by the complexity of the real sample, which contained other
biomolecule contaminants. However, the recovery values obtained for gallic acid prove the
success of the extraction process. Thus, the alcohol-based ATPS formed by PEG-salt and
alcohol-salt can be regarded as alternative extraction processes for the recovery of value-
added compounds from exotic fruits.

Dhalwal et al. (2008) found average recoveries of gallic acid from Bergenia ciliata and
Bergenia ligulata (flowering plants) of 99.23%, when they used thin-layer chromatography, a
process more sophisticated than ATPS. Extraction using ionic liquids in the microwave

assisted the process with yields of gallic acid from Psidium guajava leaf (medicinal plant)
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between 67.3 *= 0.5% and 91.0 «= 2.3% (Du et al., 2009), values lower than those found in

this study.

4. Conclusion

ATPS formed with potassium phosphate salts (K;PO4, K;HPO4 and Ko;HPO4/KH,PO4)
and PEG (1500, 4000 and 8000 g.gmol™) or alcohols (methanol, ethanol, 1-propanol and 2-
propanol) are extremely versatile and can be easily manipulated to partition gallic acid to the
top or bottom phase. The potassium phosphate salt changes the pH of the system and ionizes
the gallic acid; this deprotonation is the driving force of this ATPS process. The similar
values of the parameters, such as partition coefficient and recovery of gallic acid, in different
ternary systems for model and real (guava peel) extractions validate the results and the

application of ATPS for the extraction of guava gallic acid.
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Abstract

Flavonoids with focus on the rutin can have beneficial effects for human health already
scientifically proven due to its antioxidant properties that can be found in the acerola and its
processing wastes. Therefore, the compounds extraction yields with high aggregated value
from the wastes using various extraction techniques must be studied. The approach adopted in
this work was the rutin extraction from acerola wastes using various extraction methods
(conventional, assisted by ultrasound and aqueous two-phase systems). The samples were
submitted to tests that vary the effects of extraction times, combination of extractions and
concentration variations and organic solvent volumes in the rutin extraction. The optimized
conditions for the increase of rutin yield in acerola wastes were as follows: type and solvent
concentration: 100% of 1-propanol; time of extraction: 60 min; solvent/material ratio: 5.0
mL.g"; ultrasound frequency: 100 kHz and extraction cycle: 3 times. The rutin extractions
from the acerola waste in ATPS were able to separate the flavonoid to top and bottom phases.
The results of separation coefficient and extraction efficacy show that it is possible to
conceive extraction processes that are cheaper and simpler, able to promote the rutin

biomolecule separation.

Key-words: conventional extraction, extraction assisted by ultrasound, biphasic system, rutin.

1. Introduction

Acerola (Malpighia ermarginata DC) is originally from Central America but has been
propagated for most of the South America, including Brazil. Although it is known for many
years, the cultivation of the fruit in commercial scale was only seen in the early 80s [1]. In
1993, Brazil already had the largest amount of planted area and in this specific fruit
production [2], feature that is maintained until today, since Brazil is considered one of the
largest producers, consumers and exporter of acerola in global level, overall as juice and pulp

[3,4]. The variety of chemical composition of acerola corresponds to the great amount of
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volatile organic compounds, such as substances responsible for aroma and non-volatile, such
as anthocyanins [5], vitamin C [1], and total phenols and carotenoids [6].

Acerola use, as diet supplement by men has great nutritional importance as it is a
natural source of vitamin C and other bioactive compounds, such as bioflavonoids, which
propitiate an elevated antioxidant activity that acts reducing the oxidative damage to
organisms by reactive species of oxygen and nitrogen, preventing chronic diseases, such as
cancer and arteriosclerosis, neurodegenerative diseases and aging [7,8]. Besides, according to
Kim et al. [9] and Vasconcelos et al. [10], the regular consumption of phenols, vitamin C and
carotenoids by fruits, vegetables and grains reduces the risk of degenerative and chronicle
diseases. For this reason, the acerola consumption as fruit in natura or by juices is highly
recommendable for the prevention of human health [11].

Acerola presents strong potential for industrialization, once it can be consumed under
the form of jams [12], juice (whole, concentrated and lyophilized) [13], frozen pulp [14],
among other products. However, agroindustrial wastes are generated in great amounts,
resulting in the accumulation of wastes and inherent environmental impact. The agroindustrial
wastes, consisted of mainly peels and seeds of fruits and vegetables, normally do not receive
attention, being used or recycled, avoiding waste. This, possibly occurs due to the lack of
commercial value of this product [15]. However, it is worth noting that fractions of peel and
seeds presents in the waste have high aggregated values (antioxidant) which exhibit higher
antioxidant value than the pulp [15-17]. According to Freitas et al. [8], Brazilian industry uses
34.4 thousand of tons of acerola (7.16% of total fruits) and produces 18 thousand of tons of
juice and pulp (52.3%) and 16.4 thousand tons of wastes (47.7%). In this context, there is
great interest in finding sustainable processes for reuse and maximal value aggregation for

these wastes.
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Among the bioactive compounds (antioxidants) present in acerola wastes rutin
(3°,4°,5,7-tetrahydroxyflavone-3-B-D-rutinoside ~ or quercetin-3-rutinosid) stands out,
biomolecules synthetized in plants with protective function against ultraviolet radiation and

diseases [18,19], which structure is shown in Figure 1.

Figure 1. Molecular structure of rutin.

As a flavonoid compound, rutin has received much attention, because it has been proven
as a potent antioxidant and has many important biological, pharmaceutical and medicinal
properties [20]. This flavonoid is found in many food sources such as grapes, apple, tomato
and beverages as red wine and black tea [21], and also tropical fruits, such as acerola [22].

There are many methods for the extraction of rutin from fruits. Many authors propose
extraction, separation and identifications methods of various biomolecules from different
sources. Among these, conventional extraction methods using organic solvent [23] can be
considered, and recently, the use of non-conventional technologies as ultrasound extraction
[24] has been reported due to their efficient biomolecule extraction.

Normally, on conventional extraction with organic solvents cold or hot, the kind of
solvent used depends on the polarity of the biomolecule, however the process is limited due to
the solvent capacity to isolate the goal molecule [25]. Besides, the conventional extraction

requires a long time of extraction with low yield. However, the method is still very popular
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and widely used because it was well established, since it is easy to operate and has low cost
[26].

Initially ultrasound was used for material cleansing, but due to their properties, started
to be applied for degasification of solvents, emulsion and suspension preparation [27, 28].
Also being applied in the extraction of plant metabolites [29], herbal bioactive [30], gingseng
saponins [31], polysaccharides [32] and phenolic compounds [33]. High potency ultrasound
waves produce in ultrasound baths cause physical and chemical changes due to pressure
variations, producing cavitation and microflows in liquids, heating and solid rupture and
instability in liquid-liquid and liquid-gas system interphase rising the mass transfer rates
during extraction, offering advantages in yield, production and selectivity [28, 29, 34].

Although the extraction efficiency of these methods is high, it doesn’t purify the
biomolecule with high purity grade. Therefore, comparing to techniques already considered
previously, the partition in aqueous two-phase system (ATPS) is a very efficient alternative
for the extraction and purification of biomolecules. The advantages of this system are various,
such as: biocompatible environment, low interfacial tension, low energy, easy application in
large scale, elevated extraction capacity, mild conditions, low cost, easy recovery of alcohol
through evaporation, low viscosity of the phases, short process time and potential to reach the
purification desired and product concentration in one single phase [35, 36].

The goal of this study was to verify the efficiency of different rutin extraction systems
from acerola wastes using conventional extraction methods, assisted by ultrasound, and

aqueous two phase systems (ATPS).
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2. Material and methods
2.1. Material

Methanol, ethanol, 1 — propanol, 2 — propanol, tribasic potassium phosphate (K;POy),
anhydrous dibasic potassium (K,HPO4) and anhydrous monobasic potassium phosphate
(KH,PO,4) were obtained from Vetec (Rio de Janeiro, Brazil). Alcohols have purity superior to
99%. The phosphate salts are more than 98% pure. Rutin (> 97 wt % pure) were obtained
from Acros Organics (New Jersey, EUA). Distilled and deionized water was used in the
experiment. Acerola in maturation stadium was obtained from supermarkets in Aracaju,
Brazil. The fruit was squeezed by a home device to remove the pulp and the waste generated

were maintained at — 20 °C until they were used.

2.2. Rutin extraction from acerola wastes with cold solvent

In this experiment 10 g of total mass of wastes from acerola (peels and seeds) were
dissolved in 25 mL of alcohol (methanol, ethanol, 1-propanol, 2- propanol) with alcohols
concentrations varying from 20 — 100% (v/v) in binary mixture of water and alcohol at 25 + 1
°C, under constant agitation at 200 rpm (agitator Marconi MA — 095) during a 24 h period and
filtrated under vacuum through a Whatman N° 1 filter. After, they were centrifuged (20.000
rpm for 15 min), the supernatant collected was concentrated in a route evaporator at 45 °C and
submitted to rutin concentration analysis by high performance liquide chromatography

(HPLC).

2.3. Rutin extraction assisted by ultrasound from acerola wastes
In the extraction assisted by ultrasound, Ultrasonic Cleaner (UNIQUE — USC 2850A)
with potency and standard frequency of 220 W and 40 kHz, respectively, 10 g of acerola

waste were dissolved in 100% (w/v) ethanol and 1 — propanol in different times (15, 30, 45,
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60 and 120 min) to determine the best extraction time. Five percentiles of the total frequency
were studied in the extraction (20, 40, 60, 80 and 100 %). Also the relation solid:solvent
(10:25, 10:50, 10:100 g.mL") were studied at 25 + 1 °C. After extraction the samples were
filtered under vacuum by the Whatman N° 1 filter and centrifuged (20.000 x g for 15 min).
Then, the supernatant collected was concentrated in a route evaporator at 45 °C and submitted
to rutin concentration analysis by HPLC. As control, the extraction of ultrapure water was
done with the same procedure above. The extraction assisted by ultrasound was compared to

the conventional extraction.

2.4. Simultaneous extraction of rutin from acerola wastes assisted by ultrasound and
agitation

To enhance the efficiency of rutin extraction from acerola a ultrasound bath was used
(UNIQUE — USC 2850A) connected to an orbital agitator (Marconi MA — 095). The
procedures used for the combined extraction were similar to those used in the extractions
assisted by ultrasound described above, using the best extraction conditions. Following,
samples were filtered under vacuum through the membrane filter (0,42 “ym) and centrifuged
(20.000 rpm for 15 min), followed, the supernatant collected was concentrated in a route

evaporator at 45 °C and submitted to analysis of rutin concentration by HPLC.

2.5. Rutin concentration determination by acerola waste samples using aqueous two
phase systems (ATPS)
Rutin extraction using aqueous two-phase system (ATPS) was taken in a real acerola
waste sample (peel).
The mixture point for the extraction system were chosen based on the phase diagram

for alcohol/potassium salt presented in previous works of the research group [36]. The
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preferable composition of ATPS to extract rutin in the real systems were chosen taking into
account the higher extraction efficiency obtained with the conventional, ultrasound and
combined system. Therefore, the 1-propanol (50 wt%) + buffer (15 wt%) + H,O (35 wt%)
was used seeking to maximize the rutin concentration in the upper phase while the system
composed of 1-propanol (50 wt%) + K3PO4 (15 wt%) + H,O (35 wt%) was used based in the
enhanced partition coefficient for rutin obtained in the bottom phase.

The hidroalcoholic solution (1-propanol) at 50 wt% at 25 + 1°C, were obtained from
extractions described above and filtered through the membrane filter, following the samples
were centrifuged (20.000 rpm for 15 min) and the supernatant was used in the ATPS
construction. The inorganic salt (K3;PO, and buffer: K;HPO4/KH,PO4) in a 15 wt%
concentration and distilled water were added to the respective ATPS prepared in the total
concentrations required up to a 14 mL volume. After the extraction system preparation, these
systems were gently agitated and centrifuged at 3.000 x g during 10 min. Then, the
thermostatic bath (Marconi - MA 127) at 25 + 1 °C and local atmospheric pressure was used,
during at least 18 hours, until equilibrium is reached. The samples were closed during this
period to avoid vaporization of alcohols.

The partition coefficient (K,) was defined as the concentration of rutin in the top
phase, divided by the bottom phase correspondent. In order to evaluate the extraction process,
the volume relation (R,) and rutin extraction efficiency (E%) were calculated using equations

1 to 3, according to Souza et al. [37].

C
K, 0—=L (1)
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where C is the rutin concentration, V the phase volume, T and B correspond to top and

bottom, respectively.

2.6. Rutin determination

Rutin concentrations in the acerola wastes were determined by high performance liquide
chromatography (HPLC) described by Fang et al. [38] with modifications. The
chromatographic separations were done using a column (26.0 cm x 4.6 mm, 5 um) Discovery
HS C18 (Supelco, USA). The HPLC system consists of a series of bombing detectors LC
Varian Prostar (Australia), with a UV-visible detector at 360 nm and Galaxie chromatography
software with data analysis. Two solvents were used with a constant flow rate 1.0 mL/min.
The solvent A consists of 20% acetonitrile, 5% methanol in water (pH 3.0), solvent B
included 55% of acetonitrile and 15% methanol in water (pH 3.0). All the solvent used were
of HPLC grade. For the elution program, the following proportions of B solvent were used: 0
— 15 min, 2% B, 15— 28 min, 2 — 28% B, 28 — 40 min, 28 — 36% B, 40 — 44 min, 36% B, 44
— 45 min, 36 — 80 % B, 45 — 52 min, 80 % B.

Therefore, concentration of rutin was measured in the phase rich with alcohol (top
phase), with the concentration in the other phase (bottom phase) estimated by the difference
of the real sample of the acerola waste, and the concentration of the top phase. The rutin
amount used was in duplicate, and the average of standard deviation and the respective

analysis were taken.
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3. Results and discussion
3.1. Chromatographic results

The standard chromatograms, of the conventional extraction, assisted by ultrasound and
combined extraction of rutin from the acerola waste (peel and seeds) are presented in Figure
2. It was observed that the pattern substance and the samples obtained a retention time of

nearly 7 minutes.
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Figure 2. standard chromatograms and samples: (a) standard, (b) rutin conventional

extraction, (c) rutin extraction assisted by ultrasound, (d) extraction combined with rutin.
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3.2. Conventional extraction by agitation
Figure 3 shows a rutin extraction yield from acerola wastes of various alcohols
(methanol, ethanol, 1 — propanol, 2 — propanol) with different concentrations (20, 40, 60, 80

and 100 %, v/v).
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Figure 3. The effect of alcohol type and concentration in rutin from acerola waste in cold

conventional extraction with agitation. Alcohols: = — methanol; ®m — ethanol; O — 1-propanol;

W — 2-propanol.

It was observed that rutin had the highest extraction yield with 1 — propanol. This
occurs because of the solubility of rutin being highly affected by the solvent polarity and by
the bioflavonoid structure, because the presence of the sugar group in the rutin molecule
reduces the solubility of the more polar solvents [39]. Reichart [40] determined that the
polarity of many solvents among them the alcohols, and the following sequence was observed
in kcal.mol™:

Methanol (55.4) > ethanol (51.9) > 1 — propanol (50.7) > 2 — propanol (48.4)
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The concentration variation of the alcohols also influenced in the rutin extraction from
the acerola wastes. The biomolecule had the highest yield in the extraction of 100% of 1 —
propanol. A great variation in the rates of rutin can be observed according to the proportion of
alcohol: water used in the extraction. Therefore, a measure that elevated the proportion of
alcohol in the binary mixture (alcohol + water) raised the rutin extraction yield for the
samples. This occurred probably because of the relative polarity and the increase of efetive
expansion of the water matrix, which contributed to the increase of surface contact area of
solute — solvent (Yang e Zhang, 2008) [24]. According to Peng et al. [41] the rutin solubility
increased as the molar fraction raised in the binary ethanol + water mixture, thus, rutin
solubility in the same temperature in pure ethanol is higher than any other form of binary
mixture ethanol + water. Thoo et al. [42] studied the variation in ethanol concentration in the
phenolic antioxidant extraction and verified that the total flavonoid concentration had a higher
extraction yield with 100% ethanol.

Therefore, 100% of 1-propanol was chosen as the extraction solvent in further studies

due to its higher yield in rutin extraction from acerola wastes.

3.3. Rutin extraction assisted by ultrasound from acerola waste

To optimize the rutin extraction from acerola waste assisted by ultrasound, 100% of 1-
propanol was used, since it presents the best extraction yield from the conventional
biomolecule extraction and 100% of ethanol, since it is less toxic and easily recovered by
distillation under low pressure. However, 1-propanol and ethanol were used as extraction
solvents. To study the process efficiency of the extraction assisted by ultrasound some
parameters were varied, such as, extraction time (5, 15, 30, 45, 60 and 120 min),
solvent/material ratio 2.5, 5.0 and 10.0 mL.g'l) , ultrasound frequency (20, 40, 60, 80 and 100

kHz) and extraction cycle (1, 2, 3, 4, and 5 times).
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3.3.1. Extraction time influence

The extraction time influence over the rutin extraction was studied as shown in Figure
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Figure 4. Extraction time influence on ultrasound of the rutin extraction yields from acerola

waste (peel and seeds) using ethanol (L) and 1-propanol (H) solvents. Control procedure (0):

magnetic agitation rather than ultrasound treatment (24 hours).

The rutin extraction yield increased significantly with extraction times of 5 to 60
minutes, then, it was kept stationary. Under the ultrasound effect, the rutin extraction yield
rises rapidly with the extraction times for the first 45 minutes, and slowly, the following 60
min. according to Yang and Zhang [24], the extraction times influence over the rutin
extraction yield in dry stems of E. alatus (Thunb.) Sieb is highly dependent of time, since the
authors verified an increase in rutin yield of nearly 0.19 mg.g™' to 0.3 mg.g” in a time gap that
varies between 5 — 120 minutes. Therefore, 60 minutes was chosen as the standard extraction

condition.
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3.3.2. . Solvent/sample weight relation influence
The influence of the solvent volume in the rutin extraction yield in acerola waste was

evaluated as shown in Figure 5.
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Figure 5. Solvent volume/sample weight in the rutin extraction yield in acerola waste (peel

and seeds) using ethanol (J) and 1- propanol () solvents.

Results indicate that the increase in the yield of rutin extraction can be observed with an
increase of the solvent volume/sample weight ratio, in special when this proportion is
increased from 2.5 to 5.0. This same behavior agrees with Yang and Zhang [24] study, that
evaluated the influence of the solvent volume in the rutin extraction and quercetin in dry
stems of E. alatus (Thunb.) and reported an increase in the extraction yield of rutin occurred
with the increase in solvent volume/weight sample, specially when this proportion was
increased from 20 to 40, further increase showed an extraction reduction. Xie et al. [43]
studied the extraction efficiency of rutin from Hibiscus mutabilis L. and verified significant

difference in the rutin extraction yield with an increase of the solvent volume/sample weight
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to 25 mL.g”". Generally, a greater solvent volume can dissolve components in a more efficient
manner, leading to a increase in extraction yield.

It is seen that for the l-propanol solvent the rutin extraction yield in the solvent
volume/sample weight ratio of 2.5 to 5.0 did not show significant differences, however a
significant difference was seen for the same relation for ethanol solvent. Therefore, the

solvent volume/sample weight of 5.0 mL.g" was selected.

3.3.3. Frequency of extractions assisted by ultrasound influence
The frequency of extractions assisted by ultrasound influence over the rutin extraction

yield for acerola waste is shown in Figure 6.
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Figure 6. The frequency of extractions assisted by ultrasound influence over the rutin

extraction yield for acerola waste assisted by ultrasound using ethanol (L) and 1-propanol

(H) solvents. Control procedure (0): magnetic agitation instead of ultrasound treatment.
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The rutin extraction process with ultrasound is enhanced due to the mass transfer of the
goal species from the solid phase for the extraction solvent [44].

It 1s seen that rutin extraction yield increases with the ultrasound frequency. Results
indicate that, in both cases, the extraction yield is highly dependent of frequency. This can be
because of the measures that increase as the amplitude increases, and consequently the
cavitation bubbles are bigger (increase in cavitation) producing therefore a greater shear force
for sample implosion, causing a maximal rupture of the matrix cellular membranes, easing
therefore the leaching of the desired component for out of the cellular matrix and solvent
migration to the cellular matrix [45, 46].

Breitbach et al. [47] studied the factors that influence adsorption and desorption
during cavitation process in the ultrasound extraction and concluded that the main factors that
interfere in cavitation are: intensity and frequency that is produced by ultrasound. Depending
of these factors the bubble production can occur for different sizes, promoting higher erosion
of the solid surface, therefore accelerating the heating and mass transfer making the method

more or less efficient.

3.3.4. Extraction cycle influence

Rutin repeated and successive extractions influence, or the extraction cycle is seen in
Figure 7. Extraction conditions established with the parameters obtained up to now in the
study, being the type and solvent concentration: 100 % ethanol and 100 %]1 propanol;
extraction time: 60 minutes; solvent/material ratio: 5.0 mL/g; ultrasound frequency: 100 kHz.
Wastes were, then, re-extracted four times with the same procedure done the first time.

Deionized water extraction was also done for this study.
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Figure 7. Rutin extraction cycle assisted by ultrasound influence using solvents: ethanol (H);

1-propanol (#) and water (A).

The data show the total yield obtained in five consecutive cycles for ethanol, 1 —
propanol and water was of 0.60 + 0.00 mg.g”, 0.68 + mg.g™', 0.44 + 0.00 mg.g™, respectively,
when 84.7%, 88.6% and 79.8% of ethanol extraction, 1-propanol and water, was done in the
extraction process in the first cycle, after the third cycle maximal rutin was extracted.

Based on the result seen above, the optimal conditions of final rutin extraction assisted
by ultrasound, were as followed: concentration and solvent: 100% of 1-propanol; extraction
time: 60 minutes; solvent/material ratio: 5.0 mL/g; ultrasound frequency: 100 kHz and

extraction cycle: 2 times.

3.4. Simultaneous extraction assisted by ultrasound and agitation
In this study proposed by a method to evaluate the rutin extraction yield from acerola
waste in a combined extraction using simultaneously to extraction assisted by ultrasound

coupled with agitation in optimal conditions as described above.
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The yield comparison results of conventional assisted by ultrasound and combined

extraction are seen in Figure 8.
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Figure 8. The yield comparison results of conventional assisted by ultrasound and

Simultaneous extraction (ultrasound + agitation) using ethanol (LJ) and 1-propanol (H)

solvents.

Rutin extraction yield from acerola waste increased according with the extraction
method used. A significant difference of the methods was observed. Combined extraction
(ultrasound + agitation) presented value significantly higher, while conventional and assisted
extraction by ultrasound presented inferior values. This behavior can be explained due to
synergy between ultrasound cavitation and mechanical agitation simultaneously in the
combined extraction, because these two combined process ease the mass transference of the

soluble components from the material to the solvent by diffusion and osmotic process
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propitiating a selective extraction of the goal component making the rutin extraction increase

considering the relation with other extraction methods study [27, 28, 30].

3.5. Rutin extraction combined using aqueous two-phase system formed by alcohols and
potassium phosphate salts

Rutin extraction in aqueous two-phase system formed by alcohol and potassium
phosphate salt was done using acerola waste (peel and seeds). Were study in extraction
system formed by (1-propanol - 50 wt%, K3;PO4 - 15 wt%, and water - 35% by weight) to
recovered in the bottom phase rutin and for comparison with the system to extract the top
phase (1-propanol — 50 wt%, KoHPO4+/KH,PO, buffer - 15 wt%, and water — 35 wt%), and
therefore, secure that the system can be manipulated and biomolecule can be recovered in
both phases.

Firstly the conventional extraction method assisted by ultrasound and combined
extraction at ambient temperature, using 1-propanol (50 wt%) with solvents were analyzed.
The alcohol concentration corresponds to the best values obtained in the rutin extraction yield
in the extraction studied. The conventional rutin extraction, assisted by ultrasound extraction
and conventional extraction yield were 0.53 + 0.00 mg.g” of acerola waste; 0.55 + 0.01 mg.g
"and 0.62 + 0.01 acerola waste respectively. Yang and Zhang [24] observed the rutin yield of
Euonymus alatus (Thunb.) Sieb of 0.157 + 0.015 mg.g”"' by maceration and 0.299 + 0.022
mg.g” of the extraction assisted by ultrasound (50 kHz 100 W, and ambient temperature).

Comparing the results of K in systems with 1-propanol + buffer and 1-propanol +
K3PO,, verifying that the rutin extraction yield in conventional extraction, extraction assisted
by ultrasound and combined extraction using 1 — propanol solvent influencing the rutin

partitioning extraction. A higher rutin extraction yield was seen in the combined extraction
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(ultrasound and agitation) obtaining higher partitioning coefficient in the top phase and lower

partitioning coefficient in the lower phase. The results shown in Table 1.

Table 1. Extraction parameters and partitioning coefficients of rutin obtained from the real

sample of waste of acerola using ATPS.

1-propanol + buffer 1-propanol + K3PO4
System
Koytstd  E(%)tstd  Koastd  E(%)Estd

conventional extraction 15.53+£0.86 96.31+0.66 0.215+0.015 15.14+0.66

ultrasound extraction  15.92+0.87 96.38+1.00 0.149+0.012 11.61+1.00

simultaneou extraction 17.78+0.64 96.63+1.00 0.099+£0.013 8.02+1.00

Rutin extraction in the 1-propanol + buffer has strong tendency of elevated recoveries in
the top to validate the extraction process of the aqueous two-phase system.

To analyze the partitioning for rutin for the bottom phase, using the system constituted
by l-propanol (50 wt%) + KsPO4 (15 wt%) + water (35 wt%). According to Table 1 the
values validate the rutin extraction in bottom phase. In this context, the real extraction
described above, rutin migrates completely from the top phase ( Ky > 1 with an extraction
coefficient among 96.31 + 0.66% and 96.63 £+ 1.00 %) using a system ATPS formed by 50
wt% of 1-propanol + 15 wt% in buffer solution, while rutin is concentrated in the bottom
phase (K << 1 with extraction efficiency between 8.02 £ 1.00 % and 15.14 £+ 0.66%) using

the ATPS system formed by 50 wt% of 1- propanol + 15 wt% of K;PO4 salt.
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In general, the results proved that a rutin partitioning can be done using aqueous two
phase system. In general, the results prove that the rutin partition can be done using aqueous

two phase system formed by alcohol/potassium phosphate salt.

4. Conclusion

Three rutin extraction from the acerola waste were investigated and compared.
Extraction methods affected strongly the rutin yield. Combined extraction (ultrasound and
agitation) showed an elevated yield in rutin extraction of acerola waste.

Aqueous two — phase system (ATPS) constituted by alcohols and potassium phosphate
allows the rutin partitioning for the top and bottom phase, dependending on the combination
alcohol/salt chosen, making the system highly versatile. The ATPS application for the real
sample of the acerola waste, concluding that it is possible to conceive the separation process

cheaper and simpler, able to promote the rutin biomolecule extraction.
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Resumo

Sistemas aquosos bifasicos (SAB’s) formados por alcodis (metanol, etanol, 1-propanol e 2-
propanol) e sais de fosfato de potassio (K3;PO4, K;HPO4 e KoHPO4/KH,PO,) para a extragao
da malvidina e fenois totais a partir do jameldao foram estudados neste trabalho. A influéncia
dos constituintes e do pH dos sistemas promove a particdo da malvidina e dos fenois totais
para fases de topo ou fundo, tornando o sistema versatil para a recuperacdo da biomolécula
alvo. O tipo de sal de fosfato de potassio influenciou o valor de pH das fases, ocorrendo por
consequéncia a desprotonacao da malvidina e dos fenois totais € a migragao das biomoléculas
para uma fase especifica, atuando como uma forca de acionamento para o processo de
particdo. Os resultados indicaram que os SAB’s utilizados neste trabalho foram um valioso

procedimento para extrair malvidina de residuos de jamelao.

Palavras-chave: malvidina, compostos fenolicos, extracao, sistema de duas fases aquosas,

alcoois, sais inorganicos.

1. Introducao

O jamelao (Syzygium cumini), ¢ uma planta da familia das Myrtaceae, tem origem na
Asia tropical, especificamente na india, mas se propagou por grande parte no Nordeste do
Brasil.'? A fruta jameldo ¢ pequena e de forma ovoide, que se torna roxa escura quando
completamente madura. Sua pele ¢ fina, lustrosa e aderente. Sua polpa, também roxa, ¢
carnosa € envolve um caroco unico e grande. O sabor, apesar de um pouco adstringente, ¢
agradavel ao paladar, e a cor apresenta grande impacto visual.’ Uma parte de sua produgio ¢

aproveitada pelas populagdes locais, entretanto uma grande parte de suas frutas ¢
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desperdigada na época da safra, em virtude da alta produgdo por arvore, da curta vida util da
fruta in natura e, principalmente, por falta de seu aproveitamento processado.”

A fruta jameldo € rica em compostos antioxidantes, entre eles destacam-se compostos
fenolicos, flavondides e antocianinas.>* O teor de antocianina no jameldo ¢ considerado mais
elevada do que em uvas, 6-600 mg/100g de peso fresco e repolho vermelho, 25 mg/100g de
peso fresco.” Brito et al.” verificaram que entre as frutas tropicais o fruto jameldo incluiu a
mais larga variedade de compostos antocidnicos: delfinidina, cianidina, petunidina peonidina
e malvidina, todos apresentando-se como diglicosideos. O composto majoritario no jamelado
foi delfinidina 3,5- diglicosideo (256 mg/100g de peso seco), seguido por petunidina 3,5-
diglicosideo (245 mg/100g), a malvidina 3,5-diglicosideo (166 mg/100g), peonidina 3,5-
diglicosideo (75 mg/100g), e cianidina 3,5-diglicosideo (29 mg/100g). De acordo com Sari et
al..’ esses compostos sdo principalmente encontrados na casca da fruta com um contetido de
antocianina total em torno de 731 mg/100g de peso fresco.

As antocianinas sao importantes antioxidantes, pois possuem elevadas propriedades
antioxidantes,"”’” o qual desempenha uma fungdo importante na prevencio de diversas
patologias, como cancer e aterosclerose.*” Assim a incorporagdo de antocianinas como
corante em alimentos ndo ¢ apenas importante para melhorar a aparéncia, mas também muito
benéfico para a saude.” Nos Gltimos anos, o interesse em pigmentos antocidnicos aumentou
significativamente por causa de seus possiveis beneficios para a saude como risco reduzido de
doenca cardiaca corondria, protegdo contra a obesidade e hipoglicemia e melhoria da
memoria. > %12

Com a popularidade crescente de antioxidantes para promocao da saude, ¢ importante
desenvolver um processo pratico e eficientemente para isolar os principais antioxidantes e
promover consequentemente a producio dessas substincias para o consumo humano. E do

conhecimento geral que as antocianinas sdo soliveis em solventes polares e geralmente
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extraidos por misturas aquosas de solvente organico tal como metanol, etanol ou acetona, que
contém uma pequena quantidade de acido cloridrico, ou acido formico a fim de evitar a
degradacdo de antocianinas aciladas.">"

Além da extracao de solvente convencional, novos métodos baseados em técnicas mais
avancadas de extracdo foram relatados, como a extragdo com fluido supercritico,15 16 extracdo
de solvente pressurizado,'” ou processos de membrana.'® No entanto, limitacdes dessas novas
técnicas incluem os requisitos de equipamento especial, as condi¢des rigorosas de
funcionamento, e custos mais elevados na produgao industrial.

A fim de eliminar algumas das desvantagens mencionadas acima, o sistema aquoso
bifasico (SAB) pode ser considerado como uma técnica alternativa de extracao liquido-liquido
devido a sua biocompatibilidade, facilidade de operagdao que permite um seletivo e rapido
processo de extragio. "

Os sistemas aquosos bifasicos (SAB’s) sio formados pela mistura de dois polimeros,*’
de um polimero e um sal*' resultando em duas fases imisciveis em equilibrio.”* Hoje em dia, é
também possivel usar um solvente organico e um sal,” liquido idnico e sais,”* acetonitrila e
acticar™ e liquidos i6nicos como um adjuvante no processo de separagdo.”® No entanto, o uso
de sistemas polimero-polimero e polimero-sal apresentam algumas desvantagens como a
segregacdo lenta das fases e a dificil reciclagem dos componentes que formam as fases.'” No
caso do uso dos liquidos i6nicos o seu alto valor torna uma das desvantagens de aplicagio.”’
O sistema aquoso bifasico (SAB) formado por alcodis e sais inorganicos, tém muitas
vantagens, tais como: capacidade de extragcdo elevada, baixo custo, facil recuperagdo do
alcool por evaporagdo, baixa viscosidade das fases, o tempo de processo curto e o potencial
para atingir a purificagdo desejada e concentragdo do produto em uma tnica etapa.”®

Portanto, o objetivo do presente trabalho foi extrair a malvidina dos residuos do jameldo

e determinar o fator de purificacdo da biomolécula utilizando sistemas de duas fases aquosas
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formados por alcodis (metanol, etanol, 1-propanol e 2-propanol) e sais de fosfato de potéssio

(K3PO4, KoHPO4 € KoHPO4/KH,PO,).

2. Material e Métodos
2.1. Material

Metanol, etanol, 1-propanol, 2-propanol, fosfato de potassio tribasico (K3;POy), fosfato
de potassio dibasico anidro (K,HPO,4) e fosfato de potassio monobasico anidro (KH,POj4)
foram adquiridos da Vetec (Rio de Janeiro, Brasil). Os alcoois e os sais de fosfato apresentam
um grau de pureza superior a 98% em peso. O acido formico (50%) de grau HPLC foi
adquirido da Sigma-Aldrich (EUA). A malvidina (> 98% em peso puro) foi adquirida da
Santa Cruz Biotechnology (California, EUA). Agua destilada e deionizada foi utilizada em
todo o experimento. O jameldo no estddio de maturagdo foi adquirido no mercado municipal,
em Aracaju, Brasil. A fruta foi despolpada em equipamento doméstico e os residuos gerados

foram mantidos a -20 °C e abrigados da luz até serem usados.

2.2. Extragdo convencional da malvidina e fenois totais a partir de residuos do jameldo

Neste experimento 10 g da massa total dos residuo do jameldo (cascas) foram
dissolvidos em 25 ml de alcool (metanol, etanol, 1-propanol e 2-propanol) em (25 = 1) °C, sob
agitacdo constante (agitador a 200 rpm - Marconi MA-095) durante um tempo de 24 h e
filtrado sob vacuo através de filtro membrana 0,42 ~“xm. Apos este processo, o liquido filtrado
foi centrifugado (20.000 rpm por 15 min), o sobrenadante coletado foi concentrado em
evaporador a 45°C para elimina¢do do solvente e submetido as andlises da concentracio de

malvidina e fendis totais.
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2.3. Parti¢do da malvidina e fenois totais a partir de amostras dos residuos de jameldo
utilizando sistema aquosobifasico (SAB)

A extragdao de malvidina e fenodis totais utilizando sistema aquoso bifasico (SAB) foi
realizada em uma amostra real de residuos da fruta jamelao (casca). O ponto de mistura para
os sistemas de extracao foi escolhido com base nos diagramas de fases formados por
alcool/sal de potassio apresentados em trabalhos anteriores do grupo.”” Assim, o sistema
composto de alcool (50% em peso) + sal fosfato de potéassio (15% em peso) + H,O (35% em
peso) foi utilizado.

As amostras dos residuos do jamelao (*10 g da massa total) foram dissolvidos em 25
mL de solu¢do aquosa de alcool (metanol, etanol, 1-propanol e 2-propanol) a 50% em peso a
25°C e pressao atmosférica sob agitacao constante (agitador a 200 rpm - Marconi MA-095)
durante um tempo de 24 h e filtrado sob vacuo através de filtro membrana 0,42 “m. Os sais
inorganicos (K;PO4 K,;HPO4, K,;HPO4/KH,;PO4) em uma concentracdo de 15% em peso e
agua destilada foram em seguida adicionados aos respectivos SAB’s preparados nas
concentragoes totais requeridas até um volume de 14 mL. Apds a preparagao dos sistemas de
extracdo, estes sistemas foram agitados e centrifugados a 3000 rpm durante 10 minutos. Em
seguida, foram colocados em banho termostatico (Marconi — MA 127) a 25 £+ 1°C, durante
pelo menos 18 h, para atingir o equilibrio. Os frascos foram fechados durante este periodo
para evitar a vaporizac¢ao dos alcoois. Finalmente ambas as fases foram separadas e pesadas, o
volume de cada uma das fases foi medida

Os coeficientes de particdo da malvidina (Kyar) € dos fendis totais (Kgp) foram
definidos como a concentracdo dos biocompostos na fase de topo, dividido pelo valor
correspondente na fase de fundo como descrito na equagdo 1. A fim de avaliar o processo de

extragdo, a relacdo do volume (R,), as porcentagens de recuperagao para as fases de topo (Rr)
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e fundo (Rp) e o fator de purificagdo (FP) no topo e fundo foram calculadas utilizando as

equacoes 1 a 6.

C
KMALouFT i C_; (1)
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v, @)
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onde C ¢ a concentragdo da malvidina e¢/ou fenois totais, V é o volume da fase, T ¢ B
correspondem a fase de topo e fundo, respectivamente, CS € a concentragdo especifica
(relagdo entre a concentracdo da malvidina e a concentragdao dos fenois totais) ¢ FP é o fator

de purificacao.

2.4. Determinagdo da concentragdo da malvidina e fendis totais

A concentragdo da malvidina nas amostras dos residuos da fruta jameldo foram
determinados pelo método de cromatografia liquida de alta eficiéncia (CLAE) descrito por
Brito et al.* com modificacdes. As separacdes cromatograficas foram realizadas com um
volume de injecdo de 20 uL em uma coluna (26.0 cm x 4.6 mm, 5 pm) Discovery” HS C18
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(Supelco, EUA). O Cromatografo liquido de alta eficiéncia modelo Prominence da marca
Shimadzu consisti de um desgaseificador modelo DGU-20A, detector UV-Visivel com
varredura de comprimento de onda na faixa de 200 a 800 nm com arranjo de fotodiodos
modelo SPD-20MA, sistema de bombas reciprocicantes modelo LC-6AD/7A e CBM-20A,
injetor automatico modelo SIL-20A e Software LCSolution.

Dois solventes foram utilizados com uma taxa de fluxo constante de 1,0 mL/min. O
solvente A consistiu de 10% 4cido férmico aquoso e o solvente B de 10% de acido féormico
em metanol. Todos os solventes utilizados foram de grau HPLC. Para o programa de eluigao,
as seguintes proporcdes de solvente B foram utilizados: 0-32 min, 12-25% B, 32-48 min, 25-
60% B, 48-50 min, 60-100% B, 50-55 min, 100-12% de B.

A malvidina foi quantificada na fase rica em alcool (fase de topo) por analise de CLAE,
com a sua concentracdo na outra fase (fase de fundo) estimada pela diferenca entre a
concentracdo da amostra real dos residuos do jamelao, e a sua concentracao na fase de topo.

A andlise do teor de compostos fenolicos totais foi determinada em cada fase dos
sistemas por espectrofotometria segundo método colorimétrico de Folin-Ciocalteu com
modificacdes utilizando-se 4cido galico como padrdo.”’ Uma aliquota de 0,5 mL de cada fase
foi transferido para tubos de ensaio, nos quais foram adicionados 4 mL de 4gua deionizada e
0,5 mL do reagente Folin-Ciocalteu. Apds 3 minutos foram adicionados 0,5 mL de solugdo
saturada de Na,CO; (1 g de carbonato de s6dio em 3,5 mL de agua destilada e agitacdo em
banho-maria por 30 minutos a 37 °C. A leitura da absorbancia foi em 660 nm no
espectrofotometro (Varian Cary-50 Bio UV-visivel). Os resultados sdo expressos como
equivalentes de acido galico (GAE g)/100 g.

A quantificagdo da malvidina e dos fenodis totais foram realizadas em triplicata, e a

média dos dois ensaios e os respectivos desvios padrdo foram relatados.
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3. Resultados e Discussao
3.2. Extrag¢do convencional por agitagdo
Os cromatogramas do padrao e da extragdo e a varredura do espectro da malvidina a

partir de residuos do jamelado (casca) sdo apresentados na Figura 1.
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Figura 1. (a) Cromatogramas do padrao (linha preta) e amostra (linha vermelha); (b)

Varredura do Espectro do Padrao da Mavidina.

Foi observado que a substancia padrao e as amostras obtiveram um tempo de retengao

de aproximadamente 14 minutos e maxima absorbancia em 528 nm.
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A malvidina e os fendis totais foram extraidos a partir dos residuos (casca) do jamelao
utilizando quatro tipos de alcoois (metanol, etanol, 1-propanol e 2-propanol). A concentragao

de malvidina e fendis totais foi expressa como mg/100g, como mostrado na Figura 2.

160,0 -
140,0 -
120,0 -
100,0 -
80,0 -
60,0 -

40,0

Concentragdo (mg/100g)

20,0 -

0,0 T T T

Metanol Etanol 1-Propanol 2-Propanol

Solvente

Figura 2. Efeito do tipo dos alcodis na concentragdo de malvidina e fenois totais a partir de

residuos de jameldo na extracdo convencional a frio com agitagdo. Biomoléculas: [ —

malvidina (mg/100g); B — fenois totais (mg EAG/100g).

De acordo com Naczk e Shahidi,*® a solubilidade dos compostos fendlicos é afetada
pela polaridade do solvente utilizado. O aumento da extragdo de malvidina e fendis totais do
jameldo seguiu a ordem de aumento de polaridade do solvente (alcoois), parametro relatado
por Reichardt’' e expressa em kcal/mol:

metanol (55,4)> etanol (51,9)> 1-propanol (50,7)> 2-propanol (48,4)

O teor de malvidina e fenois totais no jameldo (casca) foi de 35,04£0,34 mg/100g ¢

132,58+0,80 mg EAG/100g de amostras frescas, respectivamente. Estes resultados estdo de
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acordo com Faria et al..**> que determinou a concentracio de malvidina e fendis totais em
jamelao de 32,0+1,5 mg/100g e 148,3+£32,4 mg EAG/100g da fruta fresca, respectivamente.
De acordo com Metivier ef al.,”® extracdes de antocianinas a partir de bagaco de uva
com metanol foi 20% mais eficiente do que com etanol. Kapasakalidis et al.,’* relataram que
métodos que utilizam metanol e etanol como solventes extratores de compostos fenolicos, a

extracdo com metanol € a mais eficiente.

3.3. Extragdo de malvidina e fenois totais dos residuos do jameldo utilizando sistema de duas
fases aquosas formados por alcodis e sais fosfato de potassio

A capacidade destes SAB’s formados por alcool-sal para extragdo de antocianinas e
compostos fendlicos totais a partir dos residuos do jameldo foi avaliado neste trabalho. Assim,
as cascas da fruta do jameldao foram usadas aqui como fonte de residuos para a extragdo da
malvidina e fenois totais.

O processo de parti¢ao foi realizado por meio da escolha do tipo do alcool e do sal,
utilizando como ponto de mistura a composi¢ao de alcool (metanol, etanol, 1-propanol e 2-
propanol) e sal de fosfato de potassio (K3PO4, K;HPO, € solugdo tampao - Ko;HPO4/KH;POy)
de 50% e 15% (p/p), respectivamente e na temperatura de 25 + 1°C. Este ponto de mistura foi
escolhido de modo a se ter sistemas bifasicos para todos os componentes escolhidos, ou seja,
o ponto de mistura estd dentro da regido bifdsica do diagrama de fase. A influéncia dos
constituintes e pH dos sistemas sobre os coeficientes de particdo da malvidina e fenois totais,
as porcentagens de recuperacao e fator de purificacdo da malvidina na fase de topo e fundo e

respectivos desvios-padrao sdo apresentados na Tabela 1.
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Tabela 1. Coeficientes de particdo da malvidina (Kyar) e fenois totais (Kgr), recuperagao

(Rmar) e fator de purificagdo (FPyar) da malvidina na fase de topo (T) e fundo (B) obtidos a

partir da casca do jamelao utilizando SAB’s.

Sistema Ternario

KuyaL Kpr RyaL1(%) Rmars(®%)  FPyarr FPyaL s

Alcool Sal Inorgénico
K;PO, 0,018+0,002  1,92+0,07 2,11+0,08  97,47+0,73  0,025+0,003  2,7340,12
metanol K,;HPO, 20,38+0,49 4,85+0,05 97,60+0,19  2,40+0,19 1,095+0,010  0,26+0,01
KH,PO/K,HPO, 62,08+4,03 7,18+0,89 98,85+0,11  1,15+0,11 1,114+0,022  0,13+0,00
K;PO, 0,012+0,002  1,06+0,03 1,99+0,20  98,17+0,32  0,025+0,005  2,09+0,06
etanol K,;HPO, 17,18+0,60 8,90+0,11 96,14+0,33  3,86+0,33 1,047+0,004  0,54+0,02
KH,PO/K,HPO, 33,09+2,17 10,35+0,49  98,39+0,23  1,61+0,23 1,037+0,005  0,33+0,03
K;PO, 0,003+0,001  0,18+0,00 1,34+0,22  98,60+0,22  0,024+0,004  1,40+0,02
1-propanol K>;HPO, 14,61+0,31 5,29+0,74 98,37+0,10  1,63%0,10 1,049+0,011  0,38+0,05
KH,PO,/K,HPO, 27,76+2,04 6,05+0,36 98,85+0,42  1,15+0,42 1,093+0,016  0,25+0,03
K;PO, 0,012+0,001  0,23+0,01 3,93+0,49  97,47+0,73  0,080+0,004  1,49+0,04
2-propanol K,;HPO, 15,33+1,13 8,46+0,22 98,66+0,10  2,40+0,19 1,017+0,002  0,56+0,04
KH,PO,/K,HPO, 28,51+0,80 9,73+0,22 99,22+0,02  2,40+0,19 1,027+0,003  0,35+0,00

Trés fendmenos distintos sdo capazes de interferir nos resultados de particdo da

malvidina e fendis totais nomeadamente a solubilidade da malvidina e fendis totais, o efeito

salting-out e o pH dos sais de fosfato de potassio.

Observa-se que o coeficiente de particio da malvidina e fenois totais aumenta com a

diminuicdo do efeito salting-out dos sais fosfato de potassio, ou seja, a reducao do coeficiente

de parti¢do da malvidina e dos fenois totais ¢ inversamente proporcional ao da série de

Hofmeister>>* que segue a ordem decrescente: K3PO,4 > K,HPO4 > Ko;HPO4/ KH,PO4. O sal

K;PO, exibe um maior efeito salting-out, isto €, tem uma capacidade mais elevada para a
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criacdo de complexos de hidratacao, o que exclui a maior quantidade de agua da fase rica em
sal para a fase rica em 4lcool,’® reduzindo a concentracdo de 4lcool na fase de topo. J4 o sal
KH,PO, apresenta efeito salting-in. Assim, os sais de fosfato de potassio conduzem a
comportamentos muito diferentes no particionamento das biomoléculas, o que sugere que a
escolha destes sais & um pardmetro dominante na extra¢io de biomoléculas.’’

Por outro lado, o efeito dos sais no comportamento da partigdo das biomoléculas
também esta associado com a solubilidade da malvidina e dos fenoéis totais. Alguns autores
relataram que as antocianinas € os compostos fenolicos sdo mais soltiveis em solventes
organicos como metanol e etanol do que em agua.>***%°

Foi relatado que as antocianinas podem ser encontrados em formas quimicas diferentes,
dependendo do pH da solucio.® Cada sistema formado com 4lcoois e sais de fosfato de
potassio apresentam valores de pH diferenciado, K3;POs (12,5); K,HPOs (9,0);
K,;HPO4/KH,PO4 (7,0), como mostra a Tabela 2.

Observa-se que a medida que aumentou o pH dos sistemas de 7,0 para 12,5, a
malvidina e os fenois totais tende a particionar para a fase de fundo (rica em sal). Isso ocorre

devido a desprotonagdo das antocianinas**!

, provocando uma alteragdo na carga elétrica e
estrutura quimica da superficie da biomolécula, devido a ionizagdo do grupo hidroxila que
influéncia as caracteristicas de solubilidade e hidrofobicidade/hidrofilicidade da molécula
alvo.”” Portanto, a concentragdo hidrogenidnica afeta a transferéncia destas biomoléculas que
contém uma grande variedade de grupos acidos e basicos com diferentes valores de pKa,
resultando em cargas elétricas que sdo funcdes dos valores de pH. Esta densidade de carga
elétrica na superficie da molécula alvo pode alterar sua conformagdo modificando sua

interagdo com o0s componentes do sistema bifasico, alterando seu comportamento de

partigio.*
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Tabela 2. Valores de pH nas fases de topo (T) e fundo (B) para os sistemas de extracao da

malvidina e dos fendis totais a partir do jamelao composto de dlcool + sal inorganico + agua,

a 25 °C e pressao atmosférica.

Sistema Ternario pH (7) pH (B)
metanol 12,59+0,00 13,4340,18
etanol 13,02+0,74
K.PO, 13,36+0,35
1-propanol 11,65+0,62 13,2340.25
2-propanol 12,60+0,28 13,1640,06
metanol 8,59+0,08 9,45+0,08
etanol
K,HPO, 9,6120,01 9,93+0,02
1-propanol 8.68+0,66 9,47+0.87
2-propanol 9,010,01 9,69+0,93
metanol 6.97+0,17 6,880,20
etanol
K,HPO/KH,PO, 7,12+0,04 7,15+0,02
1-propanol 7.03+0,03 6,69+0,15
2-propanol 7264045 6,6120,04

De acordo com os coeficientes de particao relatados, uma das vantagens dos SAB’s, ¢ a
sua seletividade. Assim, foi estudado o fator de purificagdo (FP) da malvidina na fases de topo
e fundo. A purificagdo se apresenta quando os coeficientes de parti¢do (K) da malvidina e dos
fenois totais sdo distintos no sistema de duas fases aquosas. De acordo com a Tabela 1, os
sistemas aquosos bifasicos (SAB’s) que demonstraram fator de purificacdo mais expressivo
foram os formados por metanol + K3PO4 (FPyapLp=2,73+0,12) e etanol + K3POy4 (FPypaL-
5=2,0940,06) para a malvidina. Esses resultados demonstram que a malvidina particiona-se
totalmente para a fase de fundo e os fenodis totais para a fase de topo, tornando o sistema
altamente seletivo para a recuperagdo dessas biomoléculas.

A recuperacdo da malvidina nas fases de topo e fundo seguiu a mesma tendéncia do

Kmar, com os melhores resultados ocorrendo para o sistema utilizando solu¢do tampao:
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KoHPO4/KH,PO4 (Rvar-r > 98,0%), como mostra a Tabela 1. Estes resultados estdo de
acordo com Wu et al.,*’ que encontraram recuperagdes de antocianinas da amora na fase de
topo de 85,1% utilizando SAB formado por 30% (p/p) de etanol, 20% (p/p) de sulfato de

amonio, 10% (p/p) suco de amora e 40% (p/p) de agua.

4. Conclusao

Os SAB’s formados alcoois (metanol, etanol, 1-propanol e 2-propanol) e sais de fosfato
de potassio (K3;PO4, K;HPO, € Ko;HPOL/KH,PO4) sdo extremamente versateis e pode facilitar
a manipulagdo dos constituintes para a particdo da malvidina para a fase de topo ou fundo. O
sal de fosfato de potassio altera o pH do sistema e influencia o efeito salting-out, os quais
governam o particionamento da malvidina e dos fendis totais no processo de extracdo em
SAB’s proposto neste trabalho. A partir da aplicagdo dos SAB’s para amostra de residuos do
jameldo, concluiu-se que ¢ possivel a concepcao de processos de separacdo mais barato e

simples, capazes de promover a extracao de biomoléculas com alto valor agregado.
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Capitulo VIII

5. CONCLUSOES

As principais conclusdes obtidas neste trabalho sdo apresentadas a seguir, separadas por

assunto desenvolvido:

ARTIGO I — Os sistemas aquosos bifasicos formados por quatro alcodis (metanol,
etanol, 1-propanol e 2-propanol) e trés sais de potassio (K;PO4, K;HPO,4 e KH,PO4/K,HPO4)
foram estudados, estes sistemas foram avaliados para a sua aplicagdo como processos de
separacdo liquido-liquido para dois antioxidantes: vanilina e acido L-ascorbico, e foi

observado que:

a. Os sistemas aquosos bifasicos (SAB’s) formados por alcool-sal foram aplicados com
sucesso para a particao seletiva de dois antioxidantes: vanilina e acido L-ascorbico. Novos
diagramas de fase para executar as partigdes foram determinados a 25 °C e pressdo
atmosférica. Os principais resultados mostram que os alcodis com cadeias alifaticas mais

longas (maior hidrofobicidade) aumentam a separagao de fases.

b. A capacidade destes SAB’s para ser usados na separacdo das duas biomoléculas
estudada foi provado, sendo preferencialmente a vanilina concentrada na fase rica em alcool,
enquanto que o acido L-ascorbico migra para a fase rica em sal. Este comportamento estd em
concordancia com o balango hidrofilico/lipofilico de cada antioxidante e as pontes de
hidrogénio que podem ser estabelecer agindo como uma forca importante no processo de

particionamento.

c. A recuperacdo da vanilina para a fase de topo ficou entre 98,37% a 99,94%, enquanto

que para acido L-ascorbico, na fase fundo, ficou entre 85,15% e 95,50%.

d. Este trabalho mostra que os SAB’s formados por alcodis e sais de potassio ¢ uma
abordagem promissora para executar separacgoes seletivas, e a utilizacao destes sistemas para a

recuperacdo de produtos valiosos a partir de fontes de residuos alimentares.
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ARTIGO II - A técnica do sistema aquoso bifasico, constituido por alcoois e sais fosfato
de potassio foi aplicada para otimizagdo da extra¢do da rutina, variando o tipo e concentracao
de alcool (metanol, etanol, 1-propanol e 2-propanol) e sal de potassio (K;PO4, K;HPO,4 €
tampao K,;HPO4/KH,PO,), temperatura (5 a 35 °C) e efeito da adigao de eletrolito (NaCl), e

pode-se concluir que:

a. Os sistemas de duas fases aquosas baseados em sal ¢ uma alternativa versatil para a
particao da rutina devido a possibilidade de extrair a biomolécula para a fase de topo ou fundo
ou apenas por manipulagdo dos componentes e condi¢des do sistema. O maior coeficiente de
particdo e eficiéncia de extracdo foram obtidos em sistemas que consistem de 1-propanol
(40% em peso) + K,HPO4/KH,PO,4 - tampdo (20% em peso) + dgua (40% em peso). A
extracdo da rutina de residuos acerola (sistema real) apresentam a mesma tendéncia de
extracdo na extracdo modelo (com rutina pura), validando o processo de extragdo proposto

para este flavonoide.

ARTIGO I - Sistemas aquosos bifasicos (SAB’s) formados com sais de fosfato de
potassio (K3PO4, K,;HPO4 ¢ K;HPO4/KH,PO4) ¢ PEG (1500, 4000 ¢ 8000) ou alcoois
(metanol, etanol, 1-propanol e 2-propanol) sdo extremamente versateis e pode facilitar a
manipulacdo dos constituintes para a parti¢do do acido galico para a fase de topo ou fundo. O
sal de fosfato de potassio altera o pH do sistema e, consequentemente, as hidroxilas do acido
galico ionizadas. Esta desprotonacdo ¢ a forca motriz do processo de extragdao do acido galico
em SAB’s proposto neste trabalho. Os valores semelhantes dos parametros, como o
coeficiente de particdo e recuperagdo do acido galico em diferentes sistemas ternarios para a
extracdo modelo (molécula pura) e real (casca da goiaba) validam os resultados e a aplicacao

dos SAB’s estudados para a extracao do acido galico na goiaba.

ARTIGO 1V - Trés técnicas de extragdao de rutina a partir de residuos da acerola foram
investigadas e comparadas. Os métodos de extracdo afetam fortemente o rendimento da
rutina. A extracdo simultanea (ultra-som + agitacdo) mostra uma elevado rendimento de
extragdo de rutina de residuos de acerola.

A aplicacdo de sistema de duas fases aquosas (ATPS) constituido por alcoois e sais de
fosfato de potassio permite a partigdo da rutina para a fase de topo ou para a fase de fundo,
dependendo do par alcool/sal escolhido, tornando o sistema altamente versatil. A partir da

aplicagdo dos ATPS para amostra real de residuos da acerola, concluiu-se que ¢ possivel a
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concepgdo de processos de separacdo mais barato e simples, capazes de promover a extracao

da biomolécula rutina.

ARTIGO V - Os SAB’s formados alcéois (metanol, etanol, 1-propanol e 2-propanol) e
sais de fosfato de potassio (K3PO4, KoHPO4 € KoHPOL/KH,PO4) sdo extremamente versateis
e pode facilitar a manipula¢do dos constituintes para a particdo da malvidina para a fase de
topo ou fundo. O sal de fosfato de potassio altera o pH do sistema e influencia o efeito
salting-out, os quais governam o particionamento da malvidina e dos fenois totais no processo
de extragdo em SAB proposto neste trabalho. A partir da aplicacdo dos SAB’s para amostras
de residuos do jameldo, concluiu-se que ¢ possivel a concepcdo de processos de separacao
mais barato e simples, capazes de promover a extragdo de biomoléculas com alto valor

agregado.
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Capitulo IX

6. APRESENTACAO DE TRABALHOS

> Publicagdo capitulo de livro — “Aplicacdo de Sistema Aquoso Bifasico na Extragdo de
biomoléculas”, foi realizada uma revisao de literatura sobre o uso dos sistemas aquosos
bifasicos formados por alcodis/sais de potassio para extragdo de biomoléculas em frutas
exoticas. Este capitulo de livro foi publicado pela Editora UFS, em parceria a um projeto de

extensdo denominado “Alimentando o Conhecimento”.

Referéncia:

Lima, A. S.; Soares, C. M. F.; REIS, I. A. O. ; SANTOS, S. B. Aplicacao de sistemas aquosos
bifasicos na extracdo de biomoléculas. In: Antonio Martins de Oliveira Junior; Ana Carolina
Sampaio Doria Chaves; Tatiana Pacheco Nunes. (Org.). Alimentando o Conhecimento.

Alimentando o Conhecimento. 1ed.Sao Cristévao - SE: Editora UFS, 2012, v. 1, p. 83-104.

> Apresentagdo de trabalho no ICEF11(Athens, Greece):
“Extration os ascorbic acid using alcohol/phosphate potassium salt-based aqueous two-

phase system”.

> Apresentagdo de trabalho no XIX Congresso Brasileiro de Engenharia Quimica -

COBEQ 2012:

Trabalhos Completos:

“Particdo da vanilina em sistemas aquosos bifasicos formados por alcodis e sais de
potassio”.

“Extracao seletiva de rutina utilizando sistemas aquosos bifasicos formados por alcodis

e sais de fosfato de potéssio”.
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Capitulo X

7. TRABALHOS FUTUROS

> Estudar a a¢do antioxidante destas biomolécuas extraidas.

> Purificar os antioxidantes extraidos dos residuos destas frutas.

> Estudo de calculos de equipamentos: tanques agitados e colunas.
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