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RESUMO

MALIA, Nicole Marina Almeida, M.Sc, Universidade Federal de Vigosa, janeiro de 2024.
Otimizacdo da extracdo assistida por ultrassom de antocianinas de pétalas de
Clitoria ternatea por meio de solvente eutético natural profundo e estudo da
estabilidade colorimétrica e de compostos bioativos dos extratos. Orientadora: Erica
Nascif Rufino Vieira. Coorientadores: Eduardo Basilio de Oliveira ¢ Bruno Ricardo de
Castro Leite Junior.

A otimizagao da extracao de biocompostos de plantas medicinais, assim como a utilizagao
de solventes verdes, possui relevancia para variados setores, como industrias alimenticias,
farmacéuticas ou cosméticas. O objetivo desse estudo foi otimizar o tempo de extragdo
(15-50 minutos), a temperatura (40-80°C) e a razdo massica pétala solvente (2,5-7%) da
extragdo assistida por ultrassom de antocianinas de Clitoria ternatea utilizando um
solvente eutético natural profundo composto de cloreto de colina, glicerol e agua
(ChCl:Gly) e comparar a eficiéncia de extra¢do e a estabilidade desses extratos com a
extragdo aquosa. O delineamento em Box-Behnken foi estruturado para a otimizacao do
processo e foram realizadas as andlises de antocianinas totais, capacidade antioxidante
(DPPH) e estabilidade colorimétrica dos extratos armazenados sob diferentes condigdes
por 21 dias. A condi¢@o 6tima de extrag@o foi 80°C, 50 minutos e pétala:solvente de 7%
e observou-se que todas as varidveis estudadas influenciaram no conteudo total de
antocianinas extraidas sendo que o solvente ChCl:Gly extraiu maiores teores de
antocianinas (374,65 mg/L) do que o solvente agua (211,63 mg/L). O extrato com o
solvente ChCl:Gly mantido a 5°C apresentou menor perda de antocianinas (16%) em
relacdo a sua concentragdo no tempo zero enquanto o extrato com o solvente agua
armazenado nas mesmas condigdes, houve degradacdo de 38% do contetido de
antocianinas totais em rela¢ao ao tempo zero. O extrato com solvente ChCl:Gly também
apresentou maior capacidade antioxidante (156,43 pmol/mL) em comparacdo ao extrato
aquoso (93,01 umol/mL), no entanto, houve maior perda da capacidade antioxidante nos
extratos do solvente eutético (78%) do que nos extratos do solvente agua (70%), durante
os 21 dias de estocagem sob diferentes condi¢des. Para os atributos de cor, as variagdes
de saturagdo do solvente eutético entre as condigdes de armazenamento foram
ligeiramente menores, com aumento de saturacao de 31,6% na condicdo luz e de 9,6% na
condi¢do ambiente, apos 21 dias de armazenamento. Os resultados apontam a eficiéncia
da extracdo assistida por ultrassom de pétalas de Clitoria ternatea utilizando solvente
eutético natural profundo para obter extratos ricos em antocianinas com padroes
colorimétricos estaveis.

Palavras chave: Clitoria ternatea, capacidade antioxidante, polifenois, corante natural.



ABSTRACT

MALIA, Nicole Marina Almeida, M.Sc, Universidade Federal de Vigosa, janeiro de 2024.
Optimization of ultrasound-assisted extraction of anthocyanins from Clitoria
ternatea petals using deep natural eutectic solvent and study of the extracts'
colorimetric stability and bioactive compounds. Adviser: Erica Nascif Rufino Vieira.
Co-advisers: Eduardo Basilio de Oliveira e Bruno Ricardo de Castro Leite Junior.

Optimization of the extraction of compounds from medicinal plants and using green
solvents is relevant to various sectors, such as the food, pharmaceutical, and cosmetic
industries. Therefore, the objective of this study was to optimize the extraction time (15-
50 minutes), temperature (40-80°C), and solvent petal mass ratio (2.5-7%) of the
ultrasound-assisted extraction of anthocyanins. of Clitoria ternatea using a deep natural
eutectic solvent composed of choline chloride, glycerol, and water (ChCl: Gly) and
compare extraction efficiency and stability of these extracts with aqueous extraction. The
Box-Behnken design was structured to optimize the process, and analyses of total
anthocyanins, antioxidant capacity (DPPH), and colorimetric stability of extracts stored
under different conditions for 21 days were carried out. The optimal extraction condition
was 80°C, 50 minutes, and 7% petal: solvent, and it was observed that all variables studied
influenced the total content of anthocyanins extracted, with the ChCl: Gly solvent
extracting higher levels of anthocyanins (374, 65 mg/L) than the solvent water (211.63
mg/L). The extract with the solvent ChCl: Gly kept at 5°C showed less loss of
anthocyanins (16%) about their concentration at time zero, while the extract with the
solvent water stored under the same conditions, there was a degradation of 38% of the
content of total anthocyanins about time zero. The ChCl: Gly solvent extract also showed
greater antioxidant capacity (156.43 pmol/mL) than the aqueous extract (93.01
umol/mL). However, there was a more significant loss of antioxidant capacity in the
eutectic solvent extracts (78 %) than in water solvent extracts (70%) during the 21 days
of storage under different conditions. For color attributes, the saturation variations of the
eutectic solvent between storage conditions were slightly more minor, with an increase in
saturation of 31.6% in the light condition and 9.6% in the ambient condition after 21 days
of storage. These results demonstrate the efficiency of optimizing the ultrasound-assisted
extraction of anthocyanins from Clitoria ternatea petals using eutectic solvents of choline
chloride and glycerol to produce extracts with colorimetric stability and conservation of
the bioactive compounds of interest.

Keywords: green solvent, antioxidant capacity, polyphenols, natural dye.
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1. INTRODUCAO GERAL

A utilizagdo de flores comestiveis na alimentacdo estd relacionada a praticas
culturais, geralmente associadas aos efeitos benéficos para a saude. Fato € que na culinaria
as flores comestiveis sdo utilizadas como forma de diversificar o sabor, aroma ¢ cor das
preparagdes, além de proporcionar uma nova experiéncia gastrondmica. Além disso, a
industria de alimentos tem demonstrado a empregabilidade dos extratos de flores
comestiveis por suas propriedades tecnologicas como potencial conservante e corante.

As flores comestiveis sdo consideradas Plantas Alimenticias ndo Convencionais
(PANCs) e tem potencial nicho de mercado para os produtores destacando-se entre elas
a Clitoria ternatea por seu potencial como aditivo corante azul (EMBRAPA, 2019;
KINUPP; LORENZI, 2019).

A Clitoria ternatea, tradicionalmente conhecida como cunhd ou ervilha
borboleta, ¢ uma leguminosa herbacea perene, originaria da Indonésia, atinge de 2 a 3
metros de altura, encontrada em 4reas equatoriais tropicais sendo as plantas bem
adaptaveis as diversas condigdes de temperatura e umidade (KUMAR, 2017;
MUKHERIJEE et al., 2008). Pesquisadores atestaram que os compostos bioativos
extraidos de sementes, raizes, flores e folhas de Clitoria ternatea, possuem potencial agcao
antioxidante (KAMKAEN; WILKINSON, 2009; MEHMOOD et al., 2019), agdo
antimicrobiana (JAMIL; PA’EE, 2002; KAMILLA et al, 2009) e atividade
hepatoprotetora (NITHIANANTHAM et al., 2013).

As flores de Clitoria ternatea sdo amplamente utilizadas devido as diversas
antocianinas que lhe conferem a coloracao azul. Dentre essas antocianinas, as ternatinas,
presentes nas flores de Clitoria ternatea, constituem um grupo de 15 antocianinas
poliaciladas responsaveis pela estabilidade em diferentes condi¢des de pH e sua aplicagdo
tecnoldgica como corante. Sob a Otica dos mecanismos de copigmentacdo e auto-
associacdo, a estabilidade das ternatinas ocorre devido ao empilhamento molecular
(copigmentacgdo intramolecular) entre residuos acilados aromadticos sobre o cromoforo
antocianidina por ligacdes hidrofobicas sendo que o empilhamento pode ocorrer em
ambos os lados do cromoforo antocianidina (TROUILLAS et al., 2016).

Dentre as técnicas de extracdo de antocianinas o emprego de solventes
organicos, como o0 metanol e o etanol, ¢ a metodologia mais utilizada. No entanto, os

solventes organicos sdo volateis, inflamaveis, toxicos e prejudiciais ao meio ambiente e
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o seu uso vem sendo desencorajado nas industrias farmacéutica, cosmética e alimenticia
(IVANOVIC et al., 2018; LIN et al., 2022; PALOS-HERNANDEZ et al., 2022).

Sendo assim, um grupo alternativo de solventes, denominados solventes
eutéticos profundos naturais estdo sendo desenvolvidos com intuito de promover a
extragdo sustentavel seguindo os principios basicos da Quimica Verde (TOBISZEWSKI;
NAMIESNIK, 2017). Além da sustentabilidade no processo de extragdo, a utilizagio de
desses solventes contribui para produ¢ao de novos alimentos funcionais ou nutracéuticos
utilizando corantes e conservantes naturais (PALOS-HERNANDEZ et al., 2022). Dentre
as vantagens de utilizagdo dos solventes eutéticos naturais profundos encontram-se a
viscosidade ajustdvel, biodegrabilidade, extragdo de compostos polares e apolares,
métodos de separacdo simples e diversas oportunidades de projetar e personalizar
abordagens de extragio (IVANOVIC et al., 2018).

A aplicagdo da tecnologia emergente de extragcdo assistida por ultrassom (EAU)
para otimizar processos, reduzir custos e melhorar o produto final vem sendo explorada
com sucesso na extracao de compostos naturais para utilizagdo como aditivo na indistria
alimenticia (RASPE; DA SILVA; DA COSTA, 2022). Com tal abordagem, ¢ possivel
obter produtos com rétulo clean label, com a reducdo consideravel da quantidade de
solventes e, possivelmente, melhorar o rendimento de extracao dos componentes naturais,
desde que sejam determinadas as condi¢des 6timas de processo.

Devido a métodos estatisticos de design de experimentos ¢ possivel analisar
diferentes combinag¢des de variaveis de processo, como temperatura e tempo de
exposi¢ao, e calcular computacionalmente, a partir de dados experimentais, os valores
otimos dessas variaveis, que proporcionem extratos com melhores rendimentos massicos.
A metodologia de superficie resposta (MSR) ¢ uma abordagem estatistica € matematica
reconhecida como eficaz para a otimizagao de processos por meio de dados empiricos e,
portanto, um método adequado para avaliar o efeito das varidveis independentes nas
variaveis respostas deste estudo (AMEER et al., 2017).

Até o presente momento, dentre as pesquisas desenvolvidas, nenhum trabalho
utilizou a extracdo assistida de ultrassom combinada com solventes eutéticos profundos
naturais para a extracao de antocianinas em pétalas de Clitoria ternatea, comprovando o
carater inovador deste experimento para a obtencdo de extratos de pétalas de Clitoria

ternatea ricos em antocianinas.
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2. OBJETIVOS

2.1 Objetivo geral

Otimizar a extra¢do de antocianinas de flores de Clitoria ternatea utilizando

solvente eutético profundo natural (NADE) assistida por ultrassom.

2.2 Objetivos especificos

Otimizar a extracdo das pétalas de Clitoria ternatea utilizando solvente eutético
natural profundo de cloreto de colina e glicerol assistida por ultrassom de acordo
com as combinagdes geradas pelo delineamento experimental em Box-Behnken.
Mensurar o contetido total de antocianinas (CTA) nos extratos de Clitoria
ternatea.

Realizar a extracdo assistida por ultrassom para obter o0 maximo de extracao de
antocianinas totais de acordo com a equacdao predita pelo delineamento
experimental Box-Behnken e verificar se a extragdo de antocianinas nos extratos
de Clitoria ternatea esta de acordo com o modelo predito.

Realizar a extracdo assistida por ultrassom utilizando dgua como solvente e os
mesmos parametros preditos pela equagdo predita anteriormente € mensurar o teor
de antocianinas nos extratos aquosos de Clitoria ternatea.

Avaliar a estabilidade das antocianinas, atividade antioxidante e parametros
colorimétricos presentes nos extratos NADE e extratos aquosos durante 21 dias
em duas temperaturas de armazenamento (5°C e 25°C) e com e sem exposi¢ao a

luz (claro e escuro).
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CAPITULO 1 —-REVISAO DE LITERATURA
1. Consumo, mercado e processamento de flores comestiveis

Tradicionalmente a utilizacao de flores na alimentagdo esta associada a praticas
culturais e efeitos benéficos para a satde, mas o consumo de flores na gastronomia vem
se popularizando e sua incorporagdo em diversas preparacdes confere sabor, aroma, cor
e novas experiéncias sensoriais (SHANTAMMA et al., 2021). Outros fatores que
incentivam o mercado e o consumo de flores na alimentagao sdo os aspectos nutricionais
e nutracéuticos das flores comestiveis demonstrados em pesquisas tal como a presenca de
compostos bioativos potencialmente funcionais (PUROHIT et al., 2021; ZHENG et al.,
2018).

A preferéncia dos consumidores por alimentos e aditivos (corantes,
aromatizantes) de origem natural se justifica pelos efeitos negativos para a saude dos
aditivos artificiais (SHANTAMMA et al., 2021). Afim verificar o conhecimento e a
compreensao dos brasileiros quanto aos iogurtes feitos com plantas comestiveis,
Rodrigues et al. (2017) identificaram que o uso de flores na alimentacdo denota a ideia
de “cuidado com a saude”, representada pelo elemento central “saudavel”.

Ainda que esteja em expansao, o mercado de flores comestiveis carece de dados
sobre produ¢do, exportacdo e importacao, e dentre os maiores desafios dos produtores
estdo a sazonalidade e a perecibilidade que inviabilizam o seu cultivo exclusivo
(FERNANDES et al., 2020). Diante desses desafios, os agricultores optam por consorcios
com flores de corte, ervas aromaticas e alfaces para agregar valor aos seus produtos finais
(ANCA et al., 2013). Além disso, o alto nivel de selecao e descarte de flores, devido aos
padrdes de qualidade para consumo, impde um manejo que exige altos investimentos para
os produtores.

As flores comestiveis sdo altamente pereciveis devido ao alto teor de agua,
compostos volateis e condigdes ambientais que as tornam propicias para o crescimento
microbiano (DEMASI et al., 2021). Durante o armazenamento pds-colheita, 0 manuseio
incorreto pode acarretar escurecimento dos tecidos, desidratagdo e descoloracdo das
pétalas e abscisdo devido a efeitos catabdlicos e enzimdticos das células vegetais. Por
isso, as flores comestiveis frescas devem ser armazenadas em ambientes com baixas
temperaturas, aumentando assim, os custos de armazenamento e transporte

(SHANTAMMA et al., 2021).
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Nao existem listas oficiais sobre flores comestiveis e ndo comestiveis publicadas
pelos 6rgaos regulamentares mundiais como a Organizagdo das Nacdes Unidas para
Agricultura e Alimentacdo (FAO), Organizagdo Mundial da Saade (OMS) e
Administragao de Alimentos e Medicamentos (FDA) (FERNANDES et al., 2020). No
site oficial da Agéncia Nacional de Vigilancia Sanitaria (ANVISA), agéncia reguladora
brasileira, ndo ha legislagdo, documentos ou orientacdes sobre flores comestiveis. No
entanto, a Empresa Brasileira de Pesquisa Agropecuaria (Embrapa) pesquisa e cita as
flores comestiveis, dentro da cadeia produtiva das hortalicas PANC (plantas alimenticias
ndo convencionais), € menciona a sua produ¢do como um nicho de mercado em potencial
(EMBRAPA, 2021). Kinupp e Lorenzi (2014) definem as PANC como espécies vegetais
que possuem uma ou mais partes alimenticias que nao sdo corriqueiras, que nao fazem
parte do dia a dia, sendo espontaneas ou cultivadas, nativas ou exdticas, incluindo partes
comestiveis de espécies convencionais como o “umbigo” da bananeira, as flores brotos e
sementes de abdbora. Dentre as plantas exoticas utilizadas como alimenticias no Brasil,

destaca-se a Clitoria ternatea e seu potencial como corante natural.

2. Matriz vegetal: Clitoria ternatea

Clitoria ternatea pertence a familia Fabaceae, também conhecida como ervilha
borboleta. E uma leguminosa herbacea perene, com até 2-3 metros de altura, encontrada
em areas equatoriais tropicais sendo as plantas bem adaptaveis as diversas condigdes de
temperatura ¢ umidade (KUMAR, 2017, MUKHERIJEE et al, 2008). A planta ¢
originaria do arquipélago de Molluca (Indonésia), tendo o primeiro registro de espécie na
ilha de Ternate e, atualmente, estd amplamente distribuida na América do Sul e Central,
regides da Asia tropical como India, China, Filipinas e em outros paises de clima
equatorial tropical (ZINGARE et al., 2013), inclusive no Brasil onde ¢ popularmente
conhecida como Cunha.

Existem diferentes linhagens com diversas coloracdes de flores de Clitoria
ternatea: azul escuro, azul claro, lilas e branco. A variedade de cores esta relacionada,
principalmente, com as estruturas quimicas das diversas antocianinas presentes nas
pétalas (KAZUMA; NODA; SUZUKI, 2003a) . Na figura 1 estd representada a flor de
Clitoria ternatea selvagem (A) e um exemplar do cultivar Double blue (B) no qual as

pétalas radiais possuem coloragdo azul escuro.
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Figura 1- Flores de Clitoria ternatea azul escuro com pétalas bilaterias (A) e flores Double blue
com pétalas radiais (B).

Fonte: autora.

2.1. Alegacoes de propriedade funcional e de saude

A Clitoria ternatea tem sido tradicionalmente utilizada pela medicina cléssica
indiana ayurvédica como tratamento para diversas doencas e estudos atestam a ampla
gama de atividades farmacologicas de compostos bioativos presentes nos extratos desta
planta (MUKHERIJEE et al., 2008). Compostos bioativos extraidos de sementes, raizes,
flores e folhas de Clitoria ternatea, sdo estudados como potencial a¢do antioxidante
(MEHMOQOD et al,, 2019; VIDANA GAMAGE; LIM; CHOO, 2021), agao
antimicrobiana (HA; LE, 2022; MUSHTAQ ef al., 2021; VIDANA GAMAGE; LIM;
CHOOQO, 2021) e atividade hepatoprotetora (NITHIANANTHAM et al., 2013).

Nas flores da ervilha borboleta, os compostos fenolicos sdo os mais abundantes,
principalmente as antocianinas ternatinas e derivados da delfinidina que sdo responsaveis
pela coloragdo azul das pétalas (ESCHER et al., 2020a). Quimicamente, 0s compostos
fenolicos apresentam anéis aromadticos contendo grupos hidroxilados (SWANSON,
2003). Esses compostos sdo resultado do metabolismo secundério das plantas que
desempenham nao somente funcdes de defesa contra agentes externos (luz, temperatura,
insetos, umidade) mas também contribuindo em fatores internos como diferenciagdo
genética, nutrientes e sintese de hormdnios (LIMA et al., 2012).

No organismo humano, os compostos fendlicos sdo responsaveis por efeitos
fisiologicos benéficos como reducdo do risco de doencgas cardiometabdlicas e prevengao
de danos oxidativos de lipidios e lipoproteinas. Os compostos agem inibindo a agregacao
plaquetaria, eliminando radicais livres ou agindo como quelante de metais (ESCHER et
al., 2020b; MUKHERIJEE et al., 2008; ZINGARE et al., 2013).

Daisy e Rajathi (2009) observaram efeitos hipoglicémicos sobre diabetes

induzida em ratos com a utilizagdo de extratos de Clitoria ternatea. Em outro estudo in
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vivo, notou-se que a mistura do p6 de flores de Clitoria ternatea e de Punica granatum
apresentou potencial anti-hiperglicémico, andlogo ao medicamento metformina, sobre
diabetes mellitus induzida em ratos, (BORIKAR et al., 2018). Pesquisas com extratos
etanolico, cloroféormio e butanodlico das sementes, flores e folhas de Clitoria ternatea
sugerem atividade de regeneracdo pancredtica, atividade anti-hiperlipidémica e
antidiabética. Os resultados s@o demonstrados pelo aumento dos niveis do colesterol
HDL, da enzima glicolitica glucoquinase e do conteudo de glicogénio (hepatico e
muscular esquelético) e diminui¢do dos niveis de glicose sérica, hemoglobina glicosilada,
colesterol total e triglicerideos. A prevencao de danos renais e hepaticos também foi
sugerida devido a modulagdo dos niveis de ureia, creatinina, fosfatase alcalina, aspartato
aminotransferase ¢ alanina aminotransferase (BHOSALE et al, 2013; DAISY;
SANTOSH; RAJATHI, 2009; VENKATA KALYAN et al.,2011; VERMA; ITANKAR;
ARORA, 2013). O possivel mecanismo de acao para esses resultados sao o aumento da
secrecao de insulina e o aprimoramento da glicogénese (sintese de glicogénio no figado
e musculos) induzidas pelos fitoquimicos presentes nas plantas de Clitoria ternatea
(DAISY; RAJATHI, 2009).

A glicagdo de proteinas, ocorre pela reacdo ndo enzimatica entre acucares
redutores (glicose e frutose) e grupos aminos livres presentes nas moléculas biologicas
tendo como uma das causas o aumento persistente de glicose sanguinea (RHEE; KIM,
2018). Essa reagao contribui para a formagao de produtos finais de glicacao avangada que
acumulam no organismo e modificam funcionalmente proteinas contribuindo assim para
o envelhecimento e patogénese de doengas como a diabetes e Alzheimer. (PRASAD, et
al., 2019).Foi relatado que a flor de Clitoria ternatea possui propriedades antiglicantes e
antioxidantes em modelos in vitro (CHAYARATANASIN; ADISAKWATTANA;
THILAVECH, 2021).

O extrato parcialmente purificado das flores de Clitoria ternatea também
apresentou atividade antimicrobiana, efeito protetor contra hemolise de eritrdcitos,
inibicdo da a-amilase e a-glucosidase e conversora da angiotensina-I, inibi¢do da
peroxidacdo lipidica, capacidade de absorc¢ao de radicais livres, inibi¢do da cisdo da fita
de DNA, inibi¢ao da oxidacao do colesterol LDL e atividade antioxidante contra espécies
reativas de oxigénio em ensaios in vitro (ESCHER et al., 2020b). Os autores relataram
que os efeitos antioxidantes intracelulares dos extratos brutos de Clitoria ternatea sao

devido a natureza complexa de sua composicdo, ou seja, as antocianinas presentes sao
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capazes de auto associar, interagir com flavonoides de estrutura semelhante e reagir com
muitas outras substancias como resultado de sua carga positiva (cations) na estrutura do
anel central (HOU et al., 2004)

Dentre os compostos bioativos citados nos estudos anteriores, Chusak et al.
(2018) atribuiram os efeitos hipoglicémicos, ao poo/ de compostos fenolicos presentes
em flores de Clitoria ternatea tais como kaempferol, delfidina (ternatinas), acido p-
coumatico e quercetina que agem sobre as enzimas o-amilase pancredtica e a a-

glucosidase durante a digestdo in vitro do amido.

2.2. Utilizacao tecnolégica das pétalas de Clitoria ternatea

As flores de Clitoria ternatea sdo utilizadas em preparagdes culinarias tipicas da
Malasia, como o Nasi Kerabu, em que as flores da planta sdo utilizadas para tingir o arroz
de azul (LIJON et al., 2017). O emprego das flores para melhorar a composi¢ao
nutricional na gastronomia também tem se destacado (KINUPP; LORENZI, 2019).

Para a industria alimenticia, na formulagdo de um produto ¢ importante que a
cor seja atrativa e estavel e para isso sdo utilizados aditivos como os corantes. Ainda que
os corantes sintéticos possuam melhor estabilidade em relagdo aos corantes naturais, os
pigmentos artificiais tem a sua seguridade questionada (DEY; NAGABABU, 2022).
Além disso, existe uma tendéncia mundial para a utilizacdo de produtos naturais com
beneficios a satde, o que impulsiona a busca por novas fontes de corantes naturais,
seguros para o consumo e com maior estabilidade (BARROS; STRINGHETA, 2006).
Considerando esses fatos, as flores de Clitoria ternatea podem ser utilizadas como
corante natural azul na formulagdo de produtos alimenticios processados.

O potencial das antocianinas de Clitoria ternatea como corante natural tem sido
explorado em diversos estudos porque as antocianinas apresentam estabilidade térmica
para suportar altas temperaturas de processamento de diversos produtos alimenticios
(LEE; ABDULLAH, 2011).

Em panificagdo o extrato de Clitoria ternatea reduziu significativamente o
indice de hidrdlise, o indice glicEémico previsto e a digestibilidade do amido através da
inibicdo de enzimas digestivas de carboidratos em ensaios in vitro (CHUSAK et al.,
2018). As propriedades anti-biofilme de extratos ricos em antocianina de Clitoria
ternatea foram eficientes contra bactérias formadoras de carie dental e Pseudomonas

aeruginosa JEYARAJ et al., 2022; YANTI; SETIAWAN; LAY, 2021). Antocianinas de
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ervilha borboleta também foram incorporadas com sucesso em embalagens

colorimétricas para monitorar a conservacgao de carne de porco (KOSHY et al., 2021).

2.3. Antocianinas responsaveis pela colora¢ao azul

As antocianinas pertencem a classe de compostos fendlicos, na subclasse dos
polifendis, e sdo caracterizadas pelo esqueleto de carbono com a configuragdo C6 — C3 —
C6 ¢ contém 15 atomos de carbono (HARBORNE, 1964; MAZZA; BROUILLARD,
1987). As moléculas de antocianinas absorvem fortemente na regido UV-visivel do
espectro eletromagnético conferindo diversas cores em flores, folhas, sementes e
tubérculos, raizes, caules e frutos que vao do vermelho ao violeta e azul (BROUILLARD,
1983). As antocianinas desempenham diversos papeis no metabolismo do corpo humano
sendo a fun¢do antioxidante a mais significativa, para a industria alimenticia o seu
potencial como corante também ¢ uma propriedade tecnoldgica de interesse (SINOPOLI;
CALOGERO; BARTOLOTTA, 2019).

O cation flavilium, que esta representado na Figura 2, ¢ a estrutura basica das
antocianinas e por ser deficiente em elétrons ¢ muito reativo. As estruturas basicas do
cation flavilium sdo geralmente moléculas glicosiladas que absorvem luz em torno de 500

nm (SCHIOZER; BARATA, 2007)

Figura 2- Estrutura basica do cation flavilium
Fonte: Trouillas et al., 2016, p. 4939.

Quando nao glicosiladas as antocianinas sao chamadas de antocianidinas ou
agliconas. Sdo conhecidas em torno de 22 a 25 antocianidinas mas apenas seis
representam maior importancia em alimentos porque caracterizam cerca de 90% das
antocianinas relatadas at¢ o momento (ZHAO, Zhenlei et al, 2017). As seis

antocianidinas encontradas em alimentos, o comprimento de onda (nm) e a substituicdo

dos radicais nas ligagdes C-3° e C-5 do anel B estdo descritos na Tabela 1.
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Tabela 1- Estruturas de seis antocianidinas naturalmente frequente em alimentos.

Antocianidina R’;3 R’s Absorcio max (nm) em
MeOH-HCL

cianidina OH H 535
delfinidina OH OH 546
malvidina OCH; OCHj; 542
pelargonidina H H 520
peonidina OCH; H 532
petunidina OCH3 OH 543

Fonte: Bakowska, 2005, p. 107.

Os parametros colorimétricos (tonalidade e saturagdo) e estabilidade das

antocianinas sdo muito influenciados pelos substituintes na antocianidina. Grupamentos

hidroxila (-OH) diminuem a sua estabilidade enquanto grupamentos metoxila (-CHz3)

aumentam a estabilidade (DAMODARAN; PARKIN; FENNEMA, 2010).

Algumas modificagdes na estrutura principal das antocianinas também podem

modificar a cor visivel. Como por exemplo, o aumento no numero de substituicdes

hidroxila e metoxi que estdo associadas com tons azuis e vermelhos, respectivamente,

enquanto tons arroxeados estdo relacionados com a substituicdo na posicdo R’s ou

acilados com 4cidos cindmicos. Na Figura 3 estdo relacionadas as coloragdes tipicas das

seis antocianidinas encontradas em alimentos.

Coloragio vermelha

Pg — Pelargonidina (vermelho);
Cy— Cianidina (magenta);

Pn — Peonidina (magenta);

Dp - Delfinidina (azul):

Pt — Petunidina (parpura):

My — Malvidina (purpura).

Coloragioazul

Figura 3- Tonalidade das seis principais antocianidinas encontradas em alimentos

Fonte: autora.
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Nas antocianinas, os residuos de aclcar podem ser acilados com acidos
cindmicos ou com acidos alifaticos que sdo 4cidos organicos presentes nas estruturas
celulares dos vegetais. As antocianinas podem ser classificadas de acordo com a
quantidade de grupos acilas em: antocianinas ndo acetiladas, monoaciladas e poliaciladas
(MARPAUNG et al., 2017).

A poliacilacdo ¢ caracterizada por duas ou mais acilagdes na mesma molécula
(BAKOWSKA, 2005). A poliacilacdo com grupos acilas aromaticos proporciona a
copigmentacdo intramolecular com as antocianidinas. Essa copigmentagdo € responsavel
pelas coloragdes azuladas das flores mesmo em condi¢des de pH fisiologico e sendo,
portanto, o fendmeno que evidencia a coloracdo azul em flores de Clitoria ternatea
(HONDA et al., 2005).

As antocianinas poliaciladas possuem maior potencial corante devido a sua maior
estabilidade em uma ampla faixa de pH (FENGER et al., 2021). E a Clitoria ternatea
acumula em suas pétalas antocianinas poliaciladas denominadas ternatinas (ternatins):
Al, A2, A3, B1, B2, B3, B4, Cl1, C2, C3, C4, C5, D1, D2 e D3 (KAZUMA; NODA;
SUZUKI, 2003a). As ternatinas sao definidas como um grupo de 15 antocianinas
poliaciladas derivadas da delfinidina 3-O-(6"-O-malonil)-B-glicosideo. A derivagao
ocorre pela substitui¢do dos grupos OH das posigdes 3° e 5° (anel B da antocianidina) por
uma cadeia de unidades alternadas de D-glucosil e p-coumoroil, conforme demonstrado
na Tabela 2 (KAZUMA; NODA; SUZUKI, 2003b). As preternatinas (preternatins) C1-
C5 e D3 sdo provaveis precursoras das ternatinas A3 e C4 e, segundo esses autores, para
cada ternatina poderia haver uma preternatina correspondente (TERAHARA et al., 1998).

Na Figura 4 esta exposta a estrutura da delfinidina malonilada 3.3°,5’-
triglicosideos e demonstra as cadeias laterais alternadas (R e Ri) encontradas nas flores

de Clitoria ternatea.

OR
OH

HO
O | OR,
o, HOH .

0 OH

HO

Figura 4- Estrutura quimica da delfinidina malonilada 3,3’,5’-triglicosideos e suas cadeias
laterais R e R
Fonte: Mukherjee et al., 2008.
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Tabela 2 — Ternatinas encontradas em Cliforia ternatea e suas derivacdes de cadeias laterais
alternadas.

TERNATINA R R1
TERNATINA Al GCGCG GCGCG
TERNATINA A2 GCGCG GCG
TERNATINA A3 GCG GCG
TERNATINA Bl GCGCG GCGC
TERNATINA B2 GCGC GCG
TERNATINA B3 GCGCG GC
TERNATINA B4 GCG GC
TERNATINA C1 GCGC G
TERNATINA C2 GCGCG G
TERNATINA C3 GC G
TERNATINA C4 GCG G
TERNATINA C5 G G
TERNATINA D1 GCGC GCGC
TERNATINA D2 GCGC GC
TERNATINA D3 GC GC

Fonte: Mukherjee et al., 2008.

A teoria do empilhamento molecular ¢ uma abordagem quimica dos mecanismos
de copigmentagdo e auto-associagdo. De acordo com essa teoria, ambos 0s mecanismos
ocorrem por interagdes hidrofobicas entre anéis aromaticos de antocianinas com anéis
aromaticos de copimentos (Figura 5-A) ou por intera¢des de anéis aromaticos de mais de
uma antocianina, chamada de auto-associacdo (Figura 5-B). Além disso, pode ocorrer o
empilhamento intramolecular conhecido como copgimentagdo intramolecular (Figura 5-
C) (TROUILLAS et al., 2016).

A copigmentacdo intramolecular, ou empilhamento tipo sanduiche, ocorre em
antocianinas poliaciladas como ocorre nas ternatinas presentes nas flores de Clitoria
ternatea. Nas antocianinas poliaciladas, os residuos aromaticos de grupos acil empilham
sobre o croméforo antocianidina por ligagdes hidrofdbicas e o empilhamento pode

ocorrer em ambos os lados do cromo6foro antocianidina (TROUILLAS et al., 2016).
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Figura 5- Ilustracao simplificada dos mecanismos de copigmentacdo (A), auto-associacao (B) e

copigmentagdo intramolecular (C).

Fonte: Trouillas et al., 2016.

A estabilidade de cor das antocianinas pode ser descrita em termos colorimétricos
ou em estabilidade quimica. A estabilidade de cor esta relacionada ao equilibro reversivel
entre formas coloridas e incolores sendo influenciadas principalmente pelo pH e também

com a degradacdo quimica irreversivel de pigmentos, principalmente dos cromoéforos

(MARPAUNG et al., 2017).

3. Métodos de extracio de compostos naturais

A extragdo e recuperacdo de compostos naturais constitui etapa fundamental
para recuperagdo de moléculas de interesse especifico, como por exemplo, 0os compostos
bioativos. Dentre os processos tradicionais de extracdo de compostos naturais estdo a
enfloragdo (enfluerage), hidrodestilacao, destilagdo a vapor, prensagem a frio e extragdo
com solventes organicos (DE OLIVEIRA et al., 2012).

Recentemente, a aplicacdo de tecnologias emergentes vem sendo estudada como
método alternativo para otimizar e substituir processos tradicionais de extragdao de
compostos naturais. Dessa forma, a extragcdo assistida por ultrassom, assistida por
microoondas e/ou utilizando CO; supercritico sao objetos de pesquisa para remog¢ao
eficiente de compostos naturais de interesse (RASPE; DA SILVA; DA COSTA, 2022).

Outra abordagem atualmente aplicada, ¢ a utilizagdo de solvetes eutéticos
profundos naturais (NADES) para a extragdo de compostos ativos em oposicdo aos
solventes organicos (LIN et al., 2022).

O método tradicional de extragdo com solventes organicos ¢ utilizado neste

trabalho, mas a abordagem principal ¢ a combinagdo dos métodos de extragdo de
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antocianinas utilizando NADES com a tecnologia de extragdo assistida por ultrassom. Por

isso, somente essas duas metodologias serdo revisadas neste item.

3.1. Extracao com solventes eutéticos profundos naturais (NADES) e solventes
organicos

A utilizagdo de solventes organicos, como o etanol e metanol, ¢ o principal
método de extracdo de compostos bioativos, mas geralmente eles sdo volateis e toxicos,
entdo o seu uso vem sendo desencorajado nas industrias farmacéutica, cosmética e
alimenticia IVANOVIC et al., 2018; LIN et al., 2022; PALOS-HERNANDEZ et al.,
2022).

Desde os principios adotados pela Quimica Verde em 1998, cresceu a demanda
por solventes ndo toxicos, sustentaveis, de baixo custo e ndo poluentes para a extragdo de
compostos (KUDLAK; OWCZAREK; NAMIESNIK, 2015). Sendo assim, um grupo
alternativo de solventes, denominados solventes eutéticos profundos naturais (NADES)
estdo sendo testados com intuito de promover a extracdo sustentdvel seguindo os
principios basicos da Quimica Verde (TOBISZEWSKI; NAMIESNIK, 2017). Além da
sustentabilidade no processo de extragao, a utilizacdo de NADES contribui para produgao
de novos alimentos funcionais ou nutrac€uticos utilizando corantes e conservantes
naturais (PALOS-HERNANDEZ et al., 2022).

Os NADES sao metabolitos presentes em todos os tipos de células e organismos
que atuam como aceptores ou doadores de ligagdes de hidrogénio (CHOI et al., 2011;
DAI et al., 2013). Sendo assim, os NADES podem construir uma rede de ligagdes de
hidrogénio intermoleculares que reduzem o ponto de fusdo da mistura e formam sistemas
liquidos viscosos com excelentes propriedades solubilizantes (XING et al., 2022). O
aceptor de hidrogénio comumente usado € o cloreto de colina (sal de amdnio quaternario
ndo toxico) que possui ponto de fusdo em 302°C. Por outro lado, os doadores de ligacdes
de hidrogénio sdo acidos organicos, poli 4lcoois, agucares e ureia. A mistura de um
aceptor com um doador de ligagdes de hidrogénio em condi¢des 6timas de temperatura e
tempo de agitacdo leva a formag¢do de uma mistura eutética, liquida a temperatura
ambiente e com propriedades solventes. Na Tabela 3 estdo apresentados alguns
componentes dos NADES e suas respectivas estruturas quimicas, massa molar e ponto de

fusdo.
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Dentre as vantagens de utilizagdo de NADEs estdo a viscosidade ajustavel,
biodegrabilidade, extragdo de compostos polares e apolares, métodos de separagdo
simples e diversas oportunidades de projetar e personalizar abordagens de extragdo
(IVANOVIC et al., 2018). Na tabela 4 estdo detalhadas algumas possibilidades de sistema

de aceptor e doador de hidrogénio em sistemas NADEs.

Tabela 4- Combinac¢des de sistemas NADEs e a sua razdo molar

Combinacao de sistemas NADEs Razao Molar
acido citrico: cloreto de colina 1:2,1:3
glicose: cloreto de colina: agua 1:1:1
frutose: cloreto de colina: agua 1:1:1

acido citrico: glicose 2:1

glicose: frutose 1:1
acido maleico: glicose 4:1
acido citrico: trealose 2:1

Fonte: adaptado Choi et al., 2011

Lin et al. (2022) testaram 8 misturas eutéticas contendo cloreto de colina como
aceptor de hidrogénio, ¢ o0 NADEs cloreto de colina: glicerol: na razdo molar 1:2 foi
capaz de extrair maiores teores de antocianinas de Aronia meloncarpia. Tais resultados
foram atribuidos a correlacdo entre viscosidade do solvente e o rendimento de
antocianinas. A alta viscosidade dos solventes NADEs ¢ decorrente principalmente as
ligacdes de hidrogénio e os principais grupos funcionais que participam nas ligagdes de
hidrogénio sdo os grupos carboxila, carbonila, hidroxila e amino (YANG, 2019). Sendo
assim, o aumento do numero de ligagdes de hidrogénio aumenta a viscosidade do NADES
e entre os diferentes doadores de ligagdo de hidrogénio, o glicerol contém o menor
numero de grupos hidroxila (LIN et al., 2022).

A colina ¢ um cation pertencente a familia das vitaminas do complexo B sendo
encontrada na composicao da molécula de lecitina de soja, em conjunto com fosfolipideos
e glicerol. A forma mais utilizada ¢ o cloreto de colina: um material ndo toxico e
biodegradavel utilizado para suplementagdo animal e em formulas infantis na forma de
outros sais de colina (DAMODARAN; PARKIN; FENNEMA, 2010; SAVI, 2019). O

cloreto de colina € constituido por um cation colina e o anion cloreto sendo que a colina
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¢ uma substancia estavel que apresenta poucas perdas no armazenamento, processamento,
manipulacdo ou preparagdo de alimentos (DAMODARAN; PARKIN; FENNEMA,
2010).

A agua ¢ capaz de alterar as estruturas dos sistemas NADES sendo que um baixo
teor de agua aumenta a viscosidade e acarreta a uma estrutura molecular mais compacta
o que dificulta o contato entre o solvente e as moléculas de antocianinas (DAI et al.,
2015). Estudos anteriores comprovaram que para o a mistura de cloreto de colina:glicerol,
o teor de dgua eficiente para extracdo de antocianinas ¢ 30% (v/v) e que valores maiores

que 50% (v/v) afetam a extracdo de antocianinas (LIN ef al., 2022).

3.2. Extraciao assistida com a tecnologia de ultrassom

A extragdo solido-liquido ¢ uma etapa do processo, na qual obtém-se os
compostos bioativos de origem vegetal, como as antocianinas. A técnica de extragcdo
assistida por ultrassom, considerada uma técnica verde, tem demonstrado eficiéncia na
obtencdo de compostos vegetais devido aos bons rendimentos de extragdo utilizando
temperaturas mais baixas e tempos de processo menores e reducdo no consumo de
solventes (VERNES; VIAN; CHEMAT, 2020). As frequéncias de ultrassom variam de
20 kHz a 10 MHz sendo consideramos acima do limiar para a detec¢do auditiva humana.
A energia propagada pelo meio pode ser expressa em poténcia ultrassonica (W), a
intensidade ultrassonica (W/cm?) ou densidade de poténcia ultrassonica (W/cm® ou
W/mL). As medidas calorimétricas para avaliar a poténcia absoluta do ultrassom de banho

P (W) sdo calculadas pela seguinte equagao:

dar
P=mC, X —
at

Equacao 1

Onde P ¢ a poténcia ultrassonica absoluta (W), C,, € a capacidade calorifica do
solvente a pressdo constante (para agua C, = 4180 ] K “1kg™1), m é a massa do solvente
(kg) e dT7/dt ¢ a taxa de mudanga de temperatura durante a sonicagdo, que foi determinada
pela curva polinomial ajustada ao aumento da temperatura versus tempo sob condigdes
adiabaticas usando um termopar padrao.

Em seguida, a poténcia volumétrica real (AVP) ¢ determinada dividindo a

poténcia absoluta do ultrassom (P) pelo volume (V) do meio de acordo com a equacdo 2:
26
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AVP—P
%

Equacao 2

Onde AVP ¢ a poténcia volumétrica real (W/L), P € a poténcia do ultrassom (W)
e V € o volume (L) do meio.

O equipamento pode ser classificado em ultrassom de diagnostico e ultrassom
de poténcia de acordo com a frequéncia e intensidade utilizadas conforme estd descrito

na tabela 5.

Tabela 5 — Classificagdo de acordo com a frequéncia e intensidade do equipamento de ultrassom.

Ultrassom diagnéstico Ultrassom de poténcia

Configuracio Baixa poténcia e alta frequéncia  Alta poténcia e baixa frequéncia

Frequéncia: 1¢10MHz 20 kHz e 80 kHz

Intensidade <1 W cm™ >1W cm™

Aplicacio Ferramenta de controle Efeitos quimicos e fisicos no
processual ou diagndstico meio para a sonoquimica
médico. (aceleragao da reagdao quimica)

Fonte:  Rutkowska; Namies$nik;Konieczka, 2017. (RUTKOWSKA; NAMIESNIK;
KONIECZKA, 2017).

Quando configurado em ultrassom de alta poténcia, a energia aplicada pelo
equipamento ultrassdnico ocasiona vibragdo das moléculas do tecido vegetal e também
gera o fendmeno de cavitagdo, no qual pode ser definido como a formacao de bolhas de
gas que crescem, oscilam e colapsam em um fluido (SHAHIDIAN et al., 2016). Esses
efeitos proporcionam o aumento da superficie de contato do solvente com o soluto
ocasionando maior difusdo do contetido intracelular da célula vegetal para o solvente
(RASPE et al., 2021; ROSELLO-SOTO et al., 2015). Além disso, o aumento da
temperatura local aumenta a solubilidade dos analitos no solvente e facilita a difusdo da
matriz solida para o liquido solvente (DRANCA; OROIAN, 2016).

A alta viscosidade do sistema NADES leva a desaceleragdo na transferéncia de
massa reduz a extracdo de compostos de interesse. Sendo assim, os NADES sdo
integradas as técnicas extracdo aceleradas como a extragdo assistida por ultrassom pois o

forte efeito de cisalhamento e a alta temperatura reduzem a viscosidade do solvente e
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contribuem para a fragmentacdo do material vegetal facilitando a penetra¢ao do solvente
(JOVANOVIC et al., 2022). Portanto, a combinagio dos métodos emergentes de extragdo
com as misturas eutéticas podem fornecer uma alternativa para a extragao sustentavel de
compostos bioativos de fontes vegetais (CHANIOTI; TZIA, 2018).

Diversos pesquisadores atestaram a eficiéncia da extracdo assistida por
ultrassom para extra¢do de compostos bioativos de Clitoria ternatea utilizando diferentes
solventes. Os resultados sdo favoraveis para a extracdo de fendlicos totais, flavonoides e
atividade antioxidante em compara¢do com os métodos de extragdo tradicionais
(MEHMOOD et al., 2019). No entanto, a eficiéncia da recuperagao dos compostos de
Clitoria ternatea extraidos por ultrassom pode ser influenciada pela polaridade do
solvente, tamanho da particula, tempo e poténcia. Santos & Martins (2023) utilizaram a
extragdo assistida por ultrassom e relataram que o tempo foi a variavel de processo que
mais influenciou o rendimento de recuperagdo do teor de compostos fenolicos e
flavondides, enquanto a extragdo de antocianinas foi mais influenciada pela temperatura.
Sendo assim, ¢ importante que o efeito de diferentes tratamentos no rendimento dos

extratos seja avaliado.

4. Otimizacao de processo de extracio

A otimizagdo da extracdo de compostos de compostos bioativos € recomendada
com o objetivo de reduzir o tempo de processo, economizar materiais e também obter um
maximo rendimento massico € consequentemente um extrato com melhor perfil de
compostos ativos. Considerando que as diversas etapas do processo de extracdo podem
influenciar ou relacionar-se com as variaveis do estudo € possivel adotar um experimento
fatorial, no qual se estudam simultaneamente dois ou mais fatores (tempo, temperatura e
razao entre soluto e solvente), cada um deles com dois ou mais niveis. Assim, no esquema
fatorial, os tratamentos sdo obtidos pelas combinagdes dos niveis dos fatores (FREUND;
WILSON; MOHR, 2010).

O delineamento em Box Behnker (DBB) ¢ um tipo de design de superficie de
resposta que preve coeficientes de primeira e segunda ordem e a metodologia de
superficie resposta (MSR) consiste em técnicas estatisticas e matematicas para otimizacao
e modelagem de processos empiricos e, portanto, um método adequado para avaliar o
efeito das varidveis independentes (fatores) nas variaveis respostas (AMEER et al., 2017,

MULAY; RATHOD, 2022)
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As flores de Clitoria ternatea apresentam beneficios antioxidantes por serem
fontes de compostos fendlicos e antocianinas e esses compostos podem ser melhor
explorados pela industria alimenticia para melhorar o perfil nutricional de produtos
alimenticios, ou para aplicacdes tecnoldgicas como conservante, corante natural e em
embalagens inteligentes. No entanto, os estudos de desenvolvimento de novos produtos
alimenticios, analise sensorial e extracdo utilizando solventes biodegradaveis assim como
a analise de diferentes combinagdes de variaveis de processo para otimizar processos
ainda sdo incipientes na literatura. Portanto, essa revisao objetivou estudar a aplicagdo da
tecnologia de ultrassom combinada com solventes biodegraddveis propondo que o
delineamento de superficie de resposta ¢ eficaz para maximizar extragdo de compostos

de interesse.
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Manuscript: Optimization of ultrasound-assisted extraction of anthocyanins from

butterfly pea petals using natural deep eutectic solvents and study stability of the

extracts.
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Optimization of ultrasound-assisted extraction of anthocyanins from butterfly-pea
powder using natural deep eutectic solvents: impact on anthocyanin content,

antioxidant capacity and colorimetric stability of the extracts.

ABSTRACT: Optimization of the extraction of compounds from medicinal plants, also
using green solvents, is relevant to various sectors, such as the food, pharmaceutical, and
cosmetic industries. Therefore, this study aimed to optimize the time (15-50 min),
temperature (40-80 °C), and solvent petal mass ratio (2,5-7%) of the ultrasound-assisted
extraction of anthocyanins from Clitoria ternatea by applying a natural deep eutectic
solvent of choline chloride: glycerol (1:2) with 30% water added (ChCIL: Gly) and
compare the extraction efficiency and stability of these extracts with aqueous extraction.
To evaluate the stability of biocompounds from stored extracts anthocyanin content,
antioxidant capacity (DPPH) and colorimetric analysis of the extracts were carried out
every week for 21 days. The optimal extraction condition was 80°C, 50 minutes, and 7%
petal: solvent, and it was observed that all variables studied influenced the total content
of anthocyanins extracted, with the ChCl: Gly solvent extracting higher levels of
anthocyanins (374, 65 mg/L) than the solvent water (211.63 mg/L). The extract with the
solvent ChCl: Gly kept at 5°C showed less loss of anthocyanins (16%) about their
concentration at time zero, while the extract with the solvent water stored under the same
conditions, there was a degradation of 38% of the content of total anthocyanins about
time zero. The ChCl: Gly solvent extract also showed greater antioxidant capacity (156.43
umol/mL) than the aqueous extract (93.01 pmol/mL). However, there was a more
significant loss of antioxidant capacity in the eutectic solvent extracts (78 %) than in water
solvent extracts (70%) during the 21 days of storage under different conditions. For color
attributes, the saturation variations of the eutectic solvent between storage conditions
were slightly more minor, with an increase in saturation of 31.6% in the light condition
and 9.6% in the ambient condition after 21 days of storage. These results demonstrate the
efficiency of optimizing the ultrasound-assisted extraction of anthocyanins from Clitoria
ternatea petals using eutectic solvents of choline chloride and glycerol to produce extracts
with colorimetric stability and conservation of the bioactive compounds of interest.

Keywords: antioxidant capacity, green solvent, phenolic compounds, polyphenols,

natural dye
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1. INTRODUCTION

The use of edible flowers in food relates to cultural practices, generally associated
with beneficial effects on health. In addition to sensory attributes, edible flower extract
aims to improve technological properties such as preservative and coloring potential and

the nutritional profile of products (ZHAO et al., 2019).

Clitoria ternatea is a perennial herbaceous plant originating in Indonesia. It can
grow up to 2-3 meters and is found in tropical equatorial areas (MUKHERJEE et al.,
2008). The plant is adaptable to different temperature and humidity conditions.
(KUMAR, 2017). Studies have proven that bioactive compounds extracted from seeds,
roots, flowers, and leaves of Clitoria ternatea have potential antioxidant action
(MEHMOOD et al, 2019), antimicrobial action (ESCHER et al, 2020) and

hepatoprotective activity (NITHIANANTHAM et al., 2013).

In addition to the properties mentioned, the flowers of Clitoria ternatea are widely
used due to the various anthocyanins that give them their blue color (FU et al., 2021).
Ternatins are anthocyanins present in the flowers of Clitoria ternatea and constitute a
group of 15 polyacylated anthocyanins responsible for stability in a diverse range of pH

and their technological application as dyes (VIDANA GAMAGE; LIM; CHOO, 2021).

Among the techniques for extracting anthocyanins, organic solvents, such as
methanol and ethanol, are the most used methodology (TENA; ASUERO, 2022).
However, organic solvents are volatile, flammable, and toxic, and their use has been
discouraged in the pharmaceutical, cosmetic, and food industries (IVANOVIC et al.,
2018; LIN et al., 2022; PALOS-HERNANDEZ et al., 2022). Therefore, an alternative
group of solvents, called natural deep eutectic solvents (NADES), are being developed to

promote sustainable extraction following the basic principles of Green Chemistry
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(TOBISZEWSKI; NAMIESNIK, 2017). NADES offer several benefits, including
adjustable viscosity, biodegradability, polar and nonpolar compound extraction, simple
separation methods, and numerous opportunities to design and customize extraction

approaches. IVANOVIC et al., 2018).

Ultrasound-assisted extraction technology has been successfully explored in
extracting natural compounds. This approach helps optimize processes, reduce costs, and
improve the final product (RASPE; DA SILVA; DA COSTA, 2022). This method allows
for the obtaining of clean-label products with a significant reduction in the amount of
solvents used. Additionally, it may improve the extraction yield of natural components,

provided that the optimal process variables are determined.

Statistical experimental design methods can analyze different combinations of
process variables like ultrasound power and temperature. From the experimental data, it's
possible to compute the optimal values of these variables that provide extracts with better
mass yields. (AMEER et al., 2017). The optimization for design Box-Behnken has the
main advantage of reducing the number of trials needed to study a large number of factors

(BOX; BEHNKEN, 1960).

Jovanovi¢ et al. 2022 studies extracted anthocyanins from blueberries using
natural deep eutectic solvents (NADES) integrated with ultrasound-assisted extraction to
define extraction conditions that will prevent decomposition of the anthocyanins or loss
of bioactivity. The extraction of polyphenols from tart cherry pomace with NADES
combined with ultrasound and microwaves demonstrated that an extract based on the
choline chloride: fructose eutectic system was 62.33% more efficient for extracting
anthocyanins compared to conventional solvent. It is worth mentioning that there is no

optimization study on the extraction of Clitoria ternatea petals using NADES.
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Therefore, the objective of this study was to optimize the ultrasound-assisted
extraction of anthocyanins present in Clitoria ternatea petals powered using NADES
choline chloride: glycerol and evaluate the anthocyanin content, antioxidant capacity, and
colorimetric stability of these extracts under different storage conditions for twenty-one

days.

2. MATERIAL AND METHODS

2.1 Drying and grinding petals Clitoria ternatea

Clitoria ternatea flowers were purchased dehydrated (Flor Fada Azul, Mato
Grosso do Sul, Brazil). The petals were separated and then dried in an oven with air
circulation, which was of the brand (Sinergia Cientifica® SSDcr, 220 V, 1100 W,
Campinas, Brazil) for 12 hours at 40°C. After drying, the petals were grounded using a
primary analysis mill IKA® A11 B S32, 180 W, Sdo Paulo, Brazil) and sieved with an
opening of 0.590 mm. The sieved petals were then classified based on the standard series
of sieves, and the powder retained on the average diameter of 28 mesh (Telastem Peneiras

LTDA, Sao Paulo, Brazil) was used for the experiments.
2.2 Preparation of deep natural eutectic solvent using choline chloride and glycerol

Natural deep eutectic solvent (NADES) choline chloride glycerol (1:2) with the
addition of 30% water was prepared according to the preparation protocol described by
Chanioti & Tzia (2018). The solution was prepared by heating the two components at
80 °C under constant stirring until a homogeneous liquid formed. Then, 30% (v/v) water
was added, and the choline chloride glycerol water mixture was used in the extraction

experiments and referred to throughout the article as ChCl: Gly.
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2.3 Experimental design

Powder petals of Clitoria ternatea were subjected to ultrasound-assisted
extraction of biocompounds. The process involved ultrasound-assisted extraction with
deep natural eutectic solvents choline chloride: glycerol (1:2) with 30% water added
(ChCl: Gly) and ultrasound-assisted extraction with distilled water. Extractions were
conducted in the center of an ultrasonic bath with heating control and a nominal capacity

of 9.5 L (Unique, model USC 2800 A, Indaiatuba, Brazil).

For the process with ChCl: Gly, a Box—Behnken (DBB) design combined the
extraction process variables, including time (15-50 min), temperature (40-80 °C), and

powder petals solvent mass ratio (2.5-7%) at low, medium, and high concentrations (table

1).
Table 1: Experimental model of the levels of selected variables.
Factor Level
Variable
X Low Medium High
-1 0 (+1)
Time (min) X1 15 32,5 50
Temperature (°C) X2 40 60 80
Petals: solvent mass ratio (m/v) X3 2% 4,5% 7%

Therefore, 15 combinations of the three variables at three levels, including three
central points, were made. This was done to identify the best conditions of the combined
controllable variables process to extract total anthocyanins from Clitoria ternatea

simultaneously.
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The best conditions of the combined controllable variables process to extract
total anthocyanins from Clitoria ternatea simultaneously (80°C, 60 min, 7%) were

applied in the aqueous extraction of the petals.

The study compared the extraction of total anthocyanins, antioxidant activity,

and colorimetric stability in extraction with ChCl: Gly and water.
2.4 Evaluation of storage stability

The stability of extracts of Clitoria ternatea powder petals was determined by
measuring the total anthocyanin content, antioxidant capacity, and colorimetric values
every seven days during 21 days of storage, according to the methodologies mentioned
below. For light stability, samples of Clitoria ternatea powder petal extracts were placed
in glass vials in a temperature-controlled room (27 + 2 °C) and monitored until reaching
1800 lux, corresponding to daylight, while part of the extracts remained protected from
light in a temperature-controlled room (27+ 2 °C). For temperature, samples of Clitoria
ternatea petal powder extracts were placed in amber glass bottles, protected from light,
in a temperature-controlled refrigerator (5 + 2 °C), and the other part remained in amber

glass bottles in a BOD incubator with a temperature of 27 + 2°C.

2.4.1 Determination of total anthocyanins in extracts using the single-pH method

The total anthocyanin content was quantitatively determined by
spectrophotometric technique (Shimadzu UV-VIS 1800) using the single-pH method and
the molar absorptivity coefficient of 29000 L/mol.cm of delphinidin-3-glucoside, with
reading at 535 nm, diluted in ethanol H: C1 1.5 mol L' (85:15) (FULEKI; FRANCIS,
1968). Results were expressed as mg of delphinidin-3-glucoside per L of extract (mg /L).

The absorbance of the diluted sample was calculated according to Equation 1.
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Total anthocyanin content (mg/L) = %ﬁ”moo 0

Where MM is the molecular weight of anthocyanin equivalent delphinidin-3-
glucoside = 500.8 g/mol, dilution factor (FD) = 10, and the molar absorbance of
delphinidin-3-glucoside e = 29000 L/mol.cm. The anthocyanin content was calculated

from the delphinidin-3-glucoside equivalent.
2.4.2 DPPH antioxidant capacity

Trolox equivalent antioxidant capacity (TEAC) assay using the DPPH radical,
with absorbance measurements taken at 517 nm (Shimadzu spectrophotometer model
UV-VIS 1800). The results will be expressed in umol of Trolox per gram of sample

(BOROSKI et al., 2015).
2.4.3 Objective color analysis and total color difference (AE)

The objective analysis of the color of the extracts was determined using a
colorimeter ColorQuest® XE (Hunterlab, Reston, VA) in reflectance mode and on the
CIE Lab scale, using D65/10° illuminant. The hue (h*) and saturation (C*) parameters
will be calculated from a* and b*. The total color difference (AE), equation 2, was used
to verify the colorimetric stability of extracts about the storage period under controlled

light and temperature conditions.

AE = /(AL %)? + (Aa*)? + (Ab %)? )
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2.5 Statistical evaluation

RStudio® software 4.3.0 was used to obtain the experimental Box-Behnken
design. The experimental responses were fitted with a polynomial model, and analysis of
variance (ANOVA) was applied to determine the linear, quadratic, and interacting
regression coefficients of the model at a 95% significance (p<0,05). The adjustment of
the experimental data to the polynomial model was evaluated by the coefficient of
determination (R?), and the significance of the coefficients was analyzed by the F-value

(p< 0,05).

The stability experiment was designed using a subdivided plot scheme, with a
2x4 factorial and the storage time in the subplot. Three replications produced 24 samples

and 72 experimental units.
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148 3. RESULTS AND DISCUSSION

149 3.1 Optimized ultrasound-assisted extraction of Cliforia ternatea petals powder and

150 effects of independent variables on total anthocyanin content extracted with

151 ChCl: Gly solvents.

152 The response total anthocyanin ranged from 12.95 to 85.48 mg/L, and the

153  predicted anthocyanin levels ranged from 12.97 to 82.94 mg/L (Table 2).

154  Table 2: Box-Behnken design for independent variables of time, temperature, and

155  powder: solvent ratio and experimental and response anthocyanin content (TAC).

1 5Ifun X1 X2 X3 Time Temperature Powder: TAC TAC

°C min %  (min) (°O) solvent Response Predicted
(%) (mg DGE/L) (mg DGE/L)

1 -1 -1 0 15 40 4,5% 23.31 16.70
2 +1 -1 0 50 40 4,5% 40.80 43.25
3 -1 +1 0 15 80 4,5% 49.54 38.52
4 +1 +1 0 50 80 4,5% 51.48 65.07
5 -1 0 -1 15 60 2% 12.95 22.37
6 +1 0 -1 50 60 2% 32.81 25.39
7 -1 0 +1 15 60 7% 18.56 32.86
8 +1 0 +1 50 60 7% 85.48 82.94
9 0 -1 -1 325 40 2% 19.64 12.97
10 0 +1 -1 325 80 2% 29.31 34.79
11 0 -1 +1 0 325 40 7% 43.04 46.99
12 0 +1 +1 32,5 80 7% 83.72 68.81
13 0 0 0 32,5 60 4,5% 41.28 40.89
14 0 0 0 32,5 60 4,5% 37.45 40.89
15 0 0 0 32,5 60 4,5% 43.93 40.89

157 Xl=temperature; X2=time; X3 powder: solvent ratio. TAC = total anthocyanin content.

158 DGE — equivalent of delphinidin-3-glucoside.

159
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The Shapiro-Wilk Residual Normality Test (p<0.05) demonstrated p-value =

0.9037, and the data for this analysis are from a normally distributed population. The

linear effects of temperature, time, and petal/solvent ratio were significant, as was the

interaction between time and powder: solvent ratio (Table 3)

Table 3: Analysis of the isolated and combined effects of the independent variables of
the extraction process.

Variables Estimate Std. Error t value p-value
Intercept 40.8869 6.6250 6.1717 0.0016
X1 (L) 13.2755 4.0569 3.2723 0.0221
X2 (L) 10.9085 4.0569 2.6889 0.0433
X3 (L) 17.0096 4.0569 4.1927 0.0086
X1*¥X2 -3.8855 5.7374 -0.6772 0.5283
X1*X3 11.7645 5.7374 2.0505 0.0955
X2*X3 7.7560 5.7374 1.3518 0.2344
X172 (Q) -3.0381 5.9717 -0.5087 0.6326
X272 (Q) 3.4348 5.9717 0.5752 0.5901
X372 (Q) -0.3968 5.9717 -0.0664 0.9496
Intercept 40.8869 2.6383 15.4974 2.5548
X1 (L) 13.2755 3.6127 3.6747 0.0043
X2 (L) 10.9085 3.6127 3.0195 0.0120
X3 (L) 17.0096 3.6127 4.7083 0.0008
X1*X3 11.7645 5.1091 2.3027 0.0441

2 Statistical significance p<0.05; X1 =Time; X2 = Temperature; X3 = powder:solvent mass ratio;

L= Linear effect; Q = Quadratic effect.

The ANOVA analysis used to validate the data fit to the linear model also

evaluated the influence of the factors on the response variables (Table 4). The coefficient

of determination of this experiment was 83.36 %, so the predicted and response

anthocyanin values fit the regression model found. The coefficient of determination R?

greater than 80% indicates that the equation found describes the experimental values. (DE

FREITAS et al., 2021).

57



176
177
178

179
180

181
182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

Table 4: Analysis of variance (ANOVA) of the linear model for the extraction of
anthocyanin content.

DF SS MS F-value p-value

X1;X2;X3 (L) 3 4676.50 1558.83 14.9299 0.0005

X*X3 1 553.60 553.61 5.3023 0.0441
Residuals 10 1044.10 104.41

Lack of fit 8 1022.90 127.86 12.0712 0.0787
Pure error 2 21.20 10.59

R>=0.8336

2 Statistical significance p <0.05; SS = Sum of squares; DF = Degrees of freedom; MS = Mean square;
X1 = Time; X2 = Temperature; X3 = powder:solvent mass ratio; L. = Linear effect.

ANOVA validated the predictive equation with the model fit and pure error lower
than the FTtab value. The model fit was not significant (p>0.05); therefore, the predicted

equation was validated (equation 7).

Y = 40,88687 + (13,27552 » X1) + (10,90853 » X2) + (17,00963 = X3) + (11,7645 = X1 * X3)

(Eq. 3)

Where:

Y = total anthocyanin content (mg/L), X1 = temperature, X2 = time, and X3 is the solvent

petal powder mass ratio.

According to the predicted equation, for the highest extraction of anthocyanins
(Ymax =93.85 mg/L), the coded values of the variables X1, X2, and X3 are the maximum

coded points (+1).

About Y, the variable X1 (temperature), the model demonstrated an optimal
temperature of 80°C to extract anthocyanins from Clitoria ternatea petals powder. This
is because, for extraction using NADEs to be efficient, the solvent must penetrate the

pores of the solid matrix, and its viscosity must be low enough to flow easily, and this
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only occurs at lower temperatures. However, the high temperature did not seem to hinder
the extraction of anthocyanins using the NADES mixture. It is worth mentioning that
NADES solvents generally have a high decomposition temperature, and to optimize these
alternative solvents, temperatures must be below the decomposition temperature of the
eutectic mixture (RIBEIRO et al., 2015). Chong & Gwee (2015) used 50°C to extract
anthocyanins from Cliforia ternatea petals using ethanol. According to Santos & Martins
(2023), increasing temperature reduces the intensity of the cavitation phenomenon
generated by ultrasonic waves and causes the degradation of anthocyanins. These same
authors attested that temperature considerably influences the extraction process of
anthocyanins from Clitoria ternatea. The variable X2 (time) indicates that 50 minutes is
an efficient time to extract anthocyanins from Clitoria ternatea petals using NADE:s.
However, 50 minutes may degrade or extract fewer anthocyanins using water. This is
because prolonged exposure to ultrasonic waves promotes the disruption of the cell wall
and vacuoles and allows the permeation of the solvent and the diffusion of biocompounds,
but can also decompose the biocompounds of interest (SUN ez al., 2016). The increase in
internal energy of the system caused by long extraction processes can cause the rupture
of several compounds, such as the structure of the central ring of anthocyanins, generating
unstable oxidized compounds (anhydrous and chalcones) (SANTOS; MARTINS, 2023).
The variable X3 indicated that the petal/solvent ratio of 7% provides the best total
anthocyanin content. NADES have high viscosity due to robust hydrogen interactions,
resulting in lower molecule mobility (SAVI et al., 2019). This statement justifies the
interaction between variables X1 and X3 in the model. In other words, the temperature
favored the depletion of the solvent's viscosity and increased the mobility of the
molecules, resulting in better extraction of the compounds. The linear polynomial model

demonstrates the effects of temperature, time, and petal /solvent ratio and their

59



222

223

224

225

226

227

228

229

230

231

232

233

234

235

interactions on the extraction of anthocyanins from Clitoria ternatea petals powder at the
central point of the experiment (Figure 1). The linear effect that time and temperature
have on the response variable with the main point fixed on the variable petal/solvent ratio
(4.5%), that is, the higher the temperature, the greater the extraction of anthocyanins
(Figure 1A). In Figure 1(C), the linear effect on the solvent and temperature variables
with the central point in time is visible (32.5 min). Figure 1(B) shows the interaction
effect between the variables time and petal/solvent ratio in extraction with a central point
fixed at temperature (60°C). Nhut Pham et al. (2019) optimized the extraction of
anthocyanins from Clitoria ternatea using 50° ethanol as solvent. They found 132.756
mg/L of total anthocyanins at a solid-liquid ratio of 23:1, extraction time of 46 minutes,
and temperature of 60.6°C. Santos & Martins (2023) observed optimal extraction
conditions at 45°C, 30 minutes, and 300 W of high-power ultrasound power, where

343.18 equivalents of cyanidin-3-glucoside/100 g -1 were extracted in ethanol solvent.

Solvente
Solvente

Temperatura

1% 20 25 30 35 40 45 50 15 20 25 30 35 40 45 50 40 50 60 70
Tempo Tempo Temperatura
Slice at Solvente =45 Silice st Temperatura = 60 Slice st Tempo =325

Figure 1- Contour graph of 22 combinations with the cut at the central points (0)
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3.2 Evaluation of the stability of the extracts

3.2.1 Total anthocyanin content and antioxidant capacity

Table 5 and Figure 2 represent the total anthocyanin content, equivalent to

delphinidin-3-glucoside, and antioxidant capacity extracted using solvent water and

ChCl: Gly under different storage conditions for 21 days.
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247  Table 5 — Mean values =+ standard deviation for measuring antioxidant capacity and total anthocyanin (TAC) content extracted using ChCl: Gly
248  and solvent water under different storage conditions for 21 days.
Factors/interactions levels Antioxidant capacity P >F! TAC (mg/L) P>F!
(umol of Trolox equivalent/mL extract)
Extracting solvent ChCI: Gly 156.43 + 85.52* <.0001 374.65 £ 47.21* <.0001
Water 93.01 + 37.53% 211.63£ 56.67°
Illumination 101.08 + 59.054 279.73 + 106.0°
Storage conditions Lack of light 135.47 = 80.89P 292.44 +97.50P
Refrigerated 140.23 + 80.14* <.0001 307.60 + 89.952 <.0001
Environment 121.91 + 67.82° 292.79 £ 98.05P

ChCl: Gly solvent Water solvent
114.81 + 73.2824 87.35+£38.84B¢

ChCl: Gly solvent Water solvent
365.29 + 63.4774 194.18 + 59.0154

Extracting solvent * Storage Illumination

conditions Lack of light 172.43 + 93.84A% 98.50 +43.508% 2 <.0001 367.65+ 55940 217.23+66.36%>  <.0001
Refrigerated 188.93 + 84.8942 92.31 +£35.198. % 389.41+£27.494%  225.96 + 40.26% 2
Environment 149.93 + 81.204°¢ 93.88 +£36.198 @ 376.41 £35.00A°  209.16 + 60.135¢

249 ! Significant probabilities (P<0.05) by F test.

250 For independent factors, means followed by different lowercase letters in the column differ using the t or Tukey tests (P<0.05).

251 In the interaction, for the same storage condition, in the row, means followed by different capital letters differ from each other using the t-test (P<0.05). For the same extracting
252 solvent, the means followed by different lowercase letters in the column differ using the Tukey test (P<0.05).
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Figure 2 — Variation of total anthocyanins and antioxidant capacity of Clitoria ternatea petal powder extracts using water and ChCl: Gly solvents under different storage

conditions for 21 days
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The means of the extracts prepared with the ChCl: Gly solvent showed a higher total
anthocyanin (374,65 DGE mg/L) than the averages of the aqueous extracts (211,63 DGE
mg/L). These results confirm that, even under the same extraction conditions, ChCl: Gly
solvents extracted a higher level of total anthocyanins. It observed that the water solvent
extracts had a considerable change in anthocyanins during the 21 days of storage
compared to the ChCl: Gly solvent (P<0.05). In the water solvent, there is a decrease in
the concentration of anthocyanins, which is less pronounced in the refrigerated storage
condition. This showed a loss of 38.0% of the total anthocyanin content at about time
zero. For the ChCl: Gly solvent, the loss was 16.3% of the total anthocyanin content with
its concentration at time zero. These results indicate that refrigerated (5+2°C) treatment
is the best condition for storing the extracts and that light can degrade the anthocyanins

extracted by the two solvents.

The stability of anthocyanins is relevant for their application as a natural colorant and
for exerting their beneficial health potential, but several factors can alter their
bioavailability. Copigmentation intermolecular analysis of polyacrylate anthocyanin
alternatives is responsible for the bluish color of Clitoria ternatea petals and also
contributes to the stability of anthocyanins since the weak bonds between the molecules
result in a hydrophobic and protective effect against degradation reactions (ESCHER;
WEN; et al., 2020). According to Araujo (2019), the hydrolysis of the 3-glycosidic bond
of anthocyanins only occurs at temperatures above 60°C. Still, the extraction temperature
of 80°C using ChCl: Gly solvent was efficient because the stability of the anthocyanins
is due to the strong hydrogen bonding interactions between target metabolites, ChCl: Gly
molecules, and water, leading to space structure further holding the anthocyanins and
protecting from environmental factors (BI et al., 2020). Another factor that may have

contributed to the degradation of anthocyanins is light. According to Patras et al. (2010),
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the degradation of anthocyanin molecules can occur through the action of light and is
enhanced by the presence of oxygen. In this sense, treatments exposed to the presence of
light had significant losses because there was photodegradation of anthocyanins due to
light. It is worth noting that the anthocyanins present in the ChCl: Gly extracts but
subjected to light were better preserved than the aqueous extracts subjected to the same
condition because the low water activity of the solvent stabilizes the anthocyanins since
the water molecule is capable of carrying out an attack nucleophilic in the C-2 position
of anthocyanin forming a colorless carbinol base (RIGOLON; OLIVEIRA;
STRINGHETA, 2021). Due to the low degradation of anthocyanins, ChCl: Gly extracts
can have a photoprotective effect as the formation of intermolecular interactions can exert
a protective effect against photodegradation. Escher et al. (2020) proved that adding
fructooligosaccharides in aqueous extract of Clitoria ternatea provided a photoprotective

impact against the degradation of anthocyanins.

Therefore, the best conditions for removing and storing the anthocyanins of Clitoria
ternatea petal powder extracts are extraction with the solvent ChCl: Gly stored at

refrigerated temperatures (5°C) and without light.

The means of the extracts prepared with the ChCl: Gly solvent showed a larger
antioxidant capacity (156,43 pmol/mL) than the averages of the aqueous extracts (93,01
umol/mL). Although, during storage, the treatments decreased the antioxidant capacity
similarly, there was a substantial loss of antioxidant capacity in ChCl: Gly solvent extracts
than in aqueous solvent extracts during the 21 days of storage under different conditions.
In the aqueous solvent extracts, there was a loss of antioxidant capacity of 55.8%

compared to 73.0% in the extracts obtained with the ChCl: Gly solvent about its
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concentration at time zero. The ideal treatment to preserve the antioxidant capacity of

extracts is to keep them refrigerated (5°C) and in the absence of light.

Mehmood et al. (2019) found 931.46 and 11,720.33 pumol of Trolox /g dry weight
of freeze-dried extracts of Clitoria ternatea petals using high-power ultrasound.
According to these same authors, ultrasound enabled greater efficiency in the extraction
of bioactive compounds than conventional extraction, resulting in more significant
antioxidant potential. Shahidi & Ambigaipalan (2015) reported an antioxidant capacity
of only 4.16 umol of Trolox /g and 0.76 mg/mL (ABTS and DPPH, respectively) in
lyophilized extracts of Clitoria ternatea extracted conventionally. It is worth adding that
the antioxidant capacity found in each research depends on many variables, such as
extraction time, raw material, and solvent used. Even though there is a significant
correlation between antioxidant activity and anthocyanin content, as demonstrated by
Escher et al. (2020), antioxidant compounds, which are highly unstable free radicals, were
degraded. The different chemical structures of phenolic antioxidants stabilize free
radicals by donating hydrogen atoms and electrons to the chelating power of metal ions
due to the rearrangement of hydroxy/ methoxy and carbonyl groups. Therefore, phenolic
compounds are primary oxidants that eliminate free radicals, delay the initiation stage, or
otherwise interrupt the propagation stage of lipid oxidation. (SHAHIDI;
AMBIGAIPALAN, 2015). This property appeals to the food industry because the
decomposition of volatile compounds (aldehydes and ketones) causes “rancidity.” Due to
its high levels of phenolic compounds, Clitoria ternatea petal extract is a potential
oxidizing agent for the food industry and the development of potentially functional food
products. Since phenolic antioxidants also provide antioxidant activity, they are a
potential oxidizing agent for the food industry and the development of potentially

applicable food products. Also, phenolic antioxidants provide antioxidant activity against
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free radicals in cellular metabolism, as reported using Clitoria ternatea extracts in vivo

studies. (ESCHER; MARQUES; et al., 2020; VERMA; ITANKAR; ARORA, 2013).
3.2.2 Objective color analysis and total color difference (AE)

Photographs were recorded of the extracts on the day of extraction and the twenty-
first day of storage (Figure 3). On day 0, the extracts appear to have the same bluish color.
However, the visual records from day 21 demonstrate the different colors the water

solvent extracts acquired and the apparent homogeneity in the color of the ChCl: Gly

s00 e
.. & -
\u N ¥

Figure 3. Photographic records of extracts on days 0 and 21 of storage under different
storage conditions.

extracts.

The attributes of color: L*, C*, h*, and overall color variation (AE*) obtained using
solvents water and ChCl: Gly under different storage conditions for 21 days are

represented in Table 6 and Figure 3.
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350 Table 6 —Mean values + standard deviation for color attribute values using ChCl: Gly and solvent water under different storage conditions
351  for 21 days.

Factors/interactions Levels Color attribute P >F! Color attribute P>F!
L* value c* value
Extracting solvent ChCl: Gly 25.55 £1.09* <.0001 1.36 £0.18* <.0001
Water 26.25+0.91° 2.13 +0.90°
[lumination 25.77 £1.37° 1.53 £0.48¢
Storage conditions Lack of light 25.93 +1.13° 2.25+1.302
Refrigerated 26.00 £0.67* <.0001 1.66 + 0.34b <.0001
Environment 25.90 + 1.02% 1.53 +0.35¢
ChCl: Gly Water solvent ChCl: Gly Water solvent
Extracting solvent * Storage Illumination 25.37 £ 1.64B¢ 26.18 £ 0.934¢ 1.39 +£0.248 1.67 £ 0.6244
conditions Lack of light 2531+ 1.278¢ 26.54 £ 0.46%*  <.0001 1.38£0.248 3.12+1.204%  <.0001
Refrigerated 25.68 + 0.52Bb 26.33 £ 0.66° 1.36 +0.138 1.95£0.164°
Environment 25.84 £ 0.56% 2 25.96 + 1.36"4¢ 1.30£0.128 1.77 £ 0.36*°¢
h* value, in degrees Delta E
Extracting solvent ChCl: Gly 343.33 £4.42% <.0001 0.76 = 0.82° <.0001
Water 346.50 £ 13.52° 1.05£0.91*
Illumination 342.71 £ 14.4° 1.09 +1.012
Storage conditions Lack of light 350.08 + 6.90° 1.16 + 1.01*
Refrigerated 343.75 £10.4° <.0001 0.60 £ 0.46° <.0001
Environment 343.11 £4.77° 0.76 £ 0.81°
ChCl: Gly solvent Water solvent ChCl: Gly Water solvent
Extracting solvent * Storage [Ilumination 342.20 £ 4.24 343.21 £20.4° 1.15+£1.2344 1.03 £0.788°
conditions Lack of light 344.07 +4.108 356.08 £ 1.994¢  <.0001 0.96 + 0.865° 1.37+£1.154%  <.0001
Refrigerated 34422 £5.57 343.28 +£13.9° 0.45 +£0.358¢ 0.75 +0.53A¢
Environment 342.81 £3.79 343.41 £ 5.74° 0.49 +0.358¢ 1.03 +1.044°

352 ! Significant probabilities (P<0.05) by F test.

353 For independent factors, means followed by different lowercase letters in the column differ using the t or Tukey tests (P<0.05).

354 In the interaction, for the same storage condition, in the row, means followed by different capital letters differ from each other using the t-test (P<0.05). For the same
355 extracting solvent, the means followed by different lowercase letters in the column differ using the Tukey test (P<0.05).
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Figure 4 — Variation of color attributes of Clitoria ternatea petal powder extracts using water and ChCl: Gly under different storage conditions for 21 days.
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It is possible to perceive the effect of storage time of Clitoria ternatea petal

powder extracts using water and CHCI: Gly solvents during 21 days of storage under
different storage conditions (p<0.05) (Figure 4).
The water solvent extracts showed a 9.8% change in luminosity (L* value) after 21 days
of storage in the light storage condition, indicating that the extracts in this condition were
slightly lighter (p<0.05). However, in the lack of light condition, there was no change in
the luminosity of the extracts (p<0.05). For the extracts obtained from the ChCl: Gly
solvent, there was a change of 2.5% in the environment condition and 12.0% in the
illumination treatment. The storage conditions changed the luminosity of the two extracts
a little.

For the tonality attribute (h* value), there was no change in the environment and
lack of light conditions for the extracts obtained with the solvent water (p<0.05), with a
loss of 12.7% of this attribute in the illumination condition after 21 days of storage. From
Figure 4, for the extracts obtained with the ChCl: Gly solvent, the variations between
storage conditions were slightly more minor, with an increase in tone of 0.6% in the
refrigerated condition and a loss of 2.6% in the ambient condition after 21 days of storage.
Therefore, the tone was very little affected between the extracts obtained by the two
extracting solvents.

In the case of saturation, c* value, in the lack of light condition, there was an
increase of 152.7% and a loss of 49.8% of this attribute in the light condition for the
extracts obtained with the solvent water. From Figure 2, the variations between storage
conditions were slightly smaller for the extracts obtained with the ChCl: Gly solvent, with
an increase in saturation of 31.6% in the light condition and 9.6% in the environment

condition after 21 days of storage.
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According to the overall color variation (AE*) with storage time, there were more
significant changes with storage time for the water solvent for the four conditions, less
pronounced in the refrigerated condition (AE*=0.75). For the extracts obtained with the
ChCl: Gly solvent, there was no variation in the AE* value in the environment condition.
For the light and lack of light conditions, there were more significant changes in the color
impression of the extracts, with storage time (211.7% and 115.1%, respectively) being
smaller for the refrigerated condition (18,1%).

Due to the treatment's total color difference, it is possible to study the color
analysis better than just observing the L* a* b* parameters in isolation (BORDIM et al.,
2023). It is worth mentioning that color changes occur due to oxidation reactions and
physical changes that may occur during storage, such as exposure to light or temperature.
According to Escher et al. (2020), the medium's pH is another factor that can interfere
with the color stability of the extracts, with the violet-to-blue color of the Clitoria ternatea
extract occurring between pH 3.21 and 7.19. Between pH 3 and 5, the red flavyl cation
and two tautomers of the neutral blue quinonoid species in equilibrium produce the violet
color in the Clitoria ternatea extract, and between pH 5 and 7, the extract contains
predominantly blue neutral (ABDULLAH; LEE; LEE, 2010).

Santos & Martins (2023) found lower values for a* (5.0) and higher values for b*
(-10.32) in extracts of Clitoria ternatea petals extracted by reflux compared to extracts
obtained by ultrasound. According to these same authors, the results indicate that the
extract obtained by reflux tends to bring forward a yellowish-green color because of the
chalcone compounds and anhydrous bases formed by the degradation of anthocyanins by
temperature. In this study, extracts obtained using water as solvent also showed higher a*

values; however, the analysis of variance where used the color space parameters L* C*
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h* because analysis of variance of the L* a* b* parameters is not indicated separately
(MCGUIRE, 1992).

The main areas of food technology consider the study of color to be a principal aspect of
the appearance of products because if a food does not have a good appearance, the
consumer will not evaluate factors such as flavor and texture (DO NASCIMENTO et al.,
2024). Monitoring food quality is essential for maintaining colorimetric standards and

detecting changes in product colors using the L*a*b* or L* c* h* scales.

4. CONCLUSION

A Box-Behnken design evaluated the effects of variables on ultrasound-assisted
extraction of anthocyanin content extracted by the natural deep eutectic solvent of choline
chloride, glycerol, and water (ChCl: Gly). According to the polynomial model found, all
process variables influenced the extraction of anthocyanins. The results showed that for
anthocyanin extraction, the optimal conditions were obtained at 80°C, 60 minutes, and a
petal/solvent ratio of 7%. ChCl: Gly solvents extracted higher levels of total
anthocyanins. During storage, all treatments showed losses of anthocyanins, changes in
antioxidant activity, and total color difference. ChCl: GLy extract kept under refrigeration
degraded only 16% of the anthocyanin content, and the ChCl: Gly extracts visually
preserved the bluish color during 21 days of storage. Optimizing the ultrasonographic
extraction process of Clitoria ternatea petals using the green solvent of ChCl: Gly is an
effective alternative to produce extracts with high levels of anthocyanins and bioactive

compounds advantages for the food, pharmaceutical, and cosmetic industries.
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