
 

 
 

UNIVERSIDADE FEDERAL DO CEARÁ 

CENTRO DE CIÊNCIAS 

DEPARTAMENTO DE BIOQUÍMICA E BIOLOGIA MOLECULAR 

PROGRAMA DE PÓS-GRADUAÇÃO EM BIOQUÍMICA 

 

 

 

 

 

 
 

ACRISIO JOSÉ UCHÔA BASTOS FILHO 

 

 

 

 

 

 

 
DETERMINAÇÃO DO EFEITO ANTIOXIDANTE E DA ESTABILIDADE 

ESPECTROSCÓPICA DA R-FICOERITRINA ISOLADA DA MACROALGA 

MARINHA Solieria filiformis (KÜTZING) P.W. GABRIELSON E SUA APLICAÇÃO 

COMO CORANTE NATURAL VERMELHO EM IOGURTE 

 

 

 

 

 

 

 

 

 

 

 

 
FORTALEZA 

2021 



ACRISIO JOSÉ UCHÔA BASTOS FILHO 

 

 

 

 

DETERMINAÇÃO DO EFEITO ANTIOXIDANTE E DA ESTABILIDADE 

ESPECTROSCÓPICA DA R-FICOERITRINA ISOLADA DA MACROALGA 

MARINHA Solieria filiformis (KÜTZING) P.W. GABRIELSON E SUA APLICAÇÃO 

COMO CORANTE NATURAL VERMELHO EM IOGURTE 

 

 

 

 

 

Tese apresentada ao Programa de Pós- 

graduação em Bioquímica do Departamento de 

Bioquímica e Biologia Molecular da 

Universidade Federal do Ceará, como requisito 

parcial para a obtenção do Título de Doutor em 

Bioquímica. Área de concentração: Bioquímica 

Vegetal. 

 

Orientadora: Prof.ª Drª. Ana Lúcia Ponte 

Freitas. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
FORTALEZA 

2021 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dados Internacionais de Catalogação na Publicação 
Universidade Federal do Ceará 

Biblioteca Universitária 
Gerada automaticamente pelo módulo Catalog, mediante os dados fornecidos pelo(a) autor(a) 

 

 
B326d Bastos Filho, Acrisio José Uchôa. 

Determinação do efeito antioxidante e da estabilidade espectroscópica da R-Ficoeritrina isolada da 
macroalga marinha Solieria filiformis (Kützing) P.W. Gabrielson e sua aplicação como corante natural 
vermelho em iogurte / Acrisio José Uchôa Bastos Filho. – 2021. 

99 f. : il. color. 

 

Tese (doutorado) – Universidade Federal do Ceará, Centro de Ciências, Programa de Pós-Graduação em 
Bioquímica , Fortaleza, 2021. 

Orientação: Profa. Dra. Ana Lúcia Ponte Freitas. 
 

1. Pigmento fluorescente. 2. Atividade antioxidante. 3. Corantes alimentícios. 4. Análise sensorial. I. 
Título. 

 
 

CDD 572 



ACRÍSIO JOSÉ UCHÔA BASTOS FILHO 

 
 

DETERMINAÇÃO DO EFEITO ANTIOXIDANTE E DA ESTABILIDADE 

ESPECTROSCÓPICA DA R-FICOERITRINA ISOLADA DA MACROALGA 

MARINHA Solieria filiformis (KÜTZING) P.W. GABRIELSON E SUA APLICAÇÃO 

COMO CORANTE NATURAL VERMELHO EM IOGURTE 

 
Tese apresentada ao Programa de Pós- 

graduação em Bioquímica do Departamento de 

Bioquímica e Biologia Molecular da 

Universidade Federal do Ceará, como requisito 

parcial para a obtenção do Título de Doutor em 

Bioquímica. Área de concentração: Bioquímica 

Vegetal. 

 
Aprovada em: 26/05/2021. 

 

 

 
BANCA EXAMINADORA 

 

 

 
 

Prof ª. Dr ª. Ana Lúcia Ponte Freitas 

Universidade Federal do Ceará (UFC) 
 

 

 

Prof ª. Dr ª. Marjory Lima Holanda Araújo 
Universidade Federal do Ceará (UFC) 

 

 

 

Prof ª. Dr ª. Ticiana Monteiro Abreu 

Universidade Federal do Ceará (UFC) 
 

 

 

Prof ª. Dr ª. Renata Line da Conceição Rivanor 

Centro Universitário INTA (UNINTA) 
 

 

 

Prof ª. Dr ª. Tatiana de Oliveira Lemos 

Universidade Federal do Maranhão (UFMA) 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A Deus, 

Aos meus pais, Acrísio e Rosângela. 



 

 

 

 

AGRADECIMENTOS 
 

 

A Deus, por toda saúde e força principalmente nesse momento tão devastador que 

está sendo essa pandemia do vírus Sars-CoV-2. 

Aos meus pais, Acrisio Bastos e Rosângela Bastos, por todo apoio e ajuda de 

todas as formas possíveis durante toda a minha vida. 

Ao meu irmão Átila Bastos, por me propiciar muito dos meus melhores momentos 

de alegrias e apoiar durante essa extensa fase da minha vida. 

Ao meu irmão Stélio Bastos, e minha cunhada Samantha Bastos, por todo apoio 

durante meu doutorado e por ter dado a vida ao meu sobrinho-afilhado Samuel Bastos que nos 

enche de alegria todos os dias. 

À Professora Dra. Ana Lúcia Ponte Freitas, por ter me aceitado no seu laboratório, 

e por todo apoio e suporte dado durante toda a minha formação, sempre me apoiando e 

preocupada com o  meu trabalho. 

À Professora Dra. Márjory Lima Holanda Araújo, que, como eu sempre falo para 

todos, ela é uma luz na minha vida, sempre disposta a ensinar com toda paciência e vibrando 

com todas as conquistas. 

À Professora Dra. Norma Maria Barros Benevides, por ter aberto as portas do seu 

laboratório para que eu pudesse desenvolver esse trabalho, e sempre disposta a ajudar e tirar as 

dúvidas geradas durante os experimentos. 

À Professora Dra. Maria Raquel Alcântara de Miranda, por sempre deixar às 

portas do Laboratório de Bioquímica e Fisiologia de Frutos (LABFRUTOS) e sempre disposta 

a ajudar quando fosse solicitado. 

À Professora Dra. Luciana de Siqueira Oliveira, por todo apoio e força durante 

uma etapa crucial do meu doutorado e por sempre estar disponível para me ajudar e tirar 

minhas dúvidas. 

À Ma. Antônia Carlota de Souza Lima, por ter se mostrado uma grande amiga e 

por ter se disponibilizado a ajudar mesmo estando em época de qualificação do doutorado. 
 

À Dra. Ticiana de Brito Lima Holanda, por SEMPRE estar disponível para ajudar, 

orientando e se disponibilizando para ajudar durante todo o doutorado. 

As professoras participantes da banca examinadora a Professora Dra Ana Lúcia 

Ponte Freitas, a Professora Dra Marjory Lima Holanda Araújo, a Professora Dra Ticiana 

Monteiro Abreu, a Professora Dra Renata Line da Conceição Rivanor, e a Prof ª. Dr ª. 

Tatiana de Oliveira Lemos pelo tempo e pelas valiosas colaborações e sugestões.



 

 
Aos amigos Áurea Brito, Lucas Lopes, Guilherme Peixoto e Vanessa Rodrigues 

por toda ajuda nos experimentos realizados neste trabalho e por toda confiança e apoio durante 

todo esse período convivendo e por ter me permitido orientá-los durante seu trabalho de 

conclusão de curso. 

A todos do Laboratório de Aplicação Biotecnológica de Algas e Plantas 

(BioAP), Laboratório de Carboidratos e Lectinas (CARBOLEC) e Laboratório de Algas 

(LabAlgas) por todo apoio e paciência durante todos os desafios impostos a nós. 

À Rayra Melo Viana, por todo o apoio, ensinamento e amizade durante o 

desenvolvimento deste trabalho. 

Ao grupo FAT FRIENDS (Camila Tauane, Marina Gabrielle, Roberta Cristiane 

e Roberta Laiz) que foi criado durante a graduação e permanece até hoje, obrigado por todos os 

momentos de alegria e descontração e que agora foi agraciado com três integrantes grávidas, 

que venha com muita saúde! 

Ao grupo JUNTOSTOGETHER ❤ (Roberta Cristiane e Roberta Laiz) por todo 

apoio e força durante o doutorado e por propiciar muitos momentos de descontração e alegria 

em todos os momentos. 

Ao grupo composto por Arthur Costa, Roberta Cristiane e Roberta Laiz por 

toda diversão, alegria, amizade e por todos os momentos de apoio. 

Ao grupo CELOBRAC criado em 2017 por alguns integrantes do 

laboratório e que permaneceu a amizade até hoje, obrigado por todos os momentos de 

descontração. 

Ao grupo CHRISTUS (Cibele Pires, Jessika Magalhães, Ryvana Mesquita e 

Sergiana Abreu) fruto de uma amizade verdadeira e duradoura durante o ensino médio e que 

permanece até hoje, obrigado por todo momento de alegria e descontração. 

Aos técnicos e funcionários do Departamento de Bioquímica e Biologia 

Molecular pela ajuda e amizade durante o desenvolvimento dessa pesquisa. 

À UFC, por meio do Departamento de Bioquímica e Biologia Molecular, que 

disponibilizou o espaço físico para execução do referido trabalho. 

A todos que contribuíram direta ou indiretamente para a realização deste trabalho, 

meu muito obrigado! 

 

 

 

 



 

O presente trabalho foi realizado com o apoio da Coordenação de 

Aperfeioçoamento de Pessoal de Nível superior – Brasil (CAPES). 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

“Diga o quanto você ama a quem você ama, mas não fica só 
na declaração, gente. Ame na prática, na ação. Amar é ação. 

Amar é arte (Paulo Gustavo, 2020, especial de fim de ano 
do programa 220 Volts).” 



RESUMO 
 

 

 

A cor é um atributo de grande impacto na decisão de consumo de um produto industrializado. 

A indústria utiliza uma variedade de corantes, principalmente, em alimentos e fármacos 

destinados ao público infantil. Entretanto, os relatos de alergenicidade de corantes artificiais 

têm estimulado a busca por novos corantes naturais, sobretudo os amarelos e vermelhos. As 

macroalgas marinhas vermelhas biossintetizam um pigmento fotossintético acessório vermelho 

(R-Ficoeritrina) com características físico-químicas e espectroscópicas (absorbância e 

fluorescência) de ampla aplicação biotecnológica e industrial. Diante do exposto, o presente 

trabalho teve por objetivo extrair, purificar e caracterizar a R-Ficoeritrina da macroalga marinha 

vermelha Solieria filiformis, e determinar seu potencial antioxidante e sua aplicação como 

corante natural em iogurte. Foram determinadas duas metodologias de purificação, atingindo 

índices de pureza de 4,5 e 2,4, com uma recuperação de 14,28% e 37,69%, respectivamente. R- 

Ficoeritrina de S. filiformis (R-FESf) apresentou 60% de α-hélice na sua estrutura secundária, 

com uma boa estabilidade espectroscópica ao calor (70 °C por 1 hora) e à variação de pH (5 a 

11). As propriedades espectroscópicas da R-FESf se mantiveram estáveis nas temperaturas de 

-20 °C e 4 °C, ao ser armazenada por 30 dias. A R-FESf, na concentração de 500 µg/mL, atingiu 

elevada capacidade antioxidante em três métodos distintos, sequestro do radical ABTS, 97,98 

± 0,52%, capacidade quelante do íon ferroso, 94,75 ± 1,86%, e sequestro do radical DPPH, 

79,04 ± 0,66%. A análise sensorial demonstrou que a R-FESf, ao ser utilizada como corante 

natural vermelho em iogurtes, obteve boa aceitação e preferência pelos consumidores. Assim, 

foram estabelecidos dois protocolos de purificação para R-ficoeritrina de S. filiformis, com 

índices de pureza diferentes, podendo ser aplicados industrialmente, apresentando 

predominância de estrutura secundária em α-hélice com propriedades espectroscópicas de 

elevada estabilidade, e, com um alto poder antioxidante. Além disso, R-FESf pode ser uma 

biomolécula promissora para substituir os corantes utilizados na indústria alimentícia. 

 
Palavras-chave: pigmento fluorescente; atividade antioxidante; corantes alimentícios; análise 

sensorial. 



ABSTRACT 
 

 

 

Color is an attribute with a great impact on the decision to consume an industrialized product. 

The industry uses a variety of dyes, mainly in foods and drugs intended for children. However, 

reports of allergenicity of artificial dyes have stimulated the search for new natural dyes, 

especially yellows and reds. Red marine seaweed biosynthesize a red accessory photosynthetic 

pigment (R-Phycoerythrin) with physicochemical and spectroscopic characteristics 

(absorbance and fluorescence) with wide biotechnological and industrial application. Given the 

above, the present work aimed to extract, purify and characterize the R-Phycoerythrin from the 

red seaweed Solieria filiformis, and to determine its antioxidant potential and its application as 

a natural dye in yogurt. Two purification methodologies were determined, reaching purity 

indices of 4.5 and 2.4, with a recovery of 14.28% and 37.69%, respectively. R-Phycoerythrin 

from S. filiformis (R-FESf) showed 60% of α-helix in its secondary structure, with good 

spectroscopic stability to heat (70 °C for 1 hour) and pH variation (5 to 11). The spectroscopic 

properties of R-FESf remained stable at temperatures of -20 °C and 4 °C when stored for 30 

days. R-FESf, at a concentration of 500 µg/mL, reached high antioxidant capacity in three 

different methods, ABTS radical scavenging, 97.98 ± 0.52%, ferrous ion chelating capacity, 

94.75 ± 1.86%, and DPPH radical scavenging, 79.04 ± 0.66%. Sensory analysis showed that R- 

FESf when used as a natural red coloring in yogurts, obtained good acceptance and preference 

by consumers. Thus, two purification protocols were established for R-phycoerythrin from S. 

filiformis, with different levels of purity, which can be applied industrially, presenting a 

predominance of secondary structure in α-helix with high stability spectroscopic properties, and 

with a high power antioxidant. Furthermore, R-FESf may be a promising biomolecule to replace 

dyes used in the food industry. 

 
Keywords: fluorescent pigment; antioxidant activity; food coloring; sensory analysis. 
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1 INTRODUÇÃO 

 
 

A cor é um atributo de grande impacto na decisão de consumo de um produto. O 

processamento dos alimentos, geralmente, altera a cor final do produto, necessitando dos 

corantes alimentícios para restaurar sua coloração original (DUTCOSKY, 1996; COBUCCI, 

2010). Segundo a legislação brasileira, os corantes alimentícios são substância ou mistura de 

substâncias que possuem a propriedade de conferir ou intensificar a coloração de alimentos, e 

são classificados em orgânico natural, orgânico sintético, artificial, orgânico sintético idêntico 

ao natural, inorgânico e caramelo (BRASIL, 1978). 

Dentre os corantes disponíveis no mercado, a indústria tem priorizado o uso dos 

sintéticos por possuírem maior estabilidade e menor custo quando comparado com os corantes 

naturais. Quando se trata de corantes vermelhos a Agência Nacional de Vigilância Sanitária 

(ANVISA) permite o uso de 14 corantes, sendo 7 sintéticos e 7 naturais. Dentre os corantes 

naturais vermelhos, 6 são provenientes de frutas ou legumes, ocupando terra agricultável para 

produção dos mesmos, e um é proveniente de inseto, sendo atribuído a esse relato de 

alergenicidade (TAKEO et al., 2018). Além disso, os recentes relatos de alergenicidade 

atribuídos aos corantes vermelhos sintéticos têm induzido a indústria a procurar novas 

alternativas de corantes naturais (ANASTÁCIO et al., 2016; GIČEVIĆ; HINDIJA; KARAČIĆ, 

2020; IHEANYICHUKWU et al., 2021; MOTTA et al., 2019). 

As macroalgas marinhas têm se mostrado excelentes fontes de corantes naturais por 

biossintetizar pigmentos fotossintéticos de diferentes colorações como azul (ficocianinas), 

amarelo (carotenos), verde (clorofila) e vermelho (ficoeritrinas). As ficoeritrinas são 

ficobiliproteínas hidrossolúveis com propriedades antioxidantes e espectroscópicas 

(absorbância e fluorescência) de ampla aplicação na indústria, sobretudo diante da carência de 

corantes naturais vermelhos (HEMLATA; AFREEN; FATMA, 2018; KANNAUJIYA et al., 

2021; PATEL et al., 2018; WU et al., 2020). O preço desse corante pode variar de acordo com 

a sua pureza, podendo ser utilizado com uma pureza menor (menor custo de produção) na 

indústria alimentícia e com uma pureza maior (custos de purificação elevados) na indústria 

farmacêutica (PAN et al., 2013). 

Apesar da elevada demanda industrial por corantes naturais vermelhos, existem poucos 

relatos de extração de baixo custo, purificação e caracterização de ficoeritrina a partir de 

macroalgas (R-Ficoeritrinas), sendo necessário, ainda, um estudo aprofundado sobre as 

características e estabilidades química e espectroscópica dessa molécula, visando a ampliar sua 

aplicação na indústria alimentícia como uma alternativa aos corantes existentes atualmente. 
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A macroalga marinha vermelha Solieria filiformis é abundante nos mares tropicais, 

cultivável e tem sido estudada para cultivo em sistema de aquicultura multitrófica integrada e 

ecologicamente correta para sintese de carotenoides, ficobiliproteínas e para biofiltração 

(FELACO; OLVERA-NOVOA; ROBLEDO, 2020; ZEPEDA; FREILE-PELEGRÍN; 

ROBLEDO, 2020). 

Diante da pouca disponibilidade de corante natural vermelho para aplicação em 

alimentos, e da escassez de dados na literatura sobre a utilização dos pigmentos das macroalgas 

marinhas como corante natural na indústria alimentícia, a alga Solieria filiformis é uma fonte 

sustentável do pigmento R-Ficoeritrina com um elevado poder corante, sendo capaz de 

substituir os corantes naturais vermelhos utilizados atualmente pela indústria alimentícia.
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2 REVISÃO BIBLIOGRÁFICA 

2.1 Aditivo alimentar 

A Agência Nacional de Vigilância Sanitária (ANVISA), por meio da portaria nº 540, de 

27 de outubro de 1997, define aditivo alimentar como: 

 
[...] qualquer ingrediente adicionado intencionalmente aos alimentos, sem propósito 

de nutrir, com o objetivo de modificar as características físicas, químicas, biológicas 

ou sensoriais, durante a fabricação, processamento, preparação, tratamento, 

embalagem, acondicionamento, armazenagem, transporte ou manipulação de um 

alimento. Ao agregar-se poderá resultar em que o próprio aditivo ou seus derivados 

se convertam em um componente de tal alimento. Esta definição não inclui os 

contaminantes ou substâncias nutritivas que sejam incorporadas ao alimento para 

manter ou melhorar suas propriedades nutricionais (BRASIL, 1997). 

 

Os aditivos alimentares podem desempenhar diversas funções, como agente de massa, 

antiespumante, antiumectante, antioxidante, corante, conservador, edulcorante, espessantes, 

gelificante, estabilizante, aromatizante, umectante, regulador de acidez, acidulante, 

emulsionante/emulsificante, melhorador de farinha, realçador de sabor, fermento químico, 

glaceante, agente de firmeza, sequestrante, estabilizante de cor e espumante. Dentre essas 

funções, os corantes são um dos aditivos mais importantes em produtos industrializados, pois 

tem o poder de conferir, intensificar ou restaurar a cor de um alimento (BRASIL, 1997; 

RAMESH; MUTHURAMAN, 2018). 

 
2.2 Corantes alimentícios 

Corantes alimentícios são utilizados com o objetivo de atrair o consumidor por meio da 

sua percepção visual. Durante o processamento dos alimentos, a coloração natural do produto 

pode se perder, sendo necessário a utilização desses agentes de coloração para realçar a cor 

natural do produto, tornando-o atraente para o consumo (RAMESH; MUTHURAMAN, 2018). 

Segundo a Resolução nº 44 de 1977 emitida pela Comissão Nacional de Normas e 

Padrões para Alimentos (CNNPA), corante é qualquer substância adicionada com a intenção 

de conferir ou intensificar a coloração de um alimento e que pode ser classificado como 

orgânico natural, orgânico sintético, artificial, orgânico sintético idêntico ao natural, inorgânico, 

caramelo e caramelo - processo amônia. O corante orgânico natural é aquele em que o princípio 

corante é extraído de vegetal ou animal, enquanto o corante orgânico sintético é obtido por 

síntese orgânica, podendo ser artificial (não encontrado em produtos naturais) ou idêntico ao 

natural (estrutura química semelhante a do princípio ativo isolado de um corante natural). Já o 

corante inorgânico é obtido a partir de minerais, e, por fim, o corante caramelo que é obtido 
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pelo aquecimento de açucares a temperatura superior ao ponto de fusão e o caramelo – processo 

amônia sendo classificado como um corante orgânico sintético idêntico ao natural (FIGURA 1) 

(BRASIL, 1978). 

 
Figura 1 – Classificação dos corantes alimentícios. 

 

 
Fonte: ANVISA, 2015. 

 

 

Segundo a Portaria nº 540, de 27 de outubro de 1997 do Ministério da Saúde/Secretária 

de Vigilância Sanitária, os corantes alimentícios são considerados aditivos com a intenção de 

modificar as características espectroscópicas do produto (BRASIL, 1997). 

A preferência da indústria em utilizar corantes artificiais, sobretudo em alimentos 

processados, é devido à estabilidade destes em relação a fatores como pH, luz, oxigênio, 

temperatura, poder tintorial e, principalmente, devido a um menor custo de produção em relação 

aos naturais. Entretanto, do ponto de vista nutricional, o uso de corantes em alimentos não traz 

qualquer benefício, e os aspectos toxicológicos e as quantidades empregadas em alimentos vêm 

preocupando a população e a comunidade científica em relação ao cumprimento da legislação 

e quanto à influência desses corantes na saúde humana (RAMESH; MUTHURAMAN, 2018). 

Os corantes artificiais são utilizados para compensar a perda das cores dos produtos 

industrializados que ocorre durante o processamento e o armazenamento, devolvendo sua cor 

característica original com a finalidade de agradar o consumidor. Porém, eles têm sido 

apontados como os principais desencadeadores de reações adversas, sobretudo os dois corantes 
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amarelos artificiais tartrazina e amarelo de quinoleína, os quais têm sido associados à 

hiperatividade, asma e urticária, e os três corantes vermelhos artificiais amaranto, ponceau 4R 

e eritrosina, sendo descrito casos que os relacionam com a ocorrência de asma, dificuldade de 

aprendizagem e hiperatividade, além de ser carcinogênico em potencial (ANASTÁCIO et al., 

2016; BATADA; JACOBSON, 2016; CORRADINI, 2018; GIČEVIĆ; HINDIJA; KARAČIĆ, 

2020; IHEANYICHUKWU et al., 2021; MOTTA et al., 2019). 

Em contrapartida, segundo a pesquisa realizada pela empresa, especialista em pesquisa 

de mercado, Meticulous Market Research®, em 2020, o mercado de corantes naturais deve 

chegar a US$ 3,2 bilhões em 2027 com uma taxa de crescimento anual composta de 8,5% entre 

o período de 2019 a 2027. Esse crescimento é devido a exigência pelo consumidor por corantes 

naturais, que sejam benéficos para a saúde. 

Dentre os corantes vermelhos utilizados atualmente em alimentos, o Informe Técnico n. 

68, de 3 de setembro de 2015 da Agência Nacional de Vigilância Sanitária (ANVISA) permite 

o uso de 14 corantes, sendo 7 sintéticos e 7 naturais. Na tabela 1 estão listados os corantes 

vermelhos permitidos atualmente, de acordo com o informe técnico citado, bem como seu 

código INS (International Numbering System), origem, solubilidade e tonalidade de cor. 
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Tabela 1 – Corantes vermelhos alimentícios permitidos pelo Informe Técnico n. 68, de 3 de setembro de 2015 da Agência Nacional de Vigilância Sanitária 
 

Classificação Código INS Nome Origem Solubilidade Tonalidade de cor 
 

120 Carmim Fêmeas de insetos cochonilha (Dactylopius coccus Costa) Hidrofílico Vermelho 

160b Urucum Sementes do urucum (Bixa orellana L) 
Hidrofóbico/

 
Amarelo-alaranjado / 

 

Corantes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fonte: Elaborado pelo autor a partir de dados da ANVISA (2015), CÂMARA (2017) e FAO/WHO (2021). Legenda: Traço (-) indica que não foi encontrado informação precisa 

 Hidrofílico Castanho-avermelhado 

160c Páprica Frutos secos moídos de pimentão (Capsicum annuum) Hidrofóbico Vermelho Escuro 

orgânicos 160d(ii) Licopeno Polpa de tomate vermelho (Lycopersicon esculentum L) Hidrofóbico Vermelho Escuro 
naturais 

161g Cantaxantina Cogumelo (Cantharellus cinnabarinus) Hidrofóbico Violeta 

162 Betanina Raízes da beterraba vermelha (Beta vulgaris L var rubra) Hidrofílico Vermelho 

163(ii) 
Extrato da casca de uva 
(Antocianina) 

Casca ou bagaço de uva após obtenção do suco Hidrofílico Vermelho 

122 Azorrubina Artificial Hidrofílico Vermelho 

123 Amaranto Artificial Hidrofílico Castanho-avermelhado 

Corantes 
124

 Ponceau 4R Artificial Hidrofílico Avermelhado 

orgânicos 127 Eritrosina Artificial Hidrofílico Vermelho 

sintéticos 
128

 Vermelho 2G Artificial - Rosada 

129 Vermelho Allura AC Artificial Hidrofílico Vermelho Escuro 

180 Litol rubina BK Artificial - Vermelho/Alaranjado 
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Dentre os 14 corantes permitidos, apenas os corantes naturais ISN 120, 160b e 162, e os 

corantes sintéticos ISN 122, 124 e 129, são permitidos para uso em leites fermentados, segundo 

a instrução normativa Nº 46, de 23 de outubro de 2007 (BRASIL, 2007). Os corantes orgânicos 

naturais aprovados para uso em leite fermentados são betanina, carmim e urucum (norbixina). 

Betanina é um corante hidrofílico que pode ser empregado como corante em alimentos à base 

de agua, entretanto, sua instabilidade a luz, pH e temperatura restringe seu uso (PÁTKAI; 

BARTA, 1996; SAGUY, 1979). Carmim já é usado mundialmente em alimentos, bebidas e 

cosméticos, entretanto esse corante é descrito na literatura como indutor de reações adversas, 

como reações alérgicas e choques anafiláticos (GALLO, 2018; TAKEO et al., 2018). As 

principais cores do urucum são provenientes dos carotenoides bixina e norbixina, sendo bixina 

insoluvel em agua, e a norbixina soluvel em agua com pH alcalino/neutro. Essa baixa 

solubilidade da norbixina em pH acido dificulta sua aplicação direta nos produtos alimenticios 

(MØLLER et al., 2020; SCOTTER, 2009) 

Diante do exposto, é possível perceber a necessidade de descobertas de novos 

corantes naturais vermelhos, sendo as macroalgas marinhas vermelhas fontes potenciais de tais 

corantes vermelhos, chamadas R-Ficoeritrinas, e com alto potencial biotecnológico agregado. 

 
2.3 Ficobiliproteínas de macroalgas marinhas vermelhas: estrutura, características 

espectroscópicas e aplicação como corante natural 

As macroalgas marinhas vermelhas são fontes de ficobiliproteínas hidrofílicas 

pigmentadas que possuem um ou mais grupos prostéticos tetrapirrólicos de cadeia aberta 

(bilinas ou ficobilinas) covalentemente ligados, por ligações do tipo tioéter, a resíduos de 

cisteína (GLAZER, 1984; GLAZER et al., 1976). 

As ficobiliproteínas estão agregadas em complexos proteicos supramoleculares 

denominados ficobilissomos (Figura 2), onde, in vivo, estão dispostos na superfície externa da 

membrana do tilacóide, voltados para o estroma (Figura 3) (GANTT, 1980; APT; COLLIER; 

GROSSMAN, 1995). Essa estrutura permite qualquer um dos pigmentos absorver a luz solar, 

na qual a clorofila é ineficiente (450-670 nm), e transferir para o centro de reação fotossintético 

II com uma eficiência de captação e transferência de energia de aproximadamente 100% in 

vivo, desempenhando um papel importante para a fotossíntese (GLAZER, 1989, 1984). 
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Figura 2 – Estrutura do ficobilissomo. 
 

Fonte: Adaptado de DUMAY et al., 2014 

 

 

 
Figura 3 – Disposição dos ficobilissomos na membrana do tilacóide. 

 

Fonte: Adaptado de DUMAY et al., 2014. Legenda: CF – Fator de acoplamento; PS – Fotossistema 
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De acordo com sua coloração, as ficobiliproteínas podem ser divididas em dois grupos: 

o pigmento vermelho – ficoeritrina e o pigmento azul – ficocianina (O’CARRA; MURPHY; 

KILLILEA, 1980). Elas também podem ser dividas de acordo com suas características 

espectrais: ficoeritrina (λmax = 495-570 nm), ficoeritrocianina (λmax = 575 nm), ficocianina (λmax 

= 610-620 nm), e aloficocianina (λmax = 650-655 nm) (Figura 4) (BRYANT; GLAZER; 

EISERLING, 1976; GLAZER, 1985). 

 
Figura 4 – Diferença de coloração entre os tipos de ficobiliproteínas. 

 
 

Fonte: Adaptado de KANNAUJIYA; SUNDARAM; SINHA, 2017. 

 

 

As ficobiliproteínas são constituídas de duas subunidades proteicas diferentes α e β, 

dispostas em forma de disco, e uma terceira subunidade diferente (γ), que é encontrada nas 

ficoeritrinas (FE) atuando como peptídeo de ligação (SIDLER, 1994; NIU; WANG; TSENG, 

2006). Existe uma ou mais ficobilinas (bilina) ligadas em cada subunidade, podendo ser 

encontradas quatro tipos diferentes: ficoeritrobilina (PEB, λmax = 560 nm), ficourobilina (PUB, 

λmax = 450 nm), ficocianobilina (PCB, λmax = 620-650 nm) e ficoviolobilina (Figura 5) (PXB, 

λmax = 575 nm) (ISAILOVIC; LI; YEUNG, 2004; ZHAO et al., 2015). PEB é encontrada nas 

C-ficoeritrinas (encontrada em cianobactérias), R-ficoeritrinas (encontrada na maioria das 

macroalgas vermelhas), B-ficoeritrinas (encontrada em algumas microalgas vermelhas) e 

ficocianinas, PUB é encontrada nas R-ficoeritrinas e B-ficoeritrinas, PCB é encontrada nas 

ficocianinas, aloficocianinas e ficoeritrocianinas, e PXB é encontrada nas ficoeritrocianinas, 

fazendo com que os tipos de ficobilinas presentes nos organismos variem de espécie para 

espécie, conservando os locais de ligação das ficobilinas (APT; COLLIER; GROSSMAN, 

1995; ISAILOVIC; LI; YEUNG, 2004). 
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Figura 5 – Estruturas químicas das ficobilinas. 
 

 

 
Fonte: Adaptado de ISAILOVIC; LI; YEUNG, 2004. 

 
 

Por sua vez, as ficoeritrinas podem ser divididas em cinco grupos de acordo com suas 

características espectrais de absorbância: B-Ficoeritrina (B-FE) [(λmax = 565 nm, 545 nm, e um 

ombro a 499 nm)], b-Ficoeritrina (b-FE) [(λmax = 545 nm, e um ombro a 565 nm)], C- 

Ficoeritrina (C-FE) [(λmax = 560 nm)] e R-Ficoeritrina (R-FE) [(λmax = 565 nm, 498 nm e um 

ombro/pico a 545 nm)] (BOGORAD, 1975; GLAZER et al., 1976; BRYANT, 1982; SIDLER, 

1994). 

Essa diferença espectral de absorbância entre as ficoeritrinas se deve a quantidade de 

ficobilinas totais presentes na sua estrutura. B-FE e R-FE são compostas por três subunidades 

α, β e γ e suas estruturas são descritas como complexos hexaméricos (αβ)6γ ou (αβ)3γ(αβ)3, 

enquanto que b-FE e C-FE também são formadas por complexo (αβ), porém não possuem a 

subunidade γ (Figura 6) (LUNDELL et al., 1984; CHANG et al., 1996). 
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Figura 6. Estruturas das ficoeritrinas contendo as bilinas. 
 

 

 

 
Fonte: Adaptado de DUMAY et al., 2014 

 
 

As subunidades α, β e γ que compõem a R-FE possuem em torno de 18, 20 e 35 kDa, 

respectivamente, e formam complexos hexaméricos (αβ)6γ, de 240 kDa, onde dois trímeros 

(αβ)3 estão dispostos na forma de disco, ligados pela subunidade γ, que está localizada no centro 

da cavidade formada por esses trímeros, conferindo maior estabilidade (CHANG et al., 1996; 

FLEURENCE, 2003; ROSSANO et al., 2003). Elas possuem duas bilinas em sua estrutura, 

ficoeritrobilinas (PEB) e ficourobilinas (PUB), onde a transferência de energia de ressonância 

por fluorescência (FRET) da PUB para PEB resulta no pico de emissão máximo de 

fluorescência a 575 nm (JIANG et al., 1999). 

Considerando que a R-FE é um composto intracelular, vários métodos físicos, químicos 

e bioquímicos de rompimento da parede celular das algas foram adotados para liberar o 

pigmento durante a etapa de extração. Os métodos físicos são mais adotados e relatados na 

literatura, como os ciclos de congelamento e descongelamento (XU; WANG; HOU, 2020; 

ZANG et al., 2020; ZHAO et al., 2020), trituração (GANESAN; SHANMUGAM, 2020; 
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PEREIRA et al., 2020b; SALURI et al., 2020) e ultrasonicação (MITTAL et al., 2020; UJU et 

al., 2020). 

O processo de purificação da R-FE é estabelecido de acordo com o grau de pureza 

necessário para a aplicação final. O preço final do pigmento é impactado pelo grau de 

purificação. Métodos como fracionamento e precipitação por sulfato de amônio, cromatografia 

de troca iônica, filtração em gel, hidroxiapatita e eletroforese são, geralmente, utilizados para 

purificação da R-FE (NGUYEN et al., 2020; ZANG et al., 2020; ZHAO et al., 2020). 

Além da R-FE possuir uma coloração atrativa para a indústria, em especial a alimentícia, 

já foi relatado atividades antioxidantes, antibacteriana, anticancerígenas, anti-inflamatória e 

imunomodulatória (CIAN et al., 2012; GANESAN; SHANMUGAM, 2020; THANGAM et al., 

2015). Sua propriedade fluorescente também é utilizada como sondas moleculares em várias 

indústrias farmacêuticas e biotecnológicas (KANNAUJIYA et al., 2021; WU et al., 2020). 
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3 OBJETIVOS 

 
 

3.1 Geral 

 
 

O presente trabalho teve por objetivo extrair, purificar e caracterizar a R-Ficoeritrina da 

macroalga marinha vermelha Solieria filiformis, e determinar seu potencial antioxidante e sua 

aplicação como corante natural em iogurte. 

 
3.2 Específicos 

 
 

• Extrair a R-Ficoeritrina de S. filiformis; 

 

• Determinar diferentes metodologias de purificação da R-Ficoeritrina de S. 

filiformis, visando alcançar índices de pureza variáveis; 

 
• Caracterizar a estrutura da R-Ficoeritrina de S. filiformis; 

 

• Caracterizar as propriedades espectroscópicas da R-Ficoeritrina de S. filiformis 

frente a variações de temperatura e pH; 

 
 

• Determinar a atividade antioxidante in vitro da R-Ficoeritrina de S. filiformis; 

 

• Caracterizar os parâmetros colorimétricos de iogurtes naturais adicionados de R- 

Ficoeritrina de S. filiformis; 

 
• Avaliar a aceitação e a preferência de iogurtes adicionados de R-Ficoeritrna de S. 

filiformis, por meio de testes afetivos. 
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4 PERMISSÃO LEGAL 

A atividade de acesso ao Patrimônio Genético/CTA dessa tese de doutorado está 

cadastrada no Sistema Nacional de Gestão do Patrimônio Genético e do Conhecimento 

Tradicional Associado (SisGen), em atendimento ao previsto na Lei nº 13.123/2015 e seus 

regulamentos, protocolado sob número A41C95F. 
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ABSTRACT 

 
 

R-Phycoerythrin is a photosynthetic pigment widely applied in biotechnology as a fluorescent 

probe in immunology and cell biology. However, its use as a natural dye in foods such as 

yogurt is still underreported. The present study aimed to extract, purify and apply the R- 

Phycoerythrin from Solieria filiformis in natural yogurt. R-Phycoerythrin was extracted and 

purified presenting fractions with purity indexes of pigment since 1.3 at 4.5 and yields of 6.5 

at 17.4 g.g-1 ws. The electrophoretic profile showed three protein bands with molecular 

masses of 18, 20 and 37 kDa and the spectroscopic stability of pigment was conserved at -20 

°C and 4 °C for 30 days. The natural yogurt colored with R-phycoerythrin showed good 

acceptance and preference by consumers. 

 
Keywords: Rhodophytes; chromatography; yield; recovery; sensory analysis; affective test. 
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1 INTRODUCTION 

Red marine seaweeds (Rhodophyta) are an excellent source of hydrophilic natural 

pigments called phycobiliprotein (PBP). PBPs are a group of light-harvesting pigment protein 

complexed in phycobilisomes which is divided into two large groups according to their color, 

blue (phycocyanin) and red (phycoerythrin). The PBPs are divided into four classes according 

to their absorption properties: phycoerythrin (PE, λmax = 490–570 nm), phycocyanin (PC, λmax 

= 610–625 nm), phycoerythrocyanin (PEC, λmax = 560–600 nm) and allophycocyanin (APC, 

λmax = 650–660 nm) (GLAZER, 1985). More specifically, PEs are divided into four groups 

second your natural source: B-phycoerythrin (B-PE), b-phycoerythrin (b-PE), C-phycoerythrin 

(C-PE) and R-phycoerythrin (R-PE). R-PE is found in rhodophytes, B-PE in algae of the order 

Bangiales, and b-PE and C-PE are present in cyanobacteria (DUMAY et al., 2014a). 

R-PE has a molecular mass of about 240 kDa and it’s constituted of three protein 

subunits, assembling a structure (αβ)6γ, and phycobilins covalently linked, such as 

phycoerythrobilin (PEB) and phycourobilin (PUB). The number and composition of 

phycobilins linked in the R-Phycoerythrins provide spectroscopic properties to these proteins 

(DUMAY et al., 2014a). 

They have several biological activities including potent antioxidants, antibacterial, 

anticancer and anti-inflammatory activities (GANESAN; SHANMUGAM, 2020; THANGAM 

et al., 2015). The autofluorescence property of R-PE has been utilized as molecular probes in 

various pharmaceutical, molecular biological, and biotechnological industries (KANNAUJIYA 

et al., 2021). However, bright futures of commercial applications of R-PE crucially depend on 

the produced quantity along with a significant purity index of proteins. Considering that R-PE 

is an intracellular compound, several physicals, chemicals, and biochemicals methods of 

disrupting the algal cell wall have been adopted to release the pigment during the extraction 

step. The physical methods are more adopted and reported in the literature, such as freeze-thaw 

cycles (ZHAO et al., 2020), grinding (GANESAN; SHANMUGAM, 2020; PEREIRA et al., 

2020b; SALURI et al., 2020) and ultrasonication (UJU et al., 2020). The purification process 

of the R-PE is established according to the purity grade necessary for the final application. 

Then, the price of pigment is impacted by the purification process. Methods such as ammonium 

sulfate fractionation and precipitation, ion-exchange chromatography, gel filtration, 

hydroxyapatite and electrophoresis, are recurrent (NGUYEN et al., 2020; ZHAO et al., 2020). 

The low purity index R-PEs are applied in a wide variety of industrial foods, such as 

candies, ice cream, yogurt, puddings and drinks, because of red color and high hydrophilicity 
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(PAN et al., 2013; SUDHAKAR et al., 2015). However, there are few reports in the literature 

on the use of R-PE from species seaweeds as a natural food coloring. The majority of reports 

coming from agarophyte algae such as Gracilaria gracilis, G. crassa, and G. corticata 

(PEREIRA et al., 2020b; SUDHAKAR et al., 2015; SUDHAKAR; SARASWATHI; NAIR, 

2014). Recently, Ganesan & Shanmugam (2020) isolated the R-PE from carragenophyte 

cultivated seaweed, Kappaphycus alvarezii, and it was applied as a natural colorant in ice 

cream. 

Solieria filiformis is a red seaweed abundant in tropical seas. This species has been studied 

for biosynthesis and extraction of iota-carrageenan hydrocolloid (MURANO et al., 1997) and 

extraction of the lectins with antimicrobial, anticancer, antinociceptive and anti-inflammatory 

effects (ABREU et al., 2016; CHAVES et al., 2018; HOLANDA et al., 2005). 

Thus, Solieria filiformis (Kützing) P. W. Gabrielson, a red tropical species seaweed 

abundant along the Brazilian coast and cultivated by a local fishers community from the Ceará 

coast was utilized to extract and purify the red pigment R-phycoerythrin and evaluate its 

application as a red colorant in yogurt. 
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2 MATERIALS AND METHODS 

2.1 Seaweed 

The red seaweed Solieria filiformis (Kützing) P. W. Gabrielson was harvested in culture 

strings located at 200 meters from the shore, on the Flecheiras beach (03° 13' 06" S and 39°16' 

47" W), Trairí, on the west coast of State of Ceará, Brazil. After gathering, it was cleaned to 

remove epiphytes, salt and grains and then was washed with distilled water and stored at -20 

°C (Lot 1) until use. A voucher specimen (Nº 35.682) was deposited in Herbarium Prisco 

Bezerra, Department of Biological Sciences, Federal University of Ceará (UFC), Brazil. 

 
2.2 R-PE extraction 

The wet seaweed was crushed in an electric mill with 0.025 M potassium phosphate 

buffer (PB), pH 6.5, in a ratio of 1:3 (m/v) for 3 min. The homogenate obtained was kept under 

constant stirring at 4 °C for 6 h protected from light and then it was filtered in nylon cloth. The 

liquid phase was centrifuged at 17,000 x g, 4 °C for 30 minutes and the supernatant obtained 

was called total extract (TE). 

 
2.3 R-PE purification 

2.3.1 Protein fractionation 

The TE was submitted to protein fractionation to different ranges of ammonium sulfate 

saturation 0/20, 20/40, 40/60, 60/80, 80/90, 90/100 and 0/90 for 12 h, at 4 °C, after complete 

dissolution of the salt. The protein fractions were separated by centrifugation at 17,000 x g, 4 

°C for 30 minutes, solubilized in PB and, finally, subjected to dialysis (cutoff 12 kDa) against 

PB. Each fraction was nominated with the letter F plus respective saturation (F0/20, F20/40, 

F40/60, F60/80, F80/90, F90/100, and F0/90). 

 
2.3.2 Ion exchange chromatography 

The ion exchange chromatography was performed in the DEAE-Sephacel matrix (GE 

Healthcare), previously equilibrated with PB. The not retained peak was eluted with extraction 

buffer and titled PI-DEAE, while the retained peaks were eluted with PB containing 0.1, 0.5 

and 1.0 M NaCl and denominated PII, PIII and PIV-DEAE, respectively. The chromatography 

was performed under a constant flow of 1.4 mL.min-1, collecting 3 mL.tube-1 fractions. 
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2.3.3 Molecular exclusion chromatography 

The molecular exclusion chromatography was performed on Sephacryl S-300 matrix 

previously equilibrated with PB, under a constant flow of 1 mL.min-1, collecting 2 mL.tube-1 

fractions. Chromatography fractions containing R-PE with a purity index (PI) greater than 4.0 

were collected, dialyzed against distilled water, lyophilized, and named R-PESf, 

 
2.4 R-PE analysis 

2.4.1 Protein and R-PE content 

The protein content of the TE and fractions was determined the method described by 

Bradford (1976) using bovine serum albumin (BSA) as the standard. Already, the R-PE content 

(mg.mL-1) was determined by Sampath-Wiley & Neefus (2007) and were calculated according 

to Equation 1: 

R-PE = 0.1247 x [(A564 – A730) – 0.4583 x (A618 – A730)] (1) 

Where A564, A618 and A730 were the absorbances at 564, 618 e 730 nm, respectively, 

obtained in spectrophotometer Armersham Biosciences Ultrospec 2100 pro. 

 
2.4.2 Yield, recovery, and purity 

The protein yield (µg.g-1) was calculated according to Equation 2: 

Yp = Pt/Sf (2) 

Where Pt was the total content of protein present in the TE and fractions (µg) and Sf 

was the mass of wet seaweed used at extraction (g). 

 
The R-PE yield (µg.g-1) was calculated according to Equation 3: 

YR-PE = R-PEt/Sf (3) 

Where R-PEt was the total content of R-PE present in the TE and fractions (µg) and Sf 

was the mass of wet seaweed used at extraction (g). 

 
The recovery (%) was calculated according to Equation 4: 

RR-PE = (R-PE/R-PEr) x 100 (4) 

Where R-PE was the total content of R-PE present in the fractions and R-PEr was the 

total content of R-PE present in TE. 
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The purity index (PI) of R-PE present in TE and fractions was calculated by Equation 5: 

PI = A564/A280 (5) 

Where A280 and A564 were the measured of the absorbances at 280, 564 nm, respectively. 

 
 

The relative purity (RP) of R-PE present in TE and fractions compared to phycocyanin 

was calculated by Equation 6: 

RP = A564/A618 (6) 

Where A564, and A618 were measured of the absorbances at 564 e 618 nm, respectively. 

 
 

2.4.3 Molecular weights 

The apparent molecular weights of the R-PESf and subunits were determined by one- 

dimensional electrophoresis under denaturing conditions (SDS-PAGE). The electrophoresis 

was performed on 7.5% and 15% polyacrylamide gel in the absence and presence of β- 

mercaptoethanol, respectively, according to the methods described by Laemmli (1970). The 

apparent molecular weights of the protein bands were estimated using as molecular weight 

markers: phosphorylase B (97.0 kDa), bovine serum albumin (67.0 kDa), ovalbumin (45.0 

kDa), bovine carbonic anhydrase (29.0 kDa), soybean trypsin inhibitor (20.1 kDa) and α- 

lactalbumin (14.2 kDa) for the 15% polyacrylamide gel. 

 
2.4.4 Spectroscopic properties 

The absorbance and fluorescence spectra were determined using a Synergy Mx 

microplate multi-detection spectrophotometer (BioTek, USA). The R-PESf was dissolved in 

PB buffer and analyzed for absorption and fluorescence emission spectra at concentrations of 

0.05 mg.mL-1 and 0.001 mg.mL-1, respectively. The absorbance spectrum was determined at 25 

± 0.5 ° C in the range of 280 to 730 nm. The fluorescence emission spectrum was determined 

at 25 ± 0.5 ° C in the range 500 to 700 nm after excitation at the 495 nm wavelength. 

 
2.5 Spectroscopic stability of R-PESf in storage 

The R-PESf solution was stored at three different temperatures, -20, 4 and 25 °C for 30 

days in amber microcentrifuge tubes of 2 mL. The absorbance and fluorescence analysis were 

realized every 5 days of storage, in triplicate. The sample was prepared and analyzed according 

to the methodology described in item 2.4.4. The results were expressed based on the loss of 



35  
 

fluorescence intensity and the variation in absorption of the three maximum peaks of the R- 

PESf in the initial time. 

 
2.6 Color measurement of yogurt colored with F0/90 and PIII-DEAE 

The fractions F0/90 and PIII-DEAE were applied as food coloring in natural yogurt 

(Danone), purchased at Pão de Açúcar supermarket, in Fortaleza, Ceará, Brazil. The F0/90 was 

dialyzed against water and then added to natural yogurt reaching the concentrations of 12.40 

(F1); 24.80 (F2); 37.20 (F3); 49.60 (F4) and 62.00 (F5) µg R-PE.mL-1 of yogurt. The volumes 

of F0/90 added were 42, 85, 127, 169 and 212 µL.mL-1 of natural yogurt, respectively. The 

lyophilized PIII-DEAE was added directly to natural yogurt reaching the concentrations of 

16.20 (P1); 20.30 (P2); 24.30 (P3); 28.40 (P4) and 32.40 (P5) µg R-PE.mL-1 of yogurt. The 

samples of yogurts were homogenized until the complete dissolution of the pigment. 

Commercial strawberry yogurt (Danone) artificially colored with azorubin was purchased at 

Pão de Açúcar supermarket, in Fortaleza, Ceará, Brazil and was used for color comparison 

purposes (C). 

Color measurement was performed using a Colorimeter ColorQuest XE (HunterLab, 

USA) by determining the color value; L* (100 =white; 0 =black), a* (positive =red; negative 

=green), and b* (positive =yellow; negative =blue). 

 
 

2.7 Affective tests of natural yogurts colored with F0/90 and PIII-DEAE 

The sensorial analysis of the natural yogurts containing F0/90 and PIII-DEAE was 

carried out in the Sensory Analysis Laboratory of the Federal University of Ceará with 60 

untrained panellists to each fraction (according to ISO 11136:2014, 60 consumers can be used 

in hedonic scale evaluations when there is segmentation). The panellists filled out a form, which 

included: sex, age group, marital status, strawberry yogurt consumption frequency, strawberry 

yogurt appreciation degree and the importance of color to the consumption of yogurt. Each 

panelist was allocated in an isolated cabin (without noise and contact with other panellists). The 

samples were prepared in Petri dishes, illuminated with white light for better visualization, and 

these were encoded with three random digits previously assigned. 

In order to assess the acceptability of the color attribute of the yogurts added R- 

phycoerythrin from S. filiformis as a natural colorant, the following tests were carried out: a) 

Just-about-right (JAR) scale. In this test, the panellists evaluated the intensity of the color 

desired by them in the product. The scale ranged from 1 (Much too weak than just-about-right) 
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to 9 (Much too strong than just-about-right); b) Acceptance test (Hedonic scale). In this test, 

the panellists evaluated the acceptance of the color attribute. The test was performed using a 9- 

point structured hedonic scale (1 = ‘disliked extremely, 5 = neither like nor dislike, and 9 = 

‘liked extremely’); c) Preference test. Panelists ranked the samples in order of their preference 

regarding the color of the sample from “least preferred” to “most preferred” (preference ranking 

test); d) Consumption intent. The test was performed on a 5-point structured scale (1 = 

“certainly would not consume” to 5 = “certainly would consume”). The consumer acceptance 

tests were performed according to Stone & Sidel (1973). 

 
2.8 Statistical analysis 

The statistical analysis was performed using GraphPad Prism version 6.1 for Windows, 

GraphPad Software (La Jolla, California, USA). The results for stability and sensory analysis 

were expressed as mean ± S.D. (Standard Deviation). It was used the variance analysis method 

(one-way ANOVA), followed by the Tukey test of multiple comparisons. It was considered 

significant values of p < 0.05 (LIMA et al., 2020). For the preference test, the Friedman test (p 

<0.05) was used, according to the value established by Newell & MacFarlane (1987). All data 

were estimated as mean values of three repetitions, except for sensory data. 
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3 RESULTS AND DISCUSSION 

3.1 R-PE extraction 

A total soluble protein yield of TE was 145.0 g.g-1 ws and an R-PE yield was of 136.1 

g.g-1 ws. The PI of the R-PE in the TE was 0.48. The red seaweed S. filiformis had a moisture 

content of 95% (data not shown), so it can be inferred that the methodology used obtained a 

yield of 2.72 mg of R-PE per gram of dry seaweed (mg.g-1 ds). 

The extraction of R-PE with phosphate buffer is efficient and has been used by several 

authors (NGUYEN et al., 2020; PEREIRA et al., 2020a). Wang et al. (2020) used the 

maceration for 5 h to extract the R-PE from Pyropia yezoensis obtaining a yield of 2.465 mg/g 

ds, lower than shown in this study. Using enzymatic hydrolysis with agarase and cellulase 

during extraction, they obtained an increase of 2.8 times on R-PE yield. However, this 

methodology is more expensive than maceration and depends on enzymes and seaweed species. 

The extraction of R-PE from the seaweed Gelidium pusillum using an enzyme consortium 

formed by agarase, cellulase and xylanase showed a yield of 0.29 mg/g ds, almost 10 times 

lower than the one found in this study (MITTAL; RAGHAVARAO, 2018a). 

PI of R-PE, observed in the present study, was higher than obtained from Gracilaria 

tenuistipitata (0.24), G. gracilis (0.29) and P. yezoensis (0.23), even utilizing enzymatic 

hydrolysis (NGUYEN et al., 2020; WANG et al., 2020; ZHAO et al., 2020). 

 
3.2 R-PE purification 

3.2.1 Protein fractionation 

Table 1 shows the analysis of yields, recovery, purity index, relative purity and color of 

the protein fractions obtained by precipitation with ammonium sulfate of the total extract from 

Solieria filiformis. These results suggest that the protein fractionation method can be used to 

obtain R-PE from S. filiformis with PI higher than 1.0 and recovery of ca. 15% if the F40/60 

and F60/80 were united. Furthermore, the F0/90 can be used as a starter fraction for obtaining 

R-PE pure by purification process with better yield. The RP analysis showing values higher 

than 1.0 (1.33 at 7.78) suggests that the R-PE contents are higher than phycocianins contents in 

all protein fractions. 

A similar result was observed in the protein fractions from Amphiroa anceps, where R- 

PE was distributed in all fractions and a wide range of ammonium sulfate saturation fraction 

(F0/80) was chosen as a starter to continue the pigment purification process (KAWSAR et al., 

2011). A purity index higher than F0/90 was observed for the F0/85 from the Heterosiphonia 
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japonica seaweed. 0.78 (SUN et al., 2009). Given of the obtained results, and to increase the 

pure R-PE yield from S. filiformis, the F0/90 was selected to others steps of the purification 

process. 

 
3.2.2 Ion exchange chromatography 

The ion exchange chromatography of the F0/90 presented 4 protein peaks (Fig. S1 A), 

being the PI-DEAE and PII-DEAE, absent from R-PE. The PIII-DEAE, showed an intense pink 

color, high absorbance at 564 nm, protein and R-PE yields of 37.1 and 29.7 g.g-1 ws, 

respectively, and PI = 1.63, ca. of twice higher than F0/90. The PIV-DEAE showed a pink 

color, but of lower intensity. 

Saluri et al. (2020) used ion exchange chromatography as the last step in the purification 

process of R-PE from Furcellaria lumbricalis and Coccotylus truncates reaching PI of 1.6 and 

2.6, respectively. The value reached for seaweed F. lumbricalis was similar to the one reached 

on the present work. 

 
3.2.3 Molecular exclusion chromatography 

The molecular exclusion chromatography of the PIII-DEAE presented three protein 

peaks with different molecular masses as shown in Fig. S1 B. PI-Sephacryl and PIII-Sephacryl 

showed low absorbance at 564 nm, indicating a low content of R-PE present in these peaks. 

However, the chromatographic fraction referring to PII-Sephacryl was the one that showed the 

highest absorbance at 564 nm, reaching a yield of 20 g.g-1 ws for soluble proteins and 17.40 

g.g-1 ws for R-PE. The PI increased from 1.63 in PIII-DEAE to 4.50 in PII-Sephacryl, 

reaching analytical grade purity. 

Saluri et al. (2020) used the molecular exclusion chromatography as a purification step 

for R-PE from F. lumbricalis and C. truncates and obtained lower PIs of 1.2 and 1.6, 

respectively. Others studies related lower PI of the R-PE from Polysiphonia urceolata (NIU; 

WANG; TSENG, 2006) and Porphyra yezoensis (CAI et al., 2012), which reached 3.90 and 

3.20, respectively. 

Table 2 shows the YP and YR-PE, recovery, PI and RP of R-PE from S. filiformis at each 

stage of the purification process. The recovery of R-PESf, with PI ca. of 3.5 times higher than 

PI of the F40/60, was 14.28% and the YR-PE increased 2.7 times when the F0/90 was used as 

started protein fraction of the purification process. 
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The different PIs observed for R-PE fractions shown in this study are important to define 

their applications. Therefore, the R-PESf can be used in assays or methods which require 

analytical grade pigment, while the PIII-DEAE can be used at food grade. Sudhakar et al. (2015) 

added R-PE from Gracilaria Crassa with PI of 0.91 in pudding. According to Pan et al. (2013), 

the R-PE must reach a PI > 0.7 to obtain the food grade and a PI > 2 for drug class purity. 

The scheme of the extraction and purification of R-PE from S. filiformis is shown in Fig. 

S2. 

 
 

3.2.4 Molecular Weights 

The R-PESf in the absence of the reducing agent presented a single band, referring to 

the integral protein (Fig. 1). Before the dye solution, it is possible to observe an intense pink 

band (Fig. 1 A) indicating that the protein is intact. A single band was detected after the 

application of the dye solution, confirming its high purity (Fig. 1 B). R-PESf lost its 

characteristic color in the presence of the reducing agent, presenting a light pink band before 

staining by Coomassie and molecular weight estimated at 20 kDa (Data not shown). After 

coomassie staining, R-PESf showed three protein bands, with two more intense bands with an 

approximate molecular weight of 18 and 20 kDa, corresponding to the subunits α and β, 

respectively, and one band of 37 kDa, corresponding to the γ subunit, showing less intensity 

(Fig. 1 C). 

Similar results were found by Ganesan & Shanmugam (2020) and Zhao et al., (2020) 

when carrying out studies with Kappaphycus alvarezii and Gracilaria tenuistipitata, 

respectively. In these studies, the R-phycoerythrins were composed of three subunits α, β and 

γ, with apparent molecular weights of 18, 20, and 30 to 38 kDa, respectively. 

 
3.2.5 Spectroscopic properties 

The absorption spectra of TE and of all R-PE purification step fractions are shown in 

Fig.S3. The TE presented absorption peaks at 495 nm and between 540 and 564 nm, 

characteristic of R-PE, however poorly defined, showing the presence of contaminating 

compounds capable of absorbing light at other wavelengths, corroborating with the low PI of 

the TE (0.48). On the others purification steps fractions, F0/90, PIII-DEAE and PII-Sephacryl 

(R-PESf), a gradual increase in the definition of the three maximum absorption peaks at 495, 

540 and 564 nm was observed, corroborating with the increase of the PIs of these fractions. 
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The R-PESf absorption and fluorescence emission are shown in Fig. S4. The absorbance 

spectrum showed two peaks at 495 and 564 nm and one shoulder at 540 nm, and the 

fluorescence emission showed a defined and single peak at 575 nm when excited at 495 nm, 

corroborating the R-PE absorption spectra of P. urceolata (498, 538 and 566 nm), reported by 

Wang et al. (2015) and Gracilaria turuturu (498, 540 and 565 nm), described by Munier et al. 

(2015). 

 
3.3 Spectroscopic Stability of R-PESf in Storage 

The spectroscopic stability of the R-PESf is shown in Fig. 2. The fluorescent capacity 

of the R-PESf (Fig. 2 A) maintained at 4 ºC decreases 33.3% in the first 5 days. When stored 

at -20 °C, the R-PESf lost 42.5% of fluorescence after the first five days, then it remained 

fluorescent at -20 ºC and 4 ºC for 30 days. When stored at 25 °C, it had the fluorescence 

emission was completely lost after the first 5 days of storage. 

Similar results were observed in Rhodophytes of the Bangiales family, which 

maintained their fluorescent stability preferably at -20 ºC (MUNIER et al., 2014a). The 

literature also suggests the strong dependence of phycobiliprotein fluorescence on temperature, 

especially in the range of 4 to -20 ºC (GOLDSMITH; MOERNER, 2010; MAKSIMOV et al., 

2013). 

The light absorption spectrum of the pigment was maintained under the storage 

conditions at temperatures of -20 °C (Fig. 2 B) and 4 °C (Fig. 2 C). The same behavior was not 

observed for the storage at 25 °C (Fig. 2 D), when the 540 and 564 peaks lost 87% of the 

absorbance after 10 days. 

The results are consistent with the thermal stability of other phycoerythrins. The freeze 

storage method (-20 ºC) was a better conservation method for R-PE from Grateloupia turuturu 

seaweed, when compared to storage by freeze drying at room temperature (MUNIER et al., 

2013). 

 
3.4 Color measurement of yogurt colored with F0/90 and PIII-DEAE 

Table 3 shows the values of the colorimetric parameters (L*, a*, b*) of the natural 

yogurt colored with F0/90, PIII-DEAE and azorubine (commercial sample). 

The parameter a* increased along with pigment concentration in the natural yogurt. For 

samples added with F0/90, a variation of the parameter was observed from 6.66 in the lowest 

concentration (12.4 g.mL-1 of yogurt) to 13.96 in the highest concentration ( 62.0 g.mL-1 of 
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yogurt). In the samples added with PIII-DEAE, the parameters of the lowest and highest 

concentration (16.2 and 32.4 g.mL-1 of yogurt) ranged from 10.81 to 15.41, respectively. Both 

samples, in the highest concentrations, came close to the commercial sample parameter of 

14.21, reaching the desired color, but the PIII-DEAE shows the highest colorant power, 

reaching the color of the commercial strawberry yogurt with a lower pigment concentration 

than F0/90. 

The parameter b* was negative in the highest tested concentrations of F0/90 (62.0 

g.mL-1 of yogurt), indicating an increase of the blue color in the sample. This increase is 

directly related to the low purity of the tested sample. This can be confirmed by analyzing the 

absorption spectrum of F0/90, where a small peak is observed at 618 nm, indicating the 

presence of phycocyanin (blue pigment) in the sample. The b* factor of the samples added from 

the PIII-DEAE came closer to the commercial one with an increase in concentration, varying 

from 2.69 in the lowest concentration (16.2 g.mL-1 of yogurt) to 0.81 in the highest 

concentration (32.4g.mL-1 of yogurt). The commercial sample obtained a value of 0.09 to the 

parameter b*. 

The clarity (L*) of all samples came close to the luminosity of the commercial sample. 

The samples added with F0/90 ranged from 83.23 in the lowest concentration to 76.22 in the 

highest concentration. Regarding the samples added with PIII-DEAE there was a variation of 

83.06 to 81.11 from the lowest to the highest concentration, respectively. The commercial 

sample obtained an L* parameter of 78.23. 

 
3.5 Affective tests of natural yogurts colored with F0/90 and PIII-DEAE 

The demographic profile of the panelists is shown in Table S1. The highest rates were 

for females, aged 18 to 25 years, single and undergraduate students, reaching percentages of 

75%, 68.33%, 88.33% and 65%, respectively. They like strawberry yogurt very much and 

consume strawberry yogurt at least once a week. The color of the yogurt is a very important 

attribute for 48.33% of them and extremely important for 26.67%. 

The results of the affective tests for the yogurts added with F0/90 are described in Table 

4. The sample scores ranged from 1.66 to 6.02 in the JAR. According to the scale, the ideal 

color score would be 5, with the F4 sample coming the closest to this requirement, reaching a 

score of 5.24, being significantly different from the other samples. With the results of the JAR, 

the ideal intensity of color desired by the panelists was verified on the yogurt sample added 

with F0/90 in the concentration of 0.0496 mg R-PE.mL-1, which was not observed in the 
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commercial strawberry yogurt sample added with artificial coloring. This sample also obtained 

a good result on the hedonic scale, reaching a score of 7.05. Thus, it was observed that the F3 

and F5 yogurt samples added with F0/90 obtained the same acceptance as the commercial 

yogurt sample by the panellists without statistical differences between them. 

In the preference test, it was noticed that the F1 sample was less preferred. The yogurt 

samples F3, F4 and F5 colored with F0/90, obtained the same preference as the commercial 

yogurt sample without significant difference between and were more preferred. This 

demonstrates a positive consumption intention to the F3, F4, F5 and C samples by the panellists, 

and that these yogurt samples added by F0/90, obtained the same consumption intention as the 

commercial yogurt sample. 

Table 4 also describes the results of affective tests for yogurts added with PIII-DEAE. 

The sample scores ranged from 2.80 to 5.17 in the JAR. According to the scale, the ideal color 

score would be 5, with samples P3 (score 4.12), P4 (score 4.80), P5 (score 5.17) and C (score 

4.53) being those that came closest to the ideal color. On the hedonic scale, sample P5 (score 

7.75) obtained a better score than sample C (score 6.93). The yogurt samples added with PIII- 

DEAE obtained hedonic scores in the region of acceptance. 

In the preference test, it was observed that the P1 sample was less preferred and P5 has 

more preference. The results of the consumption intention showed that the samples P2, P3, P4, 

P5 and C obtained average scores in the positive region of consumption. 

The results obtained in the sensory tests showed the possibility of applying the pigments 

from F0/90 and PIII-DEAE on yogurt to replace the artificial dye azorubin. 

The industry prioritizes the use of synthetic dyes because it has greater stability and 

lower production cost compared to natural dyes. However, they have been presenting reports 

of allergenicity, inducing the industry to look for natural dyes that are not harmful to health 

(BATADA; JACOBSON, 2016; TAKEO et al., 2018). Phycoerythrins are water-soluble 

phycobiliproteins with antioxidant and spectroscopic properties (absorbance and fluorescence) 

that are widely used in industry, especially given the lack of natural red dyes (HEMLATA; 

AFREEN; FATMA, 2018; PATEL et al., 2018). The price of this dye can vary according to its 

purity, and it can be used with a lower purity (lower production cost) in the food industry and 

with higher purity (high purification costs) in the pharmaceutical industry. There are few reports 

of the application of R-PE in food, with this work being one of the few to bring this solution to 

use marine macroalgae pigments in the food industry. This was the first report on the application 
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of R-PE from S. filiformis as a natural yogurt colorant, requiring additional tests such as 

cytotoxicity, shelf-life and pigment safety for beneficial yogurt bacteria. 
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4 CONCLUSION 

The R-Phycoerythrin red pigment from Solieria filiformis seaweed was extracted and 

purified by a scheme that included extraction with buffer solution, protein fractionation and 

sequential chromatographic methods, presenting fractions containing the pigment with different 

purity indexes and yields. The R-PESf exhibited a protein structure consisting of monomeric 

subunits of different molecular weights (α, β and γ), spectroscopic properties (absorbance and 

fluorescence) stable under storage conditions at low temperatures and fractions able to color 

natural yogurt with good acceptance and preference by consumers. 
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APPENDIX A. SUPPLEMENTARY DATA 

 
 

FIGURE CAPTIONS 

Figure 1. SDS-PAGE (7.5%) of R-PESf. (A) Under non-reducing condition before staining by 

coomassie brilliant blue R250; (B) After staining by coomassie brilliant blue R250. (C) R-PESf 

SDS-PAGE (15%) under reducing condition after staining by coomassie brilliant blue R250. 

Lane 1. 4 and 8: R-PESf 16 µg; Lane 2, 5 and 9: R-PESf 20 µg; Lane 3, 6 and 10: R-PESf 30 

µg; Lane 7: Standard Protein Marker: phosphorylase B (97.0 kDa), bovine serum albumin (67.0 

kDa), ovalbumin (45.0 kDa), bovine carbonic anhydrase (29.0 kDa), soybean trypsin inhibitor 

(20.1 kDa) and α-lactalbumin (14.2 kDa). 

 
Figure 2. Fluorescent capacity (A) and stability of the absorption peaks of R-PESf stored in 

amber glass for 30 days. (B) -20 °C, (C) 4 °C, (D) 25 °C. The results were analyzed by one- 

way ANOVA, followed by the Tukey test (p <0.05), where letters on the same colors indicate 

that they don’t differ statistically, and * means that it differs statistically from the initial 

absorbance (0 days). I.F. - Fluorescence intensity 

 
TABLE CAPTIONS 

Table 1. Yields, recovery, purity index, relative purity and color of the protein fractions 

obtained by ammonium sulfate of the total extract from Solieria filiformis. 

 
Table 2. Extraction and Purification of R-Phycoerythrin from Solieria filiformis seaweed. 

 
 

Table 3. Colorimetric analysis of commercial strawberry yogurt and natural yogurt colored with 

F0/90 and PIII-DEAE fractions containing R-PE from Solieria filiformis seaweed. 

 
Table 4. Affective tests table for yogurts colored with the F0/90 and PIII-DEAE. 
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Figure Captions 

 
 

Figure 1 
 

Figure 2. 
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Table Captions 

Table 1 
 

Protein Fractions 
Analysis           

F0/20 F20/40 F40/60 F60/80 F80/90 F90/100 F0/90 
 

YP (g.g-1 ws) 8.6 5.4 8.6 6.8 3.0 2.90 88.0 

YR-PE (g.g-1 ws) 6.0 3.6 6.5 5.3 2.4 1.70 65.7 

Recovery (%) 6.62 7.41 8.54 6.63 2.42 1.35 48.2 

PI 0.31 0.76 1.13 1.06 0.91 0.57 0.54 

RP 1.33 2.75 1.52 1.38 1.67 2.00 7.78 

 

 

 
Color 

 

 

 

 

 

 

Table 2 
 
 

Yield (g.g-1 ws) 
Fractions      Recovery (%) Purity Index Relative Purity 

Protein R-PE 
 

TE 145.00 136.10 100.00 0.48 3.47 

F0/90 88.00 65.70 48.27 0.54 7.78 

PIII-DEAE 37.10 29.70 21.82 1.63 30.25 

PII-Sephacryl (R-PESf) 18.00 17.40 12.78 4.50 52.40 
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Table 3  

 
R-PE concentration 

 

Colorimetric 

Parameters Color 

Fractions (µg.mL-1 of yogurt)     
L* a* b* 

 

 
F1 12.40 83.23 6.66 3.02  

F2 24.80 80.37 9.16 1.60  

F0-90 F3 37.20 78.33 11.42 -0.03 

 
F4 49.60 77.33 12.99 -1.02 

 
F5 62.00 76.22 13.96 -1.69  

 
P1 16.20 83.06 10.81 2.69 

 
P2 20.30 82.83 11.73 2.27 

PIII-DEAE P3 24.30 80.52 14.19 1.23 

 
P4 28.40 80.75 14.38 1.10 

 
P5 32.40 81.11 15.41 0.81 

 
Commercial 

Colored with 
Strawberry 78.23 14.21 0.09 

Yogurt 
 azorubine    
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Table 4 

 

 

 

 

 
F0/90 

 

 

 

 

 

 

 
PIII-DEAE 

Fractions Sample Just-about-right Acceptance test Preference test Consumption intent 

F1 1.66a ± 0.91 2.80a ± 1.96 75a 1.80a ± 1.03 

F2 3.29b ± 1.07 4.90b ± 1.88 150b 3.12b ± 1.10 

F3 4.17c ± 1.20 6.58c ± 1.46 249c 4.00c ± 0.71 

F4 5.24d ± 1.09 7.05c ± 1.64 273c 3.95c ± 0.96 

F5 6.02e ± 1.23 6.88c ± 1.65 260c 3.95c ± 0.96 

C 4.54c ± 0.94 7.23c ± 1.32 253c 4.10c ± 0.79 

P1 2.80a ± 1.22 4.82a ± 2.02 82a 2.83a ± 1.11 

P2 3.45b ± 0.96 5.73b ± 2.00 142b 3.50b ± 1.10 

P3 4.12c ± 1.08 6.62bc ± 1.63 213c 3.82bc ± 0.97 

P4 4.80de ± 1.00 7.48cd ± 1.23 270de 4.17cd ± 0.93 

P5 5.17e ± 0.80 7.75d ± 1.36 309e 4.45d ± 0.96 

C 4.53cd ± 0.90 6.93cd ± 1.66 244cd 4.12cd ± 0.86 
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R-Phycoerythrin from Solieria filiformis red seaweed: Extraction, purification, stability 

spectroscopic and application as a natural coloring in yogurt 
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Fig. S1. Chromatographic profiles of the purification process of the R-Phycoerythrin from Solieria filiformis 

seaweed. (A): Ion exchange chromatography. Flow: 1.4 mL per min; Fraction: 3 ml per tube. (B): Molecular 

exclusion chromatography. Flow: 1 mL per min; Fraction: 2 ml per tube. (⎯) Absorbance at 280 nm. (⎯) 

Absorbance at 564 nm. (⎯) NaCl concentration. 
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Fig. S2. Scheme for extraction and purification of the R-Phycoerythrin from Solieria filiformis seaweed. 
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Fig. S3. Absorption spectrum of the total extract and of the R-Phycoerythrin purification process fractions from 

Solieria filiformis seaweed. 
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Fig. S4. Spectroscopic characteristics of R-Phycoerythrin from Solieria filiformis (R-PESf). RFU = Relative 

Fluorescence Unit. (⎯) Absorption spectrum. (⎯) Fluorescence emission spectrum. 
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Table S1. Demographic profile of the judges from the sensory analysis of natural yogurts added with F0-90 and 

PIII-DEAE containing R-PE from S. filiformis (n = 60). 

 

 
Features Description Percent (%) 

 
Sex 

Female 75 

Male 25 

 
 

Age 

18 – 25 years 68,33 

26 – 35 years 26,67 

36 – 45 years 3,33 

45 – 55 years 0 

Over 56 years 1,67 

 
Civil status 

Married 11,67 

Not married 88,33 

Separated or divorced 0 

Others 0 

 
 

Schooling 

High school 0 

Higher education (ongoing) 65 

Higher education (completed) 6,67 

Graduate school 28,33 

Others 0 

 
Degree of taste for strawberry yogurt 

Like extremely 26,67 

Like very much 46,67 

Like moderately 16,67 

Like slightly 10 

 

 
Frequency of consumption of strawberry yogurt 

Daily 3,33 

Once a week 21,67 

2 to 3 times a week 20 

4 to 5 times a week 0 

Fortnightly 20 

Once a month 35 

 
 

Importance of color in yogurt consumption 

Extremely important 26,67 

Very important 48,33 

Important 23,33 

Slightly important 1,67 

Not important 0 
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ABSTRACT 

 
 

R-Phycoerythrin is a macromolecular phycobiliprotein present in the photosynthetic system of 

red seaweeds which has industrial, medicine, food, cosmetic and biotechnological applications. 

R-Phycoerythrin purified from cultivated seaweed Solieria filiformis (R-PESf) was evaluated 

its spectroscopic and structural stability under temperature and pH variations and antioxidant 

activity. The pigment showed a purity index of 1.57 with only one purification step and 2.36 

for R-PESf with two steps. The recovery of R-PESf was 35.38%. The spectroscopic stability 

(absorbance and fluorescence) and structural of the R-PESf were up to 70 °C and at pHs 3 to 

11. It also showed antioxidant activity and maybe a promising biomolecule for application as a 

colorant, fluorescent probe, and natural antioxidant in product industries, control processes, and 

diagnostics and biotechnological methods. 

 
Keywords: rhodophytes; thermostability; pH stability. 
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1 INTRODUCTION 

Seaweeds are known to be rich in bioactive proteins and commercially valuable 

compounds, such as phycocolloids. Some species of seaweed contain a large amount of protein, 

up to 10–47%, w/w of dry biomass (DUMAY et al., 2013). Among this protein pool, the 

phycobiliproteins are accessory light-harvesting pigment complexes found in various groups of 

microalgae and red seaweed. They have been related as important biomolecules for use in 

diagnostics methods such as an immunofluorescent probe, cosmetics products and food 

processing such as dyes (HARNEDY; O’KEEFFE; FITZGERALD, 2017; SENTHILKUMAR 

et al., 2013a). 

The red phycobiliprotein from Rhodophyta seaweeds is the R-Phycoerythrin (R-PE) and 

it is about 240–260 kDa and has a subunit structure of (αβ)6γ. The γ subunit was identified only 

in R-PE and B-PE (Bangiales seaweed) and is responsible for connecting two (αβ)3 trimers to 

form a hexameter (DUMAY et al., 2014b; NGUYEN et al., 2020). 

The R-PE price is between US$ 180 and 250 per milligram, varying according to the level 

of purity (MITTAL; RAGHAVARAO, 2018b). Thus, protocols that optimize the extraction 

and isolation process of this bioactive pigment of the seaweed species have attracted attention 

from researchers and entrepreneurs. Many purification methods require chromatographies 

sequence or combinations with other purification methods, reducing the recovery of 

phycoerythrins with a high purification index (KAWSAR et al., 2011; ZHAO et al., 2020). 

Furthermore, the poor photochemical stability of R-PE has been a bottleneck for its broad- 

spectrum applications. The R-PE spectroscopy stability to different light exposure times, pHs, 

and temperatures have also been studied to determine the best storage condition (MUNIER et 

al., 2014a) and the protein cohabitation also has improved the photochemical stability in the 

solid state (BHARMORIA et al., 2020). Therefore, the R-FE spectroscopic characterization is 

important to evaluate its use as commercial pigment from seaweed. 

The Solieria filiformis is a red seaweed abundant in tropical seas. This species has been 

studied for biosynthesis and extraction of iota-carrageenan hydrocolloid (MURANO et al., 

1997) and its effects on models of nociception and inflammation (DE ARAÚJO et al., 2011, 

2012), gastroprotective, antioxidant (SOUSA et al., 2016), antiprotozoal (CAAMAL- 

FUENTES; ROBLEDO; FREILE-PELEGRÍN, 2017) and anti-herpes (ANA et al., 2021); for 

extraction of the lectins with antimicrobial, antinociceptive, anti-inflammatory and anticancer 

effects (ABREU et al., 2016; CHAVES et al., 2018; HOLANDA et al., 2005); for experimental 

cultivation on the sea (RODRIGUES et al., 2011); as biomass for ethanol production (DE 
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CASTRO et al., 2017); and for cultivation under an environmentally friendly integrated multi- 

trophic aquaculture system for to synthesize carotenoids and phycobiliproteins and for 

biofiltration (FELACO; OLVERA-NOVOA; ROBLEDO, 2020; ZEPEDA; FREILE- 

PELEGRÍN; ROBLEDO, 2020). 

Therefore, this study aims to characterize the stability and antioxidant capacity of R-PE 

from Solieria filiformis seaweed, abundant on the Brazilian northeastern coast and with high 

potential for cultivation at sea. 
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2 MATERIALS AND METHODS 

2.1 Seaweed 

The Solieria filiformis (Kützing) P. W. Gabrielson seaweed was harvested from a 

cultivation area situated on Flecheiras beach (Trairí, Ceará, Brazil) (03° 13' 06" S and 39°16' 

47" W) maintained by Associação de Produtores de Algas de Flecheiras e Guajiru - APAFG. 

The seaweed was cleaned of epiphytes, salt, and grains, washed with distilled water and stored 

at -20 °C until use. A voucher specimen (Nº 35.682) was deposited in Herbarium Prisco 

Bezerra, Department of Biological Sciences, Federal University of Ceará (UFC), Brazil. 

 
2.2 Extraction of R-Phycoerythrin 

The wet seaweed was ground in contact with 0.025 M potassium phosphate buffer (PB), 

pH 6.5, in the proportion of 1:3 (m/v) in an electric mill and was maintained under mechanical 

agitation for 6 h protected from light. Subsequently, the homogenate was filtered, the residue 

discarded, and the filtrate centrifuged at 17.000 x g, 4 °C for 30 min. The supernatant was called 

total extract (TE) and was used to continue the purification of R-Phycoerythrin from S. 

filiformis. 

 

2.3 Purification of R-Phycoerythrin 

TE was applied to ion-exchange chromatography in a DEAE Sephacel matrix (GE 

Healthcare), previously balanced with PB, under a flow rate of 1.0 mL/min. After eluting the 

non-retained fraction (PI-DEAE, the proteins adsorbed on the matrix were eluted with PB 

containing NaCl in concentrations 0.1, 0.5, 1.0 M and named PII-DEAE, PIII-DEAE, and PIV- 

DEAE, respectively. The most pigmented chromatographic fraction was subjected to 

ultrafiltration in a Vivaspin (GE Healthcare) sample concentrator (cutoff 100 kDa), at 1000 x 

g, at 4 ºC, for 20 minutes. The filtrated was named R-PESf. 

 
2.4. Analysis 

The protein content was performed second method described by Bradford 

(BRADFORD, 1976) using bovine serum albumin (BSA) as the standard. 

The R-PE concentrations (mg.mL-1) of the pigmented solutions were determined second 

Sampath-Wiley & Neefus (SAMPATH-WILEY; NEEFUS, 2007) and were calculated 

according to Equation 1: 

R-PE = 0.1247 x [(A564 – A730) – 0.4583 x (A618 – A730)] (1) 
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Where A564, A618 and A730 were the absorbances at 564, 618 e 730 nm, respectively. 

The protein yield (µg.g-1) was calculated according to Equation 2: 

Yp = Pt/Sf (2) 

Where Pt was the total content of protein present in the TE and fractions (µg) and Sf 

was the mass of wet seaweed used at extraction (g). 

 
The R-PE yield (µg.g-1) was calculated according to Equation 3: 

YR-PE = R-PEt/Sf (3) 

Where R-PEt was the total content of R-PE present in the TE and fractions (µg) and Sf 

was the mass of wet seaweed (ws) used at extraction (g). The yield of R-PE can also be 

expressed as mg per gram of dry seaweed (ds). The moisture content of the red seaweed Solieria 

filiformis was determined to be 95% (data not shown). 

 
The recovery (%) of the R-PE from S. filfiormis was calculated according to Equation 4: 

RR-PE = (R-PE/R-PEr) x 100 (4) 

Where R-PE was the total content of R-PE present in the fractions and R-PEr was the 

total content of R-PE present in TE. 

 

The purity index (PI) of the R-PE present in TE and fractions was calculated by Equation 

5: 

PI = A564/A280 (5) 

Where A280 and A564 were the measured of the absorbances at 280, 564 nm, respectively. 
 

 

2.5 Spectroscopic characterization of R-PE 

The absorbance and fluorescence spectra of the R-PESf were determined using a 

Synergy Mx microplate multi-detection spectrophotometer (BioTek, USA). The R-PESf was 

dissolved in PB buffer at concentrations of 0.05 mg.mL-1 and 0.001 mg.mL-1 and analyzed for 

absorption and fluorescence emission spectra, respectively. The absorbance spectrum was 

determined at 25 ± 0.5 ° C in the range of 280 to 730 nm. The fluorescence emission spectrum 

was determined at 25 ± 0.5 ° C in the range 500 to 700 nm after excitation at the 495 nm 

wavelength. Fluorecence intensity (FI) was calculated at all times based on the peak at 575 nm. 
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2.6 Spectroscopic stability of R-PE 

2.6.1 Circular dichroism 

2.6.1.1 Structural Composition in native conditions 

The spectrum of circular dichroism (CD) of the R-PESf was determined in the Jasco 

spectropolarimeter (model J-815), in the range from 190 to 260 nm under nitrogen atmosphere, 

with a bandwidth of 1 nm, using a cylindrical quartz cuvette of 0, 1 cm of optical path. The R- 

PESf 0.1 mg of protein.mL-1dissolved in PB buffer was analyzed through 3 successive scans, 

with a scanning speed of 100 nm.min-1 and response time of four seconds. The CD spectrum 

was obtained by the average of the three scans. To determine the secondary structure 

components, the K2D3 online server was used, according to the methodology described by 

Louis-Jeune; Andrade-Navarro; Perez-Iratxeta (LOUIS-JEUNE; ANDRADE-NAVARRO; 

PEREZ-IRATXETA, 2012). 

 
2.6.1.2 Effect of Temperature on the Circular Dichroism Spectrum 

The spectrum of circular dichroism was determined following the same methodology 

described in item (2.6.1.1). The R-PESf 0.05 mg of protein.mL-1 dissolved in PB buffer was 

pre-incubated at different temperatures (4, 25, 40, 50, 60, 70, 80, 90 and 100 ° C) for one hour 

and then your CD spectrum was analyzed. The temperature of 4 °C was used as a standard to 

compare with the other temperatures. 

 
2.6.2 Effect of temperature on absorption and fluorescence emission spectra 

The sample was prepared and analyzed according to the methodology described in item 

2.5, then the R-PESf was distributed in test tubes containing 5 mL each, and transferred to a 

water bath, where they remained incubated for 1 hour at temperatures of 25, 40, 50, 60, 70, 80, 

90 and 100 °C. The samples were transferred to the ice bath at the end of each incubation period, 

then, their absorption and fluorescence emission spectra were determined. 

 
2.6.3 Effect of pH on absorption and fluorescence emission spectra 

The sample was prepared and analyzed according to the methodology described in item 

2.5. The stability of the absorption and fluorescence spectra of R-PESf at different pHs was 

determined using the buffers: Glycine-HCl (20mM, pH 2.0), sodium acetate (20mM, pH 4.0 

and 5.0), potassium phosphate (25mM, pH 6.5), tris-HCl (20mM, pH 7.1; 8.0 and 9.0), glycine- 

NaOH (20mM, pH 10.0 and 11.0) and potassium phosphate (20mM, pH 12.0). PB was used as 
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a control. The absorbance and fluorescence spectra were obtained at five different times with 

intervals of 30 min between each reading until completing 2 h. The first reading was performed 

as soon as the R-PESf was dissolved in the buffers. All data were estimated as mean values of 

three replicates. 

 
2.7 Antioxidant activity of R-PE 

2.7.1 Chelating ferrous activity 

The ferrous ion chelation capacity of R-PESf was determined according to the 

method of Chew et al. (CHEW et al., 2008), with modifications. In this order, 1 ml of 0.1 mM 

ferrous sulphate (FeSO4) and 1 ml of 0.25 mM ferrozine [3- (2-pyridyl) 5,6-diphenyl-1,2 4- 

triazine-p-p'-disulfonic] to 1 mL of R-PESf in different concentrations 31.25, 62.50, 125.0, 

250.0 and 500.0 µg.mL-1. The test tubes were vortexed and kept for 10 min at 25 °C and 

protected from light. Then, absorbance measures were performed at 562 nm (A562). All 

reactions were performed in triplicate. Ethylene diaminetetraacetic acid (EDTA) was used as a 

positive control, being prepared in the same concentrations as the sample for further analysis 

and comparison of results, which were expressed as a percentage of Chelating Ferrous Activity 

(CFA), calculated according to Equation 6: 

CFA (%) = {[A0-(A-Ab)].A0
-1} x 100 (6) 

Where A0 = A562 of the reagents (1.0 mL FeSO4 + 1.0 mL ferrozine + 1.0 mL distilled 

water); A = A562 of the reaction (1.0 mL FeSO4 + 1.0 mL ferrozine + 1.0 mL sample); Ab = 

A562 of the sample (2.0 mL of distilled water + 1.0 mL of sample). 

 
2.7.2 DPPH scavenging activity 

The sequestration of the free radical 2,2-diphenyl-1-picryl-hydrazylhydrate (DPPH) of 

the R-PESf was evaluated according to the method described by Blois (BLOIS, 1958), with 

modifications. First, 300.0 µL of R-PESf, in different concentrations (31.25, 62.50, 125.0, 250.0 

and 500.0 µg.mL-1), were vortexed with 200.0 µL of methanol (MeOH). Then, 2.5 mL of 75 

µM DPPH (solubilized in MeOH) was added to these solutions. The reaction mixture was kept 

at 25 °C for 40 min, protected from light and the absorbance measures were performed on a 

spectrophotometer at 517 nm (A517). All reactions were performed in triplicate. Butylated 

hydroxytoluene (BHT) was used as a positive control, being prepared in the same 

concentrations as the sample for further analysis and comparison of results, which were 
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expressed as a percentage of DPPH scavenging activity (DPPHSA), which was calculated 

according to equation 7: 

DPPHSA (%) = {[A0-(A-Ab)].A0
-1} x 100 (7) 

Where A0 = A517 of the reagents (500 µL of methanol + 2.5 mL of DPPH); A = A517 of 

the reaction (300 µL of sample + 200 µL of methanol + 2.5 mL of DPPH); Ab = A517 of the 

sample (300 µL of sample + 2.7 mL of distilled water). 

 
2.7.3 ABTS scavenging activity 

The sequestration of the free radical 2,2´-azinobis (3-ethylbenzothiazoline-6-sulfonic 

acid) (ABTS) by R-PESf was evaluated according to the method described by Xu et al. (XU et 

al., 2018), with modifications. First, the ABTS·+ radical was prepared from the reaction between 

5.0 mL of 7 mM ABTS with 88 µL of 140 mM potassium persulfate. The obtained mixture was 

kept under light for 16 h at 25 °C. Then, the ABTS·+ radical was diluted in distilled water until 

an absorbance of 0.70 ± 0.05 at 734 nm (A734) was obtained. After that, 800 µL of the ABTS·+ 

radical was added to 200 µL of R-PESf in the concentrations 31.25, 62.50, 125.0, 250.0 and 

500.0 µg.mL-1). The reaction mixture was vortexed, kept in the dark for 6 min. After resting 

time, readings were performed and the absorbance measures were performed on a 

spectrophotometer at 734 nm. All reactions were performed in triplicate. Ascorbic acid was 

used as a positive control, being prepared in the same concentrations as the sample for further 

analysis and comparison of results, which were expressed as a percentage of ABTS Scavenging 

Activity (ABTSSA), which was calculated according to equation 8: 

ABTSSA (%) = {[A0-(A-Ab)].A0
-1} x 100 (8) 

Where A0 = A734 of the reagents (200 µL of water + 800 µL of ABTS radical); A = 

A734 of the reaction (200 µL of sample + 800 µL of ABTS radical); Ab = A734 of the sample 

(200 µL of sample + 800 µL of distilled water). 

 
2.8 Statistical analysis 

The statistical analysis was performed using GraphPad Prism version 6.1 for Windows, 

GraphPad Software (La Jolla, California, USA). The results were expressed as mean ± S.D. 

(Standard Deviation). It was used the variance analysis method (one-way ANOVA), followed 

by the Tukey test of multiple comparisons to verification of statistical differences between 

groups. It was considered significant values of p < 0.05. All data were estimated as mean values 

of three replicates. 



65  
 

3 RESULTS AND DISCUSSION 

3.1 Extraction of R-Phycoerythrin 

The YR-PE of the TE was 182.55 ± 21.06 g.g-1 ws or 3.65 mg.g-1 ± 0.42 ds, and a purity 

index (PI) of the R-PE was 0.60. Punampalam, Khoo, Sit (PUNAMPALAM; KHOO; SIT, 

2018) related a yield of R-PE 1.58 mg.g-1 ds from Bangia atropurpurea, with an IP of 0.59, 

achieving a yield twice as low as that observed in this study. Mittal & Raghavarao (MITTAL; 

RAGHAVARAO, 2018a) achieved a yield of only 0.29 mg.g-1 ds when using an intercrop of 

enzymes to extract R-PE from Gelidium pusillum. This yield is almost 13 times lower than 

observed in this study, using a more expensive extraction methodology. 

 
3.2 Purification of R-Phycoerythrin 

The yields, recovery, PI values, and visual aspect for the TE and purification fractions 

of R-PE from S. filiformis are described in Table 1. The highest yield of the R-PE was observed 

in the peak eluted with PB containing 0.5 M NaCl (PIII-DEAE), which showed an intense pink 

color. The methodology used to extract and purify the R-PE from Solieria filiformis is 

schematized in Fig. 1. 

 
Table 1 – Purification of R-Phycoerythrin from Solieria filiformis. 

 

 
 

 

Analysis 

Protein Fractions 
 

TE PIII-DEAE 
Ultrafiltrated (R- 

PESf) 
 

YP (g.g-1 ws) 271.16 ± 57.66 212.03 ± 15.21 87.63 ± 3.45 

YR-PE (g.g-1 ws) 182.55 ± 21.06 107.83 ± 14.38 64.05 ± 2.94 

Recovery (%) - 59.12 ± 4.67 35.38 ± 4.09 

PI 0.60 ± 0.06 1.57 ± 0.04 2.36 ± 0.15 

 
 

Color under white 

light 

 

 

 

Color under blue 

light 
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It is possible to notice in Table 1 that the R-PE was purified by two steps, saving time 

and increasing the final recovery by using few steps for purification. According to Pan et al. 

(PAN et al., 2013), the PIII-DEAE reached a degree of food purity and the R-PESf reached a 

drug class purity. This methodology was able to determine two rapid methods for purification 

of R-PE from S. filiformis with different possibilities of application in the industry. It is also 

possible to correlate the increase in the purity index of R-PE with the increase in color, under 

white light, and the emission of fluorescence intensity, under blue light. 

Pigment recovery dropped 40% in the first stage of the process, this is because too much 

pigment is adsorbed at the end of the ion-exchange chromatography, a fact that has already been 

observed by Saluri et al. (SALURI et al., 2020) when studying phycobiliproteins from the red 

algae Furcellaria lumbricalis and Coccotylus truncatus. Even losing 40% of the recovery in the 

first stage, it remains essential, as the TE has a large amount of polysaccharides and that, if 

applied directly to the ultrafiltration, it could render the same unfeasible, as it would accumulate 

polysaccharides in the filter and could not have the same effectiveness. 

Zhao et al. (ZHAO et al., 2020) purified R-PE from Gracilaria tenuistipitata by 

ammonium sulfate fractionation followed by chromatography of hydrophobic interaction and 

ion-exchange reaching a PI of 4.21, however with a low recovery of 13.83%. This recovery 

value is almost 3 times lower than that obtained by the present study. Saluri et al. (SALURI; 

KALDMÄE; TUVIKENE, 2019) purified the R-PE from Furcellaria lumbricalis also 

obtaining a lower PI of 1.41. The purity index of R-PE is decisive for its final application, when 

at low levels of purity, R-PE can be used in the food and cosmetic industries, for example. On 

the other hand, high levels of purity allow for applications such as biomedical, biotechnological, 

and pharmacological methods or molecular markers (PAN et al., 2013; SALURI et al., 2020). 

 
3.3 Spectroscopic characterization of R-PE 

3.3.1 Circular dichroism 

The circular dichroism (CD) spectrum of R-PESf showed two intense negative bands at 

222 and 208 nm and an intense positive band at 192 nm (Fig. 2). This spectrum corresponded 

at 60.19% of α-helix, 2.42% of β-sheets and 37.39% unordered structures. The dominant α- 

helix corroborated with the spectral characteristics of circular dichroism of R-PE from other 

species seaweed, such as B. fusco-purpurea (WU et al., 2015) and P. urceolata (LIU et al., 

2009). 
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The temperature effect on the CD Spectrum of R-PESf is shown in Fig. 3. The 

secondary structure of the R-PESf remained stable up to 70 ° C. However, there was a drastic 

change in its spectrum when it reached 80 ° C, being possible to notice a change in the CD 

spectrum of R-PESf. 

The secondary structure of R-FE changed from 60.97% α-helix and 2.26% β-sheet, 

when submitted to analysis at 25 °C to 3.36% α-helix and 32.91% β-sheet at 80 °C (Table 2). 

The α-helice structure of R-PESf was lost and converted into β-sheets, resulting in an 

irreversible loss of the native structure. Similar result was related for R-PE from P. urceolata 

(LIU et al., 2009). 

 
Table 2 - Elements of secondary structure estimated from the circular dichroism spectrum of 

R-PESf at different temperatures. 

 

Secondary structure (%) Unordered 
Temperature    

(°C) α-helix β-sheet 
structures 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3.2 Effect of temperature on absorption and fluorescence emission spectra 

The influence of temperature on the absorption and concentration spectrum of R-PESf 

is shown in Fig. 4. Fig. 4A shows the change in the spectral profile of R-PESf with increasing 

temperature, maintaining stability in its profile up to 70 °C. Upon reaching 80 °C it is possible 

to see a complete change in the spectral profile of the pigment, corroborating with the data 

obtained in the CD spectrum. 

 (%) 

4 60.19 2.42 37.39 

25 60.97 2.26 36.77 

40 62.38 1.87 35.75 

50 61.75 2.17 36.08 

60 60.21 2.39 37.40 

70 55.33 5.30 39.37 

80 3.36 32.91 63.73 

90 5.22 31.07 63.71 

100 10.51 26.71 62.78 
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The concentration of R-PESf has a significant change (p <0.05) in its concentration 

when reaching 70 °C, with a reduction of 15.6%, and a greater reduction of 72.1% and 86.8% 

is observed when reaching 80 °C and 90 °C, respectively (Fig. 4B). 

The effect of temperature on the fluorescence emission of the R-PESf is shown in Fig. 

5. In Fig. 5A, it is possible to note the fluorescence spectrum is more sensitive than the 

absorbance spectrum, visualizing spectral modification up to 70 ° C. 

Fig. 5B shows the fluorescence emission capacity of R-PESf, reaching 100% capacity 

at 25 °C with an RFU of 53561. This fluorescence capacity remains statistically stable up to 40 

° C. When it reaches 50 °C, 60 °C and 70 °C their fluorescence capacity drops to 91.09% 

(48,788 RFU), 80.26% (42990 RFU) and 46.47% (24888 RFU), respectively. After 80 °C, the 

R-PESf loses all fluorescence capacity, reaching an RFU of 787 with a capacity of 1.47%. At 

90 °C and 100 °C, the loss of R-PESf fluorescence capacity was total. 

The decreases observed in the absorption and light emission profile of R-PESf were 

probably caused by the change in structural conformation of the protein, shown by the results 

of the circular dichroism spectra in different temperatures. The R-PEs purified from G. 

turuturu, B. fusco-purpurea and P. palmata were stable until 40 °C (MUNIER et al., 2014a), 

55 °C (WU et al., 2015) and 60 °C (GALLAND-IRMOULI et al., 2000), respectively. 

Significant reductions (p <0.05) in the secondary structure in the predominant α-helix, 

as well as in the ability to absorb and emit light from R-PE from S. filiformis, were observed 

only at 80 °C, suggesting a highly stable natural pigment, when compared to R-PE extracted 

from other species of macroalga. 

 
3.3.3 Effect of pH on absorption and fluorescence emission spectra 

The visual aspect of buffered solutions at different pH is shown in Fig. 6. The visual 

perception was different in the color tonality of the R-FE when dissolved in buffer solutions of 

different pHs. The colors tended to purple at the lowest pHs when compared to the pink color 

presented in the solutions of pHs from 5 to 11. A precipitate was observed after incubation for 

2 hours at pH 2 and 3 (Fig. 7A). At pH 12, the R-FE completely lost its color as shown in Fig. 

7B. 

The effect of time on the absorbance spectra R-PESf dissolved in buffers at different pH 

is shown in Fig. S1. At time 0, it is possible to notice differences in the spectral profile of R- 

PESf dissolved in buffers at extreme pHs. At pH 6.5, the R-PESf had an absorbance of 0.409, 

0.457 and 0.492 at the absorbances of 495 nm, 540 nm and 564 nm, respectively. It was noticed 
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a strong change in the most extreme pHs tested, decreasing its absorbance to 0.333 (495 nm), 

0.340 (540 nm), 0.340 (564 nm) without pH 2 and to 0.142 (495 nm), 0.109 (540 nm) and 0.081 

(564 nm) without pH 12. At pH 3 there was an increase in absorbances to 0.507 (495 nm), 0.553 

(540 nm) and 0.609 (564 nm), this is because R-PESf precipitates in acidic pH, directly 

influencing the absorbance value. 

The peaks corresponding to phycoerythrobilins (PEB) (λ = 545 nm and 564 nm) change 

in pH 2 and 3. The undefined peak indicated degradation of PEB and stability of ficourobilin 

(PUB) at 495 nm. An increase in absorbances at 280 nm was seen in the solutions that suffered 

degradation of the PEB-related peaks. This suggests pigment conformational changes resulting 

from denaturation, exposing the peptide subunits that contain aromatic amino acids, increasing 

absorption at 280 nm. At pH 12, the R-PESf spectrum was completely modified, decreasing 

both the peak for PUB and PEB in zero time. Stability in the absorbance spectrum was observed 

for the other pHs during the tested period (2 hours). 

The variation in the concentration of R-PESf dissolved in buffers at different pHs over 

time is shown in Fig. 8. The maximum concentration of R-PE was observed on zero time at 

pHs 3, 6.5 and 7.1, with no statistical difference between them (p<0.05). At pH 3 occurred 

precipitate formation causing an increase in the absorbance measure. The lower concentrations 

of R-PESf were observed at extreme pHs (pHs 2 and 12), however, at pH 12, the pigment loss 

was 88.22% right after dilution. It is worth mentioning that the concentration of R-PE dissolved 

in buffers at pHs 3 to 11 remained above 50% by 2 h. The lowest concentrations loss of the R- 

PESf were at pH 6.5 and 7.1, maintaining 95.98% of content after 2 hours of incubation, with 

no significant difference between them (p>0.05). At pHs 2 and 12, after 2 h, the contents of 

pigment were 35.77 and 10.10%. 

The effect of the time on the fluorescence emission spectra of R-PESf dissolved in 

buffers at different pHs is shown in Fig. S2. There were differences in the RFU of the solutions 

at different pH (zero time) and overtime. At time 0 (Fig. S2A), the R-PESF showed maximum 

RFU at pH 2 of 58059, and minimum at pH12 with RFU of 90. This was expected, as the sample 

lost all characteristic staining as soon as it came into contact with the buffer. pH12. Phs 2, 3 

and 4 also had a low RFU of 1111, 3133 and 5321, respectively. At 120 min (Fig. S2E) the R- 

PESf showed minimum RFUs of 66, 208, 2282, 3967 for pHs 12, 2, 3 and 4, respectively. For 

pH 6.5, the R-PESf showed an RFU of 48,413, remaining with 83.38% of its capacity after 2 

hours of dissolution. 
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The fluorescence intensity (FI) of the R-PESf (Fig. 9) observed at pH 6.5 at time zero 

was the highest among the tested pHs (58059 RFU) and was established as 100%. The FI 

emitted by pigment at pHs 7.5 and 9 were 90.16% and 85.72%, respectively, without statistical 

differences (p>0.05). For the pH extremes (2, 3, 4 and 12) the FIs were below 10% in zero time. 

After 2 h, the solution at pH 6.5 showed the best FI (83.19%). The R-PESf emitted low FI after 

2 h of incubation at pHs 5 and 11, corresponding at 30.64% and 33.32% (p>0.05), respectively. 

At pH 6.5, 7.1, 8 and 9, R-PESf maintained a FI above 50% after 2 h. Then, the fluorescence 

emission property of R-PESF was more affected by pH and time, with a decrease in the FI 

observed since time zero at extreme pHs (pH 2, 3, 4 and 12). The spectroscopic properties of 

the R-PE from a Solieria filiformis were stable in a pH range of 3 to 11 for absorbance and pH 

of 5 to 11 for fluorescence emission. 

The results obtained in the present study corroborated with Munier et al. (MUNIER et 

al., 2014b), when they evaluated the pH stability of R-PE from Grateloupia turuturu. The 

pigment was stable in a pH range of 4 to 10. They observed a color change from pink to purple 

at the most acidic pH (2 to 4) and precipitation, as well as the total loss of color to pH 12. Wu 

et al. (WU et al., 2015) evaluating the stability of R-PE from Bangia fusco-purpurea, also 

observed spectroscopic stability in a pH range of 5 to 9. 

 
3.4 Antioxidant activity of R-Phycoerythrin 

The antioxidant activity of R-PESf is shown in Fig. 10. The R-PE reached high Fe2+ 

chelation capacity, wherein its maximum activity of 94.75% was observed at a concentration of 

500 µg.mL-1, a value close to that achieved by EDTA (100%), the positive control of this assay 

(Fig. 10A). Besides that, in a concentration of only 125 µg.mL-1 the R-PESf showed an activity 

of 92,93%, a value considered already high. It represents an important result because Fe2+ can 

react with hydrogen peroxide and generate oxygen species and hydrogen-free radicals, which 

sequentially can cause lipid peroxidation (ANDJELKOVIĆ et al., 2006). 

The DPPH radical scavenging activity by the R-PESf shown a dose-dependent manner, 

reaching its maximum activity of 79,04% in a concentration of 500 µg.mL-1, a value of only 

about 10% lower than that found for BHT, used as the positive control in this assay (Fig. 10B). 

The DPPH radical scavenging activity reached in this study was higher than that reported by 

Senthilkumar et al. (SENTHILKUMAR et al., 2013b), who found maximum antioxidant 

activity for the R-PE from alga Portieria hornemannii of only 43.55%, in a concentration ten 

times higher (5 mg.mL-1) than the present study at its maximum concentration. BHT, a synthetic 
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antioxidant widely used in the pharmaceutical, food and cosmetic industries, has some 

limitations, as it can be toxic and it is potentially carcinogenic (SAITO; SAKAGAMI; 

FUJISAWA, 2003; SHEARN; FRITZ; THOMPSON, 2011; YU; MANDLEKAR; KONG, 

2000). Thus, the R-PESf presents itself as a potential natural alternative to this synthetic 

antioxidant agent. 

Lastly, the ABTS radical scavenging activity assay by the R-PESf was carried out. The 

R-PESf achieved 97,98% of its activity when 500 µg.mL-1 were tested, shown a dose-dependent 

activity. (Fig. 10C). Wu et al. (WU et al., 2015) when studying the R-PE from Bangia fusco- 

purpurea found an IC50 for the sequestration of the ABTS radical of 769.9 ug.ml-1. This value 

is higher than that obtained by this work and with lower efficiency, demonstrating the high 

antioxidant power of R-PESf. 
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4 CONCLUSION 

The R-Phycoerithrin from Solieria filiformis seaweed was extracted and purified by two 

steps, ion-exchange chromatography and ultrafiltration, reaching a compatible purity index for 

application in the food and cosmetic industries with high recovery. The pigment showed 

spectroscopic stability in a wide range of temperature and pH. In addition, the R-Phycoerithrin 

from Solieria filiformis presented antioxidant activity by three tested methodologies becoming 

a promising biomolecule for application as a colorant, fluorescent probe and natural antioxidant 

in products industries, control processes and diagnostics and biotechnological methods. 
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FIGURE CAPTIONS 

 
 

Figure 1. Extraction and purification scheme for R-Phycoerythrin from Solieria filiformis 

seaweed. Full line means the methodology used in the purification; dashed line means disposal. 

 
 

Figure 2. Circular dichroism spectrum of R-PESf under native conditions. 

Figure 3. Effect of temperature on the circular dichroism spectrum of R-PESf. 

Figure 4. Effect of the temperature on the absorption spectrum. (A) and concentration (B) of R- 

PESf. The results were analyzed by one-way ANOVA, followed by the Tukey test (p <0.05), 

where equal letters indicate that they don’t differ statistically. 
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Figure 5. Effect of the temperature on the fluorescence emission of R-PESf. RFU - Relative 

Fluorescence Unit. (A) Fluorescence emission spectrum; (B) Fluorescence emission peak (575 

nm). The results were analyzed by one-way ANOVA, followed by the Tukey test (p <0.05), 

where equal letters indicate that they don’t differ statistically. 

 
Figure 6. Color of R-PESf dissolved in buffer solutions at different pHs. 

 
 

Figure 7. Visual appearance of R-PESF in extreme pH after two hours of incubation. A – 

Pigment precipitated in pH 2; B – Color ausence in pH 12 

 
 

Figure 8. Effect of time on the concentration of R-PESf dissolved in buffers at different pH. 

(A) zero time; (B) 30 min; (C) 60 min; (D) 90 min; (E) 120 min. The results were analyzed by 

one-way ANOVA, followed by the Tukey test (p <0.05), where equal letters indicate that they 

don’t differ statistically. 

 
Figura 9. Effect of time on the fluorescence emission peak (575 nm) of R-PESf dissolved in 

buffers at different pH. (A) zero time; (B) 30 min; (C) 60 min; (D) 90 min; (E) 120 min. The 

results were analyzed by one-way ANOVA, followed by the Tukey test (p <0.05), where equal 

letters indicate that they don’t differ statistically. 

 
Figure 10. Antioxidant activity of the R-PESf. (A) Chelating ferrous activity; (B) DPPH 

scavenging activity; (C) ABTS scavenging activity. The results were analyzed by two-way 

ANOVA, followed by Tukey (p <0.05), where equal letters indicate no significant difference. 
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Figure Captions 
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structural stability 

 
 

1Acrisio José Uchôa Bastos-Filho, 1Francisco Lucas de Souza Lopes, 1Aurea Anette Monteiro Brito, 1Roberta 

 

Cristiane Cavalcante Costa, 1Antônio Augusto Lima Araújo-Filho, 2Jéssica Roberta Pereira Martins, 1Ticiana de 

Brito Lima-Holanda, 1José Cirlanio Sousa Albuquerque, 3Hermógenes David de Oliveira, 1Norma Maria Barros 

Benevides, 1Ana Lúcia Ponte Freitas, 1*Márjory Lima Holanda-Araújo 

 
 

1 Department of Biochemistry and Molecular Biology, Federal University of Ceará, CE, Brazil 

 
2 Department of Chemical Engineering, Federal University of Ceará, CE, Brazil 

 
3 Drug Research and Development Center, Federal University of Ceará, CE, Brazil 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* Corresponding author. Phone: +55 85 3366-9826; Fax: +55 85 3366-9820. 

E-mail: marjory.holanda@ufc.br 

mailto:marjory.holanda@ufc.br


75  
 

Figure 1 
 



76  
 

Figure 2 

 

 



77  
 

Figure 3 

 
 



78  
 

Figure 4 

 

 



                                                                                                                                                                                79                          

 

 

 

 

 



80  
 

 

 

 

 

pH 



                       81 

Figure 7 

 

 
 

 

 



82 

 
 

Figure 8 

 

 

 

 

 



83 

 
 

Figure 9 

 
 



84 

 
 

Figure 10 

 

 



85 

 
 

Supplementary material 
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Figura S1 – Effect of the time on the absorption spectrum of R-PESf dissolved in buffers at different pH. 

 

(A) zero time; (B) 30 min; (C) 60 min; (D) 90 min; (E) 120 min. 
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Figura S2 – Effect of time on the fluorescence emission spectrum of R-PESf dissolved at buffers at 

different pHs. (A) zero time; (B) 30 min; (C) 60 min; (D) 90 min; (E) 120 min. 
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7 CONCLUSÃO 

 
 

A R-Ficoeritrina da macroalga marinha vermelha Solieria filiformis foi extraída e 

purificada por duas metodologias, atingindo um índice de pureza compatível para aplicação 

alimentícia e farmacológica, A R-PESf exibiu uma estrutura proteica constituída por 

subunidades monoméricas de diferentes pesos moleculares (α, β e γ), propriedades 

espectroscópicas (absorbância e fluorescência) estáveis em condições de armazenamento a 

baixas temperaturas, e em uma ampla faixa de temperatura e pH. Além disso, apresentou 

atividade antioxidante por três metodologias testadas tornando-se uma biomolécula promissora 

como antioxidante natural. O pigmento também foi capaz de colorir iogurte natural com boa 

aceitação e preferência pelos consumidores, se tornando um composto bioativo com aplicações 

como corante, sonda fluorescente, diagnósticos. 
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