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PRÓLOGO 
 

Foi no ano 1985, cando se estableceu un vínculo entre os químicos do norte de 

Portugal e de Galicia organizando aquel I ENCONTRO GALEGO PORTUGUÉS DE QUÍMICA. Xa 

pasaron 37 anos daquel primeiro ENCONTRO que os profesores José Luis Costa Lima, José 

Luis Figueiredo, Gonzalo Vázquez Uña, Juan Vieites Bautista de Sousa, Pelayo Rubido Muñiz 

e José Varela Cardama puxeron en marcha. 

Neste ano 2.022, e despois do parénteses que deixou a Covid-19, os ENCONTROS 

GALEGOS PORTUGUESES volven e acadan a súa vixésima sexta edición, coa mesma ilusión 

coa que aqueles pioneiros se puxeron en marcha e, tamén, coa mesma idea: Os ENCONTROS 

deben ser un punto de encontro entre os profesionais da química das dúas nacións irmáns.   

Este ano celebrámolo na Facultade de Química da Universidade de Santiago de 

Compostela, que celebra o Centenario da súa fundación, e onde se celebrou o I ENCONTRO 

GALEGO PORTUGUÉS DE QUÍMICA. 

Sempre, sen perder de vista que a química é unha ciencia que abarca todas as facetas 

da vida e, tamén, sirve de base para outras disciplinas e, entre todas, poder facer unha 

sociedade mais xusta e próspera, este XXVI ENCONTRO INTERNACIONAL volve a unir a todas 

as persoas que fixeron e fan da química a súa profesión. 

Non quero pechar este prólogo sen un emocionado recordo a todas as persoas que 

nos abandonaron por motivo da pandemia xerada pola Covid-19. Este Congreso dedicámolo 

a súa memoria. Permitídeme que teña un recordo especial para uns dos fundadores dos 

ENCONTROS, o Prof. José Luis Costa Lima que no ano 2021 deixounos definitivamente para, 

quen sabe, seguir outros camiños da química alí onde se encontre. O Prof. Costa Lima forma 

parte da historia dos ENCONTROS. Sempre estará con nos xa que o seu espírito de traballo, 

o seu saber e o seu carácter amable e conciliador fai del unha persoa que nunca esqueces. 

Grazas Profesor. 

A Covid-19 puxo en valor a importancia da química or iso é importante que as 

persoas que estean a traballar nela, xa sexa na vertente científica como na súa aplicación 

empresarial ou docente, teñan un punto de encontro onde poñer en valor o seu 

coñecemento, onde establecer vínculos de colaboración futura para un maior avance da 

química e, en definitiva, da sociedade. 

Espero que os desexos cos que vides a este XXVI ENCONTRO GALEGO PORTUGUÉS 

DE QUÍMICA se vexan cumpridos. Grazas por vir e grazas aos pioneiros daquel ENCONTRO 

GALEGO PORTUGUÉS DE QUÍMICA. Grazas Prof. Jose Luis Costa Lima. 

Dr. Manuel Rodríguez Méndez 

Decano Colexio Oficial de Químicos de Galicia. 
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In Memoriam 
Prof. José Luís Costa Lima (1945-2022) 

  
El Profesor José Luis Costa Lima fue uno de los pioneros y mentor de los 
ENCONTROS Luso-Galegos de Química que, desde 1984, se realizan 
alternativamente entre Galicia y el Norte de Portugal. Defensor de estos 
ENCONTROS ya que siempre reconoció el fuerte impacto que estos tienen en los 
jóvenes investigadores ya que, en muchos casos, es su debut como oradores 
científicos. Impulsarlos a estos jóvenes investigadores en estas tareas fue una de 
sus muchas formas de entrega y cariño hacia los jóvenes doctorandos. Esto se 
tradujo en los más de 60 doctorados que graduó a lo largo de estos años y a los que 
cariñosamente apodó como sus άƘƛƧƻǎέ científicos.  
Fue miembro activo de la Sociedad Portuguesa de Química durante mucho tiempo. 
Sociedad en la que se volcó de una forma decidida y entusiasta, y en la que ocupó 
diferentes puestos. Así, fue Presidente de la División de Química Analítica (2002-
2004), Vicepresidente de la Sociedad (2004-2006), 
Presidente de la Delegación de Oporto 
(2010-2015) y también Miembro de esta 
Delegación en diferentes ocasiones. 
A lo largo de más de 50 años de actividad, 
siempre en la Facultad de Farmacia de la 
Universidad de Oporto (FFUP), fue autor y 
coautor de más de 500 artículos científicos y más 
de 3.000 comunicaciones a congresos y simposios 
nacionales e internacionales. También 
fue director de la misma Facultad de Farmacia 
durante los períodos 1998-2000 y 2010-2015. 
Se jubiló en 2015 y desde 2017 fue Profesor 
Emérito de la Universidad de Oporto. 
El Prof. José Luís Costa Lima, tenía 76 años 
cuando falleció el 1 de febrero de este año 2022, para gran pena de todas las 
personas que le conocían y trataron a los que contagió su particular y cautivadora 
forma de ser, cuando ya se había comenzado la preparación de este XXVI Encuentro 
Galego-Portugués de Química. 
El Prof. José Luis Costa Lima siempre estará en la memoria de los que le conocimos 
y tratamos y forma parte de la historia de los ENCONTROS. 
Descanse en paz. 
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Evocação 
 José Luís Costa Lima (1945-2022) 

  
Foi um dos pioneiros e mentor dos Encontros Luso-Galegos de Química, que desde 
1984, se realizam alternadamente entre a Galiza e o Norte de Portugal. Reconheceu 
neste encontro um forte impacto junto dos investigadores mais jovens, já que 
constituía em muitos casos a estreia deles como oradores científicos. Lançá-los 
nestas andanças foi uma das muitas formas de dedicação e afeto pelos jovens 
estudantes de doutoramento e que se traduziu naturalmente nos mais de 60 
doutorados que formou ao longo dos anos e que carinhosamente apelidava dos 
seus άŦƛƭƘƻǎέ científicos. 
Membro ativo da Sociedade Portuguesa de Química, desde longa data, contribuiu 
de forma empenhada a diferentes níveis tendo atuado como Vice-Presidente da 
Sociedade (2004-2006), Presidente da Divisão de Química Analítica (2002-2004), 
Presidente da Delegação do Porto (2010-2015) e também Vogal desta Delegação 
por diversas vezes.  
Ao longo de mais de 50 anos de atividade, 
sempre na Faculdade de Farmácia da 
Universidade do Porto (FFUP), foi autor e 
coautor mais de 500 artigos científicos e mais 
de 3000 comunicações a congresso e simpósios 
nacionais e internacionais. Foi ainda 
diretor dessa mesma Faculdade de Farmácia 
por dois períodos (1998- 2000 e 2010-2015. 
Jubilou-se em 2015 e desse 2017 que era 
Professor Emérito da Universidade do Porto. 
O Prof. José Luís Costa Lima, contava 76 anos, 
quando faleceu a 1 de fevereiro deste ano de 
2022, para grande pena de todos os que foram 
contagiados pela sua maneira de ser particular 
e cativante. Tendo iniciado connosco a preparação deste XVI Encontro Galego-
Portugués de Química, será feita uma singela evocação da sua pessoa durante o 
mesmo. 
Para sempre, terá um lugar na memória destes encontros e no nosso coração. 
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INTRODUCCIÓN 
Un año más, y este año en especial, celebramos este congreso que reúne a los profesionales 

de la química no sólo de ambos lados del Miño, sino de todo el mudo. Este año se conmemora la 26ª 
Edición de este congreso internacional, en la misma ciudad donde nació y con la misma ilusión de la 

primera vez, aquel 14 de noviembre de 1985, cuando nos reunimos en Santiago de Compostela, en 
esta Facultad de Química que este año celebra el Centenario de su fundación. Este es un Congreso 
especial, es el primero que celebramos después de las restricciones originadas por la pandemia 
causada por la Covid-19. Con el mismo espíritu con el que se crearon estos ENCONTROS, y con el 
recuerdo puesto en aquellas personas queridas que ya no están con nosotros, nos volvemos a reunir 
para hablar de química. 

Esta XXVI ŜŘƛŎƛƽƴ ŘŜƭ 9b/hb¢wh D![9Dhπthw¢¦D¦;{ 59 v¦NaL/! Ƙŀ ǎƛŘƻ ƻǊƎŀƴƛȊŀŘŀ 
bajo los auspicios del Colegio Oficial de Químicos de Galicia, Asociación de Químicos de Galicia y 
Sociedade Portuguesa de Química, sin olvidar a nuestros mentores y con un recuerdo especial para 
el Prof. José Luis Costa Lima que nos dejó para seguir nuevos rumbos, seguro que en la química. 

COMISIÓN DIRECTIVA: 

José Luis Francisco Fuentes. Colegio Oficial de Químicos de Galicia. España 
Prof. Joaquim Luis Faria. Sociedade Portuguesa de Química, Faculdade de Engenharia, Univ. Porto, 
Portugal  
José Ramón Bahamonde Hernando. Colegio Oficial de Químicos de Galicia. España. 
Prof. Baltasar Romão de Castro. Sociedade Portuguesa de Química, Faculdade de Ciencias, 
Univ. Porto, Portugal 
Manuel Rodríguez Méndez. Colegio Oficial de Químicos de Galicia. 
Prof. Dr. Carlos M.M. Afonso. Sociedade Portuguesa de Química, Faculdade de Farmácia, Univ. Porto, 
Portugal 
Prof. Dr. Victor A. Pereira Freitas. Sociedade Portuguesa de Química, Faculdade de Ciências, Univ. 
Porto, Portugal 

COMISIÓN CIENTÍFICA: 

Prof. Pilar Bermejo Barrera. Dpto. Química Analítica, Univ. de Santiago de Compostela 
Prof. María de Los Ángeles Peña Gallego. Dpto. Química Física, Univ. de Vigo 
Prof. Dr. José María Fernández Solís. Escuela Politécnica Enxeñaría de Ferrol, Univ. da Coruña 
Prof. Dr. Artur M. Soares da Silva. Sociedade Portuguesa de Química, Univ. Aveiro, Portugal 
Prof. Dra. Maria Fernanda Proença. Sociedade Portuguesa de Química, Univ. Minho, Portugal 
Prof. Dr. Victor A. Pereira Freitas. Sociedade Portuguesa de Química, Faculdade de Ciências, Univ. 
Porto, Portugal 

COMISIÓN ORGANIZADORA 

Prof. Pastora Bello Bugallo. Dpto. Ingeniería Química, ETSIQ, Universidade de Santiago de Compostela 
Prof. Dr. José Manuel Andrade Garda. Dpto. Química Analítica, Universidade da Coruña 
Carlos Vales Fernández. Colegio Oficial de Químicos de Galicia 
Ana María Gayol González. Colegio Oficial de Químicos de Galicia 
Juan José Sanmartín Rodríguez. Colegio Oficial de Químicos de Galicia 
Juan José Losada López (ENCE) 
Francisco Javier Becerra García. Colegio Oficial de Químicos de Galicia 

Manuel Rodríguez Méndez. Colegio Oficial de Químicos de Galicia y la Comisión Organizadora del XXVI 
Encontro Internacional DŀƭŜƎƻπtƻǊǘǳƎǳŞǎ ŘŜ vǳƝƳƛŎŀΣ ŘŜǎŜŀ ƳŀƴƛŦŜǎǘŀǊ ǎǳ ŀƎǊŀŘŜŎƛƳƛŜƴǘƻ ŀ ƭŀǎ 
siguientes instituciones: 
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LOCALIZACIÓN DEL XXVI ENCONTRO INTERNACIONAL GALEGO PORTUGUÉS DE QUÍMICA 

Santiago de Compostela é a capital da Comunidade Autónoma de Galicia. A súa zona 

antiga é Patrimonio da Humanidade dende o ano 1.985. Xunto con Xerusalem e Roma, 

Santiago é un centro de peregrinación do cristianismo. Dende a etapa medieval, chegase 

a Santiago dende diversas rutas de peregrinación, dende o centro de Europa a mais longa, 

ata a súa Catedral adeicada ao Apostolo Santiago. Centos de miles de peregrinos de todo 

o mundo veñen peregrinando ata a súa Catedral. 

Santiago de Compostela ten unha población de case 96.456 habitantes (INE 2017), que 

pode duplicarse durante o curso universitario. 

INFORMACIONES VARIAS 

El Encontro se celebrará en el edificio de la Facultad de Química de la Universidad de 

Santiago de Compostela, situado en la Avenida das Ciencias s/n, en el Campus 

Universitario, 15701 Santiago de Compostela. 

LA FACULTAD DE QUÍMICA 

La Facultad de Química de la Universidad de Santiago de Compostela está ubicado en el 

Campus de la Universidad. Está en un edificio construido en la segunda mitad del siglo 

XX. Este año 2.022, la Facultad celebra el Centenario de su creación. 

https://www.usc.gal/gl/centro/facultade-quimica 

  

Facultad de Química 

https://www.usc.gal/gl/centro/facultade-quimica
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(5) (4) 

(3) 

(2) (1) 

FACULTAD DE QUÍMICA 

PARA COMER LOS DÍAS DEL CONGRESO: 

La Facultad de Química está ubicado en el Campus de la Universidad, lugar donde se 

puede comer a un precio muy asequible para todas las personas asistentes al Congreso. 

Los lugares más próximos al Congreso son: 

(1) Comedor Universitario. 

(2) Colegio Mayor Fonseca. 

(3) Facultad de Matemáticas. 

(4) Escuela Técnica Superior de Ingeniería 

(5) Comedor Facultad Ciencias de la Educación. 

(6) Zona restauración fuera del Campus 

  

(6) 
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INFORMACIÓN SOBRE EL CONGRESO 

RECEPCIÓN 

La oficina de información y la recepción para retirar la documentación del 

Encontro, estará localizada en el vestíbulo de la Facultad de Química, en la planta baja. 

Permanecerá abierta durante todos los días de su celebración. 

EQUIPAMIENTO DE PROYECCIONES 

Las salas de conferencias están equipadas con ordenador y cañón de proyección. 

Cada orador deberá transferir el fichero de su presentación al ordenador de la sala que le 

corresponda, con la antelación suficiente. Siendo aconsejable se realice en la sesión 

anterior. 

PRESENTACIONES ORALES 

[ŀǎ ŎƻƴŦŜǊŜƴŎƛŀǎ ǇƭŜƴŀǊƛŀǎ ǘŜƴŘǊłƴ ǳƴŀ ŘǳǊŀŎƛƽƴ ŘŜ прπрл Ƴƛƴǳǘƻǎ Ƴłǎ мл Ƴƛƴǳǘƻǎ 

para preguntas. 

La duración de las comunicaciones orales será de 10 minutos más 5 minutos para 

resolución de dudas. Se solicita a todos los oradores que cumplan el tiempo estipulado, a 

fin de evitar retrasos en el programa. 

Se recomienda que las presentaciones se hagan en formato pdf. 

POSTERS 

Deberán colocarse el primer día, primera sesión y retirarse el último, tras el acto 

de clausura, por los propios autores de la comunicación. Se solicita a los autores de los 

trabajos presentados, estén presentes junto a los mismos durante la sesión de discusión. 

SALAS DEL CONGRESO 

El congreso tendrá lugar en 4 salas de la Facultad de Química de la Universidad de 

Santiago de Compostela. Tres salas están situadas en la planta baja y, la cuarta sala, en la 

segunda planta. Los posters se colocarán en los pasillos de la segunda planta y en la planta 

baja. 

Planta Baja 

¶ El Aula Magna (A) es la sala donde se realizará la inauguración y clausura del Congreso 

y, también donde se presenten las Ponencias Plenarias del Congreso. También se usará 

para ponencias del Congreso. 

¶ Sala B. Es el Aula de Química Técnica. Se utilizará para ponencias del Congreso. 

¶ Sala C. Es el Aula de Química-Física. Se utilizará para ponencias del Congreso. 
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Segunda Planta 

¶ Sala D. Es el Aula de Química General. Se utilizará para ponencias del Congreso. 

CENA DEL ENCONTRO 

La cena del ENCONTRO se celebrará el día 17 de noviembre a las 21:30 horas en 

el Comedor de la Hospedería del Seminario Mayor (http://sanmartinpinario.es/). El coste 

de la cena es 25,00 euros. 

La Hospedería San Martín Pinario está situada en el centro histórico de Santiago 

de Compostela, en la Plaza de la Inmaculada nº 3, frente a la Catedral. Es un edificio 

empezado a construir a finales del Siglo XVI. Es un edificio histórico y, después del 

Monasterio del Escorial, es el mayor de España. Cerca del edificio hay una zona de 

cafeterías muy típicas de Santiago de Compostela.

http://sanmartinpinario.es/
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PROGRAMA DEL XXVI ENCONTRO INTERNACIONAL GALEGO PORTUGUÉS DE 
QUÍMICA 
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RELACIÓN DE CONFERENCIAS PLENARIAS 

CONFERENCIA APERTURA: 

Prof. Doctor M. Stanley Whittingham 
Premio Nobel de Química año 2.019 
Chemistry Department, Binghamton University 

The Critical Role of Energy Storage in the Electric Economy and Overcoming Climate 
Change 

CP 1 Prof. Doctora Maria da Conceiçao Rangel 
REQUIMTE-LAQV, Instituto de Ciências Biomédicas Abel Salazar, Universidade do 
Porto. PORTUGAL 

Hydroxypyridinones: Chelators to Life Sciences 

CP 2 Prof. Doctora María Dolores Pérez Meiras 
Centro Singular de Investigación en Química Biolóxica e Materiais Moleculares 
(CiQUS), Universidade de Santiago de Compostela, Santiago de Compostela, Spain 

Aryne Chemistry in the Graphene Era 

CP 3 Prof. Doctor José M. Andrade-Garda 
Grupo de Química Analítica Aplicada. Departamento de Química. Campus da 
Zapateira. Universidade da Coruña, A Coruña, 15071, A Coruña, Spain 

Determination of microplastics in environmental samples 

CP 4 Prof. Doctor José Luis Capelo Martinez 
Department of Chemistry. Faculty of Science and Technology. NOVA University of 
Lisbon. PORTUGAL 
Prescriptomics 
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RELACIÓN DE COMUNICACIONES 

CONFERENCIAS PLENARIAS 

CONFERENCIA DE APERTURA 

Profesor Doctor M. Stanley Whittingham 

The Critical Role of Energy Storage in the Electric Economy and Overcoming Climate 
Change 

CP 1 Prof. Doctora Maria da Conceiçao Rangel 

Hydroxypyridinones: Chelators to Life Sciences 

CP 2 Prof. Doctora María  Dolores Pérez Meiras 

Aryne Chemistry in the Graphene Era 

CP 3 Prof. Doctor José M. Andrade-Garda 

Determination of microplastics in environmental samples 

CP 4 Prof. Doctor José Luis Capelo Martinez 

Prescriptomics 

COMUNICACIONES  

QUÍMICA ALIMENTARIA 

Oral 

ALM01 Desenvolvimento de um novo vinagre espirituoso de origem vínica. 

ALM02 Mycotoxins and inorganic arsenic in rice: the Portuguese scenario and human risk 

assessment in the worldwide context. 

ALM03 Inhibición de la actividad microbiana y la alteración lipídica en productos marinos 

mediante empleo de extractos de la macroalga Bifurcaria bifurcata.  

ALM04 Diferenciación quimiométrica de tequilas blancos en función de sus espectros 

infrarrojos. 
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ALM05 Plantas condimentares do género Thymus como uma alternativa natural para 

conservação de alimentos. 

ALM06 Caracterização dos resíduos de Brassica oleracea L. para obtenção de um 

potencial ingrediente natural. 

ALM07 Caracterización detallada de la harina del mesocarpio de Attalea speciosa y su 

aplicación para el desarrollo de nuevos productos de panadería. 

ALM08 Risk assessment of nine coccidiostats in commercial and home raised poultry. 

ALM09 Efeito de bioestimulantes vegetais nos perfis nutricionais e químicos de Corylus 

avellana L. (avelã). 

ALM10 Efeito de bioestimulantes vegetais nos perfis nutricionais e químicos de amêndoa 

[Prunus dulcis (Miller) D. A. Webb]. 

ALM11 Composição química e bioatividades do epicarpo de Nephelium lappaceum L. 

ALM12 Dietary polyglycosylated anthocyanins, the smart option? Towards their stability 

and bioavailability. 

ALM13 Comparação do efeito de diferentes poliaspartatos de potássio na estabilização 

tartárica e na filtrabilidade do vino. 

ALM14 Multielement analysis as a discriminating tool of PDO and PGI food products. 

ALM15 Adansonia digitata L. (mukua): um possível alimento funcional. 

ALM16 Haematococcus pluvialis como aditivo en la coloración y mejora de las 

propiedades organolépticas y nutricionales de alimentos. 

ALM17 Flavylium-based host-guest systems for biogenic amine sensing during food 

spoilage. 

ALM18 Effects of gastrointestinal digestion on the bioactive properties and phlorotannin 

profile from Laminaria digitata. 

ALM19 Application of data mining techniques to unveil contaminants occurrence in food. 

ALM20 Caracterização química e propriedades bioativas de resíduos industriais da 

produção de óleo de noz (Juglans regia L.). 

ALM21 Avaliação de subprodutos de soja (Glycine max), uma potencial fonte de 

nutrientes e compostos bioativos. 

ALM22 Sandoricum koetjape fruit juice inhibits 5-lipoxygenase and interferes with the 

inflammatory response of activated BV-2 cells. 

ALM23 Combinação de diferentes regimes de fertilização e irrigação para a produção de 

cardo dourado (Scolymus hispanicus L.) de alto valor nutricional e mineral. 

ALM24 Quantificação e caracterização do conteúdo de polifenóis em produtos de maçã. 

ALM25 Propiedades nutricionales y bioactivas de la frambuesa roja Kweli® cultivada en 

Portugal. 

ALM26 Optimización de la extracción asistida por microondas de aceite de subproductos 

de pescado y evaluación de su calidad nutricional. 

ALM27 Delivery vehicles for resveratrol incorporation in bread. 
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ALM28 Obtenção otimizada de extratos bioativos de casca de marmelo: Uma fonte 

alternativa de conservantes naturais. 

ALM29 Bioprospecting sequential extraction to obtain valuable compounds from brown 

macroalgae Fucus vesiculosus. 

ALM30 Nutritional, chemical and bioactive characterization of Peumus boldus L. 

ALM31 Antimicrobial activity of rosemary, eucalyptus and propolis individual and mixed 

extracts. 

ALM32 Chemical content and antioxidant activity variation during cherry development 

stages after application of biostimulants. 

Póster/Panel 

ALM33 Obtención de lípidos polares a partir de desechos industriales de pulpo 

(Octopusvulgaris) mediante empleo de disolventes de tipo GRAS. 

ALM34 Use of protective starter cultures and plant essential oils to reduce preservatives 

ƛƴ ǘǊŀŘƛǘƛƻƴŀƭ tƻǊǘǳƎǳŜǎŜ ǎŀǳǎŀƎŜǎΥ άChouriçoέ ŀƴŘ άAlheiraέ. 

ALM35 Evaluation of the physico-chemical, microbiological and sensory characteristics 

of sheep's and goat's ice cream, produced with UF concentrated second cheese 

whey. 

ALM36 Comparison of the amino acid profile of two by-products of the coffee industry: 

pulp and husk. 

ALM37 Enfoques integrados para el impulso socioeconómico de la producción y 

consumo sostenible de hongos de Montesinho. 

ALM38 Antioxidant capacity of Palaemon serratus and Palaemon varians shell waste. 

ALM39 Perfil fenólico e avaliação da atividade antioxidante e antimicrobiana do epicarpo 

de Sicana odorifera (Vell.) Naudin. 

ALM40 Extraction of bioactive compounds from three varieties of date by-products 

through sustainable methodologies. 

ALM41 Valorização de biorresíduos da produção de sumo de laranja: extração de ácido 

cítrico. 

ALM42 Collagen determination in fish skin: development of a flow analysis system for 

quantification of hydroxyproline. 

ALM43 Phlorotannins-rich extract from Laminaria digitata for the development of a 

functional granola towards prevention of Diabetes mellitus. 

ALM44 Multiple mycotoxin analysis method for rice. 

ALM45 Promising bioactive properties from Moringa oleifera seed cake protein 

hydrolysates. 

ALM46 Evaluation of phenolic compounds present in prunings of native Galician olive 

trees. 

ALM47 Bioaccessibility of phenolic compounds from Galician olive leaf infusions. 
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ALM48 Caracterização química de uma massa alimentícia com bagaço de azeitona. 

ALM49 Pasta de bagaço de azeitona: ingrediente promissor para a indústria cosmética e 

alimentar?. 

ALM50 Reliable in-line determination of the protein, fat, sodium and salt content in pasty 

doughs through near infrared spectroscopy and chemometrics. 

ALM51 In-line aplication of near infrared spectroscopy for the classification of doughs in 

bakery. 

ALM52 Amino acid profile: comparison among coffee silverskin and green and roasted 

beans. 

ALM53 Comparison of the amino acid profile of two by-products of the coffee industry: 

pulp and husk. 

ALM54 Maltodextrin Microencapsulation of Phenolic-rich Fractions of Gunnera tinctoria 

Extracts. 

ALM55 Occurrence of Coccidiostats in Portuguese Eggs. 

ALM56 Antitumoral Activity of Gunnera tinctoria Extracts on a Pancreatic cell line. 

ALM57 Effect of pre-harvest foliar application of seaweed and glycine-betaine-based 

biostimulants on blueberry quality. 

ALM58 Determination of CO2 in roasted coffee using a TAS optimized with super-

modified simplex. 

ALM59 Phenolic compounds and antioxidant and cytotoxic properties of maritime pine 

(Pinus pinaster Ait.) bark extracts. 

ALM60 Effects of different treatments on the phenolic composition of acorn extracts 

from Quercus robur and Quercus rotundifolia. 

ALM61 Synergy and antagonism: a different interpretation of the interactions between 

the antioxidants used as food additives. 

ALM62 Sargassum muticum - Screening of its bioactive potential. 

ALM63 Fermentation of olive pomace paste to obtain an innovative antioxidant food 

ingredient. 

ALM64 Study of the antioxidant, antimicrobial and anti-inflammatory activities of two 

Euphorbia species.  

ALM65 Verbascum sinuatum L.: Potential source of natural antioxidant compounds for 

food and pharmaceutical industries. 

ALM66 Exploring the potential of Citrus aurantium L. flowers as a source of antioxidant 

compounds. 

ALM67 Biological properties of Hypericum sampsonii and Hypericum japonica: 

comparison of the antioxidant, anti-inflammatory and antimicrobial activity. 

ALM68 Insights of honey DNA extraction methods for plant species identification of 

honey from Natural Park of Montesinho. 
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ALM69 Efeito do método de extração no perfil fenólico e na atividade antioxidante de 

extratos de casca de marmelo. 

ALM70 Priming with Laminaria extract to boost tomato performance and mitigate 

drought effects. 

ALM71 Algae blend on lambs diet: Effects on rumen and colon fermentation pattern. 

ALM72 Antioxidant activity of sweet cherry fruits (cv. Lapins) after foliar application of a 

seaweed extract. 

ALM73 Effects of the sowing date on the production of alkaloids in the seeds of three 

Lupinus species. 

ALM74 Identificação e otimização da extração de compostos fenólicos de cascas de 

abóbora Ψ.ǳǘǘŜǊƴǳǘ ǎǉǳŀǎƘΩ. 

ALM75 Simultaneous determination of bisphenols, personal care products, and pesticide 

residues in fish species from Portuguese estuaries. 

ALM76 Nutritional value of European seabass (Dicentrarchus labrax) muscle is affected 

by algae blend supplementation. 

ALM77 On-farm dietary Chlorella vulgaris supplementation affects Longissimus 

lumborum fatty acid profile of finishing pigs. 

ALM78 Recuperação de subprodutos da indústria alimentar para extração otimizada de 

compostos fenólicos. 

QUÍMICA AMBIENTAL Y SOSTENIBLE 

Oral 

AMB01 Remoção de parabenos por processos Fenton e foto-Fenton. 

AMB02 /ƘŜƳƛŎŀƭ ŎƻƴǘŀƳƛƴŀǘƛƻƴ ƛƴ άh .ǳǊƎƻέ ŜǎǘǳŀǊȅ όDŀƭƛŎƛŀύΦ [ƛǘƘƻƎŜƴƛŎ ŀƴŘ 

anthropogenic inputs to the sedimentary reservoir. 

AMB03 Combination of coagulation-flocculation-decantation with Fenton-based 

processes for agro-industrial wastewater treatment. 

AMB04 Treatment of a winery wastewater by a peroxymonosulfate/cobalt/ UV system. 

AMB05 Determinación de normalizadores para elementos traza en el sedimento del 

continuum afluente-río-estuario-ría (Ulla-Arousa, Galicia). 

AMB06 Vine-canes-based extracts as antioxidants for biodiesel production: A Life Cycle 

Assessment study.  

AMB07 Removal of perfluoroalkylated substances (PFAS) with a broad spectrum of alkyl 

chain lengths (C1-C13) using a boron-doped diamond electrode and real aqueous 

matrices. 

AMB08 A Sustainable Methodology for the Preparation of HIV Protease Inhibitors to 

Tackle Viral Resistance. 
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AMB09 Controlled thermal degradation of Polyoxometalate@Zeolitic Imidazolate 

Framework composites towards novel oxidation catalysts. 

AMB10 Biomass-based materials for estrogens adsorption from water: production 

methods and their characterization. 

AMB11 Green Chemistry in the Pharmaceutical Industry. 

AMB12 Predicting DDT past and future contamination from a local source with a new 

gridded dynamic multimedia fate model. 

AMB13 Evaluation of activated carbon obtained from olive stones for the removal of 

sertraline from waters. 

AMB14 Remediación y recuperación de fósforo con materiales nanoestructurados con 

potencial reaprovechamiento como fertilizantes. 

AMB15 Geoquímica e biodisponibilidade do Cu em solos de manguezais da Baía de Todos 

os Santos, Bahia, Brasil. 

AMB16 Valorización de sub-productos de la industria agroalimentaria gallega a través de 

la Química Verde. 

AMB17 Development of a Sustainable Recovery Process of Indium from Liquid Crystal 

Displays of Smartphones Waste. 

AMB18 Iron determination in natural waters using a synthesized 3-hydroxy-4-pyridione 

ligand in a newly developed µfluidic paper-based device. 

AMB19 Pre-treatment to increase gold recovery from integrated circuits of smartphones 

wastes. 

AMB20 Valorization of vine shoots to extract lignin ς chemical and structural 

characterization. 

AMB21 Bioacumulação de Cu em tecidos de Ucides cordatus em manguezais da Baía de 

Todos os Santos, Bahia, Brasil. 

AMB22 Geopolímeros desde residuos de tierras diatomeas para el tratamiento de aguas 

residuales de la industria vitivinícola. 

AMB23 Potential of macroalgae to remove rare earth elements from contaminated 

Waters. 

AMB24 Glyphosate and Aminomethylphosphonic acid adsorption in soils. 

AMB25 Searching for a new generation of environmentally compatible antifouling 

agents. 

AMB26 Screening of the main factors affecting the microwave-assisted extraction (MAE) 

of phenolic compounds from cork industry waste. 

AMB27 Comparison of Advanced Tertiary Treatments for Pharmaceuticals Removal from 

a Municipal Wastewater. 

AMB28 Low-cost natural biosorbents for the treatment of contaminated waters. 

AMB29 Silver nanoparticles bioaccumulation assay in marine organisms. 
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AMB30 Removal of anthropogenic pollution markers with a nitrogen-doped reduced 

graphene oxide-PVDF membrane. 

AMB31 Ohmic heating-assisted regioselective sulfonation of aniline: synthesis of 

sulfanilic acid. 

AMB32 New Trends in Bio-Based Aerogels for CO2 conversion. 

AMB33 Extractabilidade de metais pesados en solos urbanos de Santiago de Compostela. 

AMB34 Lipidic profile of Salicornia perennis in different salt marshes of the Ria de Aveiro. 

AMB35 Optimizing the characterization of microplastics when ir spectrometry using a 
quantum cascade laser is used.   

 Póster/Panel 

AMB36 Prospecção fitoquímica das folhas de Dizygostemon riparius (Plantaginaceae) 

morfotipo floral branco. 

AMB37 Evaluación de la degradación del benzo(a)pireno por microalgas y sus extractos 

enzimáticos por medio de metodología SPE-HPLC.  

AMB38 Ecotoxicity evaluation of treated wastewaters using Daphnia magna and 

Raphidocelis subcapitata. 

AMB39 Microplastics in Portuguese agricultural soil: identification by Raman 

Spectroscopy. 

AMB40 Carbon Materials as Renewable Catalysts for CO2 Addition to Epoxides. 

AMB41 Plantas aquáticas como bioindicadores da poluição de sistemas estuarinos por 

metais pesados. 

AMB42 Degradación de láminas conductoras transparentes de óxido de indio dopado con 

estaño (ITO). 

AMB43 Characterization TiO2 chemically deposited on ITO substrate for solar cells. 

AMB44 Supervised classification combined with genetic algorithm variable selection for 

microplastics measured by infrared spectrometry. 

AMB46 Study of carbon matrix supported on carbon fiber as gas diffusion electrode for 

electrogeneration of oxidants species using a flow-by reactor. 

AMB47 La importancia de la gestión del excedente textil en el nuevo marco de la Ley de 

Residuos. 

AMB48 Zn-Doped Carbon Catalysts Highly Efficient for Benzodiazepine Synthesis: Tires 

Valorization. 

AMB49 Quinolines synthesis promoted by carbon catalysts from polyethylene 

terephthalate (PET). Wastes valorisation. 

AMB50 (Photo)catalytic transformation of HMF into value-added products. 

AMB51 (Photo)catalytic reduction of 4-NPh using TiO2 from Cork Powder Fly Ashes. 
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AMB52 High removal of paracetamol by catalytic wet peroxide oxidation with carbon-

coated magnetic nanoparticles. 

AMB53 A microwave-assisted approach for cellulose extraction from Eucalyptus and Pine 

tree waste products. 

AMB54 Temporal trends of Polycyclic Aromatic Hydrocarbons in soils impacted by a 

prescribed fire. 

AMB55 Impact of a synthetic aminated 3,4-dioxygenated antifouling xanthone in human 

retinal cells. 

AMB56 Mejora de la capacidad de adsorción de hydrochar de alperujo en la eliminación 

de compuestos farmacéuticos mediante la funcionalización en un solo paso con 

grupos amino. 

AMB57 Efecto del envejecimiento marino natural vs simulado en el contenido metálico 

de microplásticos de biopolímeros. 

AMB58 Cork by-products extracts with added-value for the cosmetic industry. 

AMB59 Hexachlorocyclohexane adsorption assays on two moss species for 

biomonitoring purpose. 

AMB60 Application of Advanced Oxidation Processes to Industrial and Agro-industrial 

Wastewater for Energy Production: a Review. 

AMB61 A novel, green and fast chromatographic method to quantify nystatin in 

pharmaceutical samples: development and validation. 

AMB62 Excess sludge treatment by dewatering and consecutive adsorbent production. 

AMB63 Novel Pitavastatin Calcium Forms: Insights Into a Complex Solid State System. 

AMB64 Bromothymol Blue and Bromocresol Green removal using chitin as a sorbent 

material: pH, kinetic and equilibrium studies. 

AMB65 Development of Potential Antibacterial Agents through Sustainable Synthetic 

Strategies. 

AMB66 Highly efficient transition metal-doped carbon catalysts for the selective 

synthesis of quinoxalines. 

AMB67 Silica-supported molybdenum oxide catalysts for efficient and selective synthesis 

of quinoxalines. 

AMB68 Adsorption of volatile fatty acids with activated carbons produced from olive 

pomace. 

AMB69 Production and Characterization of Geopolymeric Mortars From Diatomaceous 

Earth. 

AMB70 A computer vision approach in identifying foam consolidation. 

AMB71 New functionalized alginate aerogel materials as potential removal agents of 

diclofenac in water. 
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AMB72 Inventory of Best Available Techniques candidates for Bioenergy with Carbon 

Capture, Storage and Utilization. 

AMB73 Distribución de metais traza en perfís de solos urbanos de Santiago de 

Compostela. 

AMB74 Influence of mercury from wildfires on mussels: a preliminary study in the 

Galician estuaries 

AMB75 Vanadium Redox Flow batteries and their effect on grid stability. 

AMB76 Determination of bioactive compounds from cork powder extracts by high-

performance liquid chromatography. 

AMB77 Sustainable Use of Batteries According to the Electricity Prices: Energy 

Management and Lifespan 

BIOQUÍMICA Y BIOTECNOLOGÍA 

Oral 

BB01 Flavonoids as potential anti-obesity compounds: Inhibition of pancreatic lipase. 

BB02 Building enzymatic nanoreactors using the IC-Tagging system: a powerful 

methodology for the stabilization and immobilization of enzymes with industrial 

interest. 

BB03 Soft Free-Standing Membranes made of Chitosan and Alginate as Sustainable 

Nano-Reservoirs for Controlled Drug/Therapeutics Delivery. 

BB04 Development of an enzyme replacement therapy based on a stabilized version of 

AvPAL using the IC-Tagging system. 

BB05 Downstream processing of L-asparaginase through silica-based supported ionic 

liquid-like phase materials 

 Póster/Panel 

BB06 Development of an enzymatic biosensor based on boron-doped diamond 

Surface. 

BB07 The effect of calcium in the fermentation of white cabbage and Salicornia. 

BB08 Development of a novel phagomagnetic separation protocol coupled with 

isothermal DNA amplification for a rapid Campylobacter detection. 

BB09 Innovative phagomagnetic-assisted isothermal DNA amplification system for 

endpoint electrochemical detection of Listeria monocytogenes. 

BB10 Identificación de novos inhibidores do receptor de coláxeno GPVI mediante un 

ensaio fenotípico. 
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CATÁLISIS 

Oral 

CAT01  Ionic Liquid-based POM@ZIF-8 as a catalyst for simultaneous desulfurization and 

denitrogenation processes. 

CAT02 Catalytic membranes based in polyoxometalates for fuel desulfurization. 

CAT03 Metal Organic Frameworks as adsorbents with catalytic properties promoting 

Advanced Oxidation Regeneration. 

CAT04 Shrimp shells derived electrocatalysts towards oxygen reduction reaction. 

CAT05 Self-assembled binary structures of Fe(III) and metal-free porphyrins for sunlight-

assisted catalytic hydrogenation. 

CAT06 Binary Mn(III) and Fe(III) porphyrin nanostructured materials in catalytic 

hydrogenations assisted by sunlight. 

CAT07 Fabrication of a new Fe3O4@TiO2 composite as a magnetic recoverable 

photocatalyst for degradation of water pollutants. 

CAT08 Hydroformylation-based reactions using chiral binaphthyl monophosphite 

ligands. 

CAT09 Graphitic carbon nitride coated onto alumina foams as an efficient supported 

visible-active photocatalyst for the degradation of pharmaceutical substances in 

water. 

CAT10 Hydrochars dopados con nitrógeno para la activación del peroximonosulfato: 

evaluación para el tratamiento de aguas residuales. 

CAT11 Tri-hybrid catalyst combining polyoxometalates, MOF and silica for the 

desulfurization of heavy fuel oil. 

CAT12 Electrocatalytic performance of biochar-based catalysts. 

CAT13 Promoted Ni/BEA catalysts for dry reforming of methane. 

CAT14 Sustainable strategies for electrochemical CO2 reduction. 

CAT15 Remarkable photocatalytic production of H2O2 using metal-free doped carbon 

nitride. 

CAT16 Highly efficient antimicrobial and self-cleaning cotton fabrics coated with 

graphitic carbon nitride. 

CAT17 Parabens removal using UiO-66-NH2 under solar light 

CAT18 C3N4-SiO2 nanocomposites as visible light-active photocatalytic treatments for 

building materials. 

CAT19 Ir(I)-catalyzed enantioselective hydrocarbonation of allenes: access to fused 

heterocycles bearing quaternary stereocenters. 

CAT20 Modulating the performance of electrocatalyst materials. 

CAT21 Sustainable synthetic catalytic processes for transformation of eugenol into 

potential fragrances. 
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CAT22 Asymmetric Michael addition of nitromethane to chalcones mediated by chiral 

organocatalysts in ionic liquids. 

Póster/Panel 

CAT23 Synthesis of Cu2ZnSnS4 by hydrothermal method and its application as Congo Red 

photocatalyst. 

CAT24 Síntese de nanopartículas de óxido de ferro III dopadas e não dopadas com 

rutenio utilizando extrato hidro-alcoólico da folha de Syzygium cumini (L.) Skeels 

(jamelão). 

CAT25 Synthesis of nanostructured organometallo-titania hybrid materials and their 

application in dye degradation. 

CAT26 Iron-based metal organic framework as an active electrocatalyst for water 

splitting reactions. 

CAT27 Sugar cane-derived solid acid catalysts for the production of fuel additives via 

glycerol esterification. 

CAT28 Green diesel production via hydrogen free sustainable catalytic processes. 

CAT29 Development of oxidative catalytic processes in continuous flow chemistry for 

drug degradation. 

CAT30 Photocatalytic transformation of biomass-derived compounds into valuable 

products. 

CAT31 Degradación enzimática del antibiótico sulfametoxazol mediante lacasa 

Trametes Versicolor empleando siringaldehído como mediador redox. 

CAT32 Carbocatalizadores híbridos GO-TiO2 y G-GP-TiO2 para reducción del potencial de 

formación de subproductos de desinfección mediante PAO basados en ozono. 

CAT33 Shrimp shells waste as bioresource for antioxidant extracts and N-doped carbon 

materials. 

CAT34 Feasibility of continuous flow photo-Fenton treatment using a magnetically 

separable Fe3O4/TiO2 catalyst. 

CAT35 Comparative study on the correlation of pore sizes of different porous structures 

(MOF-808, UiO-66-NH2, ZIF-8) on the catalytic performance of LnPOM-based 

composites in ODS studies. 

CAT36 Photocatalytic oxidative coupling of amines by titanites perovskites. 

EDUCACIÓN Y ENSEÑANZA DE LA QUÍMICA 

Oral 

EDU01 Utilización de metodologías activas para trabajar competencias transversales en 

asignaturas de Ciencias. 
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EDU02 Tres tristes tigres comen mijo en un mijal. 

EDU03 Y nos dieron las diez y las once, las yodo, la una, las dos y las tres. 

Póster/Panel 

EDU04 Determinación de la dureza en las aguas. Ablandamiento de aguas por 

intercambio iónico. 

EDU05 Práctica virtual de Laboratorio de Química: Determinación del calor de 

combustión y de formación de la aspirina (ácido acetilsalicílico). 

EDU06 Caso Práctico: evaluación de la corrosión en armaduras de hormigón por medio 

de la medición del campo potencial. 

QUÍMICA INDUSTRIAL E INGENIERÍA QUÍMICA 

Oral 

IND01     Captura de CO2 con carbones preparados a partir de serrín de pino (Pinus radiata) 

IND02 Study and modeling of the equilibrium and dynamics of post-combustion CO2 

adsorption using carbon-based adsorbents. 

IND03 Estudio físico-químico de sistemas de Triton X-102 + sales. 

Lb5лп ±ƛǎŎƻǎƛŘŀŘ ŘƛƴłƳƛŎŀ ŘŜ ǎƛǎǘŜƳŀǎ ōƛƴŀǊƛƻǎ ƴπƻŎǘŀƴƻ ҌмπŀƭŎƻƘƻƭΦ 

IND05 Obtainment of different biosurfactant extracts from corn steep liquor depending 

on the extraction process. 

IND06 Biodiesel production from residual cooking oils and its purification by adsorption 

processes based on adsorbents of natural origin. 

IND07 Study of biodiesel production from waste cooking oil by ethyl transesterification 

and its purification using adsorption processes. 

IND08 Identification of gramicidin in biosurfactant extract by ESI-MS: a preliminary 

study. 

IND09 Antioxidant activity of biosurfactant extracts obtained from corn steep liquor. 

IND10 Optimization of the hydrothermal extraction of antioxidants from Opuntia ficus-

indica. 

IND11 Valorization of liquid and solid extracts from Undaria pinnatifida using microwave 

assisted extraction. 

IND12 Characterization of the Mediterranean green algae Caulerpa prolifera and 

investigation of its antioxidant capacity using green extraction assisted by 

microwaves. 

IND13 Modeling and simulation of biomass pyrolysis processes. 

Póster/Panel 
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IND14 Synthesis of activated carbons from food and wood industrial by-products and 

application for dyes removal. 

IND15 Removal of the inert coating from waste printed circuit boards using NaOH 

solutions under autoclaving treatment. 

IND16 Effect of Dialysis and Purification on Bioactivity of Ascophyllum Nodosum 

Seaweeds Extracts. 

IND17 Sugars and short-chain oligogalacturonides production from lemon peels. 

IND18 Effect of Method, Solvent and LiquidςSolid Ratio on Phlorotannins Extraction 

From Ascophyllum Nodosum Seaweeds. 

IND19 Sequential production of oligogalacturonides and arabinooligosaccharides by 

autohydrolysis of sugar beet pulp. 

IND20 How the addition of polyphenols from Ascophyllum nodosum seaweeds affects 

to corn starch gels rheology. 

IND21 Adsorption of polyphenols extracted from Ascophyllum nodosum seaweeds on 

native corn starch and corn starch gel. 

Lb5нн 9ǳŎŀƭȅǇǘǳǎ Ǝƭƻōǳƭǳǎ ǿƻƻŘ ŦǊŀŎǘƛƻƴŀǘƛƻƴ ōȅ ƻǊƎŀƴƻǎƻƭǾ ǇǊƻŎŜǎǎƛƴƎΦ 

Lb5но One-pot fractionation of Pinus pinaster wood by biphasic delignification with 

butanol/water. 

Lb5нп Concentration and purification of pectin extracts from sugar beet pulp using 

different ultrafiltration/diafiltration configurations. 

IND25 Recovery of humic acids from mixed municipal waste compost with alkaline 

extraction. 

IND26 Ecofriendly extraction of phenolic compounds from Galician hop (Humulus 

lupulus L.) leaves using deep eutectic solvents. 

IND27 Selective fractionation of olive tree prunings using partially immiscible mixtures 

of water and alcohols. 

IND28 Solubilization of hemicelluloses and lignin from Robinia wood via microwave-

assisted autohydrolysis and delignification with deep eutectic solvents (DES). 

IND29 BECCSU con captura de simulación de procesos hacia la sustentabilidad. 

IND30 Optimizing spray drying conditions for green extracts from a commercial hop 

variety. 

IND31 Bioactive Phenolic Compounds Extraction from Avocado Peels employing Deep 

Eutectic Solvents. 

IND32 Potato peels waste as a sustainable source for biotechnological production of 

biofuels using very high gravity strategies. 

IND33 Delignification of autohydrolyzed Acacia dealbata wood using carboxylic acid-

based deep eutectic solvents (DESs). 
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IND34 Deslignificación de madeira de Paulownia utilizando disolventes eutécticos 

profundos. 

IND35 Delignification assessment of vine shoots using deep eutectic solvents. 

IND36 Ultrasound-assisted depolymerization of oligocarrageenan from Mastocarpus 

stellatus.  

IND37 Valorization of CO2 to chemicals using iron carbides as catalyst. 

IND38 How the addition of polyphenols from Ascophyllum nodosum seaweeds affects 

to corn starch gels rheology. 

IND39 Determinación de la curva de Destilación ASTM D-86 de una gasolina comercial. 

IND40 Ensayo mecánico de dobladura de un acero F-1120. Práctica de laboratorio. 

IND41 Extração de aromas para o desenvolvimento de kits aromáticos associados ao 

vinho. 

IND42 Potencialidad de la lignina en la mejora técnica y medioambiental de las 
carreteras. 

NANOQUÍMICA Y NANOTECNOLOGÍA 

Oral 

NN01 Size and coating-dependent toxicity of silver nanoparticles to human monocytes 

and macrophages. 

NN02 Electroactive porous frameworks based on redox-active organic building blocks 

for electronics applications. 

NN03 New electrodes based on redox-active porous materials towards more efficient 

batteries. 

NN04 Optimization of one-pot microwave synthesis of multicolored carbon dots. 

NN05 WO3_naphthopyran hybrid nanomaterials: the new frontier to accomplish 

enhanced light-responsive textiles. 

NN06 Casein Micelles: Optimizing Encapsulation Towards Polyphenols Delivery. 

NN07 Synthesis of TGA-capped CdTe quantum dots with controllable fluorescence 

wavelength. 

NN08 Magnetic nanoparticles for removing rare earth elements from water. 

NN09 Formulation of polymeric nanoparticles using a membrane fraction extract 

obtained by subcritical water extraction from Laminaria ochroleuca brown 

seaweed. 

NN10 A new approach for assessing silver and titanium dioxide nanoparticles in tap 

water samples. 

NN11 Dehydropeptide-Based Self-Assembled Hydrogels: soft nanostructured materials 

for the development of theranostic platforms. 
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NN12 Stimulus-responsive liposomes as a smart platform for prednisolone delivery to 

activated macrophages. 

NN13 New Approaches for CO2 Methanation in Ionic Liquid Systems. 

NN14 Mitoxantrone-loaded lipid nanoparticles as a promising therapeutic strategy for 

breast cancer: two different functionalization strategies. 

NN15 Advanced LIBS based on nanosilicon and lignocellulosic-based composites. 

NN16 Searching for the chemistry that works: formulating hydrogels and nanogels 

towards atopic dermatitis therapy. 

NN17 Biomass derived components to improve energy storage systems. 

NN18 Characterization of k- and i- carrageenans-based hydrogels as potential vehicles 

in skin delivery. 

NN19 Quantum dots and chemometrics: potential and advantages. 

NN20 Verteporfin-loaded lipid nanoparticles as an effective approach for cancer 

photodynamic therapy. 

Póster/Panel 

NN21 New architectures in soft materials for combined cancer therapy: multifunctional 

dehydrodipeptide-based lipogels with magneto-plasmonic properties. 

NN22 Self-assembly of bolaamphiphiles based on dehydropeptides. 

NN23 Effect of Different Casein Removal Methods on the Purity and Yield of Milk-

derived Exosomes. 

NN24 Gold nanoparticles synthesized by natural photosensitizer hypericin. 

NN25 Migration of cellulose nanocrystals from a PLA multilayer film functionalized by 

Ultrasonic Spray Coater. 

NN26 Honey2KILL: antimicrobial Portuguese honey towards superbugs. 

NN27 Multiple Lipid Nanoparticles loaded with essential oils as a new approach 

towards antimicrobial mastitis infection. 

NN28 Naringin nano-delivery systems for inflammatory conditions. 

NN29 The role of chemical modified SiO2 nanoparticles in the tribological performance 

of a paraffinic oil. 

NN30 Development of a Fluorescent Nanostructured Lipid Carrier (NLC) by a High-

energy method. 

NN31 New supramolecular hypergelators based on dehydroamino acid residues for 

biomedical applications. 

bbон bŀƴƻǇƭŀǘŦƻǊƳǎ ŘǊƛǾŜ ǎƭƻǿ Řƻǿƴ ƛƴ ǎƪƛƴ ŀƎŜƛƴƎΦ 

bbоо Nanolubricants stability: surface modification of nanoparticles. 

NN34 Enhanced antioxidant activity of silver nanoparticles synthesized by Codium 

tomentosum aqueous extract. 
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QUÍMICA DE POLÍMEROS 

Oral 

POL01 Silylated poly(azomethine)s with possible applications in the optoelectronic field. 

Synthesis and characterization. 

POL02 Cómo minimizar el rechazo de implantes empleando la química click. 

QUÍMICA ANALÍTICA 

Oral 

QA01 Desenvolvemento dun marco analítico para a determinación de contaminantes 

orgánicos persistentes e móbiles en mostras de urina. 

QA02 Optical sensors for amine vapours detection and discrimination. 

QA03 Screening of organic micropollutants in mollusc and fish samples from the 

Portuguese coast by combining liquid and gas chromatography with high 

resolution mass spectrometry. 

QA04 Desenvolvemento dun método para a determinación de biomarcadores do uso 

de cannabinoides mediante a análise de augas residuais con fins epidemiolóxicas. 

QA05 Automatic on-line renewable micro-solid-phase extraction hyphenated to 

tandem mass spectrometry for the determination of uremic toxins in plasma. 

QA06 Determination of acid lactase activity resorting to a high-throughput kinetic 

method. 

QA07 Concanavalin A biosensor for evaluation of biopharmaceuticals. 

QA08 Estudo do emprego de drogas ilícitas, alcohol e tabaco en España e Portugal 

durante a crise da COVID-19 en 2020 a través da análise de augas residuais con 

fins epidemiolóxicas. 

QA09 Assessing the presence of organic micropollutants in surface water. 

QA10 Immobilization of CYP3A4 on surface-modified electrodes: assessment of 

electroanalytical and electrocatalytic properties. 

QA11 Valorização de espécies mediterrânicas subutilizadas: obtenção de óleo essencial 

com propriedades bioativas. 

QA12 Semi-preparative separation and racemization study of MDPV enantiomers by 

liquid chromatography and absorption study on Caco-2 model. 

QA13 Continuous flow bioconjugation of a fluorescent coumarin-lipid probe as a 

chemical reporter for membrane oxidation. 

QA14 Determinação cinética do ácido acetilsalicílico usando pontos quânticos de CdTe 

e de AgInS2 como sondas fluorescentes e U-PLS e ANN como ferramentas 

quimiométricas. 
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QA15 Development of a new mesofluidic platform to assess metal-based dihydrofolate 

reductase inhibitors. 

QA16 Estudio fluorescente de la amina biógena Triptamina y su aminoácido precursor 

(Triptófano). 

QA17 Validation of a method to quantify essential and potentially toxic elements in raw 

and cooked food matrices. 

QA18 In vitro inhalation bioaccessibility estimation of atmospheric PM-associated organic 

compounds using simulated biological fluids. 

QA19 Automatic identification of myeloperoxidase natural inhibitors in plant extracts. 

QA20 As vantagens do uso da quimiometria na química analítica. 

QA21 Low pressure chromatographic system with multiple pulse amperometric 

detection for multi-analyte determination in green coffee extracts. 

QA22 Quantitative analysis of phosphopeptide enrichment methods. 

QA23 Overcoming the seawater trace elements analysis challenge in a SPE-flow-based 

approach. 

QA24 Finding biomarkers of ruminal acidosis through targeted and untargeted 

metabolomic analysis through in vitro rumen fermentation assays. 

QA25 Renewable immunosensors based on lab-on-valve flow systems. 

QA26 Detetores baseados em imagem: desenvolvimento e aplicação.  

Póster/Panel 

QA27 Polycyclic Aromatic Hydrocarbons Determination in Human Adipose Tissue. 

QA28 Aplicaciones De La Microscopía RAMAN Confocal. 

QA29 Paper-based analytical devices for instrumental and smartphone-based 

fluorimetric sensing of environmentally relevant inorganic species. 

QA30 Development of a novel cost-effective method for the density separation of 

microplastics from marine sediments, followed by quantitative 1H-nuclear 

magnetic resonance spectroscopy determination. 

QA31 Determination of Sulfide in Waters by Smartphone-Based In-Drop Colorimetric 

Plasmonic Sensing involving hydrophobized PADs. 

QA32 Occurrence and persistence of fungicides and insecticides in vineyard soils. 

QA33 GC-MS screening method for the identification of semi-volatile compounds in 

bio-based and biodegradable food packaging materials. 

QA34 Composição fenólica e atividade biológica de extratos de casca e ramos de 

Juniperus communis L. (zimbro comum). 

QA35 Evaluación de la presencia de residuos de fungicidas e insecticidas en cerveza 

mediante cromatografía de líquidos y espectrometría de masas en tándem. 
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QA36 Direct, automated and sensitive determination of glyphosate and related anionic 

pesticides in environmental water samples using SPE on-line combined with LC-

MS/MS. 

QA37 Comprehensive characterization of volatile and semi-volatile compounds in e-

liquids formulations for electronic cigarrettes by gas chromatography accurate 

mass spectrometry. 

QA38 Estudio espectrofluorimétrico del pesticida imidacloprid y su principal metabolito 

el ácido 6-cloronicotínico. 

QA39 Time-Resolved Fluorescence Excitation-Emission spectroscopy and PARAFAC to 

solve overlapping signals. 

QA40 Analytical Quality by Design for selecting optimal experimental conditions of a 

head space-solid phase microextraction for several phthalates analyzed by CG-

MS. 

QA41 Deseño de fase estacionaria para a separación de nanopartículas metálicas 

mediante cromatografía líquida. 

QA42 Evaluation of agriculture plastics as vehicles of pesticides and concerning 

pollutants in the environment. 

QA43 Single-cell-icp-ms measurements for studying silver nanoparticles internalization 

in cell lines from sea-bass and clams. 

QA44 Statistical experimental design to determine phenolic compounds in seawater by 

the AgNPs synthesis. 

QA45 Matrix solid-phase dispersion and ultrasound-assisted extraction in the 

extraction and polyphenolic characterisation from five varieties of brown algae. 

QA46 Determinación de nanopartículas de dióxido de titanio en piensos empleados en 

acuicultura. 

QA47 Revisión bibliográfica del empleo de reacciones fotoquímicas  en electroanálisis. 

QA48 Electrochemical evaluation of the psychoactive recreational drug  

4-bromo-2,5-dimethoxyphenethylamine (2C-B). 

QA49 Microencapsulation of benzyl isothiocyanate using -̡cyclodextrins. 

QA50 Determinación de medicamentos en aguas superficiales mediante inyección 

directa en cromatografía de líquidos acoplada a espectrometría de masas. 

QA51 CƛǊŜŦƛƎƘǘŜǊǎΩ ǇŜǊǎƻƴŀƭ exposure to airborne polycyclic aromatic hydrocarbons 

during controlled forest fires. 

QA52 O uso de uma sonda raciométrica combinando pontos quânticos de carbono e de 

AgInS2 para a determinação de histamina recorrendo a modelos quimiométricos. 

QA53 Potential inhibitory effect of new xanthones on acetylcholinesterase: an 

automatic assay. 

QA54 Development of a microfluidic paper-based analytical device for the 

determination of iodide. 
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QA55 Characterization of Achillea mellefolium flower extracts as ingredients in organic 

cosmetics. 

QA56 UPLC-MS lipidomic approach to evaluate potential biomarkers for the 

differentiation of HIV/HCV progressive stage. 

QA57 Ion mobility spectrometry for the rapid and simultaneous analysis of three 

common analgesics 

QA58 Partículas de caucho procedentes de ruedas de coche: determinación de agentes 

químicos relacionados con la mortalidad de especies acuáticas 

QA59 Desenvolvemento dun método analítico baseado na extracción asistida por 

ultrasóns seguido de cromatografía líquida acoplada a espectrometría de masas 

en tándem para a determinación de herbicidas en solos. 

QA60 Estimación del comportamiento en frío del biodiesel.  

QA61 Dilución por biocombustible del aceite lubricante. 

QA62 Evaluation of the Phenolic Content of Galician Honeys to Identify their Botanical 

Origin. 

QA63 Electrochemical determination of cholecalciferol in water-ethanol mixtures using 

a glassy carbon electrode and unmodified screen-printed carbon electrodes. 

QA64 Exploring the emission of volatile carbonyl compounds from wood-based panels 

by GDME and HPLC-DAD-MS/MS. 

QUÍMICA FÍSICA 

Oral 

QF01 Development of Chemiluminescent Halogenated Coelenterazine Derivatives with 

Anticancer Potential. 

QF02 Probucol ς solvent effects on polymorph crystallization. 

QF03 Active regulation of thermal transport using light-responsive molecular materials. 

QF04 Understanding the physics of exchange of the alkaline metal on nitrate salts 

mixtures with ethylammonium nitrate. 

QF05 -̡Amyloid aggregation or phase separation induction by electrostatic 

interactions with small biomolecules. 

QF06 Nanostructured Polythiophene Materials for Electrochromism. 

QF07 New insight in 4th generation battery: Pure Ionic Liquid as functional quasi-solid 

electrolyte. 

QF08 Flavylium-cucurbit[8]uril supramolecular polymers as photorheological fluids. 

QF09 Alkylsilane and alkylsiloxane effect on the thermodynamics of ionic liquids. 

QF10 Electrical Conductivity of Ionic liquids by Multi-frequency Impedance Methodolgy 
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QF11 Towards fine-tuning charge in vesicular drug delivery systems: role of spacer in 

cationic gemini surfactants at the air/water interface. 

QF12 Environmental mobility of pesticides and agrochemical metabolites: volatility and 

phase transitions properties of some dichlorobenzonitrile isomers. 

Póster/Panel 

QF13 Localization and interaction of 3-hydroxy-4-pyridinone chelators with DMPC 

model membranes: A DSC and EPR Study. 

QF14 The effects of DMSO on the thermal properties of DMPC liposomes. 

QF15 Caracterización fotofísica da interacción do 6-amino-2-ciano-1,3-benzotiazol con 

proteínas amiloides e seroalbumina humana e bovina. 

QF16 Thermal and photochemical reactions of n-ǇȅǊƛŘƛƴŜŎƘŀƭŎƻƴŜǎ όƴ Ґ нΩΣ оΩΣ пΩύ. 

QF17 iSenseDSC: a high precision microcalorimeter. 

QF18 Exploring the effect of nanostructuration on the thermophysical properties of the 

1-alkyl-3-methylimidazolium triflate series. 

QF19 Extensive Study of the Electrical Conductivity of Imidazolium Ionic Liquids: the 

Anion Effect. 

QF20 Energetic study of methyl-indanones with potential application in 

thermochemical processes. 

QF21 Uso do intercalador Laranxa de tiazol para a detección e cuantificación de ADN 

de dobre febra.  

QUÍMICA INORGÁNICA 

Oral 

QI01 Dinuclear copper(II) complexes as models for metalloenzymes. 

QI02 Single ion magnets of macrocyclic N5 and N6 ligands. 

QI03 Direct C-H arylation of dithiophene-tetrathiafulvalene: tunable electronic 

structure and 2D self-assembled molecular networks on surface. 

QI04 Atmospheric carbon dioxide activation by a cobalt complex. 

QI05 An efficient route to coinage metal mesocates. 

QI06 A dysprosium field-induced single molecule magnet with a N3O2 flat donor. 

QI07 Síntese, caracterización e estudo das propiedades biolóxicas de E,Z-ώwǳ/ƭόʹ6-p-

cimeno)(ˁ 2N3,S-TSC)]+ (TSC = tiosemicarbazona). 

QI08 Au(III) ̄ -Allyl Complexes: From Structure Analysis to Catalysis. 

Póster/Panel 
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QI09 A metal-coordination-triggered carbamate hydrolysis process. 

QI10 A magneto-structural study of a mononuclear dysprosium complex with a Schiff 

base N6 donor. 

QI11 Luminescent cyclometalated PtIV compounds bearing phenanthroline-based 

ligands with antiproliferative activity. 

QI12 Obtaining an azine ligand via a thiocarbohydrazone desulfurization process. 

QI13 Inorganic nanoparticles for the detection of circulating proteins associated with 

the response/resistance to neoadjuvant chemotherapy in HER2-positive breast 

cancer. 

QI14 Silver nanoparticles for the detection of circulating serum protein biomarkers of 

non-muscle invasive bladder cancer. 

QI15 Síntese de hidrocarburos iridaaromáticos policíclicos. 

QI16 A new peroxo-complex of dysprosium with single-molecule magnet behaviour. 

QI17 Synthesis of tridentate [C, N, S] iminophosphorane cyclometallated palladium 

compounds. 

QI18 Active antitumoral thiosemicarbazone platinacycles.  

QUÍMICA ORGÁNICA 

Oral 

QO01 Síntesis de nuevos sesquiterpen-polifenoles, actividad citotóxica y estudios de 

acoplamiento molecular inducido (Docking). 

QO02 Síntese de análogos de nucleósidos e nucleótidos baseados em unidades de D-

glucuronamida e contendo um anel 1,2,3-triazole potencialmente bioativos. 

QO03 bƛǘǊƻƴŜǎΩ ǊŜŀǊǊŀƴƎŜƳŜƴǘǎΥ т ²hb59w{. 

QO04 Multistate of chemical reactions of 7-diethylamino-4 -́dimethylaminoflavylium. 

Thermodynamics, kinetics and Photochemistry modulated by water: ethanol, SDS 

and CTAB micelles. 

QO05 Synthesis and anti-Candida Activity of Aminated Thioxanthones. 

QO06 Chiral pool synthesis of new flavones with potential antitumor activity. 

QO07 Influence of proton transfer on the luminescence of organic dyes. 

QO08 Estrategia sintética para la obtención del primer análogo tipo Gemini del 

maxacalcitol. 

QO09 Enhancing photophysical properties of BODIPYs through oxime and hydrazone 

functionalization: novel imaging agents. 

QO10 Synthetic access to new indazole derivatives with promising anticancer features. 

QO11 Polysaccharides from marine sources: synthesis of derivatives and tumor cell 

growth inhibition. 
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QO12 Synthesis of fumiquinazoline analogues with antibacterial, anti-biofilm and efflux 

pump inhibition potential. 

QO13 Exploring the reactivity of a commercial diketopyrrolopyrrole. 

QO14 New porphyrins for dye-sensitized solar cells. 

QO15 Mild synthesis of nitrobenzenes from 3-formylchromones. 

QO16 Ru(III) and Ir(III) complexes bearing porphyrin moieties: synthesis and 

photosensitizing activity against resistant melanoma cells. 

QO17 Ohmic heating-assisted palladium-catalyzed cross-coupling reactions for the 

synthesis of C-glycosylquinolones. 

QO18 Irá a inteligência artificial assumir o papel do Químico? Um estudo de caso com a 

reação carbonilativa de Suzuki. 

QO19 Synthesis and characterization of porphyrins bearing electronic donating groups 

at meso-positions to be used as hole-transporting materials in perovskite solar 

cells. 

QO20 Preparation of Open-Shell Polycyclic Conjugated Hydrocarbons based on Truxene 

QO21 Towards the synthesis of large acenes, starphenes, and closely related structures  

QO22 Synthesis of Soluble Trigonal Nanographenes by Pd-catalyzed Aryne 

Cyclotrimerization. 

QO23 Synthesis of new porphyrinςfullerene conjugates for application in dye-sensitized 

solar cells. 

QO24 -hSubstituted 2-benzylchromones as monoamine oxidase inhibitors for the 

treatment of neurological disorders. 

Póster/Panel 

QO25 Larvicidal activity of the fungus Penicillium sp. 27 against Culex quinquefasciatus. 

QO26 Photoredox transformations of Quinic Acid. 

QO27 Synthesis and structure elucidation of metabolites of the synthetic cathinones 

pentedrone and methylone for further metabolism studies. 

QO28 Discovery of new eugenol-azole hybrids as candidates of potent trypanocidal 

agents. 

QO29 From the bottom of ocean to the lab: synthetic strategies of cyclic peptide 

marine-derived. 

QO30 Curcumin-based molecular probes for fluorescence imaging of fungi. 

QO31 New open-chain carbohydrate amides: synthesis, docking studies and 

acetylcholinesterase. 

QO32 Synthetic access to new fused thiazoloindazole as acetylcholinesterase inhibitors: 

synthesis, characterization and molecular docking studies. 
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QO33 Synthesis of hexahydropyrroquinolines-2,3-diol, analogues of swainsonine, and 

prediction by molecular modeling of their inhibition power towards human Golgi 

a-mannosidase II. 

QO34 New 4-aminoacridine-cinnamic acid conjugates as multi-stage antimalarial hits. 

QO35 Docking-based Virtual Screening as a tool to identify new small molecules 

targeting SARS-CoV-2. 

QO36 Preparation benzoporphyrin-based photosensitizers. 

QO37 Synthesis of novel C-glycosyl flavonoids. 

QO38 Metal Ion Sensors Based on Thiazolo[5,4-d]thiazoles. 

QO39 Organocatalytic properties of the iminosugar DAB. 

QO40 Expanding the Library of Cyclopentadienone Iron Tricarbonyl Complexes: 

Synthesis and Characterization of Novel Precatalysts. 

QO41 Divergent syntheses of iminocyclohexitols and polydroxylated pipecolic acids. 

QO42 Squaraine dyes derived from benz[e]indole as fluorescent probes for human 

serum albumin detection and quantification. 

QO43 Study of the supramolecular self-assembly of Cu(II) complexes of pyridoxal 

derived ligands. 

QUÍMICA Y SALUD 

Oral 

QS01  Mining the Leishmania Kinome. 

QS02 O receptor da vitamina D como unha nova diana para o tratamento do cancro de 

mama. 

QS03 The Reaction Mechanism of SARS-CoV-2 Spike Protein Cleavage by TMPRSS2: A 

Quantum Mechanics/Molecular Mechanics Study. 

QS04 Melanostatin Aza-Peptides as Potent Allosteric Modulators of the Dopamine D2 

Receptors. 

QS05 Discovery of Melanostatin-Based Potent Modulators of the Dopamine D2 

Receptors Using Furoic Acids as Proline Surrogates. 

QS06 Uma Abordagem Bioisostérica na Descoberta de Potentes Análogos da 

Melanostatina Usando ̡-Aminoácidos. 

QS07 Bio-guided optimization of Cystoseira abies-marina cosmeceuticals extraction by 

advanced technologies. 

QS08 New synthetic cinnamic acid-flavone hybrids with promising photoprotective, 

anti-inflammatory and antioxidant activities. 

QS09 New insights into the anti-inflammatory effects of 2-stryrylchromones. 
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QS10 Pyrroloquinolone-based hybrid compounds multitargeting the electron transport 

chain of Mycobacterium tuberculosis. 

QS11 Recent advances in cancer therapies via carbon nanomaterials functionalized 

with porphyrins and analogues. 

QS12 Anti-inflammatory activity of 2-styrylchromones in Human fibroblast like 

synoviocytes. 

QS13 Urea derivatives of ̡-carboline indole alkaloids for reversing multidrug resistance 

in cancer. 

QS14 Evaluation of the cytotoxicity effects of flavonol derivatives in human lung 

fibroblasts. 

QS15 !ŎǘƛǾŜ tƘŀǊƳŀŎŜǳǘƛŎŀƭ LƴƎǊŜŘƛŜƴǘΩǎ ƳǳƭǘƛŎƻƳǇƻƴŜƴǘ ǎƻƭƛŘ ŦƻǊƳǎΥ ŀ ŎƻƴǘǊƛōǳǘƛƻƴ 

to enhance the trimethoprim biopharmaceutical performance. 

QS16 Polyhydroxylated bis-chalcones: potential new inhibitors of cyclooxygenase 2. 

QS17 Synthesis of naringenin sulfates and evaluation of their anti-inflammatory 

activity. 

QS18 Cationic imidazolyl porphyrins bearing amphiphilic side chains combined with 

antimicrobials: new strategies to potentiate E. coli photodynamic inactivation. 

QS19 Design of a disposable µPAD for on-hand quantification of urinary creatinine. 

QS20 Development of Photoactive Materials for Photodynamic Therapy Based 

Applications. 

QS21 Developing a computer-aided drug design approach to discover lead-like 

Phosphomannomutase 2 pharmaco-chaperones for congenital disorders of 

glycosylation (CDG) therapy. 

QS22 New insights on the antimicrobial properties of amino-based flavylium dyes: 

promising candidates for photodynamic inactivation of bacteria. 

QS23 Fluorinated contrast agents for application in 19F MRI and PET. 

QS24 New families of multi-ǘŀǊƎŜǘ ŘƛǊŜŎǘ ƭƛƎŀƴŘǎ ŦƻǊ !ƭȊƘŜƛƳŜǊΩǎ 5ƛǎŜŀǎŜ. 

QS25 Estudo integrado da influência do tipo de cultivo e irrigação nas propriedades 

bioativas de Cichorium spinosum L. 

QS26 Synthesis of di-imidazolyl porphyrins and their chlorin derivatives for 

photoinactivation of bacteria and viruses. 

QS27 Improving benzisothiazolinone ό.L¢ύ ŜŦŦŜŎǘƛǾŜƴŜǎǎ ōȅ ŎȅŎƭƻŘŜȄǘǊƛƴΩǎ 

encapsulation: Ecotoxicity and Antibacterial studies. 

QS28 Peptide/ionic liquid-based therapeutics for the topical treatment of skin 

infections. 

QS29 Guiera senegalensis: On the track of biofungicides development. 

QS30 Unveiling membrane dependent mechanism of action of molecules with 

anticancer activity. 
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QS31 Water-soluble pyridinium-pyrazole phthalocyanines for photodynamic 

inactivation of Phage Phi6 as SARS-CoV-2 Model. 

QS32 -̡Phospholactams as a novel chemical tool to target serine hydrolases. 

QS33 Synthesis, characterization and antibacterial profile of new GUMBOS. 

QS34 Tricyclic compounds derivatives as new potential neuroprotective agents. 

QS35 Development of new multitarget-directed ligands with potential application in 

ŀƭȊƘŜƛƳŜǊΩǎ ŘƛǎŜŀǎŜ. 

QS36 Following-ǳǇ ōƭŀŘŘŜǊ ŎŀƴŎŜǊ ǇŀǘƛŜƴǘΩǎ ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜǊŀǇȅ. 

QS37 High-resolution absolute quantitative proteomics revealed new 

immunohistochemical markers of oncocytic renal neoplasms. 

QS38 The effect of varying the complexity of amines introduced into the squaric ring 

on the photobiological activity of aminosquaraine dyes. 

QS39 Anti-proliferative effect of novel chlorophyll derivatives in breast cancer cell lines 

QS40 The wound healing properties of starch-based photoactive materials. 

QS41 Design, synthesis and evaluation of novel antileishmanial agents. 

QS42 Synthesis and biological evaluation of acridine-triazine hybrids as 

acetylcholinesterase and butyrylcholinesterase inhibitors. 

QS43 Silica nanomaterials based on ionic antimicrobial agents for infectious 

therapeutic diseases. 

QS44 Conjugation of carbon nanomaterials with tetrapyrrolic macrocycles: 

Applications & challenges. 

QS45 Porfirinas sulfonamidas como agentes fotossensibilizadores para inativação de 

bactérias multirresistentes 

QS46 New hexadentate Fe chelator: an EPR study to access chelator interaction with 

liposome membrane models. 

QS47 Pharmaceutical cocrystals: Design approaches. 

QS48 /ȅǘƻǘƻȄƛŎƛǘȅ ƛƴŘǳŎŜŘ ōȅ оΩΣпΩΣт-trihydroxyflavone derivatives in in vitro models of 

osteosarcoma. 

QS49 Can infrared analysis of blood plasma assist diagnosis of respiratory viral infection 

Póster/Panel 

QS50 Synthesis, characterization and evaluation of the cytotoxic activity against A549 

cell line of 2,6-diformyl-4-methylphenol hydrazones. 

QS51 Synthesis, characterization and DNA binding of a vanadium (V) complex derived 

from 2,6-diformyl-4-methylphenol. 

QS52 Estudos sobre a síntese de novos heterociclos baseados na unidade de cromeno 

e purina. 

QS53 Fighting bacterial infections: antimicrobial peptides and ionic liquids.  
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QS54 Study of new derivatives based on coelenterazine for photodynamic therapy. 

QS55 Discovery of Neuroprotective Hits Using 2-Azanorbornane as a Constrained 

Proline Surrogate in Glypromate Neuropeptide. 

QS56 Design, Synthesis, and Biological Evaluation of Glypromate-Based 

Neuroprotective Conjugates with Pharmaceutical Active Ingredients. 

QS57 Fluoroquinolone metalloantibiotics: fighting Staphylococcus aureus infections. 

QS58 BDDE, a marine bioactive metabolite, as inspiration for the synthesis of chalcone 

derivatives to fight antimicrobial resistance. 

QS59 Point-of-care determination of calcium in saliva using a developed microfluidic 

paper-based analytical device. 

QS60 Cromeno[2,3-b]piridinas: síntese e avaliação do potencial anticancerígeno para o 

cancro da mama. 

QS61 Indoor levels of fine and ultrafine particles at Portuguese fire stations. 

QS62 ¢ƻǿŀǊŘǎ ǘƘŜ άƎǊŜŜƴƴŜǎǎέ ƻŦ ŀ ŎƘŜƳƛŎŀƭ ǎȅƴǘƘŜǎƛǎ ƻŦ ŀ ƴŜǿ ŀƴǘƛŦƻǳƭƛƴƎ ŎƻƳǇƻǳƴŘ. 

QS63 Synthesis of new surface-active ionic liquids derived from antimalarial drugs and 

bile acids. 

QS64 Synthetic triazole compounds as potential inhibitors of SARS-CoV-2 attachment 

into host cells. 

QS65 Synthesis and in vitro evaluation of versatile cell-penetrating mitochondriotropic 

antioxidants. 

QS66 Tailoring VAS2870 scaffold to develop new covalent NOX2 inhibitors. 

QS67 Fiscalins: a new source of substance P antagonists?. 

QS68 Beyond chemical bonds. 

QS69 Bladder Cancer: The Future of Diagnostic and Patient Monitoring. 

QS70 Development of a Robust Ultrasonic-Based Sample Treatment to Unravel the 

Proteome of OCT-Embedded Solid Tumor Biopsies. 

QS71 Biotin-bearing squaraine dyes as potential antitumor photodynamic agents: an in 

vitro preliminar study. 

QS72 How the selectivity of Zn(II) ligands towards G4 DNA structures is influenced by 

the number and position of the positive charges. 

QS73 Low serum bromine levels in chronic hemodialysis patients ς is there any clinical 

impact? . 

QS74 Trace element imbalances in hemodialysis patients: new data from a cohort of 

Portuguese patients. 

QS75 Association between natural exposure to lithium and suicide rate: an ecological 

and human biomonitoring study in northern Portugal. 

QS76 Reference intervals for whole blood trace elements in the Angolan adult 

population. 
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QS77 The effect of repeated blood donation on whole blood trace element status ς a 

cross-sectional study in Angolan donors. 

QS78 Synthesis of new purine nucleosides as potential biometal chelators and 

cholinesterase inhibitors. 

QS79 New halogen hydrazones derived from pyridoxal and their biological behavior. 

QS80 Benz[e]indole and indolenine squaraine dyes derivatives as antifungal agents and 

fluorescent probes. 

QS81 Exploring the bioactive potential of Artemisia annua L. hydroethanolic extracts 

obtained by microwave-assisted extraction. 

QS82 Development of a pH-sensitive dressing for clinical monitoring of chronic 

wounds. 

QUÍMICA TEÓRICA 

Oral 

QT01  Interface between BmimPF6 ionic liquid and gold metal surface from MD 

simulations perspective. 

QT02 The Reaction Mechanism of SARS-CoV-2 Spike Protein Cleavage by TMPRSS2: A 

Quantum Mechanics/Molecular Mechanics Study. 

QT03 (Non)-Polarizable models for magnetic ionic liquids.  

QT04 Interface between BmimPF6 ionic liquid and gold metal surface from MD 

simulations perspective. 

QT05 Composición lipídica alterada provocada por COVID en fase aguda y persistente 

y la influencia del sistema inmune innato: Un estudio de Dinámica Molecular. 

QT06 Back to the Chirality in Coarse-Grained Cyclic Peptides: The Ma(R/S)tini 

parametrization. 

QT07 Exploring innate immune system peptides and their cell membrane interaction. 

Póster/Panel 

QT08 Study of Sodium Hexanoate and Dodecanoate Salt-Based Eutectic Solvents by 

Molecular Dynamics Simulation Approach. 
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APERTURA 
The Critical Role of Energy Storage in the Electric Economy and 

Overcoming Climate Change 

M. Stanley Whittingham 
Chemistry Department, Binghamton University, Binghamton, NY 13850 

The Nobel committee stated in awarding the 2019 Chemistry Nobel Prize to John 
DƻƻŘŜƴƻǳƎƘΣ !ƪƛǊŀ ¸ƻǎƘƛƴƻ ŀƴŘ ƳȅǎŜƭŦ ά¢ƘŜȅ ƘŀǾŜ ƭŀƛŘ ǘƘŜ foundation of a 
wireless, fossil fuel-free societyΣ ŀƴŘ ŀǊŜ ƻŦ ǘƘŜ ƎǊŜŀǘŜǎǘ ōŜƴŜŦƛǘ ǘƻ ƘǳƳŀƴƪƛƴŘΦέ Lǘ 
is now time for all of us to take action. 

Energy storage, and in particular electrochemically-based storage, is critical in 
enabling the electric economy, just as it was for enabling the communications 
revolution. Lithium batteries have played the key role to date, but electrochemistry 
is also essential to the success of a clean hydrogen economy and to the attainment 
of a cleaner mining industry, one that would be based on electro-reduction rather 
than carbothermal processes. 

Electric transportation, whether automobiles or tramcars/trolly buses, was 
dominant at the beginning of the last century. However, the discovery of oil 
changed all that. It was not until the 1970s that Exxon and then the US Department 
of Energy embarked on major battery initiatives to re-electrify transportation. That 
effort led to the critical role of intercalation reactions and the development of the 
lithium-ion battery and the use initially by SONY in Japan to miniaturize electronic 
music devices, and then by Apple bringing instant communication to the world and 
obsoleting land-line phones and the telegraph.  

Today, the demand for electric vehicles far surpasses the supply despite their 
high cost. The other major demand for Li batteries is to enable renewable energy 
and to make the grid more resilient. In order to address these needs, we 
researchers need to find new materials to make the next generation batteries that 
are lower cost, have a secure supply chain and are safer. Can we make batteries 
with the desired properties using the most abundant redox active metals like iron, 
manganese and vanadium? Can we make batteries that will last essentially forever; 
these could be used for electric vehicles that are connected to the grid at all times 
when not actually moving. I will discuss some of the recent research trends that 
address these challenges, and the opportunities for chemists. 
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Hydroxypyridinones: Chelators to Life Sciences 

Maria Rangel1,* 

1 REQUIMTE-LAQV, Instituto de Ciências Biomédicas Abel Salazar, Universidade do Porto 
4050-313 PORTO, PORTUGAL 

*mrangel@icbas.up.pt; www.chel2life.org 

Chelators of the 3-hydroxy-4-pyridinone class are known for their chemical, biomedical, 
agricultural and environmental applications. The possibility of using the ligands in such a 
variety of fields is mainly due to their high affinity towards M(II) and M(III) metal ions as well 
as their versatility in synthesis. 

A significant number of bidentate ligands with variable lipophilicity has been prepared and 
used to produce polydentate ligands. Also, additional functionalities such as fluorophores 
and anchoring molecules to connect the ligand units to particular molecular frameworks 
have been successfully introduced thus enlarging their range of application. Metal ion 
chelates with 3-hydroxy-4-pyridinone ligands have also found application as metallodrugs 
and micronutrient fertilizers.  

An overview of the work developed in the chel2life laboratory and regarding the design of 
ligands and complexes, the study of their chemical properties, their affinity towards 
biological membranes and biological activity will be presented. Particular attention will be 
given to the design of molecules to be tested in (a) novel therapeutic strategies such as, 
Infection and Diabetes Mellitus (b) Metal Ion Sensing and (c) Plant Nutrition.  
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Aryne Chemistry in the Graphene Era 

Dolores Pérez 

Centro Singular de Investigación en Química Biolóxica e Materiais Moleculares (CiQUS), 
Universidade de Santiago de Compostela, Santiago de Compostela, Spain 
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The discovery of graphene and other carbon-based materials has opened a new era in 
materials science, an era in which synthetic organic chemistry is called to play a very 
important role. In particular, the tailored, bottom-up synthesis of nanosized graphene 
substructures (nanographenes) and large polycyclic aromatic hydrocarbons (PAHs), with 
customized shapes and electronic properties, is currently a very active area of research. In 
this context, aryne intermediates are ideal synthetic building blocks, providing privileged 
strategies for the convergent construction of polycyclic compounds containing aromatic 
rings.  

In this lecture, some recent contributions from our group to this field will be presented,[1,2] 
with particular emphasis on the use of polycyclic arynes and bisaryne precursors for the 
straightforward access to extended and/or structurally complex aromatic architectures. Our 
efforts towards the synthesis of singular aromatics and relevant ̄ -functional materials, such 
as acenes, cycloarenes, porous nanographenes or novel fullerene derivatives, will be 
included.  Some results from our fruitful collaborations with surface physicists, which allow 
the imaging and manipulation of our compounds at the single-molecule level by SPM 
techniques, will also be highlighted. 

 

 

Fig. 1. Synthesis and single molecule imaging of a 22-ring nanographene, by combination of solution-

phase Pd-catalyzed aryne cyclotrimerization and on-surface six-fold cyclodehydrogenation [3]. 
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Determination of microplastics in environmental samples 

José M. Andrade-Garda 
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Universidade da Coruña, A Coruña, 15071, A Coruña, Spain. 
andrade@udc.es 

It is possible to set the decade after the second World War as the generalized onset of the 
ΨǇƭŀǎǘƛŎ ŜǊŀΩΦ 5ŜǎǇƛǘŜ ǎŜǾŜǊŀƭ ǇƭŀǎǘƛŎǎ ƘŀŘ ōŜŜƴ ŎƻƳƳŜǊŎƛŀƭƛȊŜŘ ōŜŦƻǊŜ ǘƘŀǘΣ ǘƘŜ ǇƻǊǘŦƻƭƛƻ ƻŦ 
massive production of plastics can be traced back to then. They appeared as a very 
convenient and economically-affordable commodity to address many Societal challenges at 
that moment: they avoided the use of limited resources and showed excellent properties, 
like durability, flexibility, an immense variety of applications, low weight but high resistance, 
quite affordable customization for different customers, etc. To sum up, plastics were 
considered like a step forward in the development of Society. 

Curiously, many of those advantageous properties, combined with a general looseness of 
humans towards correct waste management, ended up in the generation of the problem 
that nowadays all the Earth ecosystems suffer: the presence of huge amount of plastics 
residues. Many spectacular images have shown animals trapped in macroplastics (or big 
fragments of plastics in their stomachs when corpses are find in beaches), but further than 
that the entrance of small microplastics (mostly in the nano scale) on the food web is being 
observed already. So concern arose on citizens and politicians, who are pushed to take 
actions. Althought this is far from simple because of the lack of knowledge (many times, 
lack of comparability) on the abundance, behaviour, fate and sinks of microplastics (MPs). 
Further, their effects on the biota are not still clear. 

In this lecture some relevant aspects for the determination of microplastics (MPs) in 
environmental matrices are reviewed. Special emphasis will be placed on two major issues, 
namely: 

1. Sample treatment. This is usually a very lengthy step and it determines the ς
commonly- very low overall sample throughput, ca. 15 days in many cases. Besides, 
care should be taken on the reagents used to get rid of the sample matrix as they 
might degrade the small polymer particles. 

2. Chemical characterization of the particles: in order to quantify and classify the 
microplastic particles according to the major polymer constituting them. In 
particular, attention will be devoted to infrared measurements as they are a 
common workhorse nowadays to cope with this issue. However, different IR 
techniques can be possible and a general review of them will be posed. 

Finally, some general recommendations will be given for reporting the results as there is an 
overwhelming disparity in literature and this hampers the possibility of comparing results. 
Indeed, this problem has been put forward by many international organizations as it 
difficults decision-making. 
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Prescriptomics 
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Analysis of proteins has been an integral part of clinical chemistry for decades. However, 
technological advances have opened new opportunities for the large-scale analysis of 
proteins for clinical diagnostic purposes and personalised medicine.  

First, the development of mass spectrometers with significantly higher resolution and more 
extensive dynamic range has allowed generating of high-quality quantitative data from 
complex sample matrices such as serum, plasma, urine, and tissue biopsies without the 
need for isotopic labelling. Instruments like TOF, Orbitrap, FT-ICR and the most recent 
timsTOF were a stepping-stone towards proteomic-based personalised medicine by 
facilitating the detection of patient-specific protein signatures that reorganise over time due 
to genetic, environmental, and treatment constraints. 

Second, developing high-throughput robust chromatographic-based sample preparation 
methods in conjunction with mass spectrometry has allowed the processing of many clinical 
specimens such as serum, urine, cerebrospinal fluid, and tissue biopsies in an efficient and 
reproducible manner [6]. Parallel to such achievements, the exciting advances done by 
bioinformatics have been a cornerstone in translating quantitative proteomics data into 
actionable clinical information. 

We are what our genetic code express. And what we express can now be quantified. By 
quantifying the proteome expressed by a patient, any disease can be diagnosed, 
prognosed and followed either using a solid or a liquid biopsy.  

Within this talk, I will introduce the analytical chemistry-driven concept of prescriptomics 
by describing how the advances in sample treatment, mass spectrometry, 
chromatography and bioinformatics have led to the advent of truly personalised medical 
treatment. 
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Desenvolvimento de um novo vinagre espirituoso de origem vínica 
Cristina Laranjeira1,*, Marco Alves2, Helena Mira1, Isabel Torgal1,Tânia Orvalho2, Maria Lima1, Sara 

Canas3, Ilda Caldeira3 
1Instituto Politécnico de Santarém - ESAS, Quinta do Galinheiro, 2001-904 Santarém, Portugal 

2Lbh±Ω[ƛƴŜŀ-TagusValley, Rua José Dias Simão, 2200-062 Abrantes, Portugal  
3Instituto Nacional de Investigação Agrária e Veterinária, 2565-191 Dois Portos, Portugal  

*cristina.laranjeira@esa.ipsantarem.pt 

O vinagre é um produto com tradições milenares. Muito enraizado nas culturas gastronómicas 
mediterrânica, atlântica e asiática, a sua definição não é consensual, internacionalmente; contudo, na UE, 
άǾƛƴŀƎǊŜέ ƻōǘŞƳ-se exclusivamente por dupla fermentação alcoólica e acética de substâncias de origem 
agrícola (EN 13188:2000). A sua produção é um exemplo clássico de sustentabilidade no uso de recursos 
sub-aproveitados, posicionando-se no fim da fileira de transformação agroalimentar. Recentemente, a 
valorização dietética deste género alimentício hipocalórico e funcional, influenciada também pela Nouvelle 
Cuisine e por preocupações com a alimentação na saúde, tem-se traduzido numa maior diferenciação e 
prestígio do produto e na procura de novos produtos vinagreiros [1,2].  

Na linha Agrio do projeto AgetEm (POCI-01-0145-FEDER-023583) desenvolveu-se um novo protótipo de 
vinagre espirituoso (2017-2020), por acetificação de destilado vínico, monovarietal, produzido por 
vinificação de uvas brancas da casta Tália da Coleção Ampelográfica Nacional (Portugal). A tecnologia deste 
novo vinagre espirituoso compreende três fases: vinificação, destilação intermédia em alambique e 
acetificação em cultura submergida, usando como acetificador, um fermentador de laboratório (CSTR) com 
agitação e arejamento contínuos. A inocǳƭŀœńƻ Řƻ ŘŜǎǘƛƭŀŘƻ ǾƝƴƛŎƻ Ŧƻƛ ǊŜŀƭƛȊŀŘŀ ŎƻƳ άǾƛƴŀƎǊŜ-ƳńŜέΥ ǾƛƴŀƎǊŜ 
de vinho branco bruto, recolhido num acetificador industrial em laboração, que veiculou a cultura viva de 
bacterias acéticas e garantiu a acidez necessária ao arranque e manutenção da fermentação acética. 
Temperatura e volume da mistura no acetificador, condições de arejamento e agitação, pH, acidez total e 
concentrações de etanol e total (GK) foram controladas [3]. Do vinagre espirituoso obtido nos ciclos de 
arranque e adaptação, fizeram-se seis lotes, que foram analisados por cromatografía GC-FID [4] e HPLC [5]. 
Os lotes apresentaram o mesmo espectro de compostos presentes no vinho e no vinagre vínico (modificados 
pela destilação e pela acetificação), mas obtiveram-se perfis distintos, com diferenças significativas nos 
teores de compostos voláteis maioritários e ácidos orgânicos quantificados. O ácido acético ς responsável 
pelo sabor sui generis do vinagre - é quantitativamente o composto mais importante, como seria espectável. 
As análises de variância simples (ANOVA) e multidimensional (ACP, clusters) à matriz de resultados, 
indicaram que os ácidos D-glucónico, tartárico e succínico, bem como os compostos voláteis acetato de 
etilo, 2-feniletanol e glicerol, contribuíram para uma maior diferenciação entre os lotes de vinagre. 

O protótipo do novo vinagre espirituoso, além de ácido acético, acetoína e etanol residual - compostos cuja 
presença conjunta é necessária para assegurar a genuinidade enquanto produto obtido de dupla 
fermentação alcoólica e acética [1] - contém outros compostos secundários relevantes na definição do seu 
perfil de composição, nas características organoléticas e como garantia de autenticidade. Inovador e 
conveniente ς com longa vida útil e múltiplas aplicações alimentares - a sua tecnología é sustentável, 
possibilitando o aproveitamento de excedentes estruturais de vinho, destilados vínicos ou aguardentes e 
assegurando também as boas práticas vinagreiras e a segurança alimentar. 
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Mycotoxins and inorganic arsenic in rice: the Portuguese scenario and 
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Rice is the second most important cereal crop and an essential component of the diets and livelihoods 
of billions of people, including infants and celiac patients [1]. In a time of concern about world hunger, 
impact of climate change, population growth and future food security, rice production is threatened, 
as well as both, the quantity and the quality of rice that is available for consumption [2]. This can also 
enhance human exposure to chemical hazards, such as mycotoxins and metalloids. 

The goal of this study was firstly to evaluate the occurrence of aflatoxin B1 (AFB1), ochratoxin A (OTA), 
zearalenone (ZEN) and inorganic arsenic (InAs) in rice, evaluating the Portuguese scenario in the 
worldwide context and the Portuguese population exposure. Rice intended for human consumption 
was commercially acquired and provided by Portuguese rice producers. The determination of every 
mycotoxin involved competitive enzyme immunoassays (ELISA), with limits of detection (LODs) of 0.8, 
м ŀƴŘ мΦтр ˃ƎκƪƎΣ ŦƻǊ h¢!Σ !C.м ŀƴŘ ½9bΣ ǊŜǎǇŜŎǘƛǾŜƭȅΦ Lƴ!ǎ ŀƴŀƭȅǎƛǎ was achieved by inductively 
coupled plasma mass spectrometry (ICP-a{ύΣ ǿƛǘƘ ŀ [h5 ƻŦ оΦо ˃ƎκƪƎΦ 

From the 36 samples analysed, none showed contamination by OTA. AFB1 was present in 2 (4.8%) 
commercially acquired branded samples, in levels of 1.96 and 2.20 ˃ƎκƪƎΣ ƻŦ ǿƘƛǘŜ ǎƘƻǊǘ ǊƛŎŜ ŀƴŘ ƻŦ 
wild long rice, respectively. These levels exceeded the European maximum permitted level (MPL) of 1 
˃ƎκƪƎΦ Concerning ZEN, 88.89% of the total samples showed levels above the LOD, up to 14.25 µg/kg 
(average of 2.75 µg/kg). Significant difference was found between private and white label samples 
(p=0,0196), with white label samples presenting higher values. Regarding InAs, 100% of the samples 
showed levels above the LOD, up to 100.0 µg/kg (average of 35.3 µg/kg), none exceeding the MPL 
(200 µg/kg). The lowest p value, <0.0001, was obtained between brown and white rice, with brown 
presenting higher values. No correlation was found between mycotoxin and InAs contamination. 

Regarding AFB1 exposure, for every population studied, the maximum estimated daily intake (EDI) 
value was of 5.79 ng/kg bw/day. Children presented the higher risk values, followed by adolescents 
and adults, both considering the provisional maximum tolerable daily intake (PMTDI) (1 ng/kg bw/day) 
proposed by Kuiper-Goodman [3] and the margin of exposure (MOE) approach (170 ng/kg bw/day) 
[4]. As for ZEN, the maximum EDI was of 77.81 ng/kg bw/day, for the worst case scenario and the 95th 
consumption. Again, children presented the higher risk values considering the tolerable daily intake 
(TDI) value of 250 ng/kg bw/day. For InAs, the maximum EDI value was 0.5463 µg/kg bw/day, also 
obtained for children, once again, the group with higher risk values. The MOE increased when the 
95th consumption percentile was considered, to values lower or close to 1. 
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Las algas marinas forman parte de la dieta humana en algunos países asiáticos desde la 
antigüedad. Recientemente, su uso está recibiendo un creciente interés en el mundo 
occidental debido a sus excelentes propiedades nutricionales, así como por su aporte en 
componentes con propiedades antimicrobianas, antioxidantes, antiinflamatorias y 
antitumorales [1,2]. Entre estas algas, Bifurcaria bifurcata destaca por su abundancia en las 
costas atlánticas de Portugal, Francia y España [3] así como por sus propiedades 
conservantes demostradas en diversos experimentos in vitro [4]. 

Este estudio se centra en la utilización de esta macroalga parda al objeto de mejorar la 
calidad de pescado comercializado en estados fresco y enlatado. Para ello, se utilizaron 
disoluciones acuosas de extractos de dicha alga para la elaboración del hielo utilizado como 
medio de conservación en refrigeración de gallo (Lepidorhombus whiffiagonis); los efectos 
de los extractos del alga sobre el desarrollo de la actividad microbiana y la alteración lipídica 
fueron analizados durante un periodo de conservación de 14 días. Por otra parte, los 
extractos de B. bifurcata fueron incluidos en el medio de cobertura empleado durante el 
enlatado de caballa atlántica (Scomber scombrus); después de tres meses de conservación 
del producto enlatado, se analizaron los efectos originados sobre la calidad del pescado.  

En lo que respecta al estudio de gallo refrigerado, se observó un marcado efecto inhibidor 
en el desarrollo de distintos grupos microbianos (aerobios, psicrótrofos, Enterobacterias, 
proteolíticos y lipolíticos), así como en la formación de ácidos grasos libres y compuestos 
fluorescentes. Por su parte, el experimento de enlatado de caballa reflejó un efecto 
inhibidor por parte del extracto de alga sobre la formación de compuestos fluorescentes y 
sobre el incremento de los parámetros L* y b* de color. Se concluye que ambas estrategias 
(inclusión en el hielo de refrigeración y en el medio de cobertura del enlatado) pueden 
significar un importante avance a la hora de retener la calidad de pescado fresco y enlatado, 
respectivamente. 
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En este trabajo se abordó el estudio quimiométrico de espectros de la zona infrarroja media 
pertenecientes a 134 bebidas alcohólicas comerciales mexicanas derivadas del agave. El 
objetivo principal fue evaluar si se podían observar diferencias entre distintas clases de 
productos comerciales: destilados, licores y tequilas provenientes de diversas marcas 
comerciales de origen mexicano. En concreto, se aplicaron dos técnicas de minería de datos: 
Análisis de Componentes Principales y Análisis Cluster (o Análisis jerárquico de 
Conglomerados). 

Las principales conclusiones fueron:  

1. Es posible diferenciar entre las muestras de tequila comercial y las de destilados y 
licores (región 1770 cm-1 y 1485 cm-1, datos autoescalados, subespacio PC1-PC2-
PC3). Mediante PCA dinámico se pudo reducir la zona de interés al rango 1717 - 
1490 cm-1. 

2. Se pudo diferenciar entre tequilas blancos y tequilas jóvenes (físicamente tienen la 
misma apariencia). No obstante, la diferenciación no fue total. Para ello se necesitó 
el subespacio PC1-PC3 (4000 - 401 cm-1; sin escalado). Usando PCA dinámico se 
pudo reducir el número de números de onda a las regiones siguientes: 3667 - 3653, 
3644 - 3637, 2988 - 2960, 2911 - 2709, 1466 - 1448, 893 - 892 y 872 - 861 cm-1 (en 
total, 295 números de onda). 

3. No fue posible diferenciar los tequilas añejos y extra-añejos, probablemente por la 
variabilidad espectral que generan los procesos de envejecimiento en barricas de 
roble. 
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A indústria alimentar tem vindo a ser desafiada no sentido de impulsionar a inovação nos conservantes 
alimentares, principalmente devido à resistência dos consumidores em relação à utilização de aditivos 
artificiais [1]. O género Thymus é constituído por aproximadamente 350 espécies distribuídas por todo o 
mundo [2]. Estas são tradicionalmente usadas como plantas condimentares e medicinais, destacando-se 
como fontes promissoras de ingredientes bioativos naturais [3]. O presente estudo pretendeu caracterizar 
a composição fenólica e avaliar as propriedades bioativas de duas espécies de Thymus (T. mastichina L. e T. 
pulegioides L.) de forma a comprovar o uso potencial como ingrediente conservante natural na indústria 
alimentar. Os extratos hidroetanólicos (EtOH/H2O - 80:20, v/v) de T. mastichina (ETM) e T. pulegioides L. 
(ETP) foram obtidos através de extração assistida por calor. Os compostos fenólicos foram identificados e 
quantificados por HPLC-DAD-ESI/MS, onde o ETP revelou a presença de catorze compostos fenólicos 
destacando-se o kaempferol como o composto maioritário; e, por sua vez, o ETM revelou a presença de 
doze compostos sendo o ácido rosmarínico o maioritário. A atividade antioxidante foi avaliada através de 
quatro ensaios in vitro: capacidade bloqueadora de radicais livres, poder redutor, inibição de peroxidação 
lipídica e inibição da hemólise oxidativa. A atividade citotóxica foi avaliada em linhas celulares tumorais 
humanas (carcinoma da mama, pulmão e gástrico e adenocarcinoma colorretal) e não tumorais (linha 
primária de fígado de porco, linha celular de rim de macaco), utilizando o método da sulforodamina B. A 
atividade anti-inflamatória foi testada usando uma linha de macrófagos de rato pela capacidade de inibir a 
produção de NO. Por fim, a atividade antimicrobiana foi avaliada usando um painel de seis bactérias e seis 
fungos selecionados segundo a sua importância a nível de saúde pública. Os resultados demostraram que 
ambos os extratos apresentaram desempenho bioativo promissor, sem apresentar toxicidade até à 
concentração máxima testada (GI50 > 400 ˃ g/mL). O ETM apresentou melhor potencial antioxidante e 
antimicrobiano, enquanto o ETP se destacou pelo melhor potencial citotóxico. A composição em compostos 
fenólicos poderá justificar o desempenho bioativo dos extratos analisados. Desta forma, é possível afirmar 
que plantas do género Thymus surgem como alternativas naturais para a obtenção de extratos bioativos 
com potencial de aplicação na indústria alimentar como conservantes naturais. 
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A comunidade cientifica, em parceria com a indústria alimentar, tem vindo a estudar diferentes 
matrizes naturais, a fim de obter ingredientes funcionais com potencial aplicação neste setor 
industrial. Nesse sentido, este trabalho pretendeu fazer a caracterização de Brassica oleracea var. 
Acephala (popularmente conhecida como couve galega) quanto ao seu perfil fenólico e ação biológica, 
com o objetivo de identificar compostos fenólicos com potencial conservante e/ou bioativo para 
incorporação na indústria alimentar. O perfil fenólico individual foi obtido através de um sistema de 
HPLC-DAD/ESI-MSn e o potencial bioativo foi avaliado através de ensaios in vitro. A atividade 
citotóxica foi avaliada em linhas celulares tumorais humanas (AGS, CaCo2, MCF-7, NCI-H460) e a 
toxicidade em uma linha celular não tumoral (VERO), através do método colorimétrico da 
sulforodamina B. A atividade anti-inflamatória foi estudada em macrófagos de rato (RAW 264.7); a 
atividade antimicrobiana foi testada usando o método de microdiluição; e a atividade antioxidante foi 
avaliada através dos ensaios de TBARS (inibição da peroxidação lipidica) e CAA (atividade antioxidante 
celular). O perfil fenólico dos bioresíduos de couve galega revelou a presença de moléculas com 
elevado interesse em concentrações promissoras. Em relação ao potencial bioativo da amostra, foi 
possível observar uma interessante atividade antioxidante pela análise de TBARS, onde na 
concentração de 19 µg/mL foi possível oferecer 50% da atividade, porém pela análise de CAA os 
resultados foram moderados, com uma concentração de 2000 µg/mL com uma inibição de 40%. A 
atividade antimicrobiana revelou resultados muito satisfatórios, destacando-se as bactérias Bacillus 
cereus e Enterobacter cloacae e os fungos Aspergillus fumigatus e Penicillium fumiculosum como as 
estirpes mais suscetíveis ao efeito do extrato da couve. Em relação à atividade citotóxica e anti-
inflamatória, o extrato da couve não apresentou capacidade antiproliferativa na concentração 
máxima testada (400 µg/mL), revelando a ausência de potencial antitumoral e anti-inflamatório, mas 
também, provando a ausência de toxicidade do extrato. Considerando esses resultados, os 
bioresíduos da couve apresentam uma composição rica em compostos de elevado interesse, 
nomeadamente com potencial antioxidante, o que pode ser interessante para o desenvolvimento de 
ingredientes funcionais com possíveis aplicação na indústria. Para além disso, a reutilização de 
subprodutos permitirá não só diminuir o desperdício alimentar, como também criar soluções 
estratégicas no setor agroindustrial de crescimento económico e sustentabilidade. 
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Las plantas alimenticias no convencionales se presentan como una alternativa viable y eficiente para 
reemplazar los productos alimenticios que consumimos hoy. Presentando un enorme potencial nutricional, 
químico, físico y biológico, estas plantas suelen ser abundantes y no competidoras de otras matrices 
vegetales [1]. Attalea speciosa (Mart. Ex Spreng - Babassu) es una palmera que se encuentra en Brasil, y su 
mesocarpio (MB) representa cerca del 20,4% del fruto, presentando aplicabilidad en la fabricación de 
alimentos para animales [2]. Así, el presente trabajo tuvo como objetivo profundizar el estudio de la 
caracterización nutricional de MB por métodos de la AOAC; la determinación del contenido de azúcares 
libres (HPLC-RI), ácidos grasos (GC-FID), ácidos orgánicos (UPLC-DAD) y compuestos fenólicos (HPLC-
DAD/ESI(MS); y propiedades bioactivas (antioxidante, antimicrobiana, antiinflamatoria, citotóxica y 
nefrotoxicidad) de los extractos hidroetanólicos. Además, se desarrollaron productos de panadería (pan) 
con 12, 18 y 24% de sustitución de harina de trigo por harina MB. La harina presentó bajos niveles de 
humedad, grasa y cenizas, siendo los carbohidratos los principales macronutrientes, y los ácidos palmítico y 
esteárico los principales ácidos grasos. Se identificó tentativamente nueve compuestos fenólicos, seis 
flavan-3-oles (99% de la cantidad total, sobre todo por la presencia del dímŜǊƻ ŘŜ όŜǇƛύŎŀǘŜǉǳƛƴŀ ǘƛǇƻ ʲύ ȅ 
tres flavonoides O-glicosilados. El extracto hidroetanólico mostró una alta capacidad antioxidante y 
antihemolítica, mostrando una IC50 de 99% y 75% más efectiva que el control positivo (Trolox), 
respectivamente. Además, fue capaz de inhibir todas las líneas celulares tumorales, per mostró cierta 
toxicidad hacia las células sanas. Para la actividad antibacteriana fueron obtenidas concentraciones mínimas 
inhibitorias inferiores a la de los controles positivos (E211 y E224). Finalmente, se observó que las 
formulaciones de pan con sustituciones presentaron un aumento razonable en el contenido de PUFAs, 
manteniendo la capacidad antioxidante con valores de IC50 más bajos que los del control positivo, y no 
presentando actividad hepatotóxica (primera validación de esta harina para la incorporación en matrices 
alimentarias). En general, la formulación B24 fue la que presentó mayor similitud con el pan control, en 
relación a los aspectos nutricionales, sin embargo, en cuanto a los parámetros físicos fue la que presentó 
mayor discrepancia (en volumen específico, textura, y luminosidad). Todas las formulaciones presentaron 
mayores porcentajes de pérdida de características reológicas en los primeros tres días de elaboración. Este 
estudio presentó resultados innovadores en cuanto a la caracterización nutricional, química y bioactiva 
tanto del propio mesocarpio de babasú como del pan elaborado a partir de él, mostrando un gran potencial 
para ser aplicado en la industria alimentaria, sin embargo, aún queda mucho por explorar, especialmente 
en preparaciones que todavía no use ingredientes no convencionales. 
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While total meat consumption is stagnant or decreasing, the amount of poultry meat consumed 
continues to rise [1]. However, environmental warm and humid conditions, overcrowding, poor 
hygiene practices, and difficulty to separate infected animals from healthy ones makes poultry very 
susceptible to coccidiosis [2]. This promotes the widespread use of different coccidiostats in poultry 
farming and, adding to the resistance to anticoccidials reported globally [3], it poses a risk to 
ŎƻƴǎǳƳŜǊΩǎ ƘŜŀƭǘƘ ǎƛƴŎŜ ǘƘŜȅ Ŏŀƴ ōŜ ŦƻǳƴŘ ƛƴ ŜŘƛōƭŜ ǘƛǎǎǳŜǎ ώпϐΦ ¢ƘŜǊefore, this study aimed to 
highlight the current situation concerning the different types of poultry production, providing data on 
9 coccidiostats in poultry meat samples collected in Portugal. Additionally, this study also aimed to 
assess the estimated daily intake (EDI) and risk for different population groups, namely, children, 
adolescents and adults. 

¢ƻ ŀŎƘƛŜǾŜ ǘƘƛǎ Ǝƻŀƭ ŀƴ ŀƴŀƭȅǘƛŎŀƭ ƳŜǘƘƻŘƻƭƻƎȅ ǳǎƛƴƎ ǎƻƭƛŘҍƭƛǉǳƛŘ ŜȄǘǊŀŎǘƛƻƴ ŦƻƭƭƻǿŜŘ ōȅ ƭƛǉǳƛŘ 
chromatography with tandem mass spectrometry (LC-MS/MS) was successfully validated in poultry 
meat, with limits of detection between 0.9 and 7.4 µg kg-1. This methodology was applied to a total of 
101 chicken and turkey samples obtained from canteens, supermarkets, and home productions in 
Portugal. Halofuginone, diclazuril, decoquinate, narasin, lasalocid, and salinomycin were detected in 
20.8% of the samples. The synthetic coccidiostats halofuginone, diclazuril, and decoquinate were 
ŦƻǳƴŘ ƛƴ ŀǾŜǊŀƎŜǎ ƻŦ лΦт ˃Ǝ ƪƎҍмΣ нΦф ˃Ǝ ƪƎҍмΣ ŀƴŘ оΦт ˃Ǝ ƪƎҍм, respectively, whilŜ ŀǾŜǊŀƎŜǎ ƻŦ мΦн ˃Ǝ 
kgҍмΣ мΦс ˃Ǝ ƪƎҍмΣ ŀƴŘ мΦо ˃Ǝ ƪƎҍм were found regarding the ionophores narasin, lasalocid, and 
salinomycin. Home raised samples showed a higher frequency (47.1%). Despite the fact that most of 
the feeds contain coccidiostats, the reason for these results may be the probable disregard of the 
withdrawal period, established by European legislation, mainly by domestic breeders, resulting in 
residues in food matrixes.  

As for the risk assessment, values lower than 8.06% (halofuginone) of the acceptable daily intake (ADI) 
were observed for children using average concentrations. Nonetheless, when considering the worst 
scenario, these values were up to 53.4% (halofuginone), indicating that exposure to coccidiostats 
through the consumption of poultry meat does not represent a risk to consumers. 
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O interesse pelas características funcionais dos frutos secos aumentou devido ao seu alto teor em 
constituintes bioativos. A avelã (Corylus avellana L.) é a espécie cultivada mais importante do género 
Corylus (Betulaceae) e é amplamente distribuída pelo mundo [1]. A inclusão destes frutos na 
alimentação pode ser benéfica devido ao alto percentual de ácidos gordos monoinsaturados e 
poliinsaturados, tocoferóis e fitoesteróis [2,3]. Com a necessidade do aumento da produção, surge 
também a necessidade de implementação de uma agricultura mais sustentável. Desta forma, a 
utilização de bioestimulantes vegetais, em alternativa aos fertilizantes químicos, tem vindo a ser 
estudada. Neste trabalho, diferentes tipos de bioestimulantes compatíveis com a agricultura orgânica 
(NPK, Fitoalgas Green® e Sprint Plus®) foram testados em avelãs. Em seguida, foram analisados os 
parâmetros nutricionais, perfis de ácidos gordos e conteúdo de tocoferóis. A avaliação nutricional das 
avelãs mostrou que a gordura é o componente maioritário (55% em peso fresco (pf)), sendo o maior 
teor detetado na linha sem bioestimulantes. Os níveis de proteína foram elevados (16,8g/100g pf), 
principalmente nas avelãs tratadas com NPK (12% acima do controlo), mas todos os bioestimulantes 
(exceto fitoalgas) induziram um efeito positivo neste macronutriente. Cinzas e água, componentes 
minoritários, apresentaram variações mínimas. O valor energético máximo (675 kcal/100 g pf) foi 
obtido na linha controlo. Em relação aos açúcares solúveis, apenas a sacarose foi identificada com 
valor médio de 16g/100g pf. O ácido oleico (C18:1n9c) foi predominante, e uma diminuição notável 
foi observada na avelã, independentemente do bioestimulante, em comparação com o controlo 
(76%). O ácido linoléico (C18:2n6c), apresentou aumento significativo nas avelãs cultivadas em solos 
tratados com bioestimulantes, atingindo o valor máximo com o uso de NPK (15,1%). Os níveis de ácido 
palmítico atingiram maiores percentagens com Sprint Plus® (9,6%), assim como o ácido esteárico 
(C18:0). De referir que foram encontrados outros ácidos gordos em percentagens vestigiais (soma 
total inferior a 2%). A concentração de tocoferóis obteve valores médios de 25 mg/100 g pf. Os efeitos 
mais notórios foram obtidos com as fitoalgas+NPK. Em geral, os bioestimulantes testados induziram 
aumento nos níveis do ácido linoléico (sobretudo com NPK) e nos níveis de tocoferóis. A importância 
destes resultados está na possibilidade de selecionar o melhor bioestimulante a ser aplicado e, dessa 
forma, obter um aumento na quantidade de um composto bioativo específico, possibilitando uma 
potencial aplicação em alimentos funcionais. 
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Os frutos secos são um exemplo de alimentos naturais com efeitos funcionais. A amêndoa [Prunus dulcis (Miller) 
D.A. Webb] é um dos frutos secos mais populares do mundo, ocupando o primeiro lugar nos níveis de produção 
[1]. No entanto, os elevados níveis de produção geram uma preocupação com uma agricultura menos nociva para 
o meio ambiente [2]. Assim surgem os bioestimulantes vegetais como alternativa de base biológica projetada para 
melhorar o desenvolvimento do cultivo e o seu impacto, podem ser usados para substituir ou reduzir a utilização 
dos fertilizantes químicos convencionais. No presente estudo, diferentes bioestimulantes compatíveis com a 
agricultura orgânica (Fitoalgas Green®, um extrato de algas marinha de Ascophyllum nodosum, Sprint Plus®, um 
spray foliar rico em aminoácidos, e Tradebor®, um fertilizante de boro para aplicação no solo e foliar) foram 
testados em pomares de amendoeiras do nordeste de Portugal. Após os tratamentos de campo e colheita, as 
amêndoas foram analisadas quanto ao valor nutricional, perfil em ácidos gordos e teor de tocoferóis. O perfil 
nutricional mostrou que a amêndoa é composta principalmente por gordura (55% do seu peso fresco (pf)), com 
valores máximos na linha não tratada. Nas proteínas, foram obtidos valores próximos a 15g/100g pf. Quanto aos 
componentes minoritários, cinzas e água, foram observadas variações mínimas, cada uma representando 3g/100g 
pf. No que diz respeito à energia, o valor máximo (669 kcal/100 g pf) foi obtido na linha controlo. A sacarose foi o 
único açúcar solúvel identificado, com um teor médio de 12g/100g pf. Os tratamentos com Tradebor induziram 
um maior teor de sacarose (13g/100g pf). Em relação aos ácidos gordos, o ácido oleico (C18:1n9c) foi o 
predominante (cerca de 70%), e o seu conteúdo permaneceu quase inalterado apesar do uso de diferentes 
bioestimulantes, assim como o ácido linoléico (C18:2n6c) (em torno de 16%). Foram também identificados o ácido 
palmítico (C16:0), ácido esteárico (C18:0), além de outros ácidos gordos em percentagens vestigiais (soma total 
inferior a 2%). Como na maioria dos alimentos com alto teor de gordura, a concentração de tocoferóis foi elevada 
(50 mg/100 g pf). Considerando o teor em tocoferóis totais, Fitoalgas Green® induziu um aumento de cerca de 10% 
όрл ŀ рр ƳƎκмллƎ ǇŦύΣ ƴƻǎ ǘŜƻǊŜǎ ŘŜ ʰ-ǘƻŎƻŦŜǊƻƭ Ŝ ʴ-tocoferol. No entanto, todos os outros bioestimulantes 
testados tiveram o efeito oposto. Os efeitos mais notórios foram obtidos com Fitoalgas Green®, refletido 
ǇǊƛƴŎƛǇŀƭƳŜƴǘŜ ƴƻ ŀǳƳŜƴǘƻ Řƻ ŎƻƴǘŜǵŘƻ ŘŜ ǘƻŎƻŦŜǊƽƛǎΦ 5ŜǾƛŘƻ ŀƻǎ ŀƭǘƻǎ ƴƝǾŜƛǎ ŘŜ ʰ-tocoferol nas amêndoas, o 
consumo desses produtos pode aumentar significativamente os níveis de vitamina E na dieta. Assim, a seleção de 
um melhor bioestimulante pode aumentar a expressão de um composto bioativo específico, agregando maior 

valor comercial a esses produtos. 
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Nephelium lappaceum L., popularmente conhecido como rambutan, é um fruto tropical nativo da Ásia 
que, atualmente, se encontra amplamente distribuído em outras regiões tropicais, como a América 
Latina, a Austrália e alguns países africanos [1,2], sendo muito apreciado pela sua aparência exótica e 
sabor agradável, o que tem aumentado a sua comercialização e processamento em todo o mundo [1-
3]. No entanto, apenas uma pequena porção deste fruto é comestível/processado, sendo que até 48% 
do seu peso corresponde ao seu epicarpo não comestível, o que pode gerar um alto volume de bio-
resíduos e perdas económicas [2,3]. No sentido de propor uma valorização para o epicarpo de 
rambutan como fonte de moléculas bioativas, o presente estudo teve como objetivo elucidar a sua 
composição química em termos de tocoferóis (HPLC-FD), ácidos orgânicos (UFLC-PDA) e compostos 
fenólicos antociânicos e não antociânicos (HPLC-DAD/ESI-MSn) e determinar as bioatividades, 
nomeadamente atividade antioxidante (AA) e atividade antimicrobiana (AM), do seu extrato 
hidroetanólico por ensaios in vitro. A AA  foi avaliada através do ensaios de substâncias reativas ao 
ácido tiobarbitúrico (TBARS) e de inibição da hemólise oxidativa (OxHLIA); a AM foi avaliada pelo 
método de microdiluição usando seis bactérias (Staphylococcus aureus, Bacillus cereus, Listeria 
monocytogenes, Escherichia coli, Salmonella Typhimurium e Enterobacter cloacae) e seis fungos 
(Aspergillus fumigatus, Aspergillus versicolor, Aspergillus niger, Penicillium funiculosum, Penicillium 
verrucosum var. cyclopium e Trichoderma víride). 
O epicarpo de rambutan apresentou três isómeros de tocoferol, sendo o -ɹtocoferol o mais 
representativo; cinco ácidos orgânicos, com destaque para a concentração de ácido chiquímico; cinco 
compostos fenólicos derivados de elagitaninos e duas antocianinas O-glicosiladas derivadas de 
delfinidina.  Em relação às bioatividades, o seu extrato hidroetanólico foi capaz de inibir a oxidação 
lipídica e proteger os eritrócitos da hemólise oxidativa em baixas concentrações (EC50 de 2,79 ± 0,03 
e 72 ± 2 µg/mL). Além disso, as atividades antibacteriana e antifúngica do extrato foram alcançadas 
em concentrações semelhantes ou inferiores aos controlos utilizados (benzoato de sódio (E211) e 
metabissulfito de potássio (E224)) e as amostras também apresentaram atividade bactericida e 
fungicida em todos os microrganismos avaliados. 
Em conclusão, o epicarpo de N. lappaceum possui uma composição química rica em compostos 
bioativos, principalmente derivados de elagitaninos, além de apresentar boa atividade antioxidante e 
potencial para inibir o crescimento de microrganismos. Os resultados encontrados revelam que este 
subproduto pode ser uma interessante fonte de ingredientes bioativos que podem ser aplicados em 
diversos setores da indústria alimentar e farmacêutica. 
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Over the years, anthocyanins have emerged as one of the most enthralling groups of natural phenolic 
compounds. The interest raised around anthocyanins goes way beyond their visually appealing colors 
and their acknowledged structural and biological properties have fueled intensive research towards 
their application in different contexts. However, the high susceptibility of monoglycosylated 
anthocyanins (MGA) to degradation under certain external conditions might compromise their 
applications and health properties. In that regard, polyglycosylated anthocyanins (PGA) might offer 
an alternative to overcome this issue, owing to their peculiar structure and consequent less 
predisposition to degradation 1. 

PGA from different food sources (purple sweet potato, red wine, Cosmos bipinnatus, Centaurea 
cyanus and Viola tricolor edible flowers) were isolated and structurally characterized. The stability at 
different pH was evaluated by means of pH jumps. Thermal stability was also evaluated. Furthermore, 
their stability to the digestion processes was performed in vitro at the oral, gastric and intestinal level. 
Transepithelial transport assays were performed using gastric and intestinal celular models to 
evaluate the absorption and role of food matrices. Also, a nano-gene-silencing technology with gold 
nanoparticles allowed the evaluation of the molecular mechanism of absorption of these 
anthocyanins. Laser Scanning Confocal Microscopy was used to track PGA in gastric and intestinal cells. 

The results suggested a higher stability at a broader range of pH values (with lower hydration and 
higher acidity constants) when compared to the already published kinetic and equilibrium parameters 
of MGA, and a higher thermal stability up to 100 celsium degrees and pH 7 (with more than 50% of 
total PGA detected when compared to MGA). 
The digestions studies revealed a higher resistance of acylated PGA at the different levels (with 
significant differences up to 30% when compared with MGA) and the transport studies revealed a 
structure-absorption efficiency relation at both gastric and intestinal level in the presence and 
absence of food matrix, with the more complex structures presenting a lower transport efficiency. 
Also, specific food matrix components such as proteins and glucose had a tremendous negative effect 
on the transport efficiency of the anthocyanins. 
Furthermore, the involvement of Glucose Transporters 1 and 3 (GLUT1 and GLUT3) on the transport 
mechanism of PGA was observed, through a significant reduction of the transport efficiency of the 
anthocyanins up to 50% upon the silencing of the transporters. And upon incubation, PGA seems to 
be concentrated in specific cell areas, suggesting localized bioactive actions. 

These results elucidate new insights on PGA stability and bioavailability and suggest that this subclass 
on anthocyanins may be more appealing for both nutritional, health and technological applications.  
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A precipitação dos cristais dos sais do ácido tartárico, nomeadamente o hidrogenotartataro de 
potássio é um problema de instabilidade físico-química de ocorrência muito comum nos vinhos.  

Há uma nova geração de produtos enológicos para a promoção da estabilidade tartárica, produtos à 
base de poliaspartato de potássio [1, 2]. O objetivo deste trabalho foi comparar o efeito de quatro 
produtos à base de poliaspartato de potássio (Antartika V40, Antartika VR, Antartica Fresh e Antartica 
Duo) na estabilidade tartárica, na turbidez e na filtrabilidade dos vinhos, nomeadamente no Índice de 
colmatagem (IC) e volume máximo de filtrado (Vmax.). Foram aplicadas duas doses de cada produto 
(d1=dose mínima e d2=dose máxima, recomendadas) a vinho branco, vinho rosado e vinho tinto. 
Avaliou-se também o efeito destes produtos ao longo do tempo: aos 7 dias, um mês, três meses e 
cinco meses.  

Os quatro produtos revelaram promover a estabilidade tartárica dos três tipos de vinho para as duas 
doses aplicadas e ao longo do tempo de estudo, exceto o Antartica Duo para o vinho branco. O vinho 
branco com Antartica Duo apenas apresentou estabilidade tartárica no tempo 1 (sete dias após a 
aplicação), confirmando que este produto não é recomendado para vinho branco. 

A análise estatística dos dados foi realizada com o Statistical Package for the Social Sciences (SPSS) 27 
para Windows (SPSS, Inc., Chicago, IL, USA), tendo-se utilizado o teste não paramétrico de Kruskal-
Wallis. Nos resultados obtidos para o vinho branco, não se verificaram diferenças significativas 
(p<0.05) relativamente à turbidez, ao índice de colmatagem e ao volume máximo filtrado, entre os 
produtos Antartika V40 e Antartika Fresh, e entre Antartika VR e Antartica Duo. Verificaram-se 
diferenças significaticas entre o vinho controlo (sem aplicação de poliaspartato) e a dose 2 para os 
parâmetros turbidez, IC e Vmax, tendo-se ainda verificado diferenças entre a dose 1 e a dose 2, 
relativamente à turbidez e Vmax.  

No vinho rosado, não se observaram diferenças significativas entre os diferentes produtos aplicados 
para o IC e o Vmax. O vinho em que foi aplicado o Antartika V40 apresentou turbidez 
significativamente menor, que a dos vinhos com aplicação dos outros produtos em estudo. Quanto à 
dose aplicada, verificaram-se diferenças significativas entre o vinho controlo e a dose 2 para os 
parâmetros analisados.  

No vinho tinto, verificaram-se diferenças entre os produtos aplicados no que se refere ao IC, ao Vmax 
e à turbidez, assim como entre a dose 2 e o vinho controlo; registaram-se ainda, diferenças 
significativas ao longo do tempo para os parâmetros em estudo. 

O poliaspartato de potássio revelou-se eficaz na promoção da estabilidade tartárica, sem contribuir 
para o aumento da turbidez dos vinhos, nem afetar a filtrabilidade dos mesmos. 
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The food product label as Protected Designation of Origin (PDO) or Protected Geographical Indication 
(PGI) is a guaranty of authenticity and traceability. t5h άtŜǊŀ wƻŎƘŀ Řƻ hŜǎǘŜέ ǇŜŀǊΣ t5h άvǳŜƛƧƻ Řŀ 
{ŜǊǊŀ Řŀ 9ǎǘǊŜƭŀέ ό{9ύ ŎƘŜŜǎŜΣ t5h ά!ȊŜƛǘńƻέ ŎƘŜŜǎŜ ŀƴŘ tDL άaŀœń ŘŜ !ƭŎƻōŀœŀέ ŀǇǇƭŜΣ ŘǳŜ ǘƻ ƛǘǎ sui 
generis characteristics, are important Portuguese products due to its economic value to Portugal. 
Apple and pear fruits have their consumption in fresh, as well as industrially processed. It is possible 
that the fruits of a region possess characteristics associated to the environment [1], conferring them 
these required unique characteristics for their identification, even when processed. In case of PDO 
cheeses, they are cured cheeses, obtained by slow depletion of the curd after coagulation of raw 
sheep's milk by the action of the cardoon (Cynara cardunculus, L.) enzymes [2,3]. It is very important 
ŜŎƻƴƻƳƛŎŀƭƭȅ ǘƻ ōŜ ŀōƭŜ ǘƻ ŘƛǎǘƛƴƎǳƛǎƘ ǘƘŜ ŘƛŦŦŜǊŜƴǘ t5h ŎƘŜŜǎŜǎΣ ƻƴŎŜ ōƻǘƘ t5h άvǳŜƛƧƻ Řŀ {9έ 
cheese and PDO Azeitão cheese are made from sheep's milk. 

In this study, the element profiles, analysed by Inductively Coupled Plasma (ICP), of PDO products 
όάtŜǊŀ wƻŎƘŀ Řƻ hŜǎǘŜέΣ άvǳŜƛƧƻ Řŀ {9 ŀƴŘ !ȊŜƛǘńƻ ŎƘŜŜǎŜύ ŀƴŘ tDL ǇǊƻŘǳŎǘǎ όϦaŀœń ŘŜ !ƭŎƻōŀœŀέύ 
were identified to evaluate the applicability of multielement data on the determination of 
geographical origin and authenticity. PDO pears are discriminate from non PDO ones by 13 elements. 
The PDO industrial processed pears are also discriminated from the non PDO by 4 elements (Mn, Ce, 
B and Rb). For PDO cheeses, the element Cs, Ba, Rb, Mn, Zn, Fe, Sr and Cu discriminate SE cheeses 
from Azeitão products. Multielement analysis was also able to distinguish PGI fresh and processed 
apples with Cs and Rb concentrations present in lower amounts. These elements were related with 
orchards and pasture soil origin. 

The present study shows that multielement analysis combined with the statistical tools can be a 
valuable contribution for the identification and authenticity of the geographical origin of PDO and PGI 
food products. 

Acknowledgements 
/ƻƴŘǳŎǘŜŘ ǳƴŘŜǊ ǘƘŜ ǇǊƻƧŜŎǘ άaƻōCƻƻŘ ς Mobilizing scientific and technological knowledge in response to the 
challenges of the agri-ŦƻƻŘ ƳŀǊƪŜǘέ όth/L-01-0247-FEDER-лнпрнпύΣ ōȅ άaƻōCƻƻŘέ /ƻƴǎƻǊǘƛǳƳΣ ŀƴŘ ŦƛƴŀƴŎŜŘ ōȅ 
European Regional Development Fund (ERDF), through the Incentive System to Research and Technological 
development, within the Portugal2020 Competitiveness and Internationalization Operational Program. Thanks to 
FCT/MEC for the financial support to the research unit LAQV/REQUIMTE (UIDB/50006/2020 & UIDP/50006/2020) 
through national funds and FEDER, within the PT2020 Partnership Agreement. Elisabete Coelho Research contract 
was also funded by national funds (OE), through FCT, in the scope of the framework contract foreseen in the 
numbers 4, 5 and 6 of the article 23, of the Decree-Law 57/2016, of August 29, changed by Law 57/2017, of July 
19. Ana M.S. Costa thanks the Ph.D. grant from Fundação para a Ciência e Tecnologia (FCT)τ 2021.08633.BD. 

Funding: This work was financially supported by Fundação para a Ciência e Tecnologia (FCT) and by Compete2020, 
Lisb@2020, Portugal2020, European Regional Development Fund. 

References 
[1] Sónia M. Rodrigues, Marta Otero, André A. Alves, Joana Coimbra, Manuel A. Coimbra, Eduarda Pereira, 
Armando C. Duarte, Journal of Food Composition and Analysis, 24, 548ς562, 2011. 
[2] Direção-Geral de Agricultura e Desenvolvimento Rural. Portuguese Tradicional Products. PDO Queijo da Serra 
da Estrela, available at https://tradicional.dgadr.gov.pt/en/categories/cheese-and-other-dairy-products/377-
queijo-da-serra-da-estrela-en (accessed October 20, 2021). 
[3] Direção-Geral de Agricultura e Desenvolvimento Rural. Portuguese Tradicional Products. PDO Queijo de 
Azeitão, available at https://tradicional.dgadr.gov.pt/en/categories/cheese-and-other-dairy-products/37-queijo-
de-azeitao-pdo (accessed October 20, 2021). 

https://tradicional.dgadr.gov.pt/en/categories/cheese-and-other-dairy-products/377-queijo-da-serra-da-estrela-en
https://tradicional.dgadr.gov.pt/en/categories/cheese-and-other-dairy-products/377-queijo-da-serra-da-estrela-en


ALM15 

65 

Adansonia digitata L. (mukua): um possível alimento funcional 
Filipa A. Fernandes1,2,3, Márcio Carocho1,2, Ricardo C. Calhelha1,2, Tânia C.S.P. Pires1,2, José Carlos Freitas4, 

Miguel A. Prieto3, Sandrina A. Heleno1,2*, Lillian Barros1 
1Centro de Investigação de Montanha (CIMO), Instituto Politécnico de Bragança, Campus de Santa Apolónia, 

5300-253 Bragança, Portugal 
2Laboratório Associado para a Sustentabilidade e Tecnologia em Regiões de Montanha (SusTEC), Instituto 

Politécnico de Bragança, Campus de Santa Apolónia, 5300-253 Bragança, Portugal 
3Grupo de Nutrición y Bromatología, Departamento de Química Analítica y Alimentaria, Facultad de Ciencias de 

Ourense, Universidad de Vigo-Ourense Campus, E-32004 Ourense, Spain 
4Goldenpuzzle Lda. Rua Santos Pousada Nr.441 4000-487 Porto, Portugal 

*sheleno@ipb.pt  

Adansonia digitata L. é espécie africana com vários usos tradicionais, nomeadamente medicinal e alimentar 
[1,2]. A polpa do seu fruto, comumente conhecido como mukua, está aprovada como um ingrediente 
ŀƭƛƳŜƴǘŀǊ ǇŜƭŀ /ƻƳƛǎǎńƻ 9ǳǊƻǇŜƛŀ Ŝ ǇŜƭŀ άCƻƻŘ ŀƴŘ 5ǊǳƎ !ŘƳƛƴƛǎǘǊŀǘƛƻƴ ƻŦ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ƻŦ !ƳŜǊƛŎŀέ 
[1]. Assim o objetivo deste trabalho foi comprovar a potencialidade da polpa da mukua como um alimento 
funcional através da sua caracterização nutricional, mineral e bioativa. O perfil nutricional foi obtido 
aplicando metodologias oficiais de análise AOAC [3].  O conteúdo mineral foi determinado por 
espectrofotometria de absorção atómica e o potencial bioativo foi determinado através da atividade 
antioxidante pelo ensaio antioxidante celular (CAA) e um ensaio de inibição de substâncias reativas do ácido 
tiobarbitúrico (TBARS). Além disso, a atividade antimicrobiana foi também determinada, através do método 
de microdiluição, e a atividade antitumoral foi avaliada em três linhas celulares tumorais humanas: 
adenocarcinoma gástrico (AGS), carcinoma de mama (MCF-7), células de carcinoma de pulmão (NCI-H460), 
e a citotoxicidade em culturas de células não tumorais de rim de macaco africano (VERO), através do ensaio 
da Sulforrodamina B.  
Relativamente aos resultados obtidos, a polpa de mukua apresentou um teor de humidade muito baixo 
(11,9 + 0,3 g/100 g ms). Os macronutrientes presentes em maior quantidade foram os hidratos de carbono 
(89,6 ± 0,2 g/100 g ms), seguidos das proteínas (2,7 ± 0,3 g/100 g ms) e da gordura bruta (1,8 + 0,1 g/100 g 
ms), representando um valor energético de 386 ± 1 kcal/100 g ms. Quanto ao perfil mineral, a amostra 
revelou um alto teor em potássio (20,4 ± 0,8 g/100 g ms), estando também presentes minerais como o 
magnésio (3,28 ± 0,08 g/100 g ms), o cálcio (2,79 ± 0,07 g/100 g ms), o manganês (2,02 ± 0,09 g/100 g ms) 
e o ferro (1,53 ± 0,09 g/100 g ms). Em relação à atividade antioxidante, a polpa inibiu cerca de 32% da 
oxidação celular no método CAA e exibiu um valor de EC50 de 23,0 ± 0,1 µg/mL no ensaio de TBARS. Para a 
atividade antimicrobiana, a polpa apresentou atividade bacteriostática contra a maioria das bactérias 
testadas. No ensaio de citotoxicidade, a polpa demonstra capacidade de inibir a proliferação celular contra 
as linhas tumorais testadas, principalmente contra AGS com valores de GI50 ŘŜ фн ҕ м ˃ƎκƳ[Σ ǎŜƳ ǘƻȄƛŎƛŘŀŘŜ 
para as células não-tumorais.  
Este estudo mostra que a polpa de mukua, além de ser nutricionalmente interessante, possui alto teor em 
minerais, nomeadamente em potássio que é um composto essencial para a bom funcionamento do corpo, 
estando associado à prevenção de doenças como diabetes, osteoporose e ainda doenças cardiovasculares. 
Além disso, a polpa da mukua possui alto potencial bioativo, o que indica que o seu consumo pode oferecer 
benefícios para a saúde, tornando-o num potencial alimento funcional.  
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En la industria alimentaria preocupa el amplio uso de colorantes artificiales derivados principalmente 
del sector petroquímico [1]. Por otra parte, además de no aportar ningún valor añadido más allá de la 
coloración, estos tintes pueden presentar efectos adversos para la salud [2]. En respuesta a estos 
problemas globales, este trabajo aporta una alternativa natural a los aditivos artificiales, mediante la 
aplicación de la pasta húmeda de la microalga Haematococcus pluvialis (HPW) en fase roja, rica en 
astaxantina, como sustituto parcial de la harina de trigo (7% y 13% p/p) en la elaboración de filloas, 
un postre típico del noroeste de la Península Ibérica, que combina los ingredientes básicos de la 
repostería industrial. El perfil nutricional de las muestras enriquecidas con la pasta de microalgas se 
evaluó mediante un análisis comparativo con un colorante alimentario sintético (Fig. 1). Se obtuvo un 
contenido total de carotenoides (843 µg/g) y ácidos grasos (76 mg/g) para la filloa con el máximo nivel 
de adición de H. pluvialis en contraste con una respuesta no significativa del colorante artificial. 
Posteriormente, se evaluó la estabilidad del color de la filloa fortificada a lo largo del tiempo (3, 6 y 9 
días) así como sus propiedades fisicoquímicas y su perfil microbiológico para determinar la 
funcionalidad de la pasta de alga húmeda como conservante alimentario. Como resultado, HPW 
proporcionó una filloa de color rojo natural con una mayor vida útil y brillo (*L) en relación con una 
mezcla de colorante rojo sintético. La textura de las filloas que contenían H. pluvialis mostró una 
conservación significativa (p<0,02) durante los primeros 6 días, mejorando la dureza y la extensibilidad 
en relación con el control. El enriquecimiento de carotenoides y ácidos grasos, en combinación con 
un potencial moderador de la degradación microbiológica por parte de este organismo unicelular, da 
un valor añadido a esta matriz alimentaria. 

 
Fig.1. Análisis comparativo del perfil de color (L*a*b*) de las filloas. Blanco: grupo control; Color: adición 

colorante sintético; HPW7 y HPW13: adición de H. pluvialis al 7% y 13% (g·100g-1) respectivamente. 
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Food quality and safety is a central issue in today's food economics mainly due to the growing 
demands of consumers. Biogenic amines are biologically active nitrogen-containing compounds 
that are undesirable in food and can cause significant health problems [2]. The main goal of this 
work was the development of colorimetric/fluorescent host-guest molecular switches based on 
interactions between a bioinspired 10-methylpyrano-пΩ-hydroxyflavylium [3] guest dye and 
sulfonated-based macrocycle hosts (calix[n]arenes and captisol) with sensing ability for biogenic 
amines, evaluated through UV-Vis and fluorescence spectroscopy.   

The macrocycle-dye systems were optimized in terms of molecular ratio and the working pH 
considering de pKa value of free pigment (pKa 6.72) and the complexes (e.g., pKa 8.45). Overall, 
in a phosphate buffer solution (pH 7.2-7.6), the complexes were able to encapsulate 
putrescine/tyramine in solution with concomitant release of the quinoidal base species of dye to 
the bulk, with colorimetric variation from yellow to pink-red. The biogenic amines sensing were 
also detect by distinct fluorescent events showing a host structural-dependency: a fluorescence 
enhancement for the dye: calix[n]arene complexes and a fluorescence quenching for the dye: 
captisol complex. This host-guest system demonstrated great potential for the detection of 
biogenic amines, one of the main key markers of food spoilage. 
 

 
Fig 1: Example of the Dye-SC8 (0.05:0.5 mM) system in the presence of increasing concentrations of putrescine (0-
100 mM) at pH 7.6 monitoring by a) UV-Vis spectroscopy and b) fluorescence spectroscopy 
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Phlorotannins are phenolic compounds made of several units of phloroglucinol that are exclusive 
from brown macroalgae and have been recognized for their promising bioactive properties [1]. 
However, the bioactive properties described for these compounds have usually been described 
on pure compounds and/or phlorotannin-rich extracts without considering the possible 
alterations that they may incur during their passage of the gastrointestinal tract. In this study, a 
phlorotannin extract was obtained from Laminaria digitata, an edible brown seaweed species 
that grows profusely along the shores of the north-east Atlantic. After being submitted to a 
simulated gastrointestinal digestion following the infogest protocol, a reduction of their 
concentration and consequent loss of antioxidant activity measured in vitro via NO and O2

ҍ 

ǎŎŀǾŜƴƎƛƴƎ ŀǎǎŀȅǎΣ ǘƘǳǎ ǎǳƎƎŜǎǘƛƴƎ ǘƘŀǘ ǘƘŜǎŜ ŎƻƳǇƻǳƴŘǎΩ ƛƴǘŜƎǊƛǘȅ ŀƴŘ ōƛƻŀŎǘƛǾƛǘȅ ŀǊŜ 
negatively affected by the digestive process. Indeed, data collected from UHPLC-ESI-MS/MS 
analysis revealed interesting differences between the phlorotannin profiles of non-digested 
versus digested extracts, especially when looking at the fuhalol-type compounds, since these 
were completely absent in the digested extract. Nevertheless, when non-digested vs digested 
extracts were used on LPS-stimulated Raw 264.7 macrophages, both showed strong inhibitory 
effect on the cellular NO production, suggesting that even though there is a decrease of the 
ǇƘƭƻǊƻǘŀƴƴƛƴǎΩ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ŀŦǘŜǊ ŘƛƎŜǎǘƛƻƴ ǿƛǘƘ ŎƻƴǎŜǉǳŜƴǘ ƭƻǎǎ ǘƘŜƛǊ ǎŎŀǾenging properties, 
the possible products that are being formed either by degradation or by interation with other 
components of the digestive médium, may exert their effects through the modulation of the 
intracellular signaling mechanisms. 
Overall, this study not only contributed to a better understanding of the impact of 
gastrointestinal digestion in the phlorotannin profile of L. digitata extract, but also allowed to 
understand that, although the digestive process may affect total content of phlorotannins, it 
does not necessarily translate into loss of bioactivity, in particular the anti-inflammatory activity, 
most likely owing to the possible bioactive effects that the products formed during the digestion 
may have on intracellular level. 
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The influence of diet in human health is undeniable and chemical components, such as contaminants, 
may have a relevant role as factors contributing to several diseases. However, the lack of systematic 
data on food composition hinders the ability to explore how contaminants in food affect health.  

The goal of this work was to carry out a broad systematic review of literature using CƻƻŘaƛƴŜΩǎ ŎƻŘŜ 
[1], with some modifications to mine and collect all available data on 96 contaminants and 7 foods 
from animal products. This is a process not feasible to carry out manually.  

The initial number of papers retrieved by PubMed ranged from 21 (mutton) to 967 (egg). The 
application of FoodMine machine learning algorithm identified between 7 (goat) to 18 (turkey) % of 
the papers as useful. After a manual revision of those papers, data were collected from 0 (goat) to 41 
(beef) % of them. As shown in Fig. 1, from the 7 foods mined, beef and chicken were the ones with 
higher number of papers with relevant information. Overall, HAAs, PAHs, and metals were the 
contaminants groups with higher frequency across the different foods. Moreover, no data was 
collected regarding dioxins/furans/PCBs and disinfection by-products groups. Regarding quantities of 
contaminants found (Tabla 1), higher mean values were reported for metals, followed by HAAs and 
PAHs. Additionally, beef and chicken stood out with higher mean values for these contaminants. No 
trends could be identified for mycotoxins and pesticides since they were only found for egg.  

.ŜǎƛŘŜǎ ŎƻƭƭŜŎǘƛƴƎ ǊŜƭŜǾŀƴǘ ŘŀǘŀΣ ǘƘƛǎ ǿƻǊƪ ŀƭǎƻ ǊŜǾŜŀƭŜŘ ŀ ƳŜŀƴƛƴƎŦǳƭ ǇŀǘǘŜǊƴ ƻŦ ŎƻƴǘŀƳƛƴŀƴǘǎΩ 
prevalence in this food group. 

 
Fig.1. Frequency of papers with information collected for different foods from animal origin 

Tabla 1. Values of contaminants (µg/kg) found in different foods from animal origin (mean (minςmax)) 
Food HAAs Metals PAHs Mycotoxins Pesticides 

Beef 80.09 (0.01ς2106.97) 711.79 (4.90ς18900.00) 8.66 (0.01ς194.14) na na 
Chicken 3.72 (0.01ς27.52) 225.16 (1.42ς2228.50) 1.26 (0.01ς51.00) na na 

Egg na 107.5 (1.00ς1061) na 0.49 (0.01ς0.92) 25.67 (0.03ς226.00) 
Goat na na na na na 

Mutton na na 0.62 (0.62ς0.62) na na 
Pork 2.37 (0.02ς10.11) 14.80 (5.10ς46.60) 1.73 (0.01ς42.73) na na 

Turkey 1.00 (0.00ς2.02) 15.13 (1.18ς28.92) na na na 

na, not available 
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As borras obtidas na produção de óleo de noz podem ser consideradas como um dos principais 
subprodutos desta indústria, sendo atualmente reaproveitados como fertilizante ou na 
alimentação animal [1]. Neste sentido, tendo por objetivo final a valorização deste subproduto, 
este trabalho consistiu na caracterização química e avaliação da bioatividade das borras geradas 
na produção de óleo de noz.  
As borras industriais foram analisadas no que respeita o teor em açúcares livres e tocoferóis 
usando cromatografia líquida acoplada a detetores de índice de refração (HPLC-RI) e de 
fluorescência (HPLC-FL), respetivamente. Os ácidos gordos foram determinados por 
cromatografia gasosa com deteção de ionização de chama (GC-FID), os ácidos orgânicos por 
cromatografia líquida ultrarrápida acoplada a um detetor de díodos (UPLC-DAD) e os compostos 
fenólicos por HPLC com deteção DAD e espectrometria de massa (HPLC-DAD-ESI-MS/MS). 
Adicionalmente, avaliou-se a atividade antioxidante e antimicrobiana do extrato hidroetanólico 
obtido a partir das borras. A atividade antioxidante foi determinada através de três ensaios in 
vitro (inibição da peroxidação lipídica por substâncias reativas ao ácido tiobarbitúrico (TBARS) 
em homogeneizados cerebrais, e atividade antioxidante celular (CAA)) e a atividade 
antimicrobiana pelo método de microdiluição contra um painel de bactérias e fungos. 
As borras de nozes apresentaram uma predominância em ácidos gordos polinsaturados, sendo 
o ácido linoleico o maioritário, apresentando um teor superior a 55%. Em relação aos tocoferóis, 
ŦƻǊŀƳ ƻōǎŜǊǾŀŘŀǎ ŀǎ ƛǎƻŦƻǊƳŀǎ ʰΣ ʴ Ŝ ʵΣ ǎŜƴŘƻ ƻ ʴ-tocoferol o composto predominante (89 
mg/100 g). Apenas a sacarose foi identificada no que concerne os açucares livres, e o ácido 
quinico foi o maioritário (1,06 mg/100 g) entre os cinco ácidos orgânicos identificados. No que 
respeita a composição fenólica do extrato, observou-se uma predominância de derivados da 
catequina (flavan-3-ois) e taninos hidrolisáveis. O extrato das borras de nozes demonstrou 

interessante atividade antioxidante, apresentando ótimos valores de EC50 (TBARS: 32,84 mg/mL) 
e % de inibição (CAA: 90%). Contudo, o extrato não apresentou atividade significativa contra as 
bactérias e fungos testados. Os resultados deste trabalho demonstram o potencial deste resíduo 
industrial dada a sua elevada atividade antioxidante e composição em nutrientes e compostos 
bioativos, podendo o mesmo ser futuramente explorado através da sua incorporação em 
produtos alimentares, agregando valor à cadeia produtiva de óleo de noz. 
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A soja (Glycine max) tem desempenhado um papel relevante na alimentação humana do século 21, 
não só através de produtos à base do grão, como pelo seu óleo, mas também pela sua utilização na 
produção de bebida vegetal [1]. Esta última tem-se tornado cada vez mais popular, aumentando a 
quantidade de grão de soja utilizado e, consequentemente, a quantidade de resíduos gerados. Por 
forma a contribuir para a implementação de uma economia circular, este trabalho teve como objetivo 
a caracterização química e nutricional de subprodutos provenientes da indústria de produção de 
bebidas vegetais de soja, nomeadamente okara e casca de soja. 
A composição proximal dos resíduos foi determinada pelos métodos oficiais da AOAC, os açúcares 
livres, tocoferóis e ácidos orgânicos por cromatografia líquida com detetor de índice de refração 
(HPLC-RI), de fluorescência (HPLC-FL) e de díodos (UPLC-DAD), respetivamente, o perfil de ácidos 
gordos por cromatografia gasosa com detetor de ionização de chama (GC-FID), e os compostos 
fenólicos por HPLC acoplado a um DAD em série com espectrometria de massa (HPLC-DAD-ESI-
MS/MS). Adicionalmente, procedeu-se à avaliação da atividade antimicrobiana face a oito estirpes 
bacterianas multirresistentes causadoras de doenças alimentares e duas estirpes de fungos 
contaminantes de alimentos, e da atividade antioxidante pelos ensaios de inibição da peroxidação 
lipídica (TBARS), inibição de hemólise oxidativa (OxHLIA) e atividade celular antioxidante (CAA).  
Relativamente ao okara, este subproduto apresentou elevada humidade, sendo o macronutriente 
predominante as proteínas. Na casca, verificou-se uma predominância de carboidratos e fibras, e 
baixo teor de humidade. Na fração lipídica, ambos os subprodutos apresentaram uma predominância 
de ácidos gordos polinsaturados, sendo os maioritários os ácidos oleico e linoleico para o okara e para 
ŀ ŎŀǎŎŀΣ ǊŜǎǇŜǘƛǾŀƳŜƴǘŜΦ CƻǊŀƳ ŘŜǘŜǘŀŘŀǎ о ƛǎƻŦƻǊƳŀǎ ŘŜ ±ƛǘŀƳƛƴŀ 9Σ ǎŜƴŘƻ ƻ ʴ- Ŝ ʵ-tocoferol 
ƛŘŜƴǘƛŦƛŎŀŘƻǎ ƴƻ hƪŀǊŀΣ Ŝ ƻ ʰ- Ŝ ʵ-tocoferol na casca do grão de soja, verificando-se uma 
ǇǊŜŘƻƳƛƴŃƴŎƛŀ ŘŜ ʵ-tocoferol em ambos os subprodutos. O ácido oxálico foi o único ácido orgânico 
identificado no okara, enquanto o ácido cítrico foi o predominante na casca de soja. Os elagitaninos e 
isoflavonas foram os compostos fenólicos maioritários na casca dos grãos de soja, sendo as isoflavonas 
igualmente predominantes no okara. Ambos os extratos apresentaram propriedades antioxidantes 
satisfatórias, e no geral apresentaram uma inibição superior contra o crescimento de fungos 
comparativamente a bactérias. Os resultados obtidos demonstram que os subprodutos de soja têm 
uma composição interessante do ponto de vista nutricional, podendo ser uma fonte de compostos 
bioativos e um recurso para o desenvolvimento de novos ingredientes funcionais para a indústria 
alimentar. 
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Due to the current gaps in pharmacotherapeutic approaches to target chronic 
neuroinflammation, phytochemicals with neuroprotective and anti-inflammatory 
properties are increasingly being screened and proposed as a viable option through their 
standardized incorporation into plant-derived products [1]. Access to a collection of barely 
ƛƴǾŜǎǘƛƎŀǘŜŘ ΨsuperfruitsΩ ŦǊƻƳ ¢Ƙŀƛ ŦƭƻǊŀ ŜƴŀōƭŜŘ ǘƻ ŎƘŀǊŀŎǘŜǊƛȊŜ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ǎŀƴǘƻƭ 
(Sandoricum koetjape (Burm.f.) Merr.) against mediators of the neuroinflammatory 

process. The juice obtained from S. koetjape fruit has shown relevant scientific outcomes, 

causing a significant reduction on NO levels in BV-2 microglial cells (A) and in a cell-free 
system (B). Significant effects upon lipid peroxidation were also recorded, namely by 
targeting 5-lipoxygenase, causing a significant inhibition down to values ranging from 44 to 
73% at the full range of concentrations (31.25-1000 µg mL-1) (C), as well as through an 
antiradical effect. UHPLC-DAD-ESI-MS2 profiling allowed to identify a series of previously 
unreported caffeic, coumaric and ferulic acid derivatives, most of which occurring as ester 
conjugates of quinic acid. The cumulative preclinical and clinical data on the anti-
inflammatory effects of specific phenolic constituents identified in S. koetjape juice, allows 
to provide the chemical basis on the in vitro recorded effects [2]. Overall, our study sets the 
cornerstone to the development of a novel edible product to hamper the effects of 
neuroinflammation, based on the richness in specific anti-inflammatory bioactives.  
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Fig.1. Effects of S. koetjape fruit juice on NO levels in cell-based (A), in cell-free system (B) and on the activity of 

5-LOX (C). Results correspond to the mean ± SD of three independent experiments performed in triplicate 
(statistical significance: * p < 0.05; ** p < 0.01, *** p < 0.001) 
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Scolymus hispanicus L. (cardo dourado) é uma planta silvestre comestível que foi popularmente 
inserida no passado na Dieta Mediterrânica e que caiu em desuso em prol de outras espécies mais 
apreciadas pelo consumidor [1]. Considerando a atual preocupação por uma alimentação mais  
funcional e, consequentemente, mais saudável dos consumidores, a par da perda de biodiversidade 
pela colheita irracional de espécies silvestres de alto valor acrescentado, é de extrema importância 
desenvolver uma produção racional, padronizada e sustentável destas plantas com um perfil 
nutricional e mineral que se coadunem com as exigências dos consumidores. A otimização dos regimes 
de fertilização e o uso racional da água têm sido dos fatores mais estudados pela academia e 
implementados pelos agricultores para aumentar o rendimento das suas culturas [2,3]. O objetivo do 
presente estudo foi avaliar o efeito da fertilização com soluções nutritivas contendo diferentes 
proporções de azoto, fósforo e potássio (N:K:P) bem como o efeito do regime de irrigação no perfil 
nutricional e mineral das folhas de S. hispanicus. Os conteúdos de proteína bruta (Pr), gordura (G), 
cinzas (C) e fibras dietéticas (FD) totais foram avaliados através de métodos AOAC e hidratos de 
carbono (HC) por diferença. O conteúdo de minerais avaliado por  feito por AAS. A energia foi 
calculada de acordo com a equação: 4 x (g Pr + g HC) + 2 x (g FD) + 9 x (g G). Os controlos usados foram 
produzidos sem fertilização (SHFC) e com irrigação feita com água da chuva (SHIC).  

Os regimes de irrigação tiveram um maior impacto positivo no conteúdo de Pr, C e FD totais quando 
do que os regimes de fertilização via solução nutritiva, revelando maiores teores desses 
macronutrientes funcionais e consequentemente, menores teores de HC. O conteúdo de G não foi 
afetado. A fertilização com 300:200:100 ppm (N:P:K) revelou o maior conteúdo energético bem como 
de HC. O perfil mineral obtido em todos os tratamentos aplicados foi bastante distinto, o que era 
expectável. Com a produção em hidroponia acoplada à irrigação foram obtidos maiores teores de 
ferro, cálcio e potássio; no entanto o controlo em hidroponia apresentou maiores teores de sódio. A 
maior concentração de manganês foi obtida nas amostras com irrigação de 100:100:100 ppm (N:P:K).  

Os impactos dos diferentes regimes de fertilização e irrigação na qualidade nutricional e conteúdo 
mineral são evidentes; sendo necessários para o desenvolvimento de sistemas agrícolas sustentáveis.  
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Os polifenóis resultam do metabolismo secundário das plantas e têm ganho grande atenção devido 
às suas bioactividades amplamente comprovadas (1,2). Graças à sua actividade antioxidante, os 
polifenóis podem reverter o stress oxidativo promovido pelos radicais livres, sendo importantes na 
defesa contra várias patologias como o cancro, infecções microbianas, doenças cardiovasculares, 
ajuda no controlo dos sintomas da menopausa, e muitas outras(1-3). Entre as fontes ricas em 
polifenóis destacam-se as maçãs que baixam o nível de colesterol e triglicéridos prevenindo o cancro, 
aterosclerose, diabetes mellitus, e Alzheimer(2). A maçã, a principal fruta consumida em Portugal, foi 
descrita com mais de 60 compostos de polifenóis (1). O teor de polifenóis nas maçãs depende da 
origem geográfica ou variedade. Além disso, as técnicas de processamento aumentam, diminuem ou 
modificam o seu perfil em compostos de polifenóis(3).   

Este estudo visa compreender o efeito do processamento de maçãs no perfil do polifenol para obter 
sumo dependendo de 1) centrifugação e 2) temperatura. As amostras foram preparadas numa 
empresa nacional da indústria alimentar com diferentes temperaturas e velocidades de centrifugação. 
Para quantificar e caracterizar o perfil de polifenóis, os sumos foram purificados por Extracção de Fase 
Sólida (SPE) Coluna C18 para remover açúcares e outros compostos interferentes, analisados depois 
por Cromatografia de Alta Eficiência (HPLC) e Espetrometria de massa (ESI-MS). Os resultados 
mostram os principais polifenóis foram o ácido clorogénico e as procianidinas e que a temperatura 
leva a uma diminuição do teor de polifenóis, 1,081 ±0,130 mg/mL a  0,763 ±0,018 mg/mL, nos sumos 
clarificados, quanto aos sumos turvos apresentaram valores mais baixos, 0,470±0,025 mg/mL e 
0,770±0,024 mg/mL. O menor teor em polifenóis poderia ser explicado pelo facto de os compostos de 
polifenóis estarem presos nos precipitados recolhidos por centrifugação. Assim, o aumento da 
velocidade diferencial da centrifugação parece resultar numa maior concentração de polifenóis 
solúveis. O menor teor em polifenóis poderia ser explicado pelos polifenóis estarem presos nos 
precipitados recolhidos por centrifugação. As análises em curso estão a explorar os polifenóis 
presentes nos precipitados.  

Em conclusão, a filtração e as centrifugações podem afectar o teor de polifenóis. Os resultados 
sugerem que as matrizes de frutos de maçã podem oferecer um elevado conteúdo de compostos de 
polifenóis, dependendo do processo, e no final, o seu consumo pode contribuir para promover 
benefícios para a saúde. 
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La frambuesa roja (Rubus idaeus L.) es un alimento cada vez más popular en la dieta contemporánea 
debido a su frescura, características organolépticas y evidencias de propiedades saludables. Desde el 
punto de vista composicional, la frambuesa roja contiene vitaminas, minerales, fibra soluble, azúcares 
reductores, ácido cítrico y compuestos fenólicos [1]. Las antocianinas son de especial interés en esta 
fruta, ya que estos pigmentos le proporcionan el característico color rojo-púrpura y propiedades 
bioactivas [1,2]. La demanda de frambuesas ha aumentado considerablemente en Europa y América 
del Norte y, entre los cultivares existentes, Kweli® es uno de los más productivos y aptos para el cultivo 
en climas moderados y mediterráneos. Sobre este cultivar ya se han descrito altos niveles de 
elagitaninos, antocianinas y vitamina C y su contenido fenólico se ha correlacionado con propiedades 
antioxidantes [1,2]. Sin embargo, poco más se sabe sobre la composición nutricional de Kweli®. Por lo 
tanto, este trabajo se realizó para caracterizar la composición nutricional y química de este cultivar de 
frambuesa roja y evaluar su actividad antioxidante y antimicrobiana. Los frutos frescos en su madurez 
comercial fueron cosechados e inmediatamente liofilizados. Se determinó su composición proximal 
por los métodos oficiales de análisis de alimentos y se evaluaron las concentraciones de azúcares 
libres, ácidos orgánicos, tocoferoles y ácidos grasos mediante diferentes técnicas cromatográficas [3]. 
Se identificaron las antocianinas en un extracto hidroetanólico preparado por extracción sólido-
líquido, que también se utilizó para evaluar las propiedades bioactivas [3]. La actividad antioxidante 
ǎŜ ŜǾŀƭǳƽ ƳŜŘƛŀƴǘŜ ƭŀ ƛƴƘƛōƛŎƛƽƴ ŘŜƭ ōƭŀƴǉǳŜƻ ŘŜƭ ʲ-caroteno, de la formación de sustancias reactivas 
al ácido tiobarbitúrico (TBARS) y de la hemólisis oxidativa [3]. La actividad antimicrobiana se probó 
contra cepas bacterianas y fúngicas transmitidas por los alimentos mediante métodos de 
microdilución [3]. La humedad (~83%) y los hidratos de carbono (16,12%), de los cuales la fructosa 
(2,42%) y la glucosa (2,13%), fueron los principales componentes de la frambuesa roja, seguidos de 
las cenizas (0,66%) y las proteínas (0,18%). El contenido en grasa era bastante bajo y estaba 
compuesto principalmente por ácidos grasos insaturados (58%), con predominio del ácido oleico. 
También se detectaron niveles elevados de ácidos cítrico y ascórbico y tocoferoles. Las antocianinas 
cianidina-3-O-glucósido y cianidina-3-O-soforósido se identificaron en el extracto, que fue capaz de 
ƛƴƘƛōƛǊ Ŝƴ ŎƛŜǊǘŀ ƳŜŘƛŘŀ ƭŀ ŦƻǊƳŀŎƛƽƴ ŘŜ ¢.!w{Σ ƭŀ ƘŜƳƽƭƛǎƛǎ ƻȄƛŘŀǘƛǾŀ ȅ Ŝƭ ōƭŀƴǉǳŜƻ ŘŜƭ ʲ-caroteno. 
Además, el extracto fue más eficaz que el aditivo alimentario E224 contra Bacillus cereus. Estos 
resultados destacan la calidad nutricional de la frambuesa roja y pueden ser útiles para completar las 
bases de datos de composición de alimentos. Por lo tanto, la inclusión de esta baya en la dieta diaria 
puede ser útil para obtener nutrientes y antioxidantes y aportar beneficios para la salud. 
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La industria pesquera produce anualmente grandes cantidades de subproductos de pescado, de los 
cuales, una pequeña parte se destina directamente para alimentación animal [1]. Debido a la 
presencia de compuestos liposolubles de alto valor añadido y al importante contenido en lípidos en 
algunos tejidos del pescado, el interés de la industria pesquera para producir aceite a partir de estos 
subproductos ha aumentado en los últimos años [1]. Sin embargo, los métodos convencionales de 
extracción de aceite de los alimentos pueden llevar mucho tiempo y ser poco atractivos para la 
industria. A pesar de que se han implementado tecnologías no convencionales para la extracción de 
algunos compuestos liposolubles de origen marino, su aplicación para recuperar aceite de pescado ha 
sido poco explorada [2]. Por lo tanto, este trabajo se llevó a cabo con el objetivo de optimizar la 
extracción asistida por microondas (EAM) de aceite de subproductos de pescado y comparar la 
eficiencia de este método innovador con la de la extracción tradicional Soxhlet (ES). Los subproductos 
de pescado suministrados por la industria procesadora fueron caracterizados y liofilizados. La EAM se 
llevó a cabo siguiendo un diseño de compuesto central que combina cinco niveles de tiempo de 
procesado (1-30 min), potencia de microondas (50-1000 W) y relación muestra/solvente (70-120 g/L). 
Además, se utilizó la metodología de superficie de respuesta para la optimización del proceso [3]. Para 
comparar y evaluar la eficiencia de la EAM, se realizó una ES durante 6 h con una relación 
muestra/solvente de 20 g/L [3]. El hexano fue el disolvente utilizado en ambos métodos. El 
rendimiento de aceite se determinó gravimétricamente y el perfil de ácidos grasos se analizó mediante 
cromatografía de gases con detección de ionización de llama tras un proceso de derivatización [3]. 
Posteriormente, los datos experimentales se ajustaron a una ecuación cuadrática y los modelos 
desarrollados se validaron estadísticamente en base a R2 y R2

Adj elevados y una falta de ajuste no 
significativa, entre otros criterios. El rendimiento de aceite fue significativamente afectado por las tres 
variables independientes mediante efectos lineales, cuadráticos y/o interactivos. La EAM permitió 
obtener un rendimiento de aceite de pescado (18,6±0,3%) similar al obtenido con la ES (18±1%), pero 
con tiempos de extracción inferiores a 20 min. Las condiciones óptimas de la EAM predichas por el 
modelo fueron validadas experimentalmente con éxito. La composición de ácidos grasos no se vio 
afectada por las variables del proceso, observándose un buen perfil nutricional debido al predominio 
de ácidos grasos insaturados respecto a ácidos grasos saturados, principalmente por los altos 
contenidos de ácido oleico (~32%) y ácido docosahexaenoico (~9,6%). 

Agradecimientos 
A la Fundación para la Ciencia y la Tecnología (FCT, Portugal) por el apoyo financiero a través de los fondos nacionales FCT/MCTES 
a CIMO (UIDB/00690/2020 and UIDP/00690/2020) y SusTEC (LA/P/0007/2021) y por los contratos de M.I. Dias (CEEC Institucional), 
L. Barros (CEEC Institucional) y J. Pinela (CEECIND/01011/2018). C. Caleja agradece su contrato al Proyecto HealthyPETFOOD (POCI-
01-0247-FEDER-047073). B. de la Fuente agradece su contrato al proyecto AQUABIOPRO-FIT (BBI-JU Grant number 790956). Al 
Grupo ETSA por facilitar los subproductos de pescado. 

Referencias 

[1] J.T.V.R.M. Barbosa, Valorização dos subprodutos da indústria pesqueira: sua aplicação nas indústrias alimentar, farmacêutica 
e cosmética. Designação de Mestrado. Universidade Fernando Pessoa, Porto, 2020. 

[2] S.F. Bruno, F.J.A.A. Ekorong, S.S. Karkal, et al., Trends in Food Science and Technology, 85 (2019) 10-22. 

[3] B. de la Fuente, J. Pinela, F. Mandim, et al., Food Chemistry, 386 (2022) 132778. 



ALM27 

77 

Delivery vehicles for resveratrol incorporation in bread 

Andreia F. R. Silva 1, Mariana Monteiro 1, Rute Nunes 2,3, Ana Baião 2, Susana S. Braga 1, Bruno Sarmento 2,3,4, 
Manuel A. Coimbra,1 Artur M. S. Silva,1 Susana M. Cardoso 1* 

1 LAQV-REQUIMTE, Laboratório Associado para a Química Verde, Universidade de Aveiro, Aveiro, Portugal 
2
 i3S, Instituto de Investigação e Inovação em Saúde, Universidade do Porto, Porto, Portugal 

3 INEB, Instituto de Engenharia Biomédica, Universidade do Porto, Porto, Portugal 
4 CESPU, Instituto de Investigação e Formação Avançada em Ciências e Tecnologias da Saúde, Gandra, Portugal  

*afrs@ua.pt 

The application of delivery systems for bioactive compounds is an innovative strategy in the 
food sector to ensure the compound's bioactivity. Cyclodextrins (CDs) have been extensively used to 
increase hydrophobic compounds' solubility by forming inclusion complexes [1]. Zein nanoparticles 
are a food-grade material that has been used to protect, deliver and improve molecules' bioavailability 
[2]. Trans-resveratrol (RSV) is a health promoter bioactive compound potentially used as a functional 
food ingredient but its application is limited by its low water solubility and easy conversion into its 
non-active cis isomer. This work intends to formulate a functional wheat bread using RSV complexed 
ǿƛǘƘ ʴ/5 όʴ/5ϊw{±ύ ŀƴŘ w{±-loaded zein nanoparticles (Npz-RSV) and evaluate their impact on RSV 
stability, antioxidant activity, bioaccessibility and bioavailability. Bread with free RSV was used as a 
positive control and plain bread was used as a negative control.  

¢ƘŜ ʴ/5ϊw{± ǿŀǎ ƻōǘŀƛƴŜŘ ōȅ ƳƛȄƛƴƎ ŀƴ ŜǉǳƛƳƻƭŀǊ ŀƳƻǳƴǘ ƻŦ ŀƴ ŀǉǳŜƻǳǎ ǎƻƭǳǘƛƻƴ ƻŦ ʴ/5 
with an ethanolic solution of RSV, freeze-drying and characterization by Fourier Transform Infrared 
Spectroscopy (FTIR), powder X-ray diffraction (PXRD) and thermogravimetry (TG). Npz-RSV were 
obtained by nanoprecipitation, dropwise of an ethanolic solution of zein and RSV into water (RSV 
loading of 13.9%) and characterized by light scattering for size and laser doppler electrophoresis for 
zeta potential. The bread was prepared with wheat flour, water, yeast, salt and supplemented with 
лΦр҈ ƻŦ w{± ƛƴ ŦǊŜŜ ŦƻǊƳ ŀƴŘ ʴ/5ϊw{± ŀƴŘ bǇȊ-RSV. The surface color was measured by CIElab 
parameters using a colorimeter and bread texture was estimated through a two-bite texture profile 
analysis on a texture analyzer. 0.5 g of each bread (milled) was extracted with 10 mL of 70% ethanol 
for 15 min, and the supernatant was used for RSV quantification in ultra-high-pressure liquid 
chromatography at 306 nm and antioxidant activity analysis through ABTSҌ radical, oxygen radical 
absorbance capacity (ORAC) and nitric oxide (NO). The Bioaccessibility of RSV was determined by in 
vitro digestion of fresh cooked bread and bioavailability through permeability studies in cell 
monolayer models [3]. 

FTIR and PXRD analyses confirmed the ʴ/5ϊw{± ŦƻǊƳŀǘƛƻƴΣ ǿƘŜǊŜ ǎƘƛŦǘǎ ƛƴ ǘƘŜ ǇŜŀƪǎ ƻŦ ʴ-
/5˜w{± ǊŜƭŀǘƛǾŜ ǘƻ ǘƘŜ w{± ǎǇŜŎǘǊǳƳ ǿŜǊŜ ƻōǎŜǊǾŜŘΣ ŀƴŘ ¢D ǇǊƻǾŜŘ ƛǘǎ ǘƘŜǊƳƻǎǘŀōƛƭƛǘȅ ŀǘ ǿorking 
conditions. Npz-RSV presented 187 ± 7 nm in size and a 23.2 ± 1.0 mV zeta potential. ɹ -CDẗRSV did not 
affect the bread color but increased bread hardness, while Npz-RSV increased the yellowness and put 
the texture less stiff. Bread extracts recovered 89.0%, 70.3% and 62.8% of RSV from RSV-bread, 
ʴ/5ϊw{±-bread and Npz-RSV-ōǊŜŀŘΣ ǊŜǎǇŜŎǘƛǾŜƭȅΦ ¢ƘŜ ƭƻǿŜǊ w{± ǊŜŎƻǾŜǊȅ ŦǊƻƳ ʴ-/5˜w{±-bread and 
Npz-RSV-bread could indicate some retention of RSV in bread, probably due to the interaction of CDs 
and Npz with the matrix. Bread extracts hold antioxidant activity due to RSV, but some pro-oxidant 
activity of components of bread matrices cannot be neglected, with the additional quenching effect 
of RSV-delivery vehicles on chemical groups of RSV to interact with radicals [4]. RSV bioaccessibility 
was promoted by ɹ /5ϊw{± (about 40%), compared with the positive control and Npz-RSV, but its 
bioavailability was not improved. The use of delivery vehicles contributed to RSV protection and 
higher bioaccessibility; overall, bread matrice was also a suitable vehicle for RSV. 
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O marmelo (Cydonia oblonga M.) é um fruto amargo e adstringente utilizado sobretudo na 
produção de marmelada e outros produtos alimentares açucarados. De acordo com a Legislação 
Portuguesa [1], a marmelada é uma mistura homogénea e consistente obtida exclusivamente da 
cozedura do mesocarpo do marmelo com açúcares. Portanto, a produção industrial de 
marmelada implica o descarte da casca como um subproduto. No entanto, estudos anteriores 
indicam que a casca deste fruto possui compostos bioativos com propriedades antioxidantes e 
antimicrobianas e efeitos promotores de saúde [2-4]. Este estudo propõe assim a reinserção 
deste subproduto na cadeia de valor sob a forma de um conservante alimentar natural. Para 
otimização do processo de extração de compostos bioativos a partir desta matriz vegetal, foi 
implementado um desenho de composto central circunscrito de 20 pontos, combinando os 
efeitos dos fatores tempo (1ς119 min), temperatura (25ς94 °C) e proporção de etanol (0ς100%). 
Como variáveis dependentes, foram considerados o rendimento das extrações, avaliado 
gravimetricamente, e os teores de compostos fenólicos e ácidos orgânicos, quantificados por 
HPLC-DAD-ESI/MSn e UFLC-PDA, respetivamente [5]. Estas análises permitiram identificar vários 
compostos fenólicos, incluindo ácidos fenólicos, flavan-3-óis e flavonóis, e ácido málico, entre 
outras moléculas. Os dados quantitativos foram seguidamente ajustados a uma equação 
polinomial quadrática para obtenção de modelos teóricos, os quais foram validados 
estatisticamente e usados para determinar as condições ótimas de extração. Estas foram 
aplicadas experimentalmente e os extratos obtidos foram analisados quanto ao potencial 
conservante, através da avaliação da atividade antioxidante por ensaios in vitro e da atividade 
antimicrobiana por métodos de microdiluição [5]. Estes extratos apresentaram capacidade de 
inibir a peroxidação lipídica e de inibir o crescimento de fungos e bactérias associadas a 
contaminações alimentares, destacando-se em alguns aspetos comparativamente com aditivos 
alimentares usados como controlo positivo. Estes resultados destacam o potencial inexplorado 
da casca de marmelo para obtenção de extratos bioativos ricos em compostos fenólicos e ácido 
málico, os quais poderão ser usados pela indústria alimentar para incorporação em alimentos e 
bebidas. 
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Marine macroalgae, commonly known as seaweeds, have recently attracted interest as a valuable source of 
key nutrients and bioactive compounds, as well as renewable feedstocks. In particular, brown macroalgae 
are recognized for their abundance in specific target compounds, including phlorotannins and fucoxanthin 
which are phenolics and carotenoids, respectively, as well as polysaccharides including fucoidans, 
laminarans and alginates. Notably, all these compounds have been shown promising bioactivities, thus 
making them attractive to be used as added-value ingredients in functional foods [1,2]. Nevertheless, the 
ǎǘǊƻƴƎ ŀƴŘ ǳƴŦŀƳƛƭƛŀǊ ǎŜŀǿŜŜŘǎΩ ǘŀǎǘŜ ŀƴŘ ŦƭŀǾƻǳǊ ƭƛƳƛǘǎ ƛǘǎ ŀǇǇƭƛŎŀǘƛƻƴ ŀǎ ŦƻƻŘ ƛƴƎǊŜŘƛŜƴǘΣ ǘƘŜǊŜŦƻǊŜ ǳǎƛƴƎ 
seaweeds extracts has been proposed as an alternative strategy to harvest their benefits [2]. 
Simultaneously, it is imperative to develop low-cost and sustainable extraction strategies to promote 
resources efficiency. In this line, the main objective of this work was to develop a holistic strategy to obtain 
economic-affordable extracts rich in specific target compounds from brown macroalgae Fucus vesiculosus 
to be potentially applied as added-value ingredients in functional foods.  

Based on the optimization of different extraction parameters, two distinct sequential extraction approaches 
were developed, both employing conventional solid-liquid extractions and differing mostly in the first step: 
the first approach started with a cold water extraction, while food-grade ethanol was used in the second 
approach. The resulting macroalgae residues from both approaches were separately extracted with 70% 
EtOH in order to recover phenolics and pigments, following by hot water extraction to recover water-soluble 
polysaccharides and a precipitation with 2% CaCl2 to recover alginates. 

The results revealed that cold water extract (38%) had higher yields comparatively to EtOH extractions (9 ς 
18%) from both approaches. The use of coldwater at the start of the process allowed the recovery of water-
soluble phlorotannins (0.2% dw), mannitol (5% dw) and branched laminarans (1.1% dw), while sequential 
70% EtOH extraction yielded the highest fucoxanthin recovery (1.3% dw). Contrarily, the use of food-grade 
ethanol at the start of the process allowed the obtaining of phlorotannins-richer extracts (0.4% dw), but 
almost no fucoxanthin was detected. In addition, water- and hydroethanolic-soluble phlorotannins were 
tentatively characterized by HPLC-DAD-ESI-MSn. The sequential extraction with hot water in the first 
approach allowed to obtain fucoidans-purer fractions, whereas fucoidans were co-extracted with 
laminarans when using the second approach. The amount of recovered calcium-alginates accounted for 2 
to 4% dw and M/G ratios were determined. At the end of the extraction, both approaches resulted in a final 
residue that was still rich in alginates. Therefore, they were submitted to a commonly industrial extraction 
procedure which allowed to recover additional 6 to 9 % dw of alginates. Overall, this work allowed the 
development of a holistic extraction procedure to obtain economic-affordable brown macroalgae-rich 
extracts by using simple techniques and environmental-friendly solvents. The multiple obtained food-grade 
extracts rich in specific target compounds with bioactive potential open up opportunities for their 
application as ingredients in the formulation of new functional foods. 
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Peumus boldus L. (boldo) is known for its pharmacological effects associated with the chemical 
composition of its leaves. The objective of this work was to perform the nutritional, chemical and 
bioactive characterization of boldo leaves.  

The nutritional profile (crude fat, protein, ash, fiber, and carbohydrates) was determined using AOAC 
methods [1], while free sugars were determined by HPLC-RI and fatty acids by GC-FID. Moreover, 
organic acids were determined by HPLC-DAD, tocopherols by HPLC-fluorescence, and phenolic 
compounds by HPLC-DAD-ESI/MS. Afterwards, a hydroethanolic extract was prepared by maceration 
(80:20 v/v, ethanol:water), and the antioxidant potential was evaluated using the thiobarbituric acid 
reactive substances (TBARS) assay; antimicrobial capacity using the microdilution method against 
pathogenic microorganisms; cytotoxicity against tumor and non-tumor cell lines using the 
sulforhodamine B assay, and anti-inflammatory potential using RAW cells. For the nutritional profile 
results, the highest values were obtained for carbohydrates (78 ± 1 g/100 g dw, of which 48.0 ± 0.2 
g/100 g dw corresponded to fiber), followed by proteins (8.2 ± 0.5 g/100 g dw), ash (10.0 ± 0.9 g/100 
g dw) and fat (4.24 ± 0. 06 g/100 g dw), having an energetic value of 285 ± 2 kcal. Glucose (6.82 ± 0.03 
g/100 g dw), followed by fructose (2.70 ± 0.04 g/100 g dw) and sucrose (1.50 ± 0.10 g/100 g dw) were 
the detected sugars. Ten fatty acids were found, with three main compounds standing out, namely 
palmitic (29.56 ± 0.05 %), oleic (19 ± 5 %) and linolenic (17 ± 2 %) acids. Five organic acids were 
identified, highlighting oxalic (1.26 ± 0.04 g/100 g dw) and quinic (1.24 ± 0.05 g/100 g dw) acids. The 
ǾƛǘŀƳƛƴ 9 ƛǎƻŦƻǊƳǎ ʴ-ǘƻŎƻǇƘŜǊƻƭ όмр ҕ м Ǝκмлл Ǝ Řǿύ ŀƴŘ ʰ-tocopherol (5.2 ± 0.3 g/100 g dw) were the 
ones identified in boldo leaves. Seventeen phenolic compounds were detected, from which 
proanthocyanidins were the most prominent, especially a proanthocyanidin dimer (34.69 ± 0.91 
mg/g), and two proanthocyanidin trimers, 1 (32.12 ± 0.75 mg/g) and 2 (18.59 ± 0.67 mg/g). For the 
antioxidant potential (TBARS), an EC50 ƻŦ осΦу ҕ лΦн ˃ƎκƳ[ ǿŀǎ ŘŜǘŜǊƳƛƴŜŘΣ ŀƴŘ ŦƻǊ ǘƘŜ ŀƴǘƛƳƛŎǊƻōƛŀƭ 
capacity, lower minimum inhibitory concentrations (MIC) were seen especially against the foodborne 
bacteria Yersinia enterocolitica (1.25 mg/mL) and Staphylococcus aureus (1.25 mg/mL), as well as the 
clinical isolates E. coli (2.5 mg/mL), Morganella morganii (2.5 mg/mL), Enterococcus faecalis (2.5 
mg/mL) and methicillin-resistant S. aureus (2.5 mg/mL). Boldo leaves showed cytotoxicy against non-
ǎƳŀƭƭ ƭǳƴƎ ŎŀǊŎƛƴƻƳŀ όтм ҕ п ˃ƎκƳ[ύΣ ƎŀǎǘǊƛŎ ŀŘŜƴƻŎŀǊŎƛƴƻƳŀ όмрф ҕ мн ˃ƎκƳ[ύΣ ŀƴŘ ōǊŜŀǎǘ ŎŀǊŎƛƴƻƳŀ 
όнул ҕ ф ˃ƎκƳ[ύ ŎŜƭƭǎΦ ¢ƘŜȅ ŀƭǎƻ ǎƘƻǿŜŘ ŀƴǘƛ-inflammatory activity for macrophage cell line (RAW cells) 
ŀǘ мпр ҕ мо ˃ƎκƳ[Φ ¢ƘǳǎΣ ōŜǎƛŘŜǎ ōŜƛƴƎ ǊƛŎƘ ƛƴ ƴǳǘǊƛŜƴǘǎΣ P. boldus revealed the presence of bioactive 
compounds which can be used for future applications in the food, cosmetic and pharmaceutical 
industries. 
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Preservative-free meals and the use of natural products as natural alternatives are 
becoming more popular as consumers become more aware of the potential health 
problems associated with artificial food preservatives. The current study focused on 
exploring the potential of plant extracts (rosemary and eucalyptus) and propolis, or their 
mixtures, to develop a highly bioactive formulation.  Extracts were prepared individually 
and mixtures of eucalyptus/propolis, eucalyptus/rosemary, and rosemary/propolis using 
hydroethanolic extracts (80% ethanol) in different ratios of 50:50, 60:40, and 40:60, 
respectively., were also prepared. The selected matrices were prepared by two different 
maceration processes: i) 1 g of the sample was macerated in 30 mL of 80% hydroethanolic 
solution using magnetic stirring; ii) 1 g of sample in 10 mL of hydroethanolic solution was 
macerated in a water bath at 70°C, this being, the recommended protocol for extraction of 
phenolic compounds from propolis [1]. The extracts were further analyzed for their 
antimicrobial ability by microdilution method using pathogenic microorganisms. The 
individual extracts of rosemary and eucalyptus showed remarkably strong antibacterial 
activity against most bacterial strains, often equivalent to that obtained with the common 
ŀƴǘƛōƛƻǘƛŎΩǎ ǎǘǊŜǇǘƻƳȅŎƛƴΣ ƳŜǘƘƛŎƛƭƭƛƴΣ ŀƴŘ ŀƳǇƛŎƛƭƭƛƴΦ .ƻǘƘ ƳƛȄǘǳǊŜǎΣ ŜǳŎŀƭȅǇǘǳǎκǊƻǎŜƳŀǊȅ 
(60:40) collected from maceration by magnetic stirring and eucalyptus/propolis (60:40) 
derived from maceration with water bath, showed the most promising results, with 
inhibition ability against all bacteria. As for the antifungal ability, no inhibition was obtained 
at the maximum tested concentration of 10 mg/mL.  
In addition to these encouraging results for antimicrobial activity, further bioactivity assays 
will be performed to evaluate the properties of the different extracts. 
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In order to achieve maximum productivity and tree performance, while improving the nutritional 
value and quality of fruits, biostimulants have emerged as promising environmental-friendly products 
to promote the overall sustainability of production systems [1]. The application of seaweed extracts 
promotes an increase in the concentration of phenolic compounds, and antioxidant activity, and has 
positive effects on stress mitigation [2].  

With excellent organoleptic properties, a high nutritional value, and recognized health-promoting 
properties, sweet cherries are a fruit of choice for consumers that are increasingly demanding and 
attentive to these issues [3]. In fact, this fruit is widely recognized, due to its biological activities, 
closely linked to its high content of phenolic compounds with antioxidant properties [4].  

Little is known about the changes in the content of these health-promoting compounds during 
development of the sweet cherry as ripening advances, after the application of biostimulants. 

Thus, this work intends to highlight the effect of the pre-harvest application of two concentrations of 
a seaweed-based biostimulant (0.30% (SW >) and 0.15% (SW <)) on the bioactive content (total 
phenolics, flavonoids and o-diphenols) and antioxidant traits (DPPH, FRAP, and ABTS) of sweet 
cherries fruits. Sweet cherries cv. Lapins, ƎǊŀŦǘŜŘ ƻƴ ά{ŀƛƴǘ [ǳŎƛŀέ ǊƻƻǘǎǘƻŎƪΣ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ ŀ 
commercial orchard, located in Resende, Northern Portugal. The treatments were foliar applied at 
three different phenological stages of fruit development (stages 77, 81, and 86 according to the BBCH 
scale). Sweet cherries were then harvested three days after each application. In order to achieve more 
accurate results, treatments were applied for three consecutive years (2019, 2020, and 2021). The 
results only refer to the first year of application and the last one. Overall, total phenolic content was 
higher in 2021, when in contrast to 2019 and it decreases as maturation of the fruit advances. The SW 
< treatment resulted in higher content of phenolics. The same decreasing trend with ripening that was 
found for total phenolics was also found for flavonoids and o-diphenols. Both flavonoids and o-
diphenols contents increased in 2021, compared to 2019, with enhanced values when SW < treatment 
was applied. Regarding the antioxidant activity, an overall similar pattern can be observed in the two 
years, even though the equivalent activity is higher in 2021 with the application of the treatment of 
lower concentration. 
These findings provide, not only information about the effect of biostimulant application on sweet 
cherry fruit, but also about its outcome during the different stages of fruit development, thus filling 
the gap in knowledge about the accumulation patterns of its health-promoting compounds. 
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Os parabenos são compostos derivados do ácido p-hidroxibenzóico com propriedades conservantes e 
antimicrobianas, muito aplicados nas indústrias cosmética, alimentar e farmacêutica [1,2]. A ampla 
utilização e a ineficácia das ETAR na remoção destes compostos, origina um aumento da sua 
concentração no meio aquático, tendo já sido detetada a sua presença em rios, águas subterrâneas, 
piscinas, águas de consumo, solos e organismos vivos [2]. Os parabenos atuam muitas vezes como 
disruptores endócrinos e estão associados a potenciais efeitos mutagénicos e cancerígenos. Neste 
sentido, é necessário adotar medidas para controlar e remover estes contaminantes emergentes dos 
ecossistemas [2]. Os Processos de Oxidação Avançados (POA) podem ser aplicados como alternativa 
ou complemento aos tratamentos tradicionais, para uma maior eficiência na remoção de compostos 
recalcitrantes dos efluentes, como são os parabenos [3].  

O presente trabalho avaliou a eficiência de remoção do carbono orgânico dissolvido (COD) de uma 
solução mista de quatro parabenos - metilparabeno, etilparabeno, propilparabeno e butilparabeno 
(Fig. 1a), com uma [COD]i = 260 mg C/L. Estudou-se a aplicação do processo Fenton utilizando: (1) 
diversos catalisadores metálicos (sulfato ferroso, ferroceno, cloreto ferroso, cloreto férrico e nitrato 
de ferro III); (2) diferentes concentrações de catalisador (entre 0,026 e 6,71 mM); (3) variação de pH 
(natural ou 3,0) e (4) a influência de radiação UV (UV-C, UV-A e solar).  

O melhor desempenho observou-se com o processo foto-Fenton UV-C (254 nm), tendo-se obtido uma 
redução de COD de 92,1% após 90 minutos de reação e 98,4% ao fim de 240 minutos (Fig. 1b).  

 
Fig.1. (a) Estrutura química dos parabenos estudados. (b) Evolução da remoção de COD ao longo da reação. 

Condições experimentais: pH = 3,0 [sulfato ferroso] = 4,0 mM e [H2O2] = 68,0 mM (adição fracionada). 
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Estuarine sediments constitute a biogeochemical reservoir where chemical trace elements from 
natural sources mix with a fraction generated from human activities. The study of contamination 
events from sediment cores, when coupled with geochronological techniques, is useful for 
reconstructing the temporal evolution of chemical contamination in estuaries and for calculating trace 
elements (TE) fluxes. 
Lƴ ǇŀǊǘƛŎǳƭŀǊΣ ǘƘƛǎ Ŏŀƴ ōŜ ŀǇǇƭƛŜŘ ǘƻ ǘƘŜ άh .ǳǊƎƻέ ŜǎǘǳŀǊȅ ƛƴ ǘƘŜ wƛŀ ƻŦ ά! /ƻǊǳƷŀέΣ ǿƘŜǊŜ ŀ ǇƘƻǎǇƘŀǘŜ 
fertilizers factory ςcurrently dismantled- was settled and on which no study has been carried out until 
now. This estuary also has received sewage urban discharges. Then, it is hypothesized that the impact 
of this past anthropogenic activity, both urban and industrial, should be recorded in its estuarine 
sedimentary record. So, the rise and fall of these kind of anthropogenic pressures are addressed from 
three key questions: (i) identifying the chemical contamination in these sediments; (ii) temporally 
framing the contamination events by their chemical imprint on sediments; and (iii) defining the 
current situation by quantifying the lithogenic and anthropogenic fluxes to the sediment reservoir.  
In order to achieve these three objectives, one sediment core of 51 cm long was taken with a hand-
driven Gouge Augers Sampler (43,31394°N, -8,35930°W) in the intertidal muddy area of this estuary. 
210Pb, 214Pb and 137Cs activities were measured by low-level background gamma-ray spectrometry, and 
the Constant Rate of Supply model was applied for core dating (recovered sediments span the last 
76±13 years). Major and trace elements were analysed by FAAS (Al, Ca and Fe), ETAAS (Hg) and ICP-
MS (As, Cd, Co, Cr, Cu, lanthanoids -except Pm-, Mn, Mo, Ni, Pb, Th, U, V, Y and Zn). In addition, 
particulate organic matter proxies (C and N) were determined using an elemental CNH analyser.  
Elemental depth profiles showed high organic matter contents in the first 13 cm (3.2-4.0% of POC, and 
0.25-0.36% of PON), while four differenced patterns were differentiated for trace elements presented 
in the studied sediment core: (a) Co and Mn contents slightly varied (12.4±0.7 mgCo·kg-1, and 377±26 
mgMn·kg-1); (b) Cr, Ni and V contents were relatively constant (41±4 mgCr·kg-1, 20±2 mgNi·kg-1 and 
65±5 mgV·kg-1) but exhibited one peak at 27 cm depth, and an isolated low value at 37 cm; (c) As, Cd, 
Cu, Hg, Pb and Zn showed the highest values in the middle-core part (23-37 cm) reaching up to 1.54 
mgCd·kg-1, 143 mgCu·kg-1, 4.21 mgHg·kg-1, 279 mgPb·kg-1 and 786 mgZn·kg-1; (d) Ln, Th, U and Y 
exhibited similar trends with little content changes (8.9±1.6 mgTh·kg-1, 4.7±0.7 mgU·kg-1, 18.0±1.4 
mgY·kg-1 and 126±13 mgLn·kg-1) and a small peak at 13 cm depth, as occurred with Al and Fe. 
Since the 1930s, Hg contents increased up to the year 1964 (4.2 mg·kg-1), then decreased slightly until 
1975 and markedly from 1982 to 2012 (0.6 mg·kg-1). Trends of Cd, Cu, Pb and Zn were similar. 
Contamination before 1985 was very high by Hg and Pb, and severe by As, Cd, Cu and Zn. This 
contamination coincides temporarily with the phosphate fertilizers factory operation -installed in 
1932 and closed in 1989-Σ ǎŜǘǘƭŜŘ ƛƴ ǘƘŜ άh .ǳǊƎƻέ ŜǎǘǳŀǊȅ ǎƘƻǊŜƭƛƴŜΦ Sediment accumulation rates 
(and organic matter fluxes) increased during two different periods: before (5.3±1.0 mm·yr-1) and after 
1985 (7.8±2.0 mm·yr-1), related to the Mero River damming and building construction on the estuary 
banks. 
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Agro-industrial wastewaters are attracting a lot of attention. Wastewaters generated by the 
processing of elderberry, olives and grapes are known for containing compounds such as polyphenols, 
organic acids, flavonoids, oils and greases, which together with high flows and seasonality lead to a 
limited application of conventional treatment technologies. An improper wastewater discharge in the 
ecosystems will represent a threat to all living forms [1,2].  
Wine production generates large volumes of wastewater due to the wash and disinfection of all the 
equipment from the winery, such as the presses used for crushing the grapes, fermentation tanks, and 
barrels. The aim of this work is the treatment of winery wastewater (WW) by different methodologies: 
(1) coagulationςflocculationςdecantation (CFD), (2) Fenton-based processes, and (3) CFD combined 
with Fenton-based processes.  
The CFD process was performed using an organic coagulant derived from leaves of Acacia dealbata 
Link. The pH was varied from 3.0 to 11.0 and the ratio of leaves powder (LP):dissolved organic carbon 
(DOC) varied from 0.25:1 to 5:1 (w/w). Under the best operational conditions (pH = 3.0, DOC = 400 
mg C/L, LP:DOC ratio 0.5:1, V = 500 mL, temperature 298 K, fast mix 150 rpm/3 min, slow mix 20 
rpm/20 min, sedimentation time 12 h) it was observed a DOC and total polyphenols (TPh) removal of 
18.2 and 35.8%, respectively.  
To complement the CFD process, it were tested several Fenton-based processes (FBP). Fenton, 
Fenton-like and heterogeneous Fenton processes revealed a reduced removal of WW organic matter. 
Therefore, UV-C radiation was added to the Fenton-based processes, being reached a DOC removal 
of 70.3, 51.1 and 54.2%, respectively. The combination of CFD with FBP reached 98.2, 96.2 and 95.4% 
DOC removal, respectively and 99% TPh removal. The final values of COD, BOD5 and TSS reached the 
values set by the Portuguese Law, and so the water can be used for irrigation. The energy efficiency 
analysis to the FBPs showed that application of CFD increased the energy efficiency of the UV-C system 
and reduces the treatment costs.  
Finally, the sludge generated in the CFD process was tested as fertilizer. The germination of cucumber 
and radish seeds was assessed and results showed radicular growth and a germination index > 80%, 
thus the sludge can be reused as fertilizer. 
Based in these results, the combination of CFD with FBPs allows the treatment of WW and its reuse 
for irrigation. In addition, Acacia dealbata Link leaves powder is an efficient coagulant and its sludge 
can be reused as soil fertilizer. 

Acknowledgments 
The authors are grateful for the financial support of the Project AgriFood XXI NORTE-01-0145-FEDER-000041 and 
Fundação para a Ciência e a Tecnologia (FCT) to CQVR (UIDB/00616/2020). Ana R. Teixeira also thanks the FCT for 
the financial support provided through the doctoral scholarship UI/BD/150847/2020. 

References 
[1] N. Jorge, A.R. Teixeira, M.S. Lucas, J.A. Peres, Recycling, 7 (2022) 54. 

[2] L.A. Ioannou, G. Li Puma, D. Fatta-Kassinos, Journal of Hazardous Materials, 286 (2015) 343ς368. 

 



AMB04 

87 

Treatment of a winery wastewater by a peroxymonosulfate/cobalt/ UV 
system 

Nuno Jorge1,2 *, Ana R. Teixeira2, Marco S. Lucas2 and José A. Peres2 

1Escuela Internacional de Doctorado (EIDO), Campus da Auga, Campus Universitário de Ourense, 
Universidade de Vigo, As Lagoas, 32004 Ourense, Spain 

2Centro de Química de Vila Real (CQVR), Departamento de Química, Universidade de Trás-os-Montes 
e Alto Douro (UTAD), Quinta de Prados, 5000-801 Vila Real, Portugal  

* njorge@uvigo.es 

The winery wastewater (WW) is generated from the rinsing and destemming harvested grapes, 
washing barrels or transport equipment, pressing grapes and the accumulation of must/wine losses 
in the waste stream. However, the inefficient management of WW by the wine cellars is imprinting an 
unsustainable trademark on the global production of wine [1]. Considering the low biodegradability 
inherent to this type of wastewater, a chemical treatment approach should be studied to remove the 
recalcitrant organic matter. Sulfate radical advanced oxidation processes (SR-AOPs) appears as an 
efficient solution. The aim and novelty of this work was to create a statistical design to evaluate the 
best SR-AOPs to treat the WW. The goal is to reach the Portuguese legal values for wastewater 
discharge and promote the treated wastewater reuse. Considering the low information regarding WW 
treatment by sulfate radicals, a response surface methodology (RSM) Box-Behnken design was used 
in a WW with the following variables: PMS (0 ς 10 mM), Co2+ (0 ς 5 mM) and radiation (dark, UV-A). 
In the RSM, 15 experiments were performed. The results showed that among the different SR-AOPs 
applied, the PMS/Co2+/UV-A system revealed to be the most efficient, and the system could achieve 
the maximum performance with PMS (5.9 mM) and Co2+ (5.0 mM). These conditions were optimized 
changing the pH (3.0 ς 11.0), temperature (298 ς 363 K), catalyst type and manner of addition of 
reagents, in a WW with a COD of 4925 mg O2/L. The results showed that under the best operational 
conditions (pH = 6.0, temperature = 343 K, PMS (multiple addition), Co2+ (multiple addition) it was 
achieved a COD removal of 82.3%. The results fit into a pseudo first-order kinetic rate [2] and them a 
chart ln k vs 1/T (Arrhenius equation), revealed an activation energy of 16.07 ± 0.58 kJ mol-1 required 
to activate the PMS and generate sulfate radicals ({hп

ωπ). Afterwards, different sources of radiation 
(UV-A, UV-C and ultrasound (US)) were evaluated. The results showed a COD removal of 82.3, 76.0 
and 52.2%, respectively. Clearly, the UV-A and UV-C had a higher effect in the conversion of PMS 
regarding US. The total polyphenols showed a near complete reduction with application of all 
radiation sources, which could indicate that these treatments are efficient in the breaking of aromatic 
compounds. The average oxidation state (AOS) and carbon oxidation state (COS) showed a 
considerable increase after the 240 min of reaction, which was consistent with the high reduction of 
organic carbon. The electric energy per order (99h) was evaluated and results showed higher 
consumption with application of US (12.8 kWh/ g COD) in comparison with UV-A and UV-C (0.173 and 
0.423 kWh/ g COD, respectively). Considering the reagents cost and price of electricity, it was 
ŜǎǘƛƳŀǘŜŘ ŀ Ŏƻǎǘ ƻŦ лΦлмрΣ лΦлор ŀƴŘ мΦло ϵκƎ /h5Σ for UV-A, UV-C and US systems. Considering these 
results, the RSM model revealed to be an efficient strategy to evaluate the best operational 
conditions. Finally, it is possible to conclude that PMS/Co2+ with UV-A or UV-C achieves a COD Ғ 1000 
mg O2/L, allowing the WW discharged in a municipal sewage network. Thus, PMS/Co2+/UV could be 
an efficient and economically competitive process to treat WW. 
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La estimación de los contenidos naturales de elementos traza en el sedimento es un paso crítico para 
cualquier evaluación de la contaminación. La comparación, ampliamente utilizada, en base a 
referencias globales o regionales supone una herramienta rápida y útil como enfoque exploratorio.  

Sin embargo, por una parte, no tiene en cuenta las anomalías locales atribuibles a la variabilidad 
circunscrita a la litología. Por otra parte, cuando se considera la interfase tierra-océano, existe una 
variedad de ambientes sedimentarios con sus complejidades particulares, es decir, ríos sobre roca, 
ríos aluviales, estuarios, áreas costero-oceánicas.  

Se puede plantear una pregunta científica: ¿Es posible aplicar un enfoque único a toda el área desde 
los cauces de cabecera hasta el océano?  

Para dar una respuesta, se aplicaron las técnicas de estimación de niveles de fondo  
-- univariante: a) límites de Tukey, b) gráficos de probabilidad normal;  
-- bivariante: c) regresión de mínimos cuadrados.  

Mientras que para determinar enriquecimientos se emplearon los índices Igeo (geoaccumulation 
index) y LEFs (local enrichment factors).  

El estudio parte de 78 muestras de sedimentos superficiales recogidos en la cuenca hidrográfica del 
río Ulla (afluentes Lañas, Brandelos, Deza, Liñares y Sar), en el cauce principal del curso medio y bajo 
del río Ulla (desde el embalse de Portodemouros hasta Herbón), en el estuario del Ulla (Padrón-Carril) 
y en la zona interna-media de la ría de Arousa. Este continuum cubre tres dominios principales: 
continental (n=30), estuarino (n=12) y costero-oceánico (n=36) y una variedad de diferentes litologías. 
Como elementos de referencia se han seleccionado tres metales, aluminio, hierro y uranio, los cuales 
se aplican a dos contaminantes típicos, un metal, el plomo, y un metaloide, el arsénico. 

Todos los métodos produjeron resultados parecidos en la estimación de fondo con un promedio de 
14-17 mgAs·kg-1 y 31-36 mgPb·kg-1 y una dispersión similar para ambos, calculada como desviación 
estándar relativa, de alrededor de 24-43 %. Los contenidos de As y Pb en toda el área se hallan 
enriquecidos si se relacionan con la referencia global de la corteza continental superior [1], al igual 
que con la referencia regional [2]. Sin embargo, cuando se estiman los valores de fondo a nivel local, 
los enriquecimientos se localizan en áreas concretas. Las técnicas bivariadas presentan como ventaja 
un mejor ajuste para la estimación del nivel de fondo. Es destacable que el uso del aluminio, elemento 
de referencia muy utilizado, funciona peor en muestras de cabeceras (ríos sobre roca). El uranio, 
probablemente debido a su vinculación con los granitos, ha presentado en este caso particular un 
buen potencial como elemento de referencia para toda el área (desde las cabeceras continentales 
hasta el dominio oceánico). En consecuencia, ninguna técnica de estimación de fondo debe aplicarse 
automáticamente antes de ser probada empíricamente. 
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Biodiesel is a renewable fuel produced from edible and non-edible vegetable oils, recycled waste 
vegetable oils, and animal fats, and it is susceptible to oxidation and rancidity during storage [1]. The 
commercial biodiesel oxidative stability, required by EN 14112, is commonly guaranteed by non-
renewable fossil-based antioxidants, as butylhydroxytoluene (BHT) and blends. Vine canes-based (VC) 
extracts, rich in phenolic compounds [2], can be considered a promising sustainable alternative to 
typical synthetic additives.  

The main goal of this work was to evaluate, in an early stage of development, the environmental 
advantages of the novel VC antioxidant extract produced by Subcritical Water Extraction (SWE) when 
compared to the commercial BHT through the Life Cycle Analysis (LCA) methodology. The LCA was 
developed hypothesizing: i) the production of a VC-based biodiesel additive at an industrial plant 
capable to process all the VC residues harvested in a 50 ha Portuguese vineyard; ii)  the inclusion of 
an energy integration step in the plant design, which is able to reduce heat demand for final extract 
drying; iii) the reuse of the residual hydrochar from SWE, obtained after recovering antioxidant 
extract, as precursor for activated carbons (AC) production.  

The environmental impacts associated with the production process of VC-based antioxidant show that 
this novel antioxidant is environmentally competitive with BHT up to its final drying in most of the 
categories of impact, with special regard to Global Warming, Fossil Resource Scarcity, Land Use, either 
hydrochar is landfilled, or used as precursors for AC production (ReCipe2016, MidPoint level). At 
EndPoint Level, dried VC extracts provided lower environmental impacts in Human Health, Ecosystem 
and Resources categories of impact than commercial BHT. However, when the novel VC extract is 
dissolved into benzyl alcohol, to favor its incorporation into biodiesel, the type and the amount of the 
solvent required can cut off the environmental benefits associated with VC antioxidant production 
when compared to BHT. The valorisation of generated hydrochar as precursor for AC allows to obtain 
additional environmental credits, suggesting that the valorisation of hydrochar is environmentally 
recommended. 

This preliminary simulation provides fundamental information able to drive successive research steps, 
which must be focused on finding sustainable alternative solvents for solubilizing dried VC extract, as 
well as on reducing the amount of solvent to achieve the most favorable  and sustainable solution.  
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Poly- and perfluoroalkyl substances (PFAS) have been manufactured for many years for industrial and 
domestic applications due to their physico-chemical properties. There are more than 4700 PFAS in the 
global market, and the number is continuously growing due to the constant development of new 
PFAS-like chemicals [1]. PFAS resist hydrolysis and photolysis, and are not easily biodegraded, making 
ǘƘŜƳ ǇŜǊǎƛǎǘŜƴǘ ƛƴ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘΣ ŜǾŜƴ ōŜƛƴƎ ƴŀƳŜŘ άŦƻǊŜǾŜǊ ŎƘŜƳƛŎŀƭǎέ ώмϐΦ Several studies have 
concluded that PFAS affect the immune system in humans, increase serum cholesterol concentrations, 
induce weight loss in neonates, or even affect the response to vaccines [2]. Hence, the European Union 
(EU) limited the presence of 20 PFAS (C4-C13) in water intended for human consumption by the 
2020/2184/EU Directive. Besides, this directive intends to ban any PFAS (besides those 20) in the 
upcoming years. Conventional treatments are ineffective in their removal, and thus new technologies 
shall be developed to cope with this global threat to human health. 

The present work aims at assessing the performance of the anodic oxidation (AO) process using a 
boron-doped diamond (BDD) anode for the removal of PFAS from aqueous matrices. Both the 
nowadays regulated group of PFAS under Directive 2020/2184/EU (C4-C13) and the ultrashort-chain 
PFAS (C1-C3) [3] were investigated (24 PFAS in total). The effect of the aqueous matrix was assessed 
by applying five different matrices ς ultrapure water, drinking water, urban wastewater after 
secondary treatment, reverse osmosis and nanofiltration concentrates from urban wastewater 
treatment tertiary treatment. Low content of 0.2 µg/L of each PFAS was applied in all these matrices 
and experiments were conducted at different current densities. PFAS with carboxylic moieties proved 
to be more easily degraded than those with sulfonic ones. Whereas the former PFAS were (almost) 
completely removed, the removal of the latter ones greatly varied with the carbon-chain length, from 
less than 10% for C1 to complete removal for C8. The presence of other species in real matrices 
affected the efficiency of PFAS removal, but not hindered the use of the AO process. 
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The most effective therapy currently available to fight infections by the human immunodeficiency 
virus (HIV) is the highly active antiretroviral therapy (HAART).[1] This therapy successfully suppresses 
the replication of the virus, resulting in reduced morbidity and mortality associated with HIV infection, 
as well as improving the lifespan of patients.[1] Protease inhibitors (PIs), such as Amprenavir and 
Darunavir, are a class of antiretroviral drugs used in HAART that prevent the maturation of viral 
particles by inhibiting the enzyme protease and thus suppressing the restructuration of viral 
proteins.[1] However, the crescent use of PIs in chronic therapy induces mutations in the virus, 
resulting in the development of drug-resistant strands.[2] As such, there is a constant necessity for 
the discovery of novel antiretroviral pharmaceuticals to fight resistant strands of the virus.[2] 

A common research approach in this regard is the design and synthesis of Amprenavir/Darunavir 
analogues by the replacement of the P2 group, conserving the (R)-(hydroxyethyl)sulfonamide 
structural motif (P1, tмΩΣ ŀƴŘ tнΩ ǎƛǘŜǎύΣώоϐ ǿƘƛŎƘ ƛǎ ǊŜƭŜǾŀƴǘ ŦƻǊ ǘƘŜ ǇƘŀǊƳŀŎƻƭƻƎƛŎŀƭ ǇǊƻǇŜǊǘƛŜǎ ƻŦ 
these compounds (Fig. 1). In the literature, different methodologies are reported for the synthesis of 
the (R)-(hydroxyethyl)sulfonamides, the majority of them uses disconnective approaches, hazardous 
solvents, and are limited to small academic scale synthesis.  

In this work, an innovative and practical multi-gram one-pot methodology is presented for the 
preparation of the (R)-(hydroxyethyl)sulfonamide structural motif. The key steps of this novel protocol 
are the preparation of the amino alcohol precursor in ethanol as the solvent and the sulfonamide 
synthesis in an aqueous medium, offering high global yields (>91%) and chemical purity (>98%, HPLC). 
Moreover, this methodology avoids chromatography techniques, thus offering a more sustainable 
approach for the preparation of this structural motif, boosting the HIV drug research of structure-
related Amprenavir and Darunavir analogues. 

 

Fig.1. Structures of highly active HIV protease inhibitors Amprenavir and Darunavir, highlighting the conserved 
(R)-όƘȅŘǊƻȄȅŜǘƘȅƭύǎǳƭŦƻƴŀƳƛŘŜ ǎǘǊǳŎǘǳǊŀƭ ƳƻǘƛŦ όtмΣ tмΩΣ ŀƴŘ tнΩ ǎƛǘŜǎύΦ 
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Despite recent strides towards a green energy transition, fossil fuels are still the only viable option for 
the maritime and air transport sectors, thus, steps must be taken in order to minimize their 
environmental impact. 

Oxidative desulfurization (ODS) is a promising sustainable and cost-effective method to remove 
environmentally harmful sulfur compounds from fuels. The viability and potential applicability of this 
method at an industrial level is heavily dependent of the research and development of adequate 
catalysts, combining thermal, mechanical and chemical stability with remarkable activity.[1] 

Polyoxometalates (POMs) have been demonstrated as excelent homogeneous catalysts towards ODS 
[2], and can be used in tandem with environmentally sustainable oxidants such as hydrogen peroxide, 
resulting in excellent desulfurization efficiencies under low temperature and pressure conditions, 
however, their solubility presents a disadvantage towards catalyst recycling and reuse. POMs can be 
heterogeneized with various different approaches, chief among them being the immobilization in 
support matrices such as Metal-Organic Frameworks. 

MOFs are inorganic-organic hybrid crystalline 3D coordination polymers characterized by possessing 
the aforementioned stability properties, which can reveal high synergistic effects with POMs in 
oxidative catalytic systems due to their porous systems acting as nanoreactors [3].  

Porous POM@Zeolitic Imidazolate Frameworks (ZIF, a family of MOFs) composites were prepared 
under an energetically sustainable bottle-around-the-ship approach at room temperature and 
pressure, aiming for the preparation of novel MOF-based composite materials. The prepared 
heterogeneous catalysts were also subjected to controlled thermal degradation, with the goal of 
altering their porous structure and promoting higher catalytic efficiencies. The obtained materials 
were characterized by FTIR, XRD, SEM/EDS, TGA, ICP-OES and N2 adsorption isotherms and were 
applied as heterogeneous catalysts for ODS processes in model fuels. PMo12@ZIF-8 attained the 
oxidation of 89% of the sulfur content in the MF after just 60 minutes, but its catalytical activity 
progressively decreased over the following cycles. Controlled termal degradation (CTM) of this 
composite at temperatures above 500 oC increased its activity (100% sulfur oxidation) and also made 
it reusable for at least 5 subsequent cycles with no loss of activity. Remarkably, CTM also revealed to 
be a useful strategy towards the activation of catalysts. The PMo12@ZIF-67 composite, a previously 
inactive catalyst for ODS, became active after thermal treatment at 500 oC, and was used in 5 
consecutive cycles with no loss of activity. 
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Activated carbons (ACs) are low-cost carbonaceous materials with a high surface area ranging from 
500 to 3000 m2/g. ACs are produced by pyrolysis that consists of the combustion of organic matter 
above 500 °C in the absence of oxygen, to have the breaking of carbonic bonds and formation of 
porosity in the material. ACs are also undergo an activation process in order to increase its adsorption 
performance. Activation can be performed only by physical treatment, in which the organic material 
is thermal treated with an atmosphere of air, CO2, and water vapor, or also by applying some chemical 
treatments using generally, strong acids, chloride salts or strong bases [1, 2]. As carbon source for ACs 
preparation, many precursors have been tested, mainly biomass wastes (olive stones, rice husk, 
coconut shell, among others) [2]. According to the Instituto Nacional de Estatística (INE), in 2021 
Portugal produced more than 1.3 million tons of olives and it is estimated that more than 500,000 
tons of residues were generated per year [3]. This work aims to investigate different production 
methods of ACs from olive stones change and their effects on the characteristics of the resultant 
adsorbents. 

From the olive stone, five different materials were produced, namely (i) powdered olive stone, (ii) 
pyrolyzed at 800°C for 1h, with a heating rate of 10°C/min with N2 flow of 20 cm3/min, (iii) carbonized 
at 500°C for 1.5h with a heating rate of 10°C/min in a sealed crucible, (iv) chemical activated using 
acid phosphoric acid and (v) chemical activated with sodium hydroxide. The carbonization yield was 
determined, as well as the main physicochemical properties of ACs, such as the particle size frequency 
distribution of powdered raw-material, FTIR analysis and pH at point of zero charge. 

The olive stone, after milling, had a predominant diameter of 188 m˃, representing an average Sauter 
diameter of 162.4 ˃m. The moisture was 12.13% ± 0.08 and the ash content was 1.09% ±0.08. The 
carbon production method significantly influences the carbonization yield, acid activation was the 
ƳŜǘƘƻŘ ǘƘŀǘ ŀƭƭƻǿŜŘ ǘƘŜ ƘƛƎƘŜǎǘ ȅƛŜƭŘ όртΦпр҈ύΦ ¢ƘŜ ŀŘǎƻǊōŜƴǘΩǎ ǇǊƻŘǳŎǘƛƻƴ ƳŜǘƘƻŘ ŀƭǎƻ Ƙŀǎ ŀ 
ǎƛƎƴƛŦƛŎŀƴǘ ƛƳǇŀŎǘ ƻƴ ǘƘŜ ŀŘǎƻǊōŜƴǘǎΩ ǇIPZC, which is shown by the fact that the acid activation 
provides the material with the lowest pHPZC (3.84). 

The olive stone raw-material shows an important potential to be used on the production of activated 
carbons with high carbonization yields. Surface area, pore size, thermogravimetric analysis, and 
adsorption performance assays are under study. 
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Creating a safer, greener, and sustainable world is a challenge that all of us should undertake. The 
constant global increasing population and necessities, the increasing production requirement, the 
increasing consumption per capita, challenges the way we produce, create, and evolve, creating a 
profound footprint on the environment.  

The pharmaceutical industry represents a big part of our evolution, creating new ways to make the 
humanity prosper through better health conditions, however its environmental impact is enormous. 
The production and use of pharmaceuticals cause high CO2 emissions (52 Mtons in 2015, which is 
more than the automotive industry), contaminations of soils, biota, and water, and even danger to 
human health through carcinogenic impurities [1].  

Green Chemistry represents a new way of making chemistry, environmentally friendly and 
advantageous for the evolution of chemical industry. In 1991, Paul Anastas used the term Green 
Chemistry for the first time, when he was integrating a program for the development of sustainable 
chemistry and chemistry technology for the industry, requested by the United States Environmental 
Protection Agency (USEPA), although, it was only in 1999 that Anastas defined and created the full 
concept of Green Chemistry [2]. Green chemistry is based on twelve principles, Prevention, Atom 
Economy, Less Hazardous Chemical Syntheses, Designing Safer Chemicals, Safer Solvents and 
Auxiliaries, Design for Energy Efficiency, Use of Renewable Feedstocks, Reduce Derivatives, Catalysis, 
Real-time analysis for Pollution Prevention, and Inherently Safer Chemistry for Accident Prevention 
[3,4]. Beyond that, the term green chemistry is also referred as sustainable chemistry, environmental 
benign chemistry, atom economy or clean chemistry. As the years went through, Green Chemistry has 
turned itself more relevant to the industry, and Paul Anastas and his follower John Warner were the 
ones who most invested in the area, describing green chemistry as an environmental benign 
alternative to hazardous chemicals and processes, thus, promoting pollution prevention for the 
industry [5, 6].  

In this work, greener solutions for the pharmaceutical field and industry based on the twelve principles 
of green chemistry are overview, from the use of greener solvents such as Deep Eutectic Solvents 
(DESs), Ionic Liquids (ILs), and Supercritical Fluids (SCFs), to lesser waste methods such as Catalysis and 
Mechanochemical methods. The objective of this work is to show greener roots for the 
pharmaceutical (and not only) industry to employ for an environmental safer and sustainable industry.  
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The relatively recent DDTs contamination of Lake Maggiore (Italy) offers an important 
experimental opportunity to study the release of DDTs from the soil. The high DDTs 
concentrations, discovered in 1996 in many fish species, caused the ban on fish 
consumption. DDTs were produced by a chemical company located in a subalpine valley 
(Ossola valley), and ended up in the Toce River, a tributary of Lake Maggiore. In the area 
surrounding the chemical plant, high DDTs concentrations in soil and vegetation were found 
after subsequent investigations. The quantification of the release from contaminated soil 
and the following migration towards downwind areas, deposition to the soil, and further 
evaporation plays an important role in understanding future DDTs trends in soil and the 
atmosphere. In order to study this phenomenon, soil and vegetation from Ossola Valley 
were monitored. The concentration values obtained, allowed to reconstruct the 
contamination gradient in the valley and were used to develop and calibrate a spatially 
resolved multimedia fugacity model. In this work, it is also described the development of a 
new grid modelling approach to survey the effect of spatial variation in environmental 
conditions on the distribution of chemicals at a local scale. A dynamic multiple box version 
of an existing multimedia box model (SoilPlusVeg) [1] is developed to account for the effect 
of wind speed and wind direction on the fate and transport of chemicals towards different 
compartments and geographical locations. The grid-based box model [2] consists of a user-
defined number of connected cells where each cell represents a SoilPlusVeg model unit. 
Hourly meteorological data such as rainfall, temperature, wind velocity, and direction as 
well as the height of two dynamic air compartments are incorporated into the model. The 
connection between the cells is through advective flows of air. The model accounts for 
spatial and temporal dynamicity of environmental characteristics and simulates the fate and 
transport of chemicals on local to regional scales. The dynamic emission of DDTs from the 
highly contaminated soil in the vicinity of the chemical plant to the air for 100 years (from 
1948 to 2048) was estimated and utilized for the simulation. The results obtained allowed 
to understand the temporal and spatial pattern of DDTs contamination and its potential 
contribution as a source potentially affecting sites at larger distances. 
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The presence of pharmaceutical drugs, their metabolites and degradation products in the 
environment requires significant research and monitoring studies to assess the potential 
risks to human health and to the ecosystem. Due to the extremely low concentrations of 
these chemicals in the environment in ǘƘŜ ǘǊŀŎŜ ƭŜǾŜƭǎ ƻŦ ˃Ǝκ[ ƻǊ ŜǾŜƴ ƴƎκ[ the removal 
processes must be optimized in order to make them easier, quicker, less expensive, and 
more environmentally friendly than traditional techniques [1]. Many of these substances, 
including hormones, antidepressants, analgesics, antibiotics, and anti-inflammatories, 
among others, are heavily medical prescribed around the world to treat the most prevalent 
illnesses associated with modern society. Sertraline belongs to the pharmaceutical class of 
anti-depressant and is intensively used worldwide to treat severe cases of depression. 
According to recent studies, several active principles from this family of pharmaceutical 
drugs, despite being at very low levels of concentration in water, can have a variety of 
harmful side effects in the environment's flora and fauna in addition to the potential risk of 
underground water contamination later used for animal or even human consumption [2-4]. 

This work will present the main experimental results for the removal of sertraline from 
water by adsorption using activated carbon obtained from olive stones. The activated 
carbon material was obtained from olive stones, by powdering the granulated olive stones 
to a diameter of 0.25 mm, chemically activated with a strong acid and then carbonized. The 
equilibrium adsorption isotherms were obtained using the batch method and then fitted to 
different adsorption models, such as the Langmuir or Freundlich models for liquid phase 
adsorption. The most significant adsorption parameters were optimized, such as the 
solution pH, mass of the adsorbent used, adsorption contact time and adsorption 
temperature. The kinetics of the sertraline adsorption on the adsorbent was estimated 
using the pseudo-first and pseudo-second order models. Obtained results in this work 
clearly show that olive stones, usually a residue from the Portuguese and Mediterranean 
oliviculture, can be exploited as a promising and low-cost bio-mass source on the 
production of adsorbent materials with considerable potential to remove micropollutants, 
such as the antidepressant sertraline, from water. 
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En este trabajo se ha desarrollado un material de bajo coste con una superficie nanoestructurada, con 
capacidad de retención de hierro y fósforo y con posible reaprovechamiento directo como fertilizante 
de cultivo. Para ello, se sintetizó una base polimérica formada a partir de silicato de sodio (GSP), la 
cual se funcionalizó con hierro mediante adsorción [1]. El material resultante (GSP-Fe) se empleó para 
la recuperación de fósforo en forma de iones fosfato. 

El hierro es el elemento que actúa como adsorbente, mientras que la base polimérica funciona única 
y exclusivamente como soporte del hierro y no interviene en la reacción. El hierro se adsorbe 
uniformemente sobre la superficie nanoestructurada de la base polimérica; de esta manera se 
consigue que el hierro funcione bien como adsorbente, evitando problemas como aglomeración de 
partículas o la dificultad de retirar el adsorbente tras la reacción.  

Se estudiaron 3 tamaños de partícula, buscando una relación óptima entre eliminación y facilidad de 
manipulación. Se emplearon partículas de diámetro entre 0.5 y 1 mm (fracción S-1), partículas con 
diámetro entre 0.5 y 0.25 mm (S-0.5) y partículas de diámetro inferior a 0.25 mm (S-0.25). La 
caracterización del material se realizó mediante SEM, EDS, XPS, TGA y fisisorción de N2. 

Se analizaron las cinéticas de reacción empleando el modelo de difusión de Boyd [2], y los equilibrios 
de adsorción utilizando distintos modelos de isoterma de adsorción (Langmuir, Langmuir-Freundlich, 
Sellaoui et al. [3]). Los procesos de adsorción de hierro y fósforo, según el modelo de Boyd, son 
principalmente procesos de difusión cuya etapa limitante es la difusión film. Al estudiar los equilibrios 
ǎŜ ŜƴŎƻƴǘǊƽ ǳƴŀ ŀŘǎƻǊŎƛƽƴ ƳłȄƛƳŀ ŘŜ ƘƛŜǊǊƻ ǎƻōǊŜ ƭŀ ōŀǎŜ ǇƻƭƛƳŞǊƛŎŀ ŘŜ ноΣф ҕ лΣо ƳƎ CŜϊƎ1 GSP. 
Parŀ ƭŀ ŀŘǎƻǊŎƛƽƴ ŘŜ ŦƽǎŦƻǊƻ Ŝƭ ǾŀƭƻǊ ƳłȄƛƳƻ Ŝǎ ŘŜ олм ҕ ф ƳƎ tϊƎ1 Fe. Estos valores están asociados 
a la superficie y porosidad de cada una de las fracciones de los materiales. 

  
Fig.1. Equilibrios de adsorción de hierro y fósforo.  Fracción S-1, ƫ  fracción S-0.5, ƴ fracción S-0.25. 
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Os manguezais constituem ecossistemas costeiros sujeitos ao regime das marés, sendo 
ambientes de grande importância para a reprodução da fauna marinha e estuarina, para a 
proteção da faixa costeira contra eventos climáticos e para a estocagem de carbono. Apesar da 
sua importância, são ambientes ameaçados pela supressão e fragmentação dos seus bosques, 
pelas mudanças climáticas e pela contaminação química [1,2,3,4].   

A Baía de Todos os Santos (BTS), segunda maior baía do Brasil, abriga em seu entorno extensas 
áreas de manguezal [5], muitos dos quais com histórico de contaminação química por metais e 
hidrocarbonetos. Compreender o comportamento geoquímico dos metais nesses ambientes é 
de grande importância para o entendimento da sua mobilidade e toxicidade. Deste modo, este 
estudo teve por finalidade investigar o comportamento geoquímico do Cu e sua 
biodisponibilidade em manguezais da BTS.  

Amostras de solos foram coletadas e quatro manguezais (Cacha Prego, CP; Ponta Grossa, PG; 
Ilha de Maré, IM; e Pitinga, PT), na estação seca (DS) e chuvosa (WS). Os solos foram 
caracterizados quanto à textura, carbono orgânico total (COT%), nitrogênio total (N total), razão 
C/N, Fe total e frações, Cu total e frações. O grau de piritização do Fe (DOP%), do Cu (DTMP %) 
e o fator de enriquecimento (FE) foram calculados em cada área. 

Variação espacial foi observada em relação aos teores de Cu e Fe, e aos atributos físico-químicos 
dos solos. O Cu em IM superou de 5 a 21 vezes as concentrações encontradas nas outras áreas, 
com fator de enriquecimento elevado, associado à fonte antrópica ou à atividade da biota. Neste 
manguezal foi encontrado o maior teor de grãos finos, assim como os maiores valores de COT 
(3,1 - 8,8%), de Fe total, e do DTMP-Cu (%), características que favorecem a retenção dos metais 
em condições redutoras [6,7,8]. 
A maior parte do cobre biodisponível foi encontrada associada à pirita e à matéria orgânica, 
exceto em Pitinga (DS), onde os maiores valores biodisponíveis foram associados aos óxidos de 
Fe cristalinos. Os elevados teores encontrados no solo de IM sugerem que a poluição por cobre 
constitui um estressor neste manguezal, com risco à qualidade deste ecossistema e à biota 
residente.  
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Se calcula que los viñedos ocupan una superficie de 3,000M de hectáreas en todo el mundo. 
Durante la producción de vino, aproximadamente el 25% del peso de uva se convierte en 
un residuo, llamado "bagazo". Su acumulación excesiva provoca un problema de gestión 
para las propias bodegas, debido a que se acumulan grandes cantidades de este residuo en 
un pequeño intervalo de tiempo, así como un problema medioambiental.  
En los últimos años, la disponibilidad tecnologías de análisis modernas junto con los 
principios de la "Química Verde", permiten la reutilización efectiva de los subproductos 
agroalimentarios mediante la elaboración de productos de valor añadido. Debido a las 
características de la vinificación de los vinos blancos, el bagazo generado durante la 
vinificación es muy rico en polifenoles, conservando la mayor parte de la carga polifenólica 
original de la uva.  
El objetivo principal de este trabajo es la obtención de extractos de bagazo de uva blanca 
(Albariño) ricos en compuestos bioactivos para elaborar productos naturales 
antimicrobianos y antioxidantes de alto valor. Para ello, se propone un procedimiento 
respetuoso con el medio ambiente basado en un sistema MSAT (medium-scale ambient 
temperature) [1]. Esta configuración permite fácilmente el escalado posterior hasta la 
producción preindustrial. El sistema MSAT cumple con los principios de la química analítica 
verde (GAC) ya que se emplean disolventes GRAS (generally recognized as safe) para 
modular el perfil de los compuestos bioactivos.  
Los extractos obtenidos se caracterizaron en términos de contenido polifenólico total (IPT) 
y capacidad antioxidante (AA). También se empleó la cromatografía líquida acoplada a 
espectrometría de masas en tándem (LC-MS/MS) para cuantificar los compuestos fenólicos 
individuales. Los resultados revelaron la presencia de un elevado número de compuestos 
bioactivos de hasta cientos de mg L-1. Los extractos también presentan una elevada 
actividad antimicrobiana frente a diferentes patógenos.  
El objetivo último de este trabajo es emplear estos extractos como complementos y/o 
alternativas eficaces a los principales antibióticos utilizados en animales de granja mediante 
el uso de productos funcionales naturales más asequibles procedentes de fuentes 
alternativas. 
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Indium tin oxide (ITO) films used in liquid crystal displays (LCD) screens in smartphones account for 
nearly 80% of the total consumption of indium (In) worldwide and is one of the critical raw materials 
(CRMs) in the 2020 List of CRMs for the EU. An LCD screen is a sandwich structure composed of two 
glass substrates covered with the ITO glass within the liquid crystals between the glass and the 
polymeric film [1]. The current implemented recycling process usually adopts mechanical crushing or 
pyrolysis [2-3] as the primary step for the treatment of LCD screens. However, the toxic materials 
(liquid crystals) and valuable recyclable materials (In) are treated together and the recovery rate of In 
is considerably low. Although the amount of In available in LCD screens is about 102 mg/kg, it can 
increase up to 1400 mg/kg per screen [3], if the polymeric film attached to the LCD screen is previously 
removed. An effective liberation and size-reduction method of ITO glass is an important pre-treatment 
step that involves removing the polymeric film and dissolution of liquid crystals, aiming to obtain the 
ITO-glass as raw material for subsequent selective recycling of In. 
To address this issue, here we propose a hybrid (chemical plus physical steps) method, that removes 
the polymeric film attached to the ITO glass to recover the highest amount of In and dissolve the liquid 
crystals using a mixture of water and ethyl acetate (1:5) in a sealed low-pressure reactor (1 hour at 
180 ºC) (Fig. 1). Subsequently, the recovery of In from the ITO glass was performed under soft acid 
leaching conditions assisted by microwave (0.25 M of HCl, solid/liquid ratio: 1/10, 2 cycles of 2 
minutes), with a high recovery yield of In (99.0%) followed by continuous column ion-exchange 
technology (IET) to purify In from other impurities (mainly tin, aluminum and copper). All these 
improvements resulted in a simple and feasible flowsheet, which can be, later on, scaled-up and be 
easily used in the industry. 

 
Fig.1. Flowsheet of the proposed method to recover indium from the LCDs wastes of smartphones. 

 
Acknowledgments: 
This work is financially supported by national funds through the FCT/MCTES (PIDDAC), under the project 
PTDC/CTA-AMB/3489/2021. 
References 
[1] K. Zhang et al., Waste Manag., vol. 64, (2017), pp. 236ς243. 
[2] E. Pereira, A. Suliman, E. Tanabe, D. Bertuol Miner. Eng., vol. 119, (2018), pp. 67ς72. 
[3] L. Zhang, B. Wu, Y. Chen, Z. Xu, J. Clean. Prod., vol. 162, (2017), pp. 1472ς1481. 



AMB18 

101 

Iron determination in natural waters using a synthesized 3-hydroxy-4-
pyridione ligand in a newly developed µfluidic paper-based device 

Juliana I. S. Aguiar1*, Susana O. Ribeiro2, Andreia Leite2, Maria Rangel3, António O. S. S. 
Rangel1, Raquel B. R. Mesquita1 

1Universidade Católica Portuguesa, CBQF ς Centro de Biotecnologia e Química Fina ς Laboratório Associado, 
Escola Superior de Biotecnologia, Rua Diogo Botelho 137, 4169-005, Porto, Portugal 

2Universidade do Porto, Faculdade de Ciências, Departamento de Química e Bioquímica, REQUIMTE-LAQV, 4169-
007, Porto, Portugal 

3Universidade do Porto, Instituto de Ciências Biomédicas de Abel Salazar, REQUIMTE-LAQV, 4050-313, Porto, 
Portugal  

* jiaguiar@ucp.pt 

The assessment of the global water quality has been the subject of intense research, namely 
the heavy metal pollution of water. At specific amounts, iron is essential to different 
organisms for their proper growth and is one of the several heavy metals found in water 
sources. When in excess, iron produces negative effects in the environment, damaging 
aquatic ecosystems. The presence of iron in waters can result from geogenic sources or via 
dumping of domestic waste and industrial effluents, namely iron and steel industries, 
mining and metal corrosion. In this context, the amount of iron in natural waters can be a 
powerful indicator of its quality. 

In this work, a microfluidic paper-based analytical device (mPAD) was developed to 
determine iron concentration in all types of natural waters, for in situ, real time analysis. 
The determination was based on the colorimetric reaction of iron with a new 3-hydroxy-4-

pyridione ligand, as a colour reagent. The design of the mPAD and the operational 
parameters were studied and, under the optimized conditions, a linear calibration curve in 
the concentration range of 0.25 ς 2.00 mg/L was obtained, with a limit of detection of 0.07 

mg/L. After validation, the proposed mPAD was successfully applied to the determination of 
iron in several types of water (with no need of sample pre-treatment): tap, well, river and 
sea waters and proved to be an effective, low-cost, sensitive method for a simple 
implementation to carry out in situ analysis. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1. Schematic representation of the mPAD for iron determination: (a) ligand structure; (b) alignment of the 
paper discs into layers; (c) top view after loading the iron standards; (d) iron complex structure. 
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Integrated circuits (ICs) are the major electric components of printed circuit boards. ICs perform many 
functions, such as amplifier, oscillator, timer, counter, logic gate, computer memory, micro-controller, 
or microprocessor. ICs are mainly constituted by silicon dioxide reinforced with brominated epoxy 
resin (BER) (to support high temperatures) and a metallic fraction constituted by around 7 kg of Ag, 5 
kg of Au, 110 g of Pd and 4 g Pt per ton of IC along with Cu (35,68 kg/ton IC), Pb (55,89 kg/ton IC), Fe 
(15,29 kg/ton IC) and Ni (5,56 kg/ton) [1], [2]. 
The non-metallic fraction of ICs is harder to break or dissolve without environmental damage. Up to 
now, vacuum pyrolysis, roasting and grinding are the most used processes to recycle the metallic 
fraction of ICs but these processes have several disadvantages at an environmental point of view, such 
as, the emission of toxic gases and high energy consumption. Furthermore, a relevant loss of precious 
metals, such as, gold is reported [3].  
Here, we propose a different approach, based on a combined physical process, that allows to separate 
a fraction enriched in precious metals (namely, gold) from other fraction mainly constituted by base-
metals (mostly iron, nickel and copper) turning the recovery yield of precious metals higher. The 
developed process consists on pressing the ICs sample at 400 bars, followed by sieving for separation 
into three size ranges (to remove the epoxy resin) and, then, a separation based on their differences 
of magnetic properties was performed at the end. The sequence of these physical processes allowed 
to concentrate more than 80% of the gold (1.46 Au mg/g non-magnetic fraction) in the non-magnetic 
fraction with a low percentage of other based metals as contaminants. 
The implementation of this physical process allows to pre-concentrate the amount of gold on the 
precious metals enriched fraction for its subsequent recovery using a chemical process, which is of 
paramount importance since it will allow to reduce drastically the amount of reagents needed for 
leaching and, thus, turns the overall process more environmentally sustainable. 

 
Fig.1. A- Initial sample of several ICs, B- ICs after being crushed twice with 400 bars using a hydraulic press, C- The 

non-magnetic fraction containing 80% of the Au present in  the initial sample after sieving process. 
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One of the most significant food sectors in the world is the wine industry. Portugal is ranked as the 
world's eleventh-largest wine producer by the International Organization of Vine and Wine [1].  As a 
result, millions of tons of organic waste are created every year, particularly vine pruning material. 
These residues are burned or used as a domestic fuel in agricultural fields because of their calorific 
value; however, release greenhouse gases and heat the atmosphere [2]. The vine pruning material 
corresponds to 93% of the residues generated, and it is important lignocellulosic biomass containing 
cellulose (32.9-39.9%), hemicellulose (5.8-27%), and lignin (26.7-46.8%) [3]. This work proposes the 
reuse of this material as a feedstock to extract lignin by mild acidolysis to avoid extensive structural 
lignin changes (Figure 1). Several pre-treatment conditions of plant material and the influence of the 
purification process were evaluated. Different lignin fractions (AM1, AM2, AM3, and AM4) were 
structurally characterized through 13C NMR, Gel permeation chromatography and Fourier transform 
infrared spectroscopy. Structural analysis of the different lignin fractions suggests a similar 
ŎƻƳǇƻǎƛǘƛƻƴ ƛƴŘŜǇŜƴŘŜƴǘ ƻŦ ǘƘŜ ŜȄǘǊŀŎǘƛƻƴ ŀƴŘ ǘƘŜ ǇǳǊƛŦƛŎŀǘƛƻƴ ƳŜǘƘƻŘǎΣ ǿƛǘƘ ʲ-O-4 structures 
content around 60 per 100 aryl units and Syringyl/Guaiacyl (S/G) ratio about 1.50. The main change 
was the increase of the degree of the condensation (DC) ranging from 9 to 21% for pre-treatment with 
ethanol/toluene and water/toluene, respectively. It is described in the literature that this feedstock 
has a significant content in tannins [4]. Dioxane lignin extracted with ethanol/toluene showed a higher 
value of condensed tannins around 11%; however, the results proved that the dialyzes method helps 
to purify the sample with special attention for the decrease of proanthocyanidins content (around 3% 
for sample pre-treated with ethanol/water followed by dialyzes). The obtained dioxane lignin can be 
further used as a biopolymer to produce nanoparticles for the color stabilization of different dyes. 

 
 
 
 
 

Fig.1. Isolation of lignin by mild acidolysis process and subsequent chemical and structural characterization 
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A contaminação química por metais constitui uma ameaça aos ecossistemas, incluindo os ambientes 
costeiros, com riscos associados à biota e à saúde humana, uma vez que podem ser bioacumulados 
pelos organismos e transferidos via cadeia trófica, com possibilidade de biomagnificação [1]. 

A baía de Todos os Santos, segunda maior baía do Brasil, abriga extensas áreas de manguezal e zonas 
de pesca e mariscagem. Apesar da sua importância, é uma área vulnerável à contaminação química, 
principalmente nas regiões norte e nordeste [2], onde se concentram diversos empreendimentos, 
incluindo refinarias de petróleo, portos e terminais marítimos. Diante da vulnerabilidade deste 
ecossistema, este estudo teve por finalidade determinar os teores de Cu assimilados pelo Ucides 
cordatus em manguezais da Baía de Todos os Santos, bem como avaliar os riscos associados ao 
consumo deste crustáceo pela população humana.  

Amostras de U. cordatus foram coletadas em quatro manguezais (Cacha Prego, CP; Ponta Grossa, PG; 
Ilha de Maré, IM; e Pitinga, PT), na estação seca (DS) e chuvosa (WS). Os espécimes foram dissecados 
para retirada do tecido branquial, hepatopâncreas e músculo, a partir dos quais foram constituídas 
amostras compostas. Para a determinação do analito, as amostras foram liofilizadas durante 72h, 
moídas e digeridas em bloco digestor com 7 ml de HNO3 e 2 ml de H2O2 de qualidade ultrapura. O 
material digerido foi avolumado para 25 ml com água Mili-Q e as concentrações foram analisadas por 
Espectrometria de Absorção Atômica (Perkin Elmer). O método analítico empregado foi validado por 
meio de material de referência certificado de amostra animal (NIST - 1577b, bovino liver), com taxa 
de recuperação superior a 90%.  

Os teores de Cu variaram entre 20,24 µg.g-1 e 1320 µg.g-1, com os maiores valores no hepatopâcreas 
e nas brânquias. As concentrações no músculo e no tecido branquial foram mais elevadas nos 
crustáceos coletados em Ilha de Maré, enquanto no hepatopâncreas valores elevados foram 
encontrados tanto em Ilha de Maré como em Pitinga, sem diferença entre essas áreas (p>0,05).  

As concentrações de Cu verificadas em PT e IM foram superiores aos resultados até então publicados 
para U. cordatus no Brasil [3,4,5,6] e estão acima dos limites permitidos pela legislação brasileira 
(Decreto nº55.871de 1965) e internacional [7].  
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A nivel mundial, los residuos industriales están incrementando. Las tierras diatomeas después de ser 
utilizadas en la industria vitivinícola son destinadas a los rellenos sanitarios. Sin embargo, estos 
residuos pueden utilizarse para la preparación de filtros para el tratamiento de aguas residuales [1,2]. 
En este sentido, nuestra investigación se enfocó en la síntesis y aplicación de geopolímeros a partir de 
tierra de diatomeas usadas (TD) con/sin la incorporación de carbón activado comercial (AC) para el 
tratamiento de aguas residuales de la industria vitivinícola (ARIV). Así, en este trabajo se informa de 
un método para la síntesis de geopolímeros con diferentes composiciones (cinco fórmulas), y su 
caracterización mediante el método de espectroscopia infrarroja por transformada de Fourier (FT-IR) 
y el análisis de las isotermas de adsorción-desorción de nitrógeno a 77 K [3]. La aplicación de estos 
geopolímeros de TD se probaron en la adsorción de carbono orgánico total (COT), nitrógeno total (NT) 
y compuestos aromáticos (ARO) de ARIV en modo estático. Previo al tratamiento con los 
geopolimeros, el ARIV se caracterizó con un alto carbono orgánico total inicial (54 123 g L-1) y un pH 
inicial bajo (3,6). Desde de la aplicación, el geopolímero TD/AC que contiene 3,5% de AC (sF1-3.5A) 
reveló una eliminación de carbono orgánico total (COT) de hasta el 52% tras 6 h. La segunda 
eliminación de COT más elevada (42%) se obtuvo con el geopolímero sF1 (Tabla 1). Respecto a los 
ensayos de blanco con sólo TD o sólo carbón activado (equivalente a la cantidad utilizada en sF1-3.5A), 
la eliminación de COT fue del 5% y del 14%, respectivamente, poniendo así en evidencia el sinergismo 
obtenido con el geopolímero desde TD y el carbón activado. En conclusión, las tierras diatomeas 
desgastadas son residuos sólidos que pueden aprovecharse como precursores para la preparación de 
geopolímeros. Los geopolimeros híbridos demostraron ser una alternativa para los tratamientos de 
aguas residuales de la industria vitivinícola. 

Tabla 1. Eficiencia de eliminación de parámetros seleccionados de las aguas residuales industriales 

Nº 
NaOH 
(mol) 

Na2SiO3 
(mol) 

TD 
(g) 

Al2O3 

(mol) 
AC 
(g) 

Eliminación 
de COT (%) 

Eliminación 
de NT (%) 

Eliminación de 
ARO (%) 

sF1-3.5A 0,004 0,088 23,7 0,047 0 53,11 52,13 56,99 

sF3-1.2A 0,100 0,021 23,7 0,047 0 41,82 31,51 37,20 

sF1 0,100 0,021 23,7 0,031 0 48,25 42,12 39,10 

sF3 0,100 0,021 23,7 0,047 0,4 32,79 30,60 11,14 

sF5 0,004 0,088 23,7 0,047 1,5 47,16 31,68 20,62 

Condiciones experimentales: COT0 = 54123 mg L-1, temperatura = 20 ºC, masa de geopolímeros = 2,2 g; tiempo de 
contacto = 6 h, y pH = 4,6. 
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The European Union has classified rare earth elements (REE) as critical raw materials of high economic 
value and commercial interest, with a wide range of applications. Their criticality results from the 
difficulty and high costs associated with their exploration as well as from geopolitical supply 
bottlenecks [1]. Therefore, to promote a sustainable exploration of these resources, the recovery of 
these elements from secondary sources is highly recommended. The present work represents one of 
such efforts, in which a sorption-based technology using different living macroalgae was used to 
remove and concentrate REE from waters contaminated by e-waste leachates. The potential of live 
macroalgae as REE sorbents was evaluated by kinetic tests in mono- and multi-contaminated 
solutions, involving the REE Cerium (Ce), Europium (Eu), Yttrium (Y), Lanthanum (La) and Neodymium 
(Nd) from saline water, with an initial concentration of 500 µg L-1, to which was added approximately 
500 mg L-1 in dry weight of live macroalgae Gracilaria gracilis, Fucus vesiculosus and Ulva lactuca. 
Element quantification was performed by ICP-OES. 

While all macroalgae showed removal efficiencies > 40 %, the removal rates achieved by the red 
seaweed G. gracilis stood out, with values between 60 and 99 % for the studied REE (Fig. 1). The multi-
contaminated solutions showed higher removal efficiencies than those from mono-contamination, 
further proving the absence of selectivity for the different REE tested. Kinetic studies showed that 
equilibrium was not reached in 48 h, implying that the removal of REE could potentially be higher at 
optimal exposure times. The quantification of REE in the biomass was in line with the mass balance 
expectations, proving the potential of macroalgae for the removal, concentration and recovery of REE 
from e-waste contaminated water as a simple, economical and environmentally friendly process. 
Fig.1. Removal (%; mean) of REE from e-waste contaminated water (standard deviations are represented by the 

error bars), after 48 h of contact with the macroalgae U. Lactuca, F. vesiculosus and G. gracilis. 
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Glyphosate (GLY) is one of the most widely used herbicides in the world, representing 33% of the total 
herbicide sales in the EU28+3 (EU28+Norway, Switzerland, and Turkey) in 2017, meaning about 69% of the 
herbicides sold in Portugal and 23% in Spain. It is applied for agronomic purposes, including urban and 
agricultural weed control, crop desiccation, ending cover crops or grassland and renewing permanent 
grassland. Its widespread use is due to several characteristics as high efficacy, broad spectrum, and low cost, 
combined with the introduction of genetically engineered glyphosate-tolerant crops [1]. 
Aminomethylphosphonic acid (AMPA) is its primary metabolite and was found to be 3 to 6 times more 
resistant than GLY against degradation, which brings a higher concern to the environment safety [2]. GLY 
was considered safe for many years and with a good ecotoxicological profile. However, concerns about its 
toxicity and potential carcinogenicity have recently been raised. Its possible carcinogenicity triggered a 
strong public and political discussion. Different studies and institution assessments obtained contradictory 
results and thus led to controversial conclusions [3]. 

The presence of GLY and AMPA in soils, water/ground water [3], and air [4] are, already, well documented. 
Additionally, it was also found in human urine [5], revealing the exposure to which humans and animals are 
subjected. In 2009, EPA national primary drinking water regulations already presented GLY in the list of 
organic contaminants in drinking water, with a maximum concentration of 700 mg/L[6]. 

The GLY persistence in soils varies extensively, depending on temperature, soil moisture, type, binding 
extent, microbial breakdown, and phosphate levels, with a half-life ranging between 1 and 197 days. AMPA, 
which is more persistent in soil and water, presents a half-life ranging between 23 and 958 days [7]. The 
study of the soil adsorption of these compounds is essential to the development of methodologies for the 
remediation of contaminated soils.  

The adsorption of GLY and AMPA was studied in eight soils with different characteristics concerning Fe, Al, 
Ca, Mg, Na, P, and K content, pH, pH at the point of zero charge, electrical conductivity (EC), organic matter 
(OM) and ions concentration (Cl-, F-, SO4

2-, PO4
3, NO2

-, NO3
-, NH4

+). Preliminary adsorption experiments 
allowed the selection of the four soils with higher affinity to these contaminants. Batch and equilibrium 
experiments were performed, and the influence of pH was evaluated. The equilibrium was reached in 
approximately 14 hours in all systems. The maximum adsorption capacity obtained was 18,7 mg/g for GLY 
and 12,3 mg/g for AMPA, both for the same soil, characterized by a low pH (4,85), and a high OM content 
(23,4 %). 
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The addition of biocides to marine coatings has been the most used solution to avoid marine biofouling, however 
they were found to be persistent, bioaccumulative, and toxic (PBT) to marine ecosystems. The development of lab-
synthesized compounds inspired in natural metabolites to supply the high market demand and replace these 
harmful biocides has been pursued in the last years as one of the most promising and eco-friendly antifouling (AF) 
solutions.  
Following a bioprospection strategy, our group has previously reported the AF activity of gallic acid persulfate (1a) 
and 3,4-dioxygenated xanthone (2a), two nature-inspired compounds, against the settlement of Mytilus 
galloprovincialis larvae (EC50= 18 and 11.53 µM, respectively) without exhibiting ecotoxicity to Artemia salina 
(<10% of mortality) [1, 2]. In order to improve potency while maintaining a low ecotoxicity profile, a lead 
optimization strategy was applied to compound 1 and 2. From two series of derivatives, it was possible to obtain 
2-(3,4,5-trihydroxybenzamido)ethan-1-aminium bromide (1b,) and C-1 aminated 3,4-dioxygenated xanthone 
(derivative 2b) (EC50= 3 and 7.28 µM, respectively), with 1b being more potent than the emergent biocide Econea® 
(EC50= 4 µM) [2, 3]. 
The environmental impact of these two optimized compounds was studied namely regarding ecotoxicity, 
bioaccumulation potential, abiotic degradation, and bioaccumulation potential, leaching to seawater and 
bioactivity after incorporation in coatings [1, 4] (Table 1). The four synthesized compounds presented low 
bioaccumulation potential (Log Kow < 3.5). Concerning abiotic degradation (DT50), compound 1a and Econea® were 
classified as persistent in abiotic seawater, whereas derivative 1b presented a DT50 lower than 24 hours. All 
compounds maintained their AF properties after being incorporated into coatings, with derivatives 1b and 2b 
exhibiting the greatest anti-settlement effect. The leaching of compound 1b from coatings was lower than that of 
compound 1a. Compound 2a and its derivative 2b leached similarly. The overall properties of compound 1b and 
2a favor their further studies in situ. This proof-of-concept helped to establish these new synthetic derivatives as 
promising efficient and eco-friendly AF agents.  

Tabla 1. Environmental fate and AF effectiveness assessment in coatings [1-3]. 

Compound 
Abiotic degradation 

(DT50) 
Bioaccumulation potential 

(Log Kow)# 
Anti-settlement effect after 
coating incorporation (%) 

Leaching 
(wt.%)  

1a 
> 60 days 

(persistent) 
-7.02 0ª 18.5a  

1b < 24 hours -0.79 63.6 a 8.79 a 

2a 32-51 days  2.88 54.5 a 0.003 a 

2b 49-59 days 3.49 100 b 1.69b 

Econea® 
> 60 days 

(persistent) 
4.69 9.1 1.57 

#Evaluated in silico though EPI Suit; aPolyurethane (PU) marine coating; broom-temperature-vulcanizing 
polydimethylsiloxane (RTV-PDMS) coating. 
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The recovery of added value bioactive compounds from industrial food wastes contributes to 
sustainability and to upcycling solutions [1]. Among green extraction techniques, microwave-assisted 
extraction (MAE) stands out since the heat and mass transfers are in the same direction, likely to result 
in a synergistic effect that increases extraction rate and yield. Furthermore, MAE application provides 
reduced thermal degradation and use of organic solvents, and selective heating of vegetal material 
[2]. Thus, the main objective of this work was to study the impact of different factors (time, power, 
and solvent concentration (% ethanol)) involved in the MAE of phenolic compounds from cork industry 
waste. To this aim, a factorial design was applied considering the time (45 s-4.5 min), power (300-700 
W), and solvent concentration (10-90% ethanol). Extraction yield (EY) and total phenolic content (TPC) 
were the response variables in the factorial regression. EY was gravimetrically determined and TPC 
was calculated as the sum of all phenolic compounds individually identified by LC-MS/MS for each of 
the eight runs. Results revealed that time, power, and solvent concentration had a significant effect 
on extraction yield (p<0.001), suggesting that the higher the values of factors, the higher the 
extraction yield was 83.52 mg extract/ g dw (Run 7, Table 1). Concerning TPC, it was possible to obtain 
in best conditions 1.81 mg/g dw of TPC with gallic acid, vanillin, and the isomers castalagin and 
vescalagin as the main compounds obtained. 

Table 1. Factorial design for the study of factors influencing the phenolics extraction from cork 
industry waste using MAE. 

   

Factors Response variables 

Run 
order 

Standard 
order 

Time 
(min

) 

Power 
(W) 

Solvent 
concentration (% 

ethanol) 

Extraction yield 
(mg extract/ g dw) 

Total phenolics 
content (mg/ g dw) 

1 4 4.5 700 10 51.30 1.53 
2 5 0.75 300 90 26.14 0.27 
3 3 0.75 700 10 15.96 0.37 
4 6 4.5 300 90 56.85 0.55 
5 7 0.75 700 90 51.38 0.55 
6 1 0.75 300 10 17.74 0.55 
7 8 4.5 700 90 83.52 1.81 
8 2 4.5 300 10 25.28 0.93 
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Pharmaceuticals (Ph) have been detected usually at concentrations between ng/L to µg/L in 

Municipal Wastewaters (MWW) representing a continuous source of contamination to the 

environment [1]. The presence of these Ph raises environmental concerns due to their 

bioaccumulation potential, endocrine-disrupting effects, and inhibition potential of 

photosynthesis and plant growth.  

This work compares the environmental sustainability along with Ph removal efficiency of three 

different advanced tertiary treatments, namely sand filter (SF) coupled with ozonation (OZ), 

ultrafiltration (UF), and UF coupled with nanofiltration (NF), with the tertiary treatment SF 

coupled with ultraviolet disinfection (UV), which already exists at the Portuguese Waste Water 

Treatment Plant taken as reference. The comparison of the treatment configurations was 

developed by applying the Life Cycle Analysis approach, using OpenLCA1.11 Software equipped 

with Ecoinvent 3.5 database, according to USEtox (recommended + interim) method, which was 

added with some of the missing characterization factors (CF) for Ph.  

The results obtained showed that the tertiary treatments, which provided the highest Ph 

removal efficiency are SF+OZ and UF+NF, being UF+NF slightly more efficient for most of the Ph 

detected. Among them, SF+OZ showed better environmental performance than UF+NF in the 

impact category of Freshwater toxicity and Human cancerogenic and non-cancerogenic toxicity 

with values of 8.16E+03 PAF.m3.day, 1.59E-07 cases and 1.44E-07 cases, respectively, on average 

84% lower than the corresponding values obtained for UF+NF. This is due to the highest electric 

energy consumption, the use of the reagents as citric acid and sodium hypochlorite for the 

chemical wash of the membranes, and the indirect impacts associated with UF and NF 

construction. The impacts obtained for SF+OZ are based on operational data measured at the 

pilot scale within the scope of the present work. They are associated with an electric energy 

consumption higher than that recorded at commercial ozone units, and lacks of the indirect 

impacts associated to the market of liquid oxygen, which has to be accounted for most of the full 

scale units. It is expectable that, at commercial scale, the environmental advantages of SF+OZ 

can suffer some changes. 
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Contamination of water bodies by toxic elements from discharged untreated effluents has been a 
worldwide major environmental issue. Elements such as arsenic, lead, mercury, cadmium, chromium, 
cobalt, nickel and zinc are present in various effluents due to their vast use in numerous industrial 
processes. Since these elements can cause adverse effects on the environment and potential health 
damages in humans, even at low concentrations, their occurrence in waters has been increasingly 
restricted [1,2]. Thus, the development of innovative cheaper and cost-effective water treatment 
technologies is encouraged [1]. Additionally, it is important to adopt a water recycling and reuse 
approach to reduce the overexploitation of this natural resource, as the possible reuse of treated 
contaminated waters can be a sustainable way to protect drinking water supplies [3]. 

Biosorption, using unexpensive and commonly available materials has been shown as a promising 
alternative to traditional methods of water treatment such as chemical precipitation, 
coagulation/flocculation, membrane filtration or electrochemical treatments, since these methods 
can be expensive and often fail when the target is to reach very low residual levels or to treat large 
volumes of water [4]. Within biosorption, the use of agricultural wastes, such as nut shells, can be very 
attractive due to their low-cost and no commercial value together with their high content of 
lignocellulosic compounds, making them a viable option in the field of water treatment [5]. Although 
several works using nut shells as sorbents have been reported, most of them propose surface 
modifications and thermal treatments to improve the sorption capacity, but these procedures are 
time consuming and can be very expensive. Furthermore, most of the studies deal with the removal 
of a single contaminant and at unrealistically high concentrations, using large amounts of sorbents. In 
addition, few studies can be found testing solutions more complex than ultrapure water, which all 
together has delayed the transition of technology from laboratory to end-users. 

This work assessed the capacity of unmodified hazelnut shells for the simultaneous removal of As, Cd, 
Co, Cr, Hg, Ni, Pb and Zn from contaminated mineral waters while identifying the best operational 
conditions for removal using the Response Surface Methodology combined with a Box-Behnken 
design. The optimization of experimental variables such as sorbent dose, pH, and initial element 
concentration was assessed for a maximum removal efficiency. Hazelnut shells proved to be an 
efficient sorbent for those elements (except for As), achieving removals between 76% and 96% under 
the optimum experimental conditions. The results evidence the feasibility of a low-cost sorbent for 
the removal of multiple elements under realistic environmental conditions (multi-contaminant 
systems, relevant concentrations of contaminants, low doses of sorbents and natural waters), to yield 
a cleaner water with potential reuse for further purposes, with lower water quality requirements than 
drinking water, such as agricultural irrigation, recreational uses or industrial applications. 
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Silver nanoparticles (AgNPs) are one of the most widely used nanomaterials in the industry 
due to their bactericidal, antifungal and anticancer properties. These properties make them 
be used in several fields of application, including water and air purification, textile, 
electronics, medicine, drug delivery, dentistry, and use in personal care products, among 
others. Due to their extensive use, they are being released into the environment where they 
can be transformed by changing their size and shape, dissolve, or even react and interact 
with living beings. In addition, some studies indicate the possible toxicity of dissolved silver 
and AgNPs in plants, microalgae and vertebrates. Thus AgNPs can be considered as possible 
emerging contaminants. 

The Nanoculture project consists of the administration of PVP-AgNPs to aquaculture 
products (mussels, turbot and algae). The main objectives of these bioaccumulation studies 
are to advance the knowledge, risk assessment and evaluation of their environmental 
presence. PVP-AgNPs bioaccumulation studies in red seaweed (Palmaria palmata), green 
seaweed (Ulva sp.) and mussels lasted 28 days with exposure doses of 0.1 and 1. 0 mg L-1 
PVP-AgNPs. However, the bioaccumulation assay in turbot lasted 90 days with exposure 
doses of 0, 0.25, 0.75 and 1.5 mg of PVP-AgNPs per kilogram of fish and day. 

Total Ag determination was carried out with inductively coupled plasma-mass spectrometry 
(ICP-MS) after microwave-assisted acid digestion in the three species. The Ag nanoparticle's 
content as well as their sizes were determined using the single particle-ICP-MS (SP-ICP-MS) 
and enzymatic extractions [1-2] that did not change the conformation and the size of the 
nanoparticles.  

In the case of mussel, a total silver concentration and AgNPs concentration of 1.20±0.07 µg 
g-1 and 2.41×108±4.49×107 part g-1 (at 28 days and 1.0 mg L-1 of PVP-AgNPs exposure dose), 
respectively, were reached. On the other hand, in the case of red seaweed, the maximum 
concentration of total Ag found was 0.79±0.06 µg g-1 (at 14 days and  1.0 mg L-1 of PVP-
AgNPs dose), and the concentration of nanoparticles was 2.11×109±6.83×108 part g-1 (at 28 
days and 1.0 mg L-1 of exposure dose).  In the case of green seaweed, the highest 
accumulation of total Ag was 0.46±0.15 µg g-1 (at 21 days and 1.0 mg L-1 of exposure dose), 
and the highest concentration of nanoparticles was 3.21×109±3.99×108 part g-1 (28 days and 
a 1.0 mg L-1 of exposure dose). In the case of turbot, no bioaccumulation of total silver or 
AgNPs has been observed in any of the fish tissues studied. 
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This work presents, for the first time, the efficiency of a continuous flow mode system for water 
disinfection recruiting the functionalities of a carbon-based catalytic membrane for persulfate 
activation ς an important alternative to the application of conventional powder catalysts in water 
treatment. 
To achieve our goal, nitrogen-doped reduced graphene oxide was obtained using melamine as a 
doping agent (rGO-M), according to the methodology reported elsewhere [1]. Then, a catalytic 
poly(vinylidene fluoride) (PVDF) membrane, with a good performance for the degradation of 
fluoroquinolone antibiotics at ppb level in water, was prepared as previously described [2]. To 
understand the contribution of each membrane component in the reduction of the microbial 
abundance, the efficiency of the rGO-MςPVDF membrane was compared to that of a PVDF flat 
membrane, with and without added persulfate, after 6 hours of operation in continuous flow mode 
using a suspension of faecal indicator bacteria as the feed. 
The obtained results allowed us to conclude that the non-catalytic PVDF membrane does not activate 
persulfate, but retained 98.5% of the initial abundance of Escherichia coli and Enterococcus faecalis. 
The antimicrobial properties of rGO-M contributed to remove 99.9% of these faecal indicators when 
the system was operated with the rGO-MςPVDF membrane without added persulfate. When the 
system was operated with the catalytic rGO-MςPVDF membrane and persulfate, the microbial load in 
the treated water was reduced to values below the detection limit, demonstrating the capacity of the 
catalytic membrane to activate persulfate. Moreover, the amount of microorganisms retained on the 
membrane decreased, suggesting that this system has enhanced anti-fouling properties. 
Similar results were obtained when the proposed treatment system was used to disinfect river water 
collected nearby the supply of a drinking water treatment plant located in Northern Portugal, with 
values below the detection limit being obtained for total heterotrophic bacteria, enterobacteria and 
enterococci in the treated water (even after 24 h operation in continuous flow mode). Moreover, 
microorganism reactivation and the effect of disinfection on antibiotic-resistance genes (ARGs) were 
studied. For that purpose, the regrowth of microorganisms and selected genes (16S rRNA, intl1, blaTEM 
and sul1) in the treated water, and after 7 days of storage, was evaluated. The results suggest that the 
proposed system can be a good alternative to other advanced oxidation technologies used for drinking 
water production. 
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The sulfonation of aniline is an important reaction in organic synthesis that originates  
4-aminobenzenesulfonic acid, also known as sulfanilic acid (SA), a product of high industrial and economic interest. 
Large amounts of SA are consumed annually, primarily to produce dyestuffs, but also in the manufacture of 
fluorescent whitening agents, like tinopal®, used in paper and textile industries and as components of soap and 
laundry detergent [1]. In addition to the SA, other sulfonated by-products can be formed in the sulfonation reaction 
such as 2-aminobenzenesulfonic acid,  
3-aminobenzenesulfonic acid, or the disubstituted compounds, 4-aminobenzene-1,3-disulfonic acid and 2-
aminobenzene-1,4-disulfonic acid, and finally a trisubstituted compound, the 2-aminobenzene-1,3,5-trisulfonic 
acid. Several methods have been reported for the sulfonation of aniline but the most straightforward and used 
one in the industry consists of reacting aniline with an excess of sulfuric acid to produce aniline hydrogen sulfate 
as intermediate, an exothermic reaction (1st step), followed by splitting of water and migration rearrangement of 
the sulfonic acid group to the para-position (2nd step), by an endothermic reaction, affording SA. This second step 
requires the use of high temperatures, usually in the range of 165-200 °C, long reaction time, together with very 
high energy consumption [1]. Thus, any improvements in the regioselectivity and savings achieved in the synthesis 
of SA are of major economic interest. 

In this context, considering the increasing demand for greener synthetic methodologies and novel reactors, and 
following our interest in ohmic-heating assisted reactions, we studied, for the first time, the sulfonation of aniline 
with sulfuric acid, as sulfonating agent, using our ohmic heating reactor prototype (PT105908) [2,3]. In ohmic 
heating, an alternating electrical current of tunable high frequency crosses a conductive reaction medium (which 
behaves as an in situ electrical ohmic heater) by using electrodes in direct contact with the medium. The heat is 
generated inside the reactor, within the reaction medium, by Joule effect, and does not depend on the heat 
transfer from an external heat source to the reactor, allowing a fast, volumetric, and uniform in situ heating and 
an increase of reaction fluid and charged species dynamics, which leads, in many cases, to an increase of the overall 
reaction kinetics, selectivity and yields [3]. Using ohmic heating, we investigated the effect on the sulfonation 
reaction of various operational conditions, such as the temperature, the stoichiometric amount (equimolar or 
excess) and concentration of sulfuric acid, the use of vacuum to remove water during the heating, the geometry 
of the heating electrodes, the reaction time and heating method (ohmic versus conventional heating). In our best 
conditions, sulfanilic acid was obtained with 93% selectivity [4]. There were found energetic advantages related to 
the heat transfer to the reaction system, such as high heating rate and low thermal inertia, when comparing ohmic 
heating to the conventional heating. More details about the experiments performed will be presented and 
discussed in this communication. 
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Aerogel bio-based materials have multiple advantages, including high porosity, tunable molecular 
structures, and environmental compatibility. Besides the ability to achieve a high dispersion of the 
active phase, it is possible to tune the porous structure of the material in order to facilitate the 
diffusion of reactants and products to and from the active sites. The utilization of bio-based materials 
as supports is highly interesting in the context of process sustainability since biopolymer sources are 
well established, relatively cheap, and accessible at an industrial scale. Alginate is a natural 
polysaccharide biopolymer mainly derived from brown algae. Due to its biodegradability, low cost, 
non-toxicity and stability, it is an attractive candidate regarding the greenness of final application [1]. 
On the other hand, the application of CO2 as a secure and sustainable supply of carbon for the 
production of chemicals and fuels is a very active field of research. It explores CO2 as a C1 building 
block in alternative to fossil-based resources, bringing carbon back into the value chain and therefore 
contributing to a circular economy [2]. Due to CO2 high thermodynamic and kinetic stability, the 
implementation of process intensification strategies is of crucial importance and plays a decisive role 
in the economic viability of the technology and perspectives of industrial application. In the case of 
CO2 catalytic transformations, the stability of the catalyst, as well as its accessibility and reusability are 
essential factors to consider [3]. In this work, different alginate aerogels were explored as efficient 
supporting materials for CO2 conversion, namely into cyclic carbonates [4] (through cycloaddition 
reaction to epoxides), synthesis gas [5] (through electrochemical reduction) and methane [6] (through 
high-pressure hydrogenation). Different techniques were used to immobilize the materials onto the 
aerogel, depending on the application under study, as shown in Fig. 1. 

              a)                                      b)                                       c) 
 
 
 

Fig. 1. Different alginate aerogel materials used for CO2 conversion technologies:  
a) cycloaddition reaction b) electrochemical reduction and c) high-pressure hydrogenation. 

Final materials were characterised by adsorptionςdesorption isotherms of N2 at 77 K, mercury 
porosimetry, termogravimetric analysis (TGA), differential scanning calorimetry (DSC) and scanning 
electronic  microscopy (SEM). Several tests were performed, and final products analysed by 1H-NMR 
spectroscopy and gas chromatography. The main advantages brought to the process by the utilization 
of alginate aerogels as supports were discussed. 
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A urbanización e a industrialización poden afectar negativamente ás funcións dos solos urbanos. 
Entre os problemas máis destacados atópase a acumulación de contaminantes coma os metais 
pesados. Non é suficiente coñecer as concentracións totais destes contaminantes nos solos, 
senón que é necesario avaliar a súa extractabilidade para simular a concentración que está 
dispoñible para as plantas, e polo tanto podería supoñer un risco para a saúde humana ao 
introducirse na cadea alimentaria. Neste traballo avaliouse a biodispoñibilidade de cinco metais 
pesados (Pb, Cu, Zn, Ni e Cr) en 55 solos da cidade de Santiago de Compostela con distintos usos 
(28 mostras de solo con vexetación herbácea, 13 mostras de bosque urbano e 14 mostras de 
solo de agricultura urbana e periurbana) e formados sobre diferentes litoloxías (granitos, xistos, 
gneises e anfibolitas) para representar a diversidade edáfica presente na cidade. Todas as 
mostras proceden dos horizontes superficiais do solo (0-20 cm). Os metais solubles avaliáronse 
cunha extracción CaCl2 0,01M [1] e os metais dispoñibles para as plantas cunha extracción en 
Na2-AEDT 0,02 M a pH 4,65 [2]. As concentracións dos metais solubles seguiron unha tendencia 
decrecente Zn > Pb > Ni > Cu > Cr. Só o Zn aparece en forma soluble en cantidades significativas, 
cunha concentración máxima de 10,6 mg kg-1, sempre por debaixo do 2% do contido total do 
elemento. Non se observou ningún efecto significativo do uso do solo ou da litoloxía do material 
de partida. En canto aos metais dispoñibles para as plantas, as concentracións medias para o 
conxunto de solos seguiron unha tendencia decrecente Pb > Cu > Zn > Ni > Cr. Neste caso, as 
concentracións de Zn e Cu foron significativamente máis altas en solos de uso agrícola, situados 
principalmente sobre gneis, o que explica tamén a relación significativa atopada entre a 
concentración de Cu e esta litoloxía. 

Fig.1. Concentracions de Cu e Zn extraíbles en AEDT en función do uso do solo. 
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Soil salinization is one of the biggest problems in agricultural production worldwide 
[1]. Halophytes have many advantages over other plants, such as high productivity in saline 
and waterlogged environments, nutritional and medicinal properties, phytoremediation, 
and soil desalination [2]. Secondary metabolites are biosynthesized in response to 
environmental stress [3], making them rich in proteins, carbohydrates, carotenoids, fibers, 
oils, and minerals [4]. In addition to being nutritionally interesting, some of these substances 
also have antioxidant, anti-inflammatory, antitumor, and antimicrobial action [5]. 

Salicornia perennis Mill. is a perennial halophyte belonging to the Amaranthaceae 
family [6], forming extensive subshrub patches in the salt marshes of the Iberian Peninsula 
[7]. In Ria de Aveiro, it inhabits marshes with variable environmental conditions, in which it 
is subjected to a regime of submersion by tides twice a day [8]. With the general objective 
of valuing the natural plant resources of the Portuguese coast, we determined the lipophilic 
profile of S. perennis from different marshes of the Ria de Aveiro, and in different organs 
and phenological states, using GC-MS analysis. These results revealed significant differences 
in the biocompounds, according to the plants' phenology variations and the 
physicochemical properties of the sediments where they grow.  

 
 
Fig.1. Lipidic profile of Salicornia perennis in different organs and phenological stages (fruit: fruiting 
segments; veg: vegetative segments) from the salt marshes of Ílhavo, Mira and São Jacinto. 
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Microplastic particles (MPs) are a new type of pollution, especially prevalent in oceans and coastal 
areas. MPs are defined as plastic fragments between 5 mm and 1 µm [1]. They are caused mainly by 
photodegradation and erosion of macroplastics (secondary microplastics), as its production for 
various industrial and cosmetic applications has been reduced (primary microplastics) [2, 3]. 
Therefore,  accurate identification of plastic particles is crucial for environmental studies in order to 
monitor polymer pollution.  

Common techniques to characterize eventual MPs include chromatograpy, Raman spectrometry and 
Fourier-transform infrared spectroscopy (FTIR) (either in microreflectance or attenuated total 
reflectance (ATR) modes) and various types of microspectrometry. All them offer good results 
although at the expense of very long turnaround times and high laboratory workloads, in particular 
when faced with big amounts of particles per sample. 

Since about 3 years, a novel instrumental IR option was commercialized and represents a 
breakthrough in IR characterization. Initially developed for stringent pharmaceutical quality control of 
solid products, a tunable mid-IR quantum cascade laser imaging system (commercialized as LDIR by 
Agilent) was oriented towards fast-imaging and spectra acquisition. The sample is deposited in a silver-
ŎƻŀǘŜŘ ƳƛŎǊƻǎŎƻǇȅ ǎƭƛŘŜΦ ¢ƘŜ ƛƴǎǘǊǳƳŜƴǘ ŀŎǉǳƛǊŜǎ ŀ άǾƛǎƛōƭŜ ƛƳŀƎŜέΣ ǿƘŜǊŜ ǘƘŜ ǳǎŜǊ Ŏŀƴ ǎŜƭŜŎǘ ŀƴ ŀǊŜŀ 
to visualize the absorption of the particles at a specific wavenumber or obtain the spectrum at a point 
(or a line) over each particle. 

This work studies some relevant instrumental parameters that have to be considered in order to 
optimize the measurement step: (i) The matching criteria (to avoid either false or a lack of 
identifications), (ii) the measurement area (as it can have an influence in the number of particles 
detected), (iii) sensitivity (which affect the number of particles identified by the system, that may lead 
to some artifacts), and (iv) the size of the particles (as it can have an influence on the intensity of the 
spectral peaks). 
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Obesity is described as an abnormal or excessive state of adiposity accumulation that could 
be due to excessive calorie intake [1]. Given the importance of lipids from diet on the onset 
and development of obesity, the modulation of their absorption can be explored for obesity 
treatment. For this purpose, one possible target is pancreatic lipase (PL), the enzyme that is 
responsible for the degradation of 50 to 70% of dietary triglycerides [2]. 
Presently, only one PL inhibitor ς Orlistat ς is approved for therapeutic applications. 
However, it is associated with low efficacy and undesirable side effects, including abdominal 
distension, flatulence, and oily stools [3]. Thus, the search and development of new 
effective and safer agents able to control PL catalytic activity as well as the establishment 
of sensitive techniques and easy-to-apply methodologies for its determination are of great 
importance for obesity management and control. 
Polyphenols are naturally occurring, and structurally diverse compounds characterized by 
the presence of multiple phenol units. Within these, flavonoids are well known for their 
diverse biological effects, resulting from their anti-inflammatory, antioxidant, antidiabetic, 
and anti-obesity activities [4]. This work optimizes the conditions for fluorimetric 
microanalysis systems based on the enzymatic metabolization of 4-methylumbeliferyl 
oleate and compares the influence of a set of flavonoids, with hydroxyl and glycosyl 
substituents, on PL catalytic activity. 
The fluorimetric microanalysis system proved to be effective for the evaluation of PL 
catalytic activity and to determine the inhibitory effect of isolated compounds. Among the 
tested compounds, it was possible to observe that the glycosylation of the flavonoids seems 
to cause a decrease in its inhibitory activity. Further studies with more compounds are 
needed to better disclose the structure activity relationship and consequently their use as 
potential anti-obesity molecules.  
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The use of enzymes in the industrial field has been increasing in recent years due to their lower 
environmental impact and the non-requirement of extreme operating conditions. These biocatalysts 
have many applications ranging from biofuel production to the development of pharmaceutical 
products. Thus, biotechnology companies involved in the production of enzymes for these purposes 
are experiencing a surge in demand, which is expected to increase in the future [1]. 

Most enzymes with industrial interest have been produced for years in bacteria or yeast representing 
efficient and optimized expression platforms. However, some enzymes have particular characteristics 
that compromise their large-scale production by these methods [2]. In order to solve these problems, 
we propose the use of the IC-Tagging methodology for stabilizing and immobilizing these enzymes, 
focusing on unspecific peroxygenases (UPOs). This system has been developed in our laboratory and 
allows us to encapsulate proteins of interest in micro- or nanospheres formed by the viral protein 
muNS-Mi [3]. Apart from enabling its versatile production in any expression system, the loading of the 
enzyme in the spheres facilitates its purification and extends its optimal operational conditions. The 
results obtained show the potential of our methodology for the expression and purification of an 
encapsulated UPO suitable for use in oxyfunctionalization reactions.  

We also demonstrated the feasibility to co-localize some proteins in the aforementioned protein 
spheres, laying the foundations for the use of the IC-Tagging system in the development of particulate 
multi-enzyme biofactories (Fig.1). These biofactories could function as nanoreactors allowing 
simultaneous operation with multiple enzymes as well as scaffolds for the construction of artificial 
enzymatic pathways. 

 
 
 

 
 
 
 

 
 

Fig.1. Proposed use of the IC-tagging system for the construction of multienzyme nanoreactors 
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The Layer-by-Layer (LbL) assembly technology has been widely used in the last three 
decades to functionalize virtually any type of surface and precisely engineer robust 
architectures, with finely tunable properties and functions at the nanoscale, by resorting to 
a myriad of building blocks exhibiting complementary interactions [1]. In particular, marine-
origin polysaccharides, widely directly discarded in the environment due to the processing 
of marine organisms, are a sustainable renewable resource for the fabrication of 
nanostructured biomaterials for biomedical applications owing their wide and readily 
bioavailability, and proven biocompatibility, biodegradability, non-cytotoxicity, and non-
immunogenic properties [2]. Chitosan (CHT) and alginate (ALG) have been assembled into 
multilayered devices owing to their opposite charge nature [3]. However, the insolubility of 
CHT in physiological conditions limits the use of CHT-based LbL structures in biological, 
biotechnological and biomedical applications. 
Herein, we propose the preparation of electrostatically driven free-standing (FS) 
multilayered membranes made of water-soluble quaternized CHT (Q-CHT) and ALG 
biopolymers for the release of model hydrophobic drug molecules. Two different 
membranes, having either the model drug fluorescein isothiocyanate-labeled bovine serum 
albumin (FITC-BSA) as an intrinsic building block [(Q-CHT/ALG/Q-CHT/FITC-BSA)100] or added 
after the assembly of the membranes [(Q-CHT/ALG)200/Q-CHT/FITC-BSA], have been 
produced onto hydrophobic poly(vinyl carbonate) (PVC) substrates (Fig. 1). The 
morphology, thickness, release rate and in vitro biocompatibility of both FS membranes 
towards human umbilical cord-mesenchymal stem cells was studied, compared, and will be 
discussed. This work holds great promise for the development of innovative and sustainable 
biomedical devices for a wide range of bioapplications, overcoming the limitations 
associated with the use of native CHT biopolymer. 

 
Fig.1. Schematic illustration of the preparation of the two set-ups of FS multilayered membranes: (i) [(Q-

CHT/ALG/Q-CHT/FITC-BSA)100] and (ii) [(Q-CHT/ALG)200/Q-CHT/FITC-BSA] assembled onto PVC substrates via 
electrostatic interactions. 
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Phenylketonuria is the most common hereditary defect in amino acid metabolism and is 
characterized by the presence of excessive levels of phenylalanine in blood and tissues. 
Currently, the only available treatment of this pathology is based on a strict diet without 
phenylalanine [1]. 

Our work proposes the use of the IC-Tagging system patented in our laboratory to develop 
an orally administered enzyme replacement therapy. Based on the development of a 
stabilized version of the enzyme phenylalanine ammonium lyase from Anabaena variabilis 
(AvPAL), which can reduce the phenylalanine levels of patients; thus avoiding the 
neurological disorders characteristic of the pathology [1]. The IC-Tagging methodology is a 
protein labeling platform based on the use of the avian reovirus-derived muNS-Mi protein. 
This system is able to produce protein micro- or nanospheres (MS or NS) that can be loaded 
with proteins of interest in any expression system through their tagging with a tag called IC 
[2]. 

Our results suggest that it is possible to use our system to produce nanospheres loaded with 
the active AvPAL enzyme maintaining their function and correct folding in an inexpensive 
and simple way. Moreover, it is possible to coat the nanospheres with different polymers 
to increase stabilization and avoid degradation and immune response without losing 
specific activity (Fig.1). 

 

 
Fig.1. Specific activity of AvPAL encapsulated in NS and coating NS with low molecular weight 

chitosan (LMW-CS) or polyethylene glicol (PEG) compared with bibliographic values. 
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L-asparaginase (ASNase) is an amidohydrolase enzyme widely applied as an anticancer 
agent in the treatment of lymphoproliferative disorders, e.g., acute lymphoblastic leukemia 
(ALL), lymphomas, and natural killer cell tumors, as an acrylamide reduction agent in starch-
rich foods cooked at high temperatures, and as a biosensor for L-asparagine detection and 
monitoring [1]. ASNase is extensively distributed in nature, e.g., microorganisms, plants, and 
animals; however, most commercial ASNase are from recombinant microorganisms, whose 
production can be performed through fermentation. Nonetheless, its downstream 
processing accounts for up to 80% of total production cost [2]. Thus, the development of a 
novel cost-effective purification process is of emerging concern to allow its widespread use. 

The main goal of this work is to develop a novel cost-effective downstream process for 
ASNase from complex recombinant Bacillus subtilis cell lysate obtained through ultrasound 
sonication. Silica-based supported ionic liquid-like phase (SSILLP) materials comprising 
quaternary ammonium and chloride as counterions, previously used to produce ASNase-
SSILLP bioconjugates through simple adsorption of commercial ASNase [1], were 
investigated as cost-effective ASNase purification supports through a simple adsorption 
method. Specific experimental conditions, e.g., medium pH and solid/liquid ratio, were 
optimized through Response Surface Methodology regarding ASNase purity. Through this 
approach, process costs, energy consumption, and waste produced, might be significantly 
reduced, leading to the ASNase price decrease, thereby enabling its wider application.  
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An effective and sustainable process capable to execute simultaneously desulfurization and 
denitrogenation of fuels is in fact an actual need for the refinery industry. The key to achieve this goal 
is the parallel oxidation of sulfur and nitrogen compounds present in fuels using active and recyclable 
catalysts.[1] Polyoxometalates (POMs) are described for their high catalytic efficiency as 
homogeneous catalysts in simultaneous oxidative desulfurization and denitrogenation of model fuel 
oils.[2] This work presents a novel heterogeneous catalyst prepared via encapsulation of an 
imidazolium-based polyoxometalate into ZIF-8 framework ([BMIM]PMo12@ZIF-8). This composite 
material has shown exceptional catalytic efficiency towards the oxidative desulfurization and 
denitrogenation of a model fuel containing various sulfur and nitrogen compounds. The catalyst was 
able to completely remove all these compounds after only 60 minutes and the reutilization of the 
catalytic system was studied for ten consecutive cycles without showing any loss of efficiency. This 
work presents the first incorporation of an ionic liquid-based POM into ZIF-8. The novel material was 
successfully used as catalyst to simultaneous remove sulfur and nitrogen from a multicomponent 
model fuel. 

 
Fig.1. Scheme of a) PXRD patterns of [BMIM]PMo12@ZIF-8 material before catalytic utilization, isolated after 1 

cycle (AC1) and after 10 catalytic cycles (AC10) and b) Reutilization performance of  [BMIM]PMo12@ZIF-8 
over 10 cycles combining desulfurization and denitrogenation processes to treat a multicomponent model 
fuel.[3] 
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Fuels are constituted by sulfur components that pose a danger to the environment when 
burned, which implemented the application of sulfur regulations. In order to answer these 
demands, processes that allow the desulfurization of fuels are essential, such as 
hydrodesulfurization (HDS) and oxidative desulfurization (ODS). [1] 

The preparation of a catalytic membrane, through polyoxometalate immobilization in 
supporting materials, and application as heterogeneous catalysts in the oxidative 
desulfurization process (ODS) was studied. The use of heterogeneous catalysts allows better 
separation and removal from the reaction, and furthermore facilitates their recovery and 
recycling. [2] 

The membranes were prepared by immobilizing phosphomolybdic acid (H3PMo12O40) in a 
polymer matrix. The reactions were performed using a model oil composed of 
approximately 500 ppm of refractory sulfur components (1-benzothiophene, 
dibenzothiophene, 4-methyldibenzothiophene and 1,6-dimethyldibenzothiophene).  

The catalytic membranes showed satisfactory catalytic performance, allowing further 
research of their application in the oxidative desulfurization process. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1. Scheme of the catalytic membrane preparation used in this work. 
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Pharmaceutical compounds are detected on wastewater treatment plant effluents due to their 
toxicity and stability in biological treatments [1]. Adsorption has been proposed as a quick, simple and 
efficient procedure to cope with pharmaceuticals. However, spent adsorbents should be reused in 
order to avoid disposal problems related to inefficient space usage and pollutants leaching. 

Advanced Oxidation Processes (AOPs) have been used as an alternative for adsorbent regeneration 
(Advanced Oxidation Regeneration), as they are based on the generation of radical species which 
attack efficiently the organic matter in the porous matrix. Among AOPs there is the i) Fenton process 
which is the catalytic decomposition of H2O2 in presence of transition metal so HO· is generated ii) 
sulphate-based degradation, where peroxymonosulfate (PMS) or persulfate are activated by carbon 
or metals [2] or iii) photocatalysis where radiation activates a semiconductor therefore oxidative and 
reduction reactions take place [3]. 

For the generation of those radicals, the adsorbent can present the presence of metals in order to 
favour AOPs. Consequently, Metal Organic Frameworks (MOF), which are porous organic structures 
with metallic centres, are hereby presented as perfect catalytic adsorbents [5] Consequently, NH2-
MIL-101(Fe) [4], NH2-MIL-125(Ti) [3] and MIL-53(Al) [5] were synthesized to be tested on diclofenac 
sodium (DS) removal.  

These synthesized MOFs not only showed high DS adsorption but also, they were recovered by 
different AOPs (Table 1). The structural and catalytic information of the MOFs was evaluated by 
physical and chemical characterization and electrochemical analysis. All of that demonstrated these 
MOFs are porous and photo-electrochemically active (Table 1).  

Table 1. MOF uptakes and regeneration (%) after the application of different AOPs. 

MOF 
Uptake 
(mg/g) 

Photocatalysis 
PMS H2O2 

Visible UV 

NH2-MIL-125(Ti) 724.98 60.87 59.79 47.03 62.14 
NH2-MIL-101(Fe) 481.73 30.27 64.66 79.99 62.40 
MIL-53 (Al) 598.30 6.40 64.19 28.72 35.37 

Moreover, the AOPs working conditions were optimized and consequently, the optimal H2O2 dosage 
was 14.5 mM, the best PMS concentration was 60.5 mM and the photocatalysis process should be 
applied for 6 h in order to attain the greatest performance. Under these conditions, up to three 
adsorption-regeneration cycles were done and less than 20 % detriment was detected. This 
demonstrates that MOFs can be efficiently used for the treatment of pharmaceutical effluents. 
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Electrochemical energy conversion devices such as fuel cells and metal-air batteries have 
arisen as promising alternatives to fossil fuels combustion. However, both technologies rely 
on several electrochemical processes, including oxygen reduction reaction (ORR), whose 
sluggish kinetics and large overpotentials hinders their practical application [1]. As so, the 
development of high-performance and cost-effective electrocatalysts is fundamental.  

Carbon-based electrocatalysts have been successfully applied towards ORR, aiming to the 
replacement of conventional precious metal catalysts [2]. Recently, carbon materials 
obtained from the pyrolysis of biomass, known as biochars, have attracted interest as highly 
sustainable catalysts, due to their unique physical-chemical properties, renewable 
feedstock, and low production cost [3]. While biochars have significant catalytic activity, it 
is usual to enhance their electrochemical properties via heteroatom doping (e.g, N, S, P) [3]. 
Furthermore, biochars are excellent supports for the incorporation of catalytic active metal 
oxides, producing high-performance, low-cost and stable catalysts towards ORR [3].  

In this work, a highly porous biochar was prepared from shrimp shell waste, N-doped using 
a solvent-free mechanochemical approach and modified with several metal oxides (Co3O4, 
NiCo2O4 or Ni0.5Mn0.5Fe2O4) via in situ co-precipitation under mild conditions. The prepared 
materials were extensively characterized by FTIR and Raman spectroscopies, XPS and SEM-
EDS. All biochar-based electrocatalysts displayed considerable activity towards ORR in 
alkaline medium. The N-doping led to an enhanced selectivity towards the 4 electron-
pathway and lower Tafel slope, although with a decreasing of the diffusion limited current 
density. The introduction of metal oxides into the N-doped biochar also had a significant 
ŜŦŦŜŎǘ ƻƴ ǘƘŜ ŎŀǘŀƭȅǎǘǎΩ ōŜƘŀǾƛor, namely on their selectivity, Tafel slopes, onset potentials 
and diffusion-limited current densities. In particular, the N-doped biochar/Co3O4 hybrid 
showed remarkable selectivity, low Tafel slope (65.6 mV dec-1), onset potential of 0.78 V vs. 
RHE and considerable long-term stability. 
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The attainment of reduction reactions using environmentally friend conditions and non-noble metal-
based catalysts is an important goal for Sustainability. In recent years, biomimetic iron (III) based 
materials have been gaining attention as reduction catalysts for diverse applications [1]. 
Nanostructured binary materials have been prepared by ionic self-assembly of oppositely charged 
(metallo)porphyrins, in a simple and eco-sustainable way. These materials form as precipitates in 
water and at room temperature and have relevant catalytic properties [2]. In this work, binary 
materials of Fe(III) and metal-free porphyrins were prepared by ionic self-assembly and tested in the 
mimics of the six-electron reduction activity of nitrite reductase (Fig.1) [3]. The reduction of 4-
nitrophenol to 4-aminophenol, in the presence of NaBH4 and under simulated solar light irradiation, 
was carried out and a structure effect could be observed. For materials built with two oppositely 
charged Fe(III) porphyrins, the increase in catalytic activity was temperature-dependent, whereas in 
a material built with a metal-free porphyrin and a Fe(III) porphyrin, the activity was dependent on 
visible-light irradiation. This latter material shows the highest catalytic activity of 388 min-1 g-1, after 
an induction time of 7 min, and shows good performance after reuse studies [3]. 

 

 
Fig.1. a) Positive metal-free and negative iron (III) porphyrins used as tectons in ionic self-assembly reactions; 
b) SEM image of the material with the highest catalytic activity; c) Catalytic hydrogenation of 4-nitrophenol 

assisted by sunlight. 
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The ionic self-assembly of oppositely charged porphyrins allows the preparation of binary 
materials with well-defined shapes and sizes [1]. These materials can be easily obtained in 
an eco-sustainable way, as they form as precipitates in aqueous solution and at room 
temperature. The assembly of porphyrins carrying different substituents and metal ions 
affords materials, in which cooperative processes can occur between the positive and 
negative tectons [1]. As such, novel or improved properties can be obtained and be relevant 
in biomimetic and eco-sustainable reactions. 
In this work, binary nanostructured materials carrying positive and negative iron (III) and 
manganese (III) porphyrins (Fig. 1) were prepared by ionic self-assembly and characterized 
by SEM, XPS and XRD. The materials were tested in the hydrogenation of 4-nitrophenol to 
4-aminophenol in water, using NaBH4 as a reductant and in the presence and absence of 
simulated solar light. This reaction allows the transformation of a harmful pollutant into a 
useful intermediate for the synthesis of pharmaceuticals and is relevant in the context of a 
circular economy [2]. 
The catalytic activity of the binary materials is improved relatively to that of the original 
metalloporphyrins. After 5 minutes a 90% conversion was obtained for material [Fe/Mn] 
carrying Fe(III) and Mn(III) porphyrins as positive and negative tectons, respectively. This 
material can be reused in successive catalytic cycles and until the 5th cycle with no significant 
loss of catalytic activity. The observed catalytic performance is comparable to that of 
catalysts based on noble metals, which are significantly more expensive and scarcer [3]. 
 

 
Fig.1. Positive and negative iron (III) and manganese (III) porphyrins used as tectons in the ionic  

self-assembly reactions. 
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Los procesos avanzados de oxidación (PAOs) constituyen una tecnología de tratamiento de 
contaminantes del agua basada en la generación de radicales libres y otras especies de gran 
poder oxidante. Los PAO fotocatalíticos mediante tecnologías solares han cobrado gran 
interés en los últimos años. Entre ellos cabe destacar la oxidación fotocatalítica 

La ozonación fotocatalítica y el sistema foto-Fenton. En relación con ellos, los principales 
retos actuales se centran en la fabricación de catalizadores estables, eficientes y fácilmente 
separables del medio acuoso. 

En el presente trabajo se expone un novedoso proceso de síntesis verde donde se magnetiza 
Aeroxide TiO2-P25 (Evonik) mediante oxidación precipitativa de Fe(II) en medio acuoso y a 
temperatura ambiente. Como agente director de la síntesis se emplea ácido tereftálico que 
se recupera y reutiliza en el proceso. 

Así, se obtienen catalizadores magnéticos (Fe3O4@TiO2) compuestos mayoritariamente por 
magnetita (Fe3O4) y TiO2. Además de la optimización de la síntesis, se llevó a cabo una 
caracterización de los sólidos mediante numerosas técnicas (Difracción de rayos X (DRX), 
Fluorescencia de rayos X, microscopía electrónica de barrido (SEM), medida de la 
susceptibilidad magnética, etc), las cuales demuestran la estructura homogénea del sólido, 
su alto grado de magnetización y la presencia de Fe3O4. Se comprobó también la estabilidad 
del sólido a diferentes valores de pH y, especialmente, en medios fuertemente oxidantes. 
La actividad fotocatalítica se comprobó usando Metoprolol (MTP) como contaminante 
objetivo en reacciones de oxidación fotocatalítica, Ozonación Fotocatalítica y foto-Fenton 
bajo radiación solar simulada, demostrándose un buen desempeño del catalizador en estos 
procesos tras varios ciclos de reutilización. 

 
Fig. 1.  DRX y SEM del catalizador Fe3O4@TiO2 
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The development of sustainable reactions is increasingly more relevant in the 

scientific community, due to the importance of reducing the environmental impact of 
current chemical processes. Catalytic hydroformylation of olefins is a widely used reaction 
in the chemical industry to obtain aldehydes as extremely versatile intermediates, which 
can be transformed into a myriad of different valued added products[1]. By developing 
hydroformylation-based sequential reactions, we can effectively reduce the number of 
steps in the reaction processes, and in this way, increase the sustainability of the whole 
process[1,2]. The use of C3-symmetric BINOL based monophosphites have shown great 
potential in catalysis[3]. Various examples, already developed by our group, have 
demonstrated their efficient application catalytic carbonylation[4] and hydroformylation 
reactions[5]. 

In this work, we describe the synthesis of four diastereomeric BINOL-based 
monophosphite ligands in two steps. We also present our recent results of their application 
in asymmetric hydroformylation of olefins and the subsequent derivatization of the 
aldehydes (Scheme 1). The effects of the substrate structure, reactions conditions (CO/H2 
pressure, temperature) and ligand chirality on the catalytic activity and selectivity will be 
appraised and discussed. 

 
Scheme 1: Synthesis of chiral binaphthyl monophosphites and their application in hydroformylation-

based reactions. 
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Graphitic carbon nitride (gCN) is a metal-free photocatalyst widely investigated due to its high 
photocatalytic activity and chemical stability under visible-light illumination [1]. Most of the 
research has been performed with powdered gCN suspended in water; however, immobilized 
photocatalysts are more suitable solutions for the scale-up of these processes [2]. 

This study is focused on the simultaneous in-situ synthesis and immobilization of gCN onto 
reticulated non-porous alumina foams (AF) for the photocatalytic removal of pharmaceutical 
substances from water. Graphitic carbon nitride was successfully deposited onto AF by thermal 
condensation of C and N rich precursor (urea) in both solid and liquid phase, a gCN strong 
adhesion to the AF support being achieved (24 ± 5 mg gCN/g AF). Then, this material (labeled as 
gCN-F) was exposed to visible LED radiation in batch conditions, showing photocatalytic activity 
for tramadol (TMD) degradation (Fig 1.A). The process performance is enhanced by adding 
hydrogen peroxide (i.e., H2O2-assisted photocatalysis), a complete tramadol degradation being 
achieved in 120 min (Fig. 1.B shows the H2O2 evolution). Moreover, comparing the two H2O2-
assisted photocatalytic processes, higher nitrate concentration is obtained in the liquid phase in 
the presence of gCN-coated material (Fig. 1.C), probably due to the decomposition of H2O2 into 
radical oxygen species that attack the organic pharmaceutical molecules, releasing nitrate.  
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Fig.1. Evolution of normalized A) TMD and B) H2O2 concentrations with time and C) conversion of organic 

nitrogen into nitrate. Conditions: Max. wavelength: 417 nm, irradiance: 550 Wm-2, TMD0: 20 mgL-1, volume: 50 
mL (batch), pH: free, H2O2: 50 mmolL-1 (when needed), AF load 2.7 ± 0.3 g. 
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Los efectos de la presencia, cada vez más extendida, de productos farmacéuticos en los 
medios acuáticos son objeto de intensa investigación y debate debido a su potencial para 
causar efectos adversos en los organismos acuáticos y en la salud humana. Por tanto, es 
evidente que la búsqueda de tratamientos eficaces para purificar las aguas contaminadas 
es imperativa. Los Procesos de Oxidación Avanzada (POAs) se han aplicado con éxito en el 
tratamiento de aguas para contaminantes orgánicos [1]. De entre estas técnicas, el 
peroximonosulfato (PMS) ha sido foco de atención debido a su reactividad selectiva con los 
compuestos orgánicos y su excepcional rendimiento en un amplio rango de pH. El PMS 
produce radicales hidroxilo y sulfato al activarse, pero los catalizadores más utilizados se 
basan en metales de transición, que acumulan problemas de lixiviación y toxicidad. En este 
sentido, se están investigando nuevos catalizadores sin metales para superar estos 
inconvenientes. Los materiales sin metales basados en carbono tienen unas propiedades 
fisicoquímicas inusuales que los hacen interesantes para un sinfín de aplicaciones, como 
electrodos, adsorbentes amables con el medio ambiente y catalizadores. Los residuos 
agroindustriales son grandes precursores verdes para obtener materiales carbonosos por 
medio de procesos de carbonización hidrotermal. Además, el dopaje de estos materiales 
carbonosos con otros heteroátomos, especialmente nitrógeno, añade más sitios activos en 
la estructura del carbono, lo que podría mejorar la actividad catalítica [2]. En este estudio, 
se realizó la producción y posterior funcionalización con nitrógeno de varios hydrochars. Las 
funcionalizaciones fueron llevadas a cabo empleando varios niveles de nitrógeno y con 
diferentes agentes reticulantes, glutaraldehído y 1-etil-3-(3-
dimetilaminopropil)carbodiimida hidrocloruro (EDC) para ser probados como activadores 
de PMS. Posteriormente, se realizaron varios ensayos para determinar la dosis óptima, 
utilizando como contaminantes modelo un compuesto farmacéutico, fluoxetina, y un tinte, 
Reactive Black 5, para evaluar el proceso. En base a los resultados logrados, se puede 
concluir que estos hydrochars dopados con nitrógeno son prometedores y se ha 
comprobado que en mecanismo de degradación era la vía no radicalaria. 
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The combustion of sulfur-based compounds, present in fuels, results in the emission of hazardous 
gases, namely, sulfur oxides (SOx). Currently, strict legislation has been stablished demanding low 
sulfur limits for road fuels (S < 10 ppm) and for marine fuel (S < 500 ppm).[1] The traditional method 
for the removal of sulfur in fuels, hydrodesulfurization (HDS), is well established but is based on 
expensive technology, requiring severe experimental conditions to achieve high efficiency in maritime 
fuels which are based in heavy fuel oils (HFOs). Therefore, effort has been put to develop alternative 
and/or complementary methods, for example, oxidative desulfurization (ODS). Through ODS, sulfur 
refractory compounds can be effectively removed from fuels at moderate temperature and 
atmospheric pressure. ODS requires the activation of the oxidant, e.g., H2O2, by a catalyst.[2]  

Polyoxometalates (POMs), i.e., H3PMo12O40 (PMo12) show high catalytic performance in ODS; 
however, they are highly soluble in catalytic media, behaving as homogeneous catalysts. Therefore, 
their heterogenization in solid supports, such as metal-organic frameworks (MOFs), leads to active 
heterogeneous catalysts with robustness and easy recovery from reaction. The effectiveness of 
POM@MOF catalysts has been shown in previous studies.[3] Our research group recently prepared a 
novel composite, PMo12@MOF-808, which revealed to be an active and recyclable catalyst for ODS of 
ŀ ƳƻŘŜƭ ŦǳŜƭΦώпϐ IƻǿŜǾŜǊΣ ǘƘŜ ǎǘǳǊŘƛƴŜǎǎ ǇǊƻǾƛŘŜŘ ōȅ ahCǎ ƛǎƴΩǘ ŀƭǿŀȅǎ ǎǳŦŦƛŎƛŜƴǘ ǘƻ ŜƴǎǳǊŜ ǎǘǊǳŎǘǳǊŜ 
stability and prolonged recycling cycles of catalysts under severe reactional media, such as the 
treatment of HFO.Thus, the robustness of POM@MOF catalysts has been enhanced by the 
preparation of composites combining MOFs and mesoporous silicas, MOF@silica.[5] The 
incorporation of MOFs in silicas allows the final composite to retain micropores from the MOF, 
selective in size and shape for certain molecules; and mesopores from the silica, that allow access to 
active sites, improving product and substrate diffusion.[6]  

Reported studies on hybrid materials combining POM, MOF and silicas are very scarce.[7] In this work, 
a novel tri-hybrid material was prepared by incorporation of the composite, PMo12@MOF-808, in a 
mesoporous silica SBA-15. Two different methods were followed: solvothermal and incipient wetness 
impregnation. The composites were characterized by FTIR, PXRD, SEM-EDS and ICP-OES and tested as 
catalyst for ODS of a multicomponent model fuel containing refractory sulfur compounds, using H2O2 
as oxidant and the ionic liquid [BMIM]PF6 as extraction solvent. The recycling capacity and stability of 
the heterogeneous catalyst were also investigated. Furthermore, the activity and stability of the 
composite prepared by IWI was tested for ODS in a more complex model fuel, representative of a 
HFO. 
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The current and energy crisis and war has stimulated new measures to reduce energy 
consumption and the development of viable, sustainable, and clean energy solutions for 
energy storage and conversion. The development of these technologies such as fuel cells 
and water splitting devices, aim to reduce the effects of energy demand [1]. 

In the reactions of oxygen - the O2 reduction (ORR) and evolution (OER) reactions, 
conventional electrocatalysts (ECs) are based on noble metals and their oxides, such as Pt, 
RuO2, and IrO2. However, these have poor stability under operating conditions, as well as 
high cost and scarcity, seriously limiting their large-scale commercial applications [2]. As an 
alternative, the development of a new generation of sustainable, stable and affordable 
high-quality materials such as biomass can be a solution for this problem.  

In this context, the work developed aimed to design and prepare a new generation of 
electrocatalysts, prepared from natural and renewable sources (biochar obtained from 
vineyard pruning waste) to act as electrocatalysts for the demanding electrochemical 
reactions ORR and OER. It can be easily prepared from the thermochemical degradation of 
biomass and due to the unique chemical structure, it can be easily activated or 
functionalized. All materials prepared demonstrated moderate ORR electrocatalytic 
performance in alkaline medium with diffusion-limiting current densities between -3.48 and 
-1.27 mA cm-2 aƴŘ ǇƻǘŜƴǘƛŀƭ ƻƴǎŜǘ ǾŀƭǳŜǎ ƻŦ лΦуу җ Eonset җ лΦсс ± ǾǎΦ wI9Φ ¢ƘŜ ƳŀǘŜǊƛŀƭǎ ŀƭǎƻ 
presented moderate OER electrocatalytic performances in alkaline medium, with 
overpotential values between 0.48 and 0.63 V vs. RHE and maximum current densities 
between 0.28 and 42.60 mA cm-2. 
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An important effort is nowadays required for increasing the share of renewables in the global energy 
system in order to accomplish the international climate goals. In this context, using sewage sludge, 
agricultural and crop residues, animal dung, industrial organic wastes, or wastewaters for the 
production of biogas through anaerobic digestion constitutes a promising strategy. Biogas, composed 
mainly of CH4 and CO2, can be upgraded to biomethane and used as synthetic natural gas, representing 
an attractive renewable carbon source whose exploitation is advantageous from both financial and 
environmental points of view [1]. Alternatively, biogas could be used to produce syngas (mixture of 
H2 and CO) through dry reforming of methane, DRM: CO2 + CH4 Ҧ н/h Ҍ нI2Σ ɲI0

298K= +247 kJ/mol), 
an important feedstock in the synthesis of oxygenated chemicals (e.g. methanol), acetic acid, or  fuels 
(e.g. long chain hydrocarbons) [1]. Despite its interest, DRM is still an immature industrial process due 
to its highly endothermic nature, requiring high operating and investment costs, in addition to 
catalysts deactivation due to sintering and carbonaceous species formation [2].  

Current catalysts for this process may contain noble (e.g., Ru, Rh, Pt) or transition (e.g., Ni, Co) metals 
supported over CeO2, La2O3, ZrO2, MgO, SiO2, Al2O3, MOFs or zeolites [2-4]. Noble metals are known 
to resist deactivation, but their high cost and low availability limit their industrial application [2,3]. As 
such, the cost-effectivity of Ni catalysts motivates further developments on the enhancement of their 
properties in order to design highly active, selective and stable materials. Several types of Ni-based 
zeolites have been applied in DRM due to their easily tuneable properties [2-4]. However, systematic 
studies are still scarce and motivate further research in this area. 

Therefore, in the present work a series of Ni-based BEA zeolite was synthesized by incipient wetness 
impregnation, characterized by powder X-ray diffraction (XRD), N2 sorption, temperature 
programmed reduction with H2 (H2-TPR), thermogravimetric analysis (TGA) and transmission electron 
microscopy (TEM), and tested towards thermal dry reforming of methane using a fixed-bed reactor 
(0.200 gcatalyst, 290 ml.min-1 of CO2/CH4/N2 mixture, 1 atm, 450 to 700 ºC). The effects of Ni loading (5, 
10 and 15 wt.%) and the addition of a promoter (e.g., Ce, Mg) compounds were analysed.  

CO2 and CH4 conversions close to thermodynamics were exhibited by most of the zeolite-based 
samples, with 10 wt% Ni displaying the best results for the monometallic series (60% CH4 conversion 
and H2/CO ratio ~1 at 600 ºC). In addition, the incorporation of Ce and Mg, the second requiring higher 
pre-reduction temperatures due to the formation of Ni-Mg mixed oxides, led to a improvement of the 
metallic dispersion, enhancing the performances (75% CH4 conversion and H2/CO ratio ~1 at 600 ºC in 
the best promoted catalyst) and hindering carbon deposition (<0.01 gcarbon gcat

-1).  

Acknowledgments 
Authors thank to Fundação para a Ciência e Tecnologia for CQE and IMS funding (projects: UIDB/00100/2020, 
¦L5tκллмллκнлнл ŀƴŘ [!κtκллрсκнлнлύ ŀƴŘ /ŀǊƳŜƴ .ŀŎŀǊƛȊŀΩ ŎƻƴǘǊŀŎǘ όнлнлΦлллолΦ/99/Lb5ύΦ 

References 
[1] R. Kapoor, P. Ghosh, M. Kumar, V.K. Vijay, Environmental Science and Pollution Research, 26 (2019) 11631. 
[2] R. Singh, A. Dhir, S.K. Mohapatra, S.K. Mahla, Biomass Conversion and Biorefinery, 10 (2020) 567. 
[3] A. Abdulrasheed, A.A. Jalil, Y. Gambo, M. Ibrahim, H.U. Hambali, M.Y. Shahul Hamid, Renewable and Sustainable 
Energy Reviews, 108 (2019) 175. 
[4] W.J. Jang, J.O. Shim, H.M. Kim, S.Y. Yoo, H.S. Roh; Catalysis Today, 324 (2019) 15. 



CAT14 
 

139 

Sustainable strategies for electrochemical CO2 reduction 

S. Messias1, A. B. Paninho1, A. V. M. Nunes1, L. C. Branco1, C.M. Rangel2, A. S. Reis 
Machado1,* 

1 LAQV, REQUIMTE, Departamento de Química, Faculdade de Ciências e Tecnologia, Universidade 
Nova de Lisboa, Caparica, 2829-516, Portugal 

2Laboratório Nacional de Energia e Geologia, Estrada do Paço do Lumiar, 22 Lisboa, 1649-038, Portugal 
*  ams.machado@fct.unl.pt 

Electrochemical CO2 reduction is a CCU (Carbon Capture and Utilization) research technology that is 
being intensively investigated not only for obtaining chemical building block and fuels, but as an 
excellent future option to store energy from renewable sources, such as solar and wind energy, that 
are seasonal, intermittent, and geographical dependent.  Another advantage of the used of CO2 as a 
renewable carbon source in the electrochemical CO2 reduction is the potential to close the 
anthropogenic carbon cycle. [1-3] 
In previous works the development of an electrochemical process to produce syngas (CO+H2) was 
reported [4,5]. The syngas produced by this green process can be used to synthetize an enormous 
variety of fuels and chemicals in a sustainable way. 
This work reports the study of the influence of ionic liquid-based electrolytes in electrochemical CO2 
reduction and the development of new cathodes using aerogels as support. Ionic liquids are promising 
materials for the integration of CO2 capture and electrochemical reduction, once they have interesting 
properties, such as negligible- volatility, high CO2 solubility, high conductivity, and large 
electrochemical window. During this work, different families of ionic liquids have been tested and 
characterized by cyclic voltammetry and electrochemical impedance spectroscopy to evaluate their 
electrochemistry behavior for CO2 electroreduction processes. 
In the other approach, the aerogels are chosen to develop new cathodes due to their properties as 
open porous structures, large surface areas, high porosity, mesoporous pore size distribution, and low 
bulk density, which are desirable for catalytic applications. [6] Activity and faradaic efficiencies of the 
prepared catalytic cathodes are correlated with the morphologies of these materials determined by 
SEM and BET surface areas. In the two studies, the productivities of gaseous products resulting from 
the co-electrolysis of CO2 and water together with their faradaic efficiencies have been also 
determined. 

 
Fig.1. Cathode based methal aerogels  
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Nowadays, the fabrication and application of sustainable nanomaterials have become one of the most 
highly explored topics in scientific research. In particular, the synthesis of photocatalytic materials is 
being more and more investigated, specifically graphitic carbon nitride (GCN), due to its excellent 
electronic and photo-responsive properties [1]. Typically, GCN materials present a relatively narrow 
band gap, allowing photo-excitation using visible light irradiation; however, they also show a fast rate 
of charge carrier recombination. In this way, there is an increasing concern to overcome this drawback 
by performing modifications of these materials, e.g., doping, exfoliation or developing a 
heterostructure [1,2]. 

In this work, we developed a facile method for incorporating non-metal atoms (e.g., P, B, O and S) into 
the GCN matrix by mixing selected molecules with urea and performing a rapid microwave-assisted 
thermal treatment. The synthesised materials were employed for the photocatalytic generation of 
H2O2 under aerated and neutral pH conditions in the presence of different proton donors, such as 
small-chain alcohols (methanol, ethanol and isopropanol) or recalcitrant pharmaceutical substances 
(venlafaxine, metoprolol and diclofenac). 

The 1.0%wt. P-doped GCN material showed the highest H2O2 evolution rate (242.0 mmol gcat
-1 h-1) 

among all tested materials, more than 13 times higher than bare GCN (17.8 mmol gcat
-1 h-1). For 

instance, using methanol (10% v/v) as a sacrificial agent (Fig. 1), 1.2 mmol L-1 of H2O2 was yielded after 
2 h of irradiation with bare GCN. In contrast, 1.6, 7.2, and 6.4 mmol L-1 of H2O2 were obtained for 
varying phosphorous percentages of 0.2%, 1.0% and 5.0%wt. P, respectively, proving that the 
incorporation of phosphorous in the GCN matrix allows for greater photocatalytic activity. 
 

 
Fig.1. Photocatalytic H2O2 production using P-doped (0, 0.2, 1.0, 5.0% wt.) GCN in a 10% v/v 

methanol aqueous solution. 
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Graphitic carbon nitride (GCN-T) is a photocatalyst widely used to degrade organic compounds, such 
as dyes, pesticides, insecticides, pharmaceutical compounds, and phenols [1]. In addition, under 
visible light irradiation, GCN-T catalyst can generate reactive species, including holes, superoxide 

radicals (O2ω-) and hydrogen peroxide (H2O2) that can interact with the membrane of bacteria, leading 
to cell death [2, 3]. Although the photocatalytic activity of coated fabrics with GCN-T materials 
combined with other catalysts has been studied for pollutant decomposition, its specific antimicrobial 
activity when immobilized has not been extensively reported. In this work, GCN-T was immobilized on 
cotton (CO) fabrics, and their antimicrobial and self-cleaning activity were examined under visible 
light. The antimicrobial activity was tested on commensal skin bacteria, Staphylococcus spp., and on 
pathogenic bacteria, Escherichia coli and Pseudomonas aeruginosa. Under dark conditions, no 
antimicrobial effect was observed, but after 60 min of irradiation (Fig.1), the functionalized cotton 
(CO/GCN-T) revealed high antimicrobial activity against pathogenic bacteria. 
Moreover, CO/GCN-T did not affect the growth of commensal skin bacteria, and its non-cytotoxic to 
skin cells (L929 fibroblasts and HaCaT keratinocytes) was proven. The self-cleaning properties of 
CO/GCN-T fabrics were confirmed for the degradation of RhB dye, as well as its reproducibility and 
reuse. These finds are particularly promising for application in healthcare centres, where the surfaces 
are continuously exposed to a large microbial community. Thus, the impregnation of GCN-T particles 
on surface subtracts can decrease or ideally eliminate the occurrence of harmful microorganisms.   

 
Fig.1. Logarithmic reduction of selected bacteria after direct contact with GCN-T powder, CO and CO/GCN-T in 

dark conditions and after 60 min of irradiation with visible light (LED m˂ax = 420 nm, 160 W m-2).  WT means wild-
type, untreated cells (control).  
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Parabens are compounds industrially used in the formulation of cosmetics and pharmaceuticals 
due to their antibacterial activity. They are considered endocrine-disrupting compounds whose 
bioaccumulation can represent a threat to ecosystems [1]. An exciting approach to eliminate 
these contaminants in water streams is heterogeneous photocatalysis. For that purpose, the use 
of metal-organic frameworks (MOFs) for photocatalytic environmental applications has received 
increasing attention nowadays due to the possible modulation of the MOF properties through 
the use of different metal precursors and organic linkers [2]. 

This research aims the evaluation of UiO-66-NH2 (a Zr-based MOF) in the degradation of 
methylparaben (MP).  Different water matrices were tested (Fig. 1a), achieving almost complete 
conversion after 1 h of solar irradiation in both distilled and river water samples. In contrast, the 
efficiency decreased in the secondary treatment effluent from a wastewater treatment plant 
(WWTP), probably due to the higher turbidity and organic/inorganic matter content. A 
continuous flow study proved the performance stability of the material upon 25 h on stream. 
The oxidation mechanism was proposed, where the highest contribution was ascribed to O2  
and h+ (Fig. 1b), supported by electrochemical characterization. The photocatalytic performance 
of the MOF was also tested in removing other parabens, namely ethylparaben (EP) and 
propylparaben (PP), being observed that the efficiency depended on the alkyl side chain length 
of the compounds. 

 
Fig.1. (a) Methylparaben conversion under solar light in different water matrices ([MP]0 = 3.3 mg·L-1 (after 
adsorption); 0.75 g·L-1 of UiO-66-NH2, 600 W·m-2 of solar irradiation); (b) Suggested MOF photocatalytic 

mechanism. (Adapted from [3]). 
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Nowadays, air pollution dramatically impacts the quality of life in big cities and industrial areas worldwide. 
The high concentration of pollutants is related to the proliferation of respiratory and cardiovascular diseases 
and a higher risk of cancer. In addition, other pollutants, typically associated with combustion processes, 
are deposited and accumulated on building facades, changing the aesthetic of historic buildings and 
promoting their deterioration. Photocatalysis is one alternative to mitigate these problems since it 
eliminates a wide range of pollutants by the action of light. In particular, the use of photoactive building 
materials could be of particular interest to achieve this purpose by reducing the pollutant levels in the air 
while protecting the buildings against fouling. 
The use of TiO2 for producing photocatalytic building materials is well-documented in the literature [1], and 
the use of silica as a binder allows to produce of photocatalytic TiO2-SiO2 coatings with self-cleaning and 
depolluting properties on existing buildings [2] and promotes the durability allowing an antifouling effect 
over a long period [3]. However, the TiO2 absorption is limited to UV radiation, which is relatively scarce in 
sunlight. Graphitic carbon nitride (g-C3N4) is a promising visible light-active photocatalyst, but there are very 
few examples of their use on building materials. 
The present work focuses on the use of g-C3N4 for producing photocatalytic treatments for building 
materials and evaluating its performance under visible light compared with TiO2. g-C3N4 was integrated into 
synthesizing a SiO2 sol applied by brush on cement mortar samples. The silica sol partially penetrated the 
pore structure substrates, and they gelled, in situ, producing a well-adhered g-C3N4-SiO2 coating. The 
obtained nanocomposites and the treated samples were characterized to confirm the treatment's 
compatibility with the substrate. Finally, the photocatalytic properties of the treated samples were 
evaluated employing the degradation of methylene blue (MB) stains under 417 nm radiation (Fig. 1). About 
53% of MB stain was eliminated in the g-C3N4-SiO2 treated samples. In contrast, the degradation was only 
16% for TiO2-SiO2 samples, confirming the higher effectiveness of the g-C3N4-SiO2 treatment under visible 
light. 

 
Fig1. Absorbance evolution of MB stains deposited on treated cement mortar samples. 
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Carbon-carbon bond formation are one of the most important features of organic 
chemistry. In this regard, classical cross coupling reactions are of a high importance due to 
how robust they are. However, as a consequence of the low atom economy and the huge 
waste generation that stoichiometric metallic reagents cause, these do not get along with 
ǘƘŜ ŎǊǳŎƛŀƭ ǎƘƛŦǘ ǘƻǿŀǊŘǎ ŀ ƳƻǊŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭƭȅ ŦǊƛŜƴŘƭȅ ŎƘŜƳƛǎǘǊȅ ǘƘŀǘ ƴƻǿŀŘŀȅΩǎ ǎƻŎƛŜǘȅ 
is demanding. Furthermore, is to be highlighted the relevance that asymmetric synthesis 
has gained over the past decades, particularly for the pharma industry. This together with 
the need of more sustainable tools for the assembly of C-C bonds, puts asymmetric catalysis 
and C-H functionalization at the forefront of organic chemistry. [1]  

In this context, we herein report an iridium(I)-catalyzed asymmetric hydrocarbonation of 
allenes, through a C-H activation/functionalization protocol. This methodology, which 
proceeds with full atom economy, provides access to a wide variety of cyclic scaffolds in 
good yields and high enantioselectivities. The use of allenes as hydrocarbonation partners 
complements our previous methodologies that make use of alkynes and alkenes, [2,3,4] while 
overcoming some of their drawbacks. 

 
 

 
  

 
Fig.1. Iridium catalyzed Hydrocarbonation of allenes. 
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The large-scale hydrogen production, as a clean and renewable energy vector, depends 
greatly on the system used as electrocatalyst. This process is mainly restricted by the use of 

precious metal nanoparticles, which are expensive and scarce.[1] In this context, the 

electrolyte/electrode interface can play an important role to increase the lifespan of the 

electrocatalyst materials.[2]  

In this work, we discuss different synthetic protocols and methodologies that can be 
implemented in order to increase the activity and durability of these precious metals for 
sustainable energy conversion processes, such as the hydrogen evolution reaction (HER). 
Controlling the nature of the support, as well as the surface nature of the electrocatalytic 
nanoparticles, is crucial to control their performance. 

 
Fig.1. The tuneable performance in the HER activity of metal nanoparticles on the 

electrolyte/electrode interface.  
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During the 21st century, regulations over the chemical industry in the field of flavors and 
fragrances have significantly increased, as society interacts with these products in the daily 
life. As more and more compounds are banned every year from this market, there is a 
constant search for alternatives, especially those based on natural sources. [1] Among them, 
eugenol (4-Allyl-2-methoxyphenol) has gained significant attention in the development of 
fragrances, since it is an abundant, green and safe natural building block, with the advantage 
of having benign biological activity (antibacterial, anti-inflammatory, antioxidative). [2-3] 

In this communication, we present our recent results regarding the implementation of 
catalytic processes for the structural modification of eugenol, namely acetylation, 
hydroformylation/acetalization, olefin epoxidation and carbon dioxide cycloadditions 
reactions, in order to obtain new potential fragrances. (Figure 1). The transposition of all 
these reactions from batch to continuous-flow systems, in order to achieve sustainable 
processes, with potential scale-up technology, will be described and discussed. 

 
 

Figure.1. Flow chemistry processes for preparation of eugenol derivatives with potential fragrance 
application. 
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Asymmetric Michael addition mediated by chiral organocatalysts has been recognized as the most 
relevant and dynamic research area for the construction of chiral C-C bonds. Many addition products 
are important synthetic intermediates that can be transformed into a wide range of biologically active 
compounds [1]. Thus, this reaction stands of great relevance to the pharmaceutical industry for the 
synthesis of chiral drugs. However, over the years the use of drugs as racemates has been restricted, 
and therefore the development of efficient asymmetric reactions to obtain enantiomeric pure 
compounds has become a challenge in organic synthesis.  

The economic and environmental concerns have been pressing the chemical community to search for 
more sustainable and greener synthetic methods. In this context, ionic liquids (ILs) have attracted 
considerable attention due to their unique and remarkable properties such as their non-flammability, 
non-volatility and negligible vapour pressure. Several studies have reported efficient asymmetric 
catalytic reactions using chiral catalysts performed in ILs [2]. The use of ILs showed an enhancement 
of catalyst stability, leading to excellent reactivities and enantioselectivities. Additionally, they allow 
an easy product recovery as well as the recyclability of the chiral catalyst/IL system [3].  

The present work aimed to prove the potential of the combination of organocatalysts and ILs for 
efficient asymmetric Michael additions. For that, it was evaluated the addition of nitromethane to 
chalcones mediated by several chiral organocatalysts in ILs (Figure 1). Michael addition products were 
successfully synthesized with moderated to good yields (45   ᵄ 73%) but unfortunately they showed up 
as a racemic mixture. Further studies will be conducted to understand the mechanisms involved in 

this reaction and to improve the results obtained.  
Fig. 1. Asymmetric Michael addition of nitromethane to chalcones mediated by chiral 

organocatalysts in ILs. 
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Desde 2015, profesores de Química, Física, Biología, Matemáticas y Estadística formamos un grupo que se 
consolidó en 2019 al constituir el Grupo Pluridisciplinar de Innovación Docente y Divulgación de Ciencias 
(GiDeCien). El objetivo del grupo fue trabajar competencias transversales con los estudiantes de Grado de 
la Facultad de Ciencias, principalmente las relacionadas con la expresión oral, ya que se venía observando 
la dificultad de los estudiantes en el momento de hacer la exposición y defensa de los Trabajos Fin de Grado 
(TFG). Para trabajar esta competencia, ofrecimos a los estudiantes de grado (unos 1500) un taller 
ŘŜƴƻƳƛƴŀŘƻ άIŀōƭŀǊ Ŝƴ ǇǵōƭƛŎƻΥ ǇǊŜǇłǊŀǘŜ ǇŀǊŀ ƭŀ ŘŜŦŜƴǎŀ ŘŜ ǘǳ ¢CDέΣ ŘŜƭ Ŏǳŀƭ Ǿŀƴ ȅŀ ƻŎƘƻ ŜŘƛŎƛƻƴŜǎΦ 9ǎǘŜ 
taller utiliza una metodología que combina, por un lado, sesiones de expertos en oratoria que proporcionan 
a los estudiantes pautas para una adecuada exposición oral, y los entrenan en el uso de las pausas, los 
ǎƛƭŜƴŎƛƻǎΧ ȅ ǘŀƳōƛŞƴ Ŝƴ ƭŀ ŎƻƳǳƴƛŎŀŎƛƽƴ ƴƻ ǾŜǊōŀƭΦ ¸Σ ǇƻǊ ƻǘǊƻ ƭŀŘƻΣ ƭƻǎ ŜǎǘǳŘƛŀƴǘŜǎ ŘŜōŜƴ ǎŜƭŜŎŎƛƻƴŀǊ ǳƴ 
artículo relacionado con su TFG y realizar una presentación oral y otra audiovisual, de tal modo que 
perfeccionan el uso de las TIC, así como la expresión oral y escrita.  
En los últimos años y sobre todo desde el inicio de la pandemia causada por la COVID-19, nos hemos 
propuesto el reciclado tecnológico para aprender las herramientas de entornos virtuales. Para ello, durante 
el curso 2020-21 se trabajó sobre la elaboración de vídeos interactivos, virtualizando tanto contenidos 
prácticos como de informática. En el curso pasado, 2021-22, con el afán de la formación y adaptación de la 
docencia a los nuevos tiempos, trabajamos la metodología de Clase Invertida para favorecer un Aprendizaje 
inverso en el cual el alumno aprende a estudiar de una forma más personal y se focaliza en el desarrollo de 
la comprensión del estudiante más que en la memorización. En esta metodología, el uso de videos es una 
herramienta común y útil, ya que el estudiante puede visionar el material fuera del aula tantas veces como 
quiera, trabajando de manera individualizada y de acuerdo con sus necesidades. La puesta en práctica de 
esta metodología se llevó a cabo con un grupo de estudiantes del Grado en Física, del que un 30% no habían 
cursado Química en el bachillerato. Al finalizar el curso todos los estudiantes superaron la asignatura con 
mayor o menor dificultad y la mayoría mostró una valoración positiva de esta metodología, por la 
disponibilidad de vídeos en el Campus Virtual. En general, los vídeos los visualizaron cuando se propuso la 
actividad, pero también antes de los exámenes, por lo que les sirvió para repasar y facilitó su proceso de 
aprendizaje. En otros casos, se les proporcionó material impreso además de vídeos y al finalizar se les pasó 
un cuestionario del que se desprendió que la mayoría de los estudiantes lo valoraron positivamente. 
La selección de herramientas pedagógicas que se adapten a las necesidades específicas de los estudiantes 
es de gran importancia ya que no todos los problemas admiten las mismas soluciones, de ahí que entre 
nuestros objetivos futuros pretendemos extender el uso de vídeos y clases inversas a más grados y 
asignaturas y también queremos desarrollar nuevas competencias transversales a través de la elaboración 
de material divulgativo, con lo que pretendemos completar la formación de nuestros estudiantes 
haciéndoles partícipes en actividades de divulgación. 
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Tres tristes tigres comen mijo en un mijal 
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Mediante la Resolución emitida el 3 de marzo de 2021, la Asamblea General de las Naciones Unidas 
declara el año 2022 como el Año Internacional del mijo. Los mijos son un grupo variado de cereales 
con semillas de pequeño tamaño, muy ricos en energía y que necesita muy poca cantidad de agua 
para crecer. Su cultivo se ve favorecido por la elevada productividad junto con la corta temporada de 
crecimiento incluso en condiciones de gran sequía y altas temperaturas. Por este motivo, el mijo es 
actualmente un cultivo muy importante en regiones semiáridas con climas tropicales pero puede 
convertirse en esencial en muchas partes del mundo en el futuro cercano debido a los efectos 
devastadores del cambio climático.  
Estableciendo el año internacional del mijo se persiguen múltiples objetivos. Entre ellos, se busca 
reconocer la contribución del mijo al cultivo de alimentos nutritivos especialmente en entornos 
climáticos adversos, divulgar su contribución histórica a la seguridad alimentaria, y estimular el 
reconocimiento de los beneficios agrícolas y nutricionales de este cereal. Adicionalmente la Asamblea 
General de las Naciones Unidas exhorta a los estados miembros a adoptar medidas eficaces de cara a 
estimular y facilitar la producción y el consumo sostenible del mijo. Su gran diversidad genética, la 
capacidad de adaptación a múltiples entornos de producción y la ausencia de gluten son algunas 
características fundamentales de este alimento. Si a estas interesantes propiedades se le une que se 
es posible mantenerlo ensilado hasta 5 años sin que sufra modificaciones nutricionales significativas, 
se postula como un alimento fundamental a tener en cuenta para el futuro más inmediato.  
Con el fin de contribuir al conocimiento y uso del mijo, desde las materias científicas de educación 
secundaria obligatoria y bachillerato es posible realizar diferentes actividades con este cereal.  
En esta comunicación se muestra una propuesta didáctica experimental para la materia de física y 
química de 4º de ESO que tiene al mijo como protagonista fundamental. Para ello se parte de la 
pregunta, ¿Cómo de rentable es tener almacenado el mijo con respecto a otros cereales y legumbres? 
Para responder a esta pregunta es necesario razonar acerca de las variables que condicionan el 
almacenamiento como tamaño y forma del grano o la uniformidad del mismo etc y posteriormente, 
aplicar el método científico para comprobar o refutar las hipótesis establecidas. La clave para resolver 
esta pregunta reside en saber cuál es el volumen total del silo que está ocupado por aire y no por 
grano debido al empaquetamiento ineficaz de las distintas partículas. Para poder razonar qué especie 
posee el empaquetamiento más eficaz se determinan experimentalmente los valores de porosidad 
intersticial de los distintos alimentos.  
Con unos pocos elementos como un picnómetro, una balanza, una probeta y un densímetro es posible 
trabajar conceptos tan variados como el método científico, estática de fluidos, principio de 
Arquímedes, magnitudes intensivas y extensivas o la diferencia entre densidad global, aparente y 
densidad real. También hay lugar a tratar las conversiones de unidades, el error sistemático y aleatorio 
y las fuerzas adhesivas y cohesivas entre otros. 
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Y nos dieron las diez y las once, las yodo, la una, las dos y las tres 
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La materia de física y química en las etapas escolares debe contribuir a que el alumnado 
entienda el funcionamiento del mundo que los rodea, analice los motivos por los que 
ocurren los principales fenómenos físicos y químicos de su entorno más cotidiano e 
interprete los mismos con base en las diferentes leyes y teorías científicas. Es importante 
no centrarse únicamente en aspectos macroscópicos observables, sino también intentar 
realizar una inmersión en el mundo microscópico, alcanzando de esta manera una 
verdadera comprensión del fenómeno estudiado. A medida que vamos profundizando en 
las causas, los conceptos se vuelven más abstractos y más desafiantes. Este hecho es una 
gran fuente de dificultades para el alumnado por lo que es preciso incorporar nuevas 
estrategias docentes para facilitar su comprensión. 

Lograr el aprendizaje significativo de conceptos abstractos requiere que el alumno 
interactúe con el objeto de conocimiento, por ejemplo mediante trabajos prácticos. El 
acercamiento vivencial que los alumnos realizan mediante estas actividades experimentales 
no solo propicia que comprendan los conceptos, sino que también emitan hipótesis, 
interpreten fenómenos y se acerquen a la metodología y a los procedimientos propios del 
método científico y de la ciencia. Este trabajo experimental origina una gran cantidad de 
conflictos cognitivos y favorece el desarrollo de numerosas competencias.  

Un ámbito que se presta en gran medida a la realización de trabajos prácticos para la 
comprensión de conceptos abstractos es la cinética química. Esta disciplina se ocupa de 
manera general de analizar la rapidez con la que acontece una reacción química además de 
comprender las variables que afectan (positiva o negativamente) a dicha reacción. El análisis 
de algunas de estas variables (principalmente a nivel cualitativo) se incorpora en el currículo 
de enseñanza secundaria y bachillerato.  

En esta comunicación se presenta una reacción química muy visual y fácil de realizar con 
elementos cotidianos como medio para estudiar algunos de los principales factores que 
afectan a la velocidad de una reacción química. El sistema seleccionado es seguro y de bajo 
coste por lo que su uso se encuentra al alcance de cualquier centro de educación secundaria 
y bachillerato e incluso de la mayoría de los hogares. A lo largo de la propuesta, gracias a 
diferentes experimentos se analizan en detalle algunas variables que condicionan la 
velocidad de reacción a la vez que se introduce la interpretación microscópica. La dificultad 
y extensión de esta propuesta es fácilmente modulable por lo que se puede aplicar desde 
3º de ESO hasta en una química general de primer curso de universidad. Viajando de lo 
cualitativo a lo cuantitativo se generan interesantes y variadas experiencias que permitirán 
a los alumnos lograr un aprendizaje significativo de la cinética química.  
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Captura de CO2 con carbones preparados a partir de serrín de pino (Pinus 
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Los cambios climáticos asociados al aumento de emisiones de gases de efecto invernadero 
(GEI) son una de las mayores preocupaciones a nivel mundial. Entre los GEI, el CO2 
contribuye en más del 60% al calentamiento global debido a las enormes cantidades 
liberadas a la atmósfera [1]. Por este motivo se vuelve esencial el desarrollo de técnicas para 
su separación y almacenamiento. La técnica de adsorción es una de las más eficientes, 
pudiéndose aplicar de forma sostenible y con una buena relación coste-eficiencia. Por ello, 
interesa promover el uso de adsorbentes como los carbones activados, obtenidos de 
precursores renovables y económicos como es el caso de la biomasa [2]. En el presente 
trabajo se prepararon carbones a partir de serrín de pino (Pinus radiata) con el fin de 
estudiar su capacidad para la separación de CO2 por adsorción. 

Se prepararon y caracterizaron seis carbones: uno tras una etapa de carbonización a 600ºC 
(PSC), tres activados con KOH a diferentes temperaturas, 850 y 600ºC y dosis de agente 
activante,1:4 y 1:2 p/p (PSCA850-K-4, PSC600-K-4 y PSCA850-K-2) y otros dos activados con 
ZnCl2 1:4 p/p mediante un método de activación seca y otro húmeda (PSCA850-Z-D y 
PSCA850-Z-W, respectivamente). Los materiales se caracterizaron utilizando técnicas como 
microscopia electrónica de barrido (SEM) y la adsorción volumétrica de N2 a -196ºC y CO2 a 
0ºC. Además, se determinaron las isotermas de adsorción de CO2 y N2 a diferentes 
temperaturas que se ajustaron a los modelos de Langmuir, Freundlich y Toth y se estudió la 
selectividad aparente CO2/N2.  

Los carbones mostraron valores elevados del área superficial determinada con N2 (entre 
293 y 2865 m2/g) y de la microporosidad (entre 68 y 91%) que favorece la adsorción de CO2 
[1]. Se observó que la adsorción de CO2 disminuye con el aumento de la temperatura lo que 
sugiere que se trata de una adsorción de tipo físico [3]. El material que presentó mejores 
resultados con relación a la capacidad de adsorción de CO2 fue el carbón activado con KOH 
en la proporción 1:4 (p/p) a 600ºC, con una capacidad de 5,79 mmol/g a 0ºC y 780 mmHg 
lo que se atribuye a su elevado porcentaje de microporosidad (89%). También presentó los 
valores más elevados de selectividad entre 19 y 21. En general, la isoterma de Toth fue la 
que mejor se ajustó a los datos experimentales.  

Teniendo en cuenta los resultados obtenidos, los carbones derivados del serrín de pino se 
postulan como materiales prometedores para su aplicación en procesos de 
separación/purificación de corrientes gaseosas.  

Agradecimientos 
Este trabajo fue financiado por la Xunta de Galicia (ED431B 2020/039). 

Referencias 
[1] G. Sethia, A. Sayari, Carbon, 93 (2015) 68-80. 
[2] J. Serafin, U. Narkiewicz, A. W. Morawski, R. J. Wróbel, B. Michalkiewicz, Journal of CO2 

Utilization, 18 (2017) 73-79. 
[3] G. Huang, Y. Liu, X. Wu, J. Cai, New Carbon Materials, 34 (2019) 247-257. 



INDINDINDIND IND02 
 

154 

Study and modeling of the equilibrium and dynamics of post-combustion 
CO2 adsorption using carbon-based adsorbents 
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There has been an increase in global average surface temperature since pre-industrial times which is 
termed as global warming [1]. Climate change is the adverse effect of this warming, and it can disrupt 
not only the human beings lives but also of all the other living organisms. Greenhouse gases, 
particularly carbon dioxide (CO2), are released in the environment mainly due to the combustion of 
fossil fuels, contributing to the global warming and climate change. Therefore, it is mandatory to 
implement technologies at large scale for CO2 capture for use and storage in order to significantly 
reduce the greenhouse gas emissions in time and protect the environment [2]. 

The main challenges of post-combustion CO2 capture, in which CO2 is separated after the combustion 
of fossil fuels in large stationary sources, are the high flow rate of flue gases and the low partial 
pressure of CO2, which reduces the separation potential and is also energy intensive. Adsorption is a 
separation technology with the potential to reduce the required energy for CO2 capture and increase 
its recovery capacity in comparison to other separation techniques [3, 4]. The ideal post-combustion 
adsorbent needs to offer a series of characteristics: availability, CO2 selectivity, sufficient adsorption 
capacity, a high stability (long life), ease of regeneration, and low cost. Carbon adsorbents fulfill all 
these requirements as they can be obtained at low cost from a renewable and globally available source 
such as biomass, they are selective towards CO2, they can be easily regenerated, and unlike other 
physical adsorbents, such as zeolites or MOFs, they are hydrophobic and show high stability in wet 
conditions. In this work, a simulation process was applied to evaluate the performance of carbon-
based adsorbents fabricated from olive stones (one carbonized at 600   C and other carbonized under 
the same conditions and activated at 850   C with a carbon/KOH ratio of 1:2 w/w) based on the CO2 
adsorption capacity under post-combustion conditions. 

Firstly, after characterizing the carbons by a physical adsorption of N2 at -196   C using a volumetric 
apparatus (Micromeritics ASAP 2020), regression analysis of the experimental data obtained for the 
adsorption isotherms of pure CO2 and N2 at 0   C, 25   C and 50   C between 0 and 1.1 bar was performed. 
For both carbons, comparing the adsorption isotherms of CO2 and N2 at different temperatures, it 
could be found that an increase in temperature diminished the amount of CO2 and N2 adsorbed. 
Likewise, the adsorption capacity decreased with decreasing pressure. The adsorption capacity of N2 
was significantly lower than that of CO2. Then, as the ratio of the adsorption capacities for pure CO2 
and N2 is usually taken as an indicative of the equilibrium selectivity, a selective CO2 capture could be 
expected. 

Then, binary dynamic adsorption simulations were carried out using a fixed bed adsorption model in 
Aspen Adsorption V10. CO2/N2 breakthrough curves were obtained by feeding a mixture of 14% CO2 
and 86% N2 to the bed at 1.1 bar and 30   C. The results obtained from dynamic simulations 
demonstrated that the carbon-based adsorbents prepared can separate the CO2 from a binary N2/CO2 
stream at a CO2 partial pressure representative of real post-combustion conditions, which showed a 
high CO2 over N2 selectivity. CO2 is desorbed relatively easily, by simply purging the bed at 30   C, 
without the need for heating, which is interesting from the point of view of the energy consumption.  

References 
[1] H. Ritchie, M. RƻǎŜǊΣ  ά/h2 ŀƴŘ DǊŜŜƴƘƻǳǎŜ Dŀǎ 9ƳƛǎǎƛƻƴǎέΣ tǳōƭƛǎƘŜŘ ƻƴƭƛƴŜ ŀǘ hǳǊ²ƻǊƭŘLƴ5ŀǘŀΦƻǊƎΦ wŜǘǊƛŜǾŜŘ 
from: 'https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions' [Online Resource],  (2020). 
[2] GCCSI, Global CCS Institute, Canberra, Australia, (2011). 
[3] S. Sjostrom, H. Krutka, Fuel, 89 (2010) 1298. 
[4] B. Li, Y. Duan, D. Luebke, B. Morreale, Appl. Energy, 102 (2013) 1439. 



INDINDINDIND IND03 
 

155 

Estudio físico-químico de sistemas de Triton X-102 + sales  

Ana María Gayol1,2,* , Diego Gómez-Díaz3, José Manuel Navaza3 

1Departamento de Física Aplicada, FA2, Universidad de Vigo, Lagoas-Marcosende s/n, 36310 Vigo. 
España. 

2Universidad Francisco de Vitoria, Master de Prevención de Riesgos Laborales, Carretera Pozuelo a 
Majadahonda km 1,8, 28223 Pozuelo de Alarcón, España. 

3Universidade de Santiago de Compostela, ETSE, Lope Gómez de Marzoa s/n, 15705 Santiago de 
Compostela. 

*e-mail:anagayol@uvigo.es 
 

En este trabajo se desarrolla el estudio de dos sistemas de dos fases acuosas utilizando 
diferente tipo de sales, debido a su utilización en diversidad de campos, desde la 
alimentación, procesos de separación del etanol,  industria cosmética, entre otros. 

Se procede a estudiar el comportamiento de los sistemas binarios obtenidos a partir del 
polímero  20, Triton X-101 + agua + sal (Na2SO4 o K2HPO4) en función de la temperatura 
desde 288.15 K a 308.15 K y a presión atmosférica.  

Las propiedades físicas [1] estudiadas son la densidad [1,3,5], el índice de refracción [1-4] y 
la velocidad del sonido en el laboratorio, en las condiciones ambientales que se 
mencionaron. Finalmente, en base a  ellas se procede al cálculo, para la obtención de las 
propiedades derivadas que en este caso son: el volumen molar de exceso y la 
compresibilidad isentrópica también a presión atmosférica y en rango de temperatura 
288.15-308.15 K. 

La densidad y la velocidad del sonido fueron medidas en un densímetro tubo vibrante Anton 
Paar DMA 5000.  

Se han estudiado los sistemas Triton X-102 + Na2SO4 + agua y Triton X-102 + K2HPO4 + agua. 
Se trata de una combinación de sistemas binarios ya que  los sistemas polímero agua son 
completamente miscibles, mientras que sal + agua es parcialmente miscible. La 
concentración de saturación esta en torno al 25% en ambos casos. 
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Este trabajo se basa en la continuación de estados de propiedades termodinámicas como densidad, 
viscosidad y propiedades derivadas. El estudio se realiza en el rango de temperatura de 288.15 K a 
308.15 K a presión atmosférica. Previamente se estudiaron diversos sistemas binarios [1-5]. En los 
últimos años se realizaron numerosos estudios sobre la viscosidad dinámica de mezclas de n-alcanos 
+ 1-alcohol [1-6, 8-12]. Este trabajo realiza una comparación del comportamiento de la viscosidad y 
densidad con mezclas binarias n-octano + 1-alcohol. 

La densidad se midió utilizando un densímetro de tubo vibratorio Anton Paar DMA 4500. Los detalles 
sobre el procedimiento experimental, la calibración y el control de temperatura se pueden encontrar 
en Lago et al [13]. Usando este método, la densidad se determina con una incertidumbre de 10-4 g cm-

3 en todo el rango de temperatura. Las mediciones de viscosidad se realizaron con un viscosímetro 
Anton Paar AMV 200 conectado a un baño de circulación de fluidos PolyScience, que controla la 
temperatura con una incertidumbre de 10-2 K. Este dispositivo determina la viscosidad del fluido a 
través de la medición del tiempo dejando caer una bola de acero rodando. dentro de un capilar de 
vidrio lleno de muestra [14]. 

La desviación de la viscosidad dinámica de las mezclas binarias de n-octano + 1-alcohol disminuye al 
aumentar la concentración de 1-alcohol y la temperatura. Además, presenta una asimetría, 
encontrándose el mínimo en fracciones molares ricas en 1-alcohol. La desviación de la viscosidad 
presenta un valor mínimo para el 1-alcohol más largo. Se utilizó una ecuación tipo Redlich-Kister [7] 
para correlacionar las propiedades derivadas de las mezclas binarias que forman el sistema ternario, 
por el método de mínimos cuadrados no ponderados, el peso de todos los puntos experimentales es 
igual: 

( )ä
=

-ÖÖÖ=
m

0p

p

jipjiij xxAxxŭQ  

En la ecuación, dv ǎƛƎƴƛŦƛŎŀ Ŝƭ ŎŀƳōƛƻ ŘŜ ǳƴŀ ƳŀƎƴƛǘǳŘ v όҟʹΣ ŘŜǎǾƛŀŎƛƽƴ ŘŜ ƭŀ ǾƛǎŎƻǎƛŘŀŘύΦ vƛ Ŝǎ ƭŀ 
magnitud del disolvente puro, N es el número de componentes en las mezclas y xi es la fracción 

molar. 
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Biosurfactants are natural surface-active compounds produced by microorganisms with 
similar properties to chemical surfactants, though with the advantage of being more 
biocompatible and more biodegradable. An example of a source for the extraction of these 
compounds is corn steep liquor (CSL), an agro-industrial fermented stream where the 
biosurfactants are produced spontaneously [1]. To carry out the extraction of biosurfactants 
from CSL, different methods can be performed, such as: i) liquid-liquid (L-L) extraction or ii) 
solid-liquid (S-L) extraction. Each of these methods allow to obtain a biosurfactant extract 
with different properties, determining its final industrial application. On one side, L-L 
extraction processes with organic solvents, such as ethyl acetate, provide oily biosurfactant 
extracts; with a composition that includes lipopeptides, antioxidants, phospholipids and 
other bioactive compounds like organic acids; and are able to reduce the surface tension of 
water in more than 30 units with a critical micellar concentration (CMC) around 150-400 
mg/L, depending on the grade of purity achieved and the organic solvent used [2,3]. On the 
other side, S-L extraction processes, in which buffer solutions (i.e. PBS) are used as 
extracting agents, provide cell-bound biosurfactant extracts adhered to the microbial 
biomass contained in CSL. These biosurfactant extracts are characterized by a lower content 
in fatty acids and a high content of amino acids, which confer them a white powder 
appearance, being able to reduce the surface tension of water up to 50-55 mN/m, similarly 
to those biosurfactants extracts produced by lactic acid bacteria though with CMC values 
[4]. In addition, the biosurfactant extract obtained from CSL with a S-L extraction process, 
contained gramicidin in its composition, which gives the extract antibiotic properties, 
opening the door to new applications [5].  
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Total global energy consumption has increased significantly in recent decades, and nowadays the main 
sources of world energy are oil, coal and natural gas. In addition to environmental concerns, the 
limited availability of fossil fuels has increased the interest in exploring alternative energy sources. In 
this quest, biofuel is a promising renewable energy source with low carbon emissions, also, it can be 
produced from a variety of resources, including waste cooking oil (WCO). Biodiesel is renewable, 
biodegradable, non-toxic, sulfur-free and free of aromatic carcinogens [1].  

Biodiesel is produced by transesterification/esterification, a reaction that converts oil or free fatty 
ŀŎƛŘǎ ƛƴǘƻ ŀƭƪȅƭ ŜǎǘŜǊǎΣ ŀƭǎƻ ƪƴƻǿƴ ŀǎ Cŀǘǘȅ !ŎƛŘ !ƭƪȅƭ 9ǎǘŜǊǎ όC!!9Ωǎ). The properties of biodiesel 
depend on the raw materials used in its manufacture, and it should be similar to petroleum diesel to 
be used in engines without modification. All parameters are defined by standards, such as EN 14214-
2008, which is the standard used in Europe [2]. To attend to all the requirements, the biodiesel must 
go through a purification process, which is important to remove impurities in the final product, such 
as excess alcohol, glycerin, etc. In this work, the chosen process for purifying the produced biodiesel 
is adsorption, the phenomenon in which solutes bind to solid surfaces. It is widely used in chemical 
and biochemical processes to recover or remove certain substances [3].  

Several studies have been carried out on the purification of biodiesel by adsorption. Materials such as 
silicates, clays, polymers, among others. are widely used as adsorbents. Combined with the need to 
purify biodiesel and the proposal to reuse waste oil, cork residue is being investigated as a potential 
adsorbent because it is a porous material with a large surface area [4]. 

The first stage of the research was the optimization of biodiesel production. The effects of factors such 
as oil:alcohol molar ratio, catalyst load and reaction temperature on the transesterification of WCO 
samples with ethanol were investigated. Afterward, the study continues with the production of 
activated carbons from cork residue samples in order to investigate the removal efficiency of glycerol 
in different samples of crude ethyl biodiesel synthesized under the optimal conditions of oil alcohol 
ratio, catalyst loading and reaction temperature. Finally, the cleaned biodiesel is analyzed to verify if 
it meets the specifications of the EN 14214 standard. As part of the optimization of biodiesel 
ǇǊƻŘǳŎǘƛƻƴΣ ǇǊŜƭƛƳƛƴŀǊȅ ǎǘǳŘƛŜǎ ƘŀǾŜ ǎƘƻǿƴ ǘƘŀǘ ǘƘŜ ōŜǎǘ C!!9Ωǎ ȅƛŜƭŘ ƛǎ ŀŎƘƛŜǾŜŘ ŀǘ олϲ/Σ м҈ ǿκǿ 
catalyst load and a 1:9 oil:alcohol molar ratio. Subsequently, a study covering the carbon materials 
synthesis and their respective characterization has been carried out. 
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In the year 2020, global biodiesel production reached 46.45 million tons, with biodiesel from waste 
cooking oils (WCO) constituting approximately 10% of this total, with Europe accounting for 
approximately 33% and Brazil 12% of global production [1]. The cost of conventional biodiesel 
production is higher than the production of diesel from petroleum, since it is produced mainly from 
high quality virgin oils, it is estimated that 70 to 80% of the total cost of biodiesel production is 
associated with the cost of the raw materials [2]. With this perspective, biodiesel production from 
WCO has become an economic opportunity and an environmental strategy to help address global 
renewable energy challenges and contribute to a sustainable society [3]. Oil with hours of frying at 
high temperatures results in the loss of its edible properties and nutritional value, the disposal of used 
cooking oil remains an issue due to its environmental and human health threats [4]. In this scenario, 
the collection and destination of these oils for the production of a value-added and environmentally 
friendly biofuel presents itself as an opportunity to be investigated. Adsorption and ion exchange are 
the most commonly used affinity separation processes in biodiesel purification worldwide, these 
methods are also known as dry washing methods. In these processes, an appropriate adsorbent is 
used to selectively remove certain impurities from the liquid phase onto its surface. Dry cleaning offers 
several advantages, including simple integration into an existing plant, shorter purification time, lower 
water consumption and lower effluent generation. 

In this work, an optimization of the production of biodiesel from a WCO by the ethylic route is sought, 
through its characterization and purification by adsorption using natural adsorbents, focusing on the 
removal of glycerol. In a preliminary analysis, some required conditions for the production were 
found, such as: minimum catalyst load established at 0.9% (wt/wt), and better biodiesel yields 
obtained at lower temperatures. A response surface methodology was constructed using a Box-
Behnken design with 3 parameters: alcohol/oil molar ratio, reaction temperature and catalyst load, 
and one response: biodiesel yield. The results indicate greater yields at lower temperatures and higher 
alcohol/oil molar ratios. In sequence, using olive stones as a natural carbon source, characterization 
of adsorbent materials based in the crude olive stone sample and in activated carbons produced from 
it by different chemical and physical activations were carried out, with the objective of selecting 
adsorbents for further tests of adsorption with the main goal of removing glycerol from the biodiesel 
produced. 
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Studies were conducted to obtain biosurfactant extract from Aneurinibacillus aneurinilyticus, a 
Bacillus strain that can grow spontaneously in corn steep liquor (CSL), and determine the presence of 
gramicidin in this extract. The identification of gramicidin is challenging but can be very useful, as it 
may reveal even low concentrations of antibiotic in a multicomponent system like CSL, a residual 
stream of corn industry. Some authors have showed that Aneurinibacillus aneurinilyticus, using 
synthetic medium, can produce a cell-bound biosurfactant extract containing Gramicidin [1, 2].  
CSL with 50% solids was centrifuged and the precipitate containing the biomass was washed several 
times with water, every time discarding the supernatants. Subsequently, the precipitate was 
subjected to PBS extraction [3]. Then, an aqueous phase with biosurfactants, obtained after 
centrifugation process, was subjected to a dialysis step to eliminate salts. Finally, the resulting solution 
was lyophilized and analyzed by ESI-MS. Samples of the Gramicidin-biosurfactant extract were 
analyzed using Electrospray Ionization-Mass Spectrometry/Collision-Induced Dissociation (ESI-
MS/MS/CID) with a Bruker FTMS APEXIII, Fremont CA. Figure 1 shows two signals (571 and 1141 m/z) 
in the biosurfactant extract obtained from CSL, that it is in consonance with the spectrum of 
commercial Gramicidin S. Additionally, other signals (905 and 1034 m/z) were detected in the 
biosurfactant extract, which corresponded to the lipopeptides produced by Aneurinibacillus 
aneurinilyticus. 
In the current work, it was demonstrated that corn steep liquor, a by-product of corn milling industry, 
spontaneously fermented by Aneurinibacillus, could be a valid alternative source of Gramicidin, 
producing a biosurfactant extract with antimicrobial properties. However, further studies are needed 
to optimize the production and extraction conditions. 

Fig.1. ESI-MS of commercial Gramicidin S (A) and cell-bound biosurfactant extract from CSL biomass (B) 
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In the last few years, many studies have been focused on bioactive compounds obtained 
from natural resources [1]. In this work, a multifunctional extract obtained from corn steep 
liquor (CSL), with demonstrated antimicrobial and surfactant properties, has been 
evaluated to determine its antioxidant properties [2]. The bioactive extract was obtained 
from CSL using organic solvents, such as ethyl acetate, subjected or not to hydrothermal 
treatment, following the protocol established by Rodriguez-López et al [2]. 
The antioxidant capacity was determined by the DPPH radical scavenging method described 
by Von Gadow et al [3]. Bioactive extracts from CSL showed antioxidant activities with an 
EC50 between 4.02-13.92 mg/mL, depending on the organic solvent used during extraction 
and the hydrothermal treatment. Compared to synthetic antioxidants (e.g. BHT with EC50 
about 2.54 mg/mL) or other natural antioxidant extracts (e.g. chia seed oil with EC50 around 
0.76 mg/mL), CSL extract presented a higher EC50 value; however, it is necessary to take into 
account that this extract not only possesses antioxidants but also other biocompounds with 
surfactant and antimicrobial activities, what makes the extract obtained in this work an 
interesting additive for food and cosmetic formulations in comparison with chemical based 
surfactants, antioxidants, or preservatives. 
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In recent years, and due the increase concern of the consumer to the sustainability of 
industrial processes, the search of environmentally friendly alternatives to obtain compounds for 
different industrial sectors has grown exponentially. Therefore, new principles of biorefinery and 
circular bioeconomy in which the use of natural resources such as green solvents and waste biomass 
is prioritized are required [1]. In this work, Opuntia ficus-indica seed pomace, resulting from seed oil 
extraction, was selected due to its richness in phytochemical compounds and high antioxidant 
capacity. This residue was characterized regarding the fundamental chemical composition of the 
pomace used as raw material, as well as the main bioactive phytochemicals. The pomace samples 
were submitted to hydrothermal extraction (autohydrolysis), a green process using water under 
subcritical conditions for the solubilization of different compounds. Towards understand the impact 
of the application of this technique, a ratio of 1:8 (w:v) was fixed and different final heating 
temperatures up to 120 °C - 220 °C were applied [2]. The filtered extracts were analyzed by means of 
HPLC and HPSEC, to determine the monosaccharide profile and the molecular weight of the oligomers. 
Different spectrophotometric methods were used, Folin was applied for the determination of the total 
phenolic compounds (TPC) and TEAC, DPPH and FRAP were applied in de determination of the 
antioxidant capacity of the extracts. The results are presented in Table 1. In general, the increase in 
temperature was accompanied by the increase in phenolic compounds, with the exception of 180 °C 
where a slight decrease was observed. As expected for the antioxidant capacity of the liquid extracts, 
it can be observed that those obtained at 200 °C, had a higher antioxidant capacity when compared 
to those obtained at the other temperatures. Therefore, according to the phenolic content, a high 
temperature would be preferred. Since the proposed technology provides a variety of commercially 
valuable components, which could contribute to the integral use of this by-product following a 
biorefinery approach, further characterization of other fractions and components will be carried out. 

Table 1. Total phenolic composition and antioxidant capacity given by the TEAC, DPPH and FRAP colorimetric 
methods of the different liquors obtained by autohydrolysis. 
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 Samples 
TPC 

(g GAE/100 g) 
TEAC 

(g GAE/100 g) 

DPPH FRAP 
(g GAE/100 g) EC50 (mg/mL) 

Autohydrolysis 

120 °C 7.7 ± 0.3 23.5 ± 1.5 - 3.6 ± 0.11 

140 °C 7.9 ± 0.5 27.1 ± 2.1 4.13 5.4 ± 0.12 

160 °C 8.2 ± 0.1 30.7 ± 0.4 3.84 5.1 ± 0.05 

180 °C 6.9 ± 0.1 42.1 ± 2.2 2.84 5.8 ± 0.04 

200 °C 12.8 ± 0.5 68.5 ± 1.4 1.05 14.5 ± 0.61 

220 °C 13.7 ± 0.4 17.3 ± 0.6 1.14 14.0 ± 0.18 



INDINDINDIND IND11 
 

163 

Valorization of liquid and solid extracts from Undaria pinnatifida using 
microwave assisted extraction 

J. Queffelec1, N. Flórez-Fernández1, H. Domínguez1, M.D. Torres1,* 
1CINBIO, Universidade de Vigo, Department of Chemical Engineering, campus Ourense, Edificio Politécnico, As 

Lagoas s/n, 32004 Ourense, Spain. 
*e-mail del autor de contacto: matorres@uvigo.es  

Undaria pinnatifida, also known as wakame in Asia, is an invasive brown alga. It would therefore be 
interesting to find outlets for this biomass rich in bioactive compounds and polymers. Indeed, its 
ǇƛƎƳŜƴǘǎ ŦƻǊ ŜȄŀƳǇƭŜ ŦǳŎƻȄŀƴǘƘƛƴΣ ŎƘƭƻǊƻǇƘȅƭƭǎ άŀέΣ άŎмέ ŀƴŘ άŎнέ ŀǎ ǿŜƭƭ ŀǎ ƛǘǎ ǇƻƭȅƳŜǊǎ όŀƭƎƛƴŀǘŜ 
and fucoidan) have demonstrated antioxidant, antitumoral, anti-inflammatory and antiviral 
properties [1]. 

In this work, we performed microwave assisted extraction to recover and study the properties of both 
liquid and solid extracts, following the concept of biorefinery [2][3]. We assessed the influence of the 
microwave assisted extraction temperature, from 120°C to 220°C, on the bio properties of the liquid 
extracts and on the alginate recovery. The composition of the solid fraction in function of the 
extraction temperature was also determined.  

While the highest antioxidant activity, polysaccharides, sulfate, phenolic compounds, and protein 
content were obtained at 200 or 220°C (Table 1), the highest mineral content of the solid extracts was 
obtained at the lowest extraction temperature. The 220°C liquid extracts have also demonstrated 
interesting cell growth inhibition on Human ovarian carcinoma and Human cervical cancer cell, with 
IC50 of 0.57 ± 0.01 mg/mL and 0.76 ± 0.03 mg/mL respectively.  

Regarding polymers, FTIR and rheology analyses showed that the alginate extracted at 160°C has the 
structural and viscoelastic properties of the commercial one.  

U. pinnatifida extracts could thus have interesting applications in food, cosmetics, or biomaterial 
engineering.  

Table 1. Influence of the hydrothermal treatment temperature on TEAC, phenolic compounds, protein, and 
sulfate content of the liquid extracts. 

Extraction 
temperature (°C) 

120 140 160 180 200  220 

TEAC (mg TROLOX 
eq/g extract) 

 
Phenolic 

compounds (mg 
phloroglucinol/g 

extract) 
 

Sulfate content 
(mg/g extract) 

 
Protein content (mg 

BSA/g extract) 

         2.88 ±  
         0.48 
 
 
         2.07 ±  
         0.04 
 
 
 
        22.90 ±  
        3.12 
 
        0.92 ±  
        0.06 

3.80 ± 
0.64 
 
 
2.55 ± 
0.02 
 
 
 
21.98 ± 
0.59 
 
2.08 ± 
0.13 

7.37 ± 0.82 
 

 
 4.00 ±      
 0.12 
 
 
 
17.01± 
0.91 
 
5.61 ± 0.92 
 

23.54 ± 
3.07 

 
 
20.25 ± 
0.67 
 
 
 
18.05 ± 
0.64 
 
6.21 ±  
0.18 

47.84 ± 
1.76 

 
 
36.85 ± 
2.86 
 
 
 
16.64 ± 
0.41 
 
6.69 ±  
0.42 

47.64 ± 
8.48 

 
 
34.63 ± 
0.96 
 
 
 
52.49 ± 
1.54 
 
6.30 ± 
0.60 
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Marine macroalgae are considered a promising source of bioactive compounds with diversified structures 
and significant biological activities. Over the years, they have played an important role in a variety of 
industries, including food, pharmaceuticals, and cosmetics. Further, they have contributed to the discovery 
of new drugs [1, 2]. The present work is aimed to explore the nutritional composition regarding fatty acids, 
proteins, carbohydrates, and mineral content of the Tunisian green seaweed Caulerpa prolifera and to 
assess its antioxidant activity using Microwave-assisted-extraction (MAE) within the green processing 
concept. The antioxidant features of Caulerpa sp extracts were studied in several geographic areas, but only 
a few studies were conducted on Mediterranean regions. To the best of our knowledge, this is the first study 
that reports the characterization and antioxidant capacity of the Tunisian algae C. prolifera. 
Lipid content was determined using a mixture of chloroform, and methanol (2:1 v/v) following the 
procedures described by Sato and Murata [3] with slight modification. Fatty acids were analyzed with Gas 
chromatography-mass spectrometry (GC-MS) and carbohydrates by High performance liquid 
chromatography (HPLC). Mineral content was measured by Inductively Coupled Plasma Optical Emission 
spectroscopy (ICP-OES). A microwave-assisted extraction method (Anton Paar Monowave, Power 850, 
stirrer speed 850 rpm) has been performed using water as a green solvent. In order, to select the optimum 
extraction conditions, different temperature (120, 150, 180, 210 °C), and time (3, 6, 9, 12 min) conditions 
were studied. The antioxidant activity was measured with the DPPH (2,2-diphenyl 1-picrylhydracyl), Trolox 
Equivalent Antioxidant Capacity (TEAC), and FRAP assays, and the phenolic content of each extract was also 
evaluated. 
The moisture content of the lyophilized sample was around 4.98% w.b. Carbohydrates accounted for 
45.16%, protein rate was about 20.6%, ash was around 10.56% and crude lipid was about 1.6%, all in dry 
basis. Analysis of the lipid composition revealed that 11 fatty acids were detected in C. prolifera. The 
proportion of palmitic acid (16:0) as the main component was about 48% of the total fatty acid content in 
accordance to green seaweed Caulerpa racemosa var pelata [4], and Ulva rigida [5]. Moreover, linolelaidic 
acid and methyl linoleate as polyunsaturated fatty acids were also abundant with a ratio of 20%, followed 
by linolenic acid (6.6%). Analysis of mineral content (mg/kg) of C. prolifera indicated that calcium content 
(163.29) being the highest among the macro elements, followed by sodium (30.92), magnesium (28.83), 
potassium (9.43) and phosphorus (8.13). The most abundant microelements (mg/kg) revealed were iron 
(30.66). MAE outcomes showed a significant antioxidant activity of FRAP, TEAC and DPPH at 210°C at 
different tested times. Moreover, assays indicated high amounts of polyphenol that goes from 2.06 g/100 g 
at 120 °C to 11.68 g/100g at 210 °C (t = 12 min). Overall, the results of this study could provide valuable 
information for further investigation of the bioactive compounds of Caulerpa sp. 
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Pyrolysis is a thermochemical process where organic matter is decomposed into gaseous products, 
oils constituted by tars, and non-volatilized residual char, through the elevation of the system 
temperature (400-800°C), in the absence of oxygen. This process can be modeled and simulated for 
deeper analysis and optimization. However, since the process is clearly influenced by a high number 
of operational parameters such as temperature, pressure and dozens of simultaneous parallel 
reactions, its simulation becomes significantly complex. Thus, the aim of this work is the modeling of 
a more robust pyrolysis process, considering more components present in tar composition, as well as 
the evaluation of pyrolysis products distribution under different pyrolysis temperatures: 400, 500 and 
600°C. Hence, a model was developed based on second-order equations [1], using pyrolysis 
temperature as the main variable, achieving as result the yield of three macro components: gases, tar 
and residual char. The gas fraction is composed by: carbon monoxide (CO), carbon dioxide (CO2), 
methane (CH4) and hydrogen (H2); tar fraction is constituted by: benzene (C6H6), toluene (C7H8) and 
naphthalene (C10H8), and the residual char is accompanied by ash in its composition. Simulation was 
implemented using biomass data based on the composition of olive residues applying the chemical 
process simulation software UniSim Design. The modeling first step is biomass decomposition in a 
conversion reactor, applying the yields obtained using the previous equations, while the second step 
is the decomposition of residual char in a yield reactor, resulting in the elemental constituents: carbon 
(C(s)), hydrogen gas (H2), oxygen gas (O2), nitrogen gas (N2), solid sulfur (S(s)), and ash. 
It is possible to note that the pyrolysis model results (see Table 1), implemented with the Software 
UniSim Design, show, in general, compatibility with the results available in the literature [2, 3]. The 
model reveals low sensitivity for the yield results, when using different sources of biomass with similar 
compositions, possibly due to the use of the temperature as the main variable. 

Table 1. Component mass and molar fraction after Pyrolysis, under different pyrolysis temperatures. 
Component (%)  400°C 500°C 600°C 

Mole Mass Mole Mass Mole Mass 

C6H7 2.09 8.14 1.96 8.09 1.50 7.39 

C6H6 7.38 24.43 6.95 24.28 5.32 22.17 

C10H8 1.50 8.14 1.41 8.09 1.08 7.39 

C(s) 37.13 18.90 30.39 16.32 22.50 14.41 

CO 8.35 9.92 9.89 12.39 9.53 14.23 

CO2 8.85 16.50 8.61 16.94 7.74 18.16 

H2 24.89 2.12 31.61 2.84 43.39 4.67 

CH4 0.08 0.06 1.20 0.86 3.03 2.59 
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Silver nanoparticles (AgNP) are considered the most marketed nanomaterials worldwide, due to their 
antimicrobial and preservative properties, being applied in diverse sectors, from medicine to the food 
industry [1-2]. Their increasing use in our daily life raises concerns about the putative impact of AgNP 
on human health [3]. 

AgNP can enter the human body through many pathways, affecting the viability and activity of the 
ƛƳƳǳƴŜ ǎȅǎǘŜƳ άƎǳŀǊŘ ŎŜƭƭǎέ ŀƴŘ ǳƭǘƛƳŀǘŜƭȅ ŎƻƴǘǊƛōǳǘƛƴƎ ǘƻ ǘƘŜ ƻƴǎŜǘ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀƴ 
inflammatory response. Monocytes and macrophages play a pivotal role in our defense system, but 
the interaction of AgNP with these cells is still not clear [3]. 

Therefore, the main objective of this work was to evaluate the cytotoxic and pro-inflammatory effects 
of AgNP with three different sizes (5, 10 and 50 nm) and two different coating agents, PVP and citrate, 
in human monocytes isolated from human blood and human macrophages derived from a monocytic 
cell line (THP-1). To achieve this main goal, the effects of AgNP on cell viability, mitochondrial 
membrane potential, and cytokines release, were evaluated. 

The results revealed that the AgNP were able to interact with both human cellular models, but human 
monocytes seemed to be more sensitive to AgNP exposure than human macrophages. It was observed 
that the initiation of an inflammatory response by AgNP in these cells was mainly associated with the 
ŘƛǎǊǳǇǘƛƻƴ ƻŦ ɲ˕Ƴ ŀƴŘ ǘƘŜ ǊŜƭŜŀǎŜ ƻŦ ǇǊƻ-inflammatory cytokines, culminating in the decrease of their 
viability. Concerning the influence of the physicochemical properties on the toxicity of AgNP, it was 
shown that the smaller PVP-coated AgNP were more harmful in both human cellular models. The 
findings of the present study provide new insights into the interaction of AgNP with the cells of the 
immune system. 

Considering the increased daily use of AgNP, it is imperative to conduct further research on 
mechanistic pathways leading to AgNP-induced pro-inflammatory effects in living organisms. 
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Besides their inherent porosity, Metal-Organic Frameworks (MOFs) and Covalent Organic 
Frameworks (COFs) may also incorporate tuneable physical (electrical, optical and 
magnetic) properties which strongly depend on the selected building blocks, becoming very 
attractive for their implementation as integral components in electronic devices.[1] In 
recent years, electroactive organic molecules have emerged as promising building blocks 
for the design and construction of crystalline porous frameworks such as MOFs or COFs for 
different applications in electronics (Figure 1).[2]  In the first part of the presentation, I will 
show the electrical conductivity enhancement of an iodine-doped perylene-based MOF by 
using two-probe single-crystal devices [3]. This conductivity enhancement is ascribed to the 
partial oxidation of the perylene ligands, as witnessed by spectroscopic studies and 
supported by theoretical calculations. In the second part, I will present a new family of 
electroactive tetrathiafulvalene (TTF)-based COFs using different extended conjugated 
linkages to study the influence of the spacer between the TTF moieties on the electrical 
conductivity. Combining the intrinsic porosity of COFs and electrical conductivity may give 
rise to multiple applications such as (opto)electronics and energy storage [4].  

 
Figure 1. Schematic representation of the construction of metalςorganic frameworks (MOFs) and 

covalent organic frameworks (COFs) based on electroactive organic building blocks. 
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Today the energy sector is still the main contributor towards global warming, raising the 
urgency for a faster transition from fossil fuels to cleaner energy sources. Due to the 
ǊŜƴŜǿŀōƭŜΩǎ ƛƴǘŜǊƳƛǘǘŜƴǘ ŀǾŀƛƭŀōƛƭƛǘȅ ǇǊƻōƭŜƳΣ ǘƘŜǊŜ ƛǎ ŀƴ ƛƴŎǊŜŀǎŜŘ ƴŜŜŘ ŦƻǊ ōŜǘǘŜǊΣ ǎŀŦŜǊΣ 
and more sustainable energy storage solutions.[1] This communication focuses on the use 
of Covalent Organic Frameworks (COFs), a type of organic polymer, as electrode materials 
for lithium-ion batteries.[2] First, the focus is centered on the synthesis and characterization 
of redox-active COFs, as well as the design of new COFs with expected increased 
conductivity.[3] Afterwards, the synthesized materials were used as electrodes in coin-cell 
type lithium batteries.[4] For that purpose, the electrode preparation process was 
optimized, and the batteries were manufactured and tested. Thus, uncovering relations 
between covalent organic frameworks and their application as electrode materials for 
energy storage devices.    

 
Fig.1. Schematic representation of the electrochemical half-cell assembly. 
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Carbon dots (CDs) are among one of the many carbon-based materials that have been target of 
research within the nanotechnology field for the better part of the twenty-first century. These 
fluorescent nanoparticles exhibit interesting physicochemical and optical properties, facile 
preparation, low cost, and high stability [1]. With sizes below 10 nm, they are composed of an inner 
graphene core and an outer surface rich in functional chemical groups [2]. Due to their structure and 
dimension, they can emit energy in the form of light with a high quantum yield (QY) and in a stable 
manner, when appropriately irradiated. Besides, their low toxicity and high biocompatibility make 
them ideal for applications in many biologically relevant fields like biosensing and bioimaging [3]. Like 
Ƴŀƴȅ ƴŀƴƻǇŀǊǘƛŎƭŜǎΣ ǎȅƴǘƘŜǎƛǎ ƻŦ /5ǎ Ŏŀƴ ōŜ ŀŎƘƛŜǾŜŘ ǘƘǊƻǳƎƘ ōƻǘƘ ΨǘƻǇ-ŘƻǿƴΩ ŀƴŘ ΨōƻǘǘƻƳ-ǳǇΩ 
strategies. The latter methods are more commonly used, since they present some benefits, usually 
being less complicated and time consuming, more environmentally friendly, and easier to allow 
surface modifications [4]. It is therefore of high interest to control CDs fluorescence color by modelling 
their emission wavelength, a process that, although somewhat explored in the literature, is still 
difficult to attain, especially so using a fixed set of precursors and a hydrothermal approach.  
In this work, we thoroughly exploited a hydrothermal one-pot microwave assisted green synthesis of 
CDs, using citric acid and o-phenylenediamine (oPD) as precursors. Aiming at the full control of the 
ŦƭǳƻǊŜǎŎŜƴŎŜ ŜƳƛǎǎƛƻƴ ǿŀǾŜƭŜƴƎǘƘ ό˂max), while at the same time assuring the maximization of the QY, 
the synthesis variables of reaction time, temperature, pH and o-phenylenediamine/citric acid molar 
ratio, were studied by a design of experiments (DoE) approach. Monitorization of the as-synthetized 
nanoparticles was achieved by UV-Vis spectrophotometry, fluorometry and FTIR analyses. Relative 
fluorescence QY values were calculated using quinine sulphate or rhodamine 6G as the standard 
references, chosen in accordance with the emission wavelength range of the studied nanoparticles.  
The resulting CDs reached different fluorescence emission regions, from blue to orange, depending 
on the set of synthesis conditions. Preliminary assays showed a significant influence of the reaction 
ǇI ǾŀƭǳŜΣ ƻƴ ǘƘŜ ǊƻƭŜ ǘƘŀǘ ŜŀŎƘ ǎǘǳŘƛŜŘ ǎȅƴǘƘŜǎƛǎΩ ǾŀǊƛŀōƭŜΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜƛǊ ƛƴǘŜǊŀŎǘƛƻƴǎΣ Ǉƭŀȅǎ ƛƴ 
ŘŜŦƛƴƛƴƎ ōƻǘƘ ˂max and QY. The experimental results revealed that performing the synthesis at 
different pH values will result in unique and specific influences of time and temperature on the studied 
ōŜƴŎƘƳŀǊƪǎ ƻŦ ˂max and QY. Additionally, chemical ratios seemed to mostly influence the QY, with 
higher quantities of oPD increasing the registered values, seemingly without major shifts in the 
emission wavelength. The obtained results were used to establish a mathematical model to allow 
ǇǊŜŘƛŎǘƛƻƴ ƻŦ /5ǎΩ ƻǇǘƛŎŀƭ ǇǊƻǇŜǊǘƛŜǎ ōȅ ǘǳƴƛƴƎ ǘƘŜ ŀŦƻǊŜƳŜƴǘƛƻƴŜŘ ǎȅƴǘƘŜǎƛǎ ǇŀǊŀƳŜǘŜǊǎΦ 
Future work will look to broaden the emission wavelength regions and further optimize the QY values 
for each color region. 
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Nowadays, the exploration of light-responsive textiles for applications in camouflage, anti-
counterfeiting, UV protection, and fashion is increasing. Hybrid photochromic  nanomaterials based 
on the coupling of photoswichable inorganic (e.g., WO3, MoO3) and organic compounds (e.g., 
naphtopyrans, spiropyrans) are promising for the development of advanced light-responsive textiles 
since they present synergistic properties, enabling a fast response to sunlight/UV radiation, high  color 
reversibility, and endurance to high temperatures used in the textile industry.[1,2] In this work, several 
photochromic inorganic-organic hybrid nanomaterials were produced through the functionalization 
of WO3 with different naphthopyrans (NTPs) by two synthetic pathways: covalent post-grafting and 
in situ immobilization. The hybrid nanomaterials were incorporated onto cotton fabrics by screen-
printing to produce tailor-made photoresponsive textiles (Figure 1).   

 
Figure 1. General scheme of the production of photochromic textiles. 

The different pathways to immobilize the NPT (N1) onto WO3 resulted in smart materials and textiles 
with distinct photochromic properties, namely the initial and final colors, the total color difference 
(ɲE) and the kinetics of coloration/bleaching. The in situ immobilization of N1 during the fabrication 
of WO3 led to the hybrid with the best photochromic response (WO3N1sil_in situ), which reached ɲE 
= 32 after 30 min of UV light irradiation (also changing color under sunlight). More remarkably, the 
corresponding photochromic textile only took 2 min to change color under UV (also changing color 
under sunlight), and 6 h to reach 80% of the bleaching in the dark (Figure 2). The change of the type 
of grafted N1 modified the initial/final color of the hybrid but did not affect its photochromic behavior. 

 
Figure 2. Photochromic WO3N1sil_in situ material and respective smart cotton textile. 
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In recent years there has been a growing interest regarding the effect of polyphenols, such as 
epigallocatechin-3-gallate (EGCG) and resveratrol (Resv) in the regulation of hypertension [1]. These 
bioactive molecules are highly susceptible to degradation under adverse conditions and are often 
associated with poor solubility, low stabilities, and low bioavailability [2]. Owing to the role that 
bioactive molecules can play in disease prevention, new methodologies such as nanoencapsulation 
have emerged to protect the molecules and enhance their biological activity [3]. Milk proteins are 
natural carriers that can be used for encapsulation and delivery of bioactive compounds in food, 
cosmetics and pharmaceuticals. In particular, caseins are used for the stabilization of emulsions and 
encapsulation of compounds due to their textural, flavour and functional characteristics [4].  

Thus, this work aimed to encapsulate EGCG and Resv in natural casein micelles (CM) of bovine milk. 
Several conditions were investigated in the optimization of the protocol to extract casein from milk 
and encapsulate the bioactives in CM. Casein was extracted from skimmed milk through isoelectric 
precipitation by adding acetic acid in a ratio 1:100 (v/v). Nanoencapsulation of EGCG and Resv was 
achieved by resuspending lyophilized casein (1% w/v) in EGCG or Resv stock solutions (100 µM in PBS 
pH 6.8), under overnight magnetic agitation. The use of ultrasonication was then tested in the 
suspensions. The results proved that sonication of CM for 2 minutes A= 50% is an efficient way to 
control micelle size and increase its stability. Moreover, EGCG and Resv were encapsulated in CM with 
high encapsulation efficiencies of 92% and 70%, respectively. The binding of EGCG and Resv to CM 
was assessed by quenching the intrinsic fluorescence of casein. Incorporation of these compounds in 
CM caused a high quenching, which indicates the strong binding of the ligands to the protein. Hence, 
CM can bind both hydrophilic and lipophilic nutraceuticals. 

Table 1. Casein micelle size distribution and encapsulation efficiency of EGCG and Resv. 
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Sample Sonication Mean size (nm) PDI 
Encapsulation 
Efficiency (%) 

CM - Control  
Non- 

sonicated 

305 ± 69 0.341 ± 0.037 - 

CM - EGCG 253 ± 74 0.292 ± 0.047 92 ± 9% 

CM - Resv 255 ± 49 0.301 ± 0.054 69 ± 5% 

CM - Control  
2 minutes 

169 ± 7 0.237 ± 0.011 - 

CM - EGCG 172 ± 15 0.254 ± 0.022 91 ± 5% 

CM - Resv 205 ± 28 0.247 ± 0.011 70 ± 5% 
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Quantum dots (QDs) are semiconductor materials, with a size range between 1ς10 nm, that exhibit unique 
size-dependent physical and chemical properties [1]. Due to these excellent properties, in the last decades, 
their use has grown in several areas, namely in medical imaging and biosensing [2,3]. 

Most of the ǇǊŜǾƛƻǳǎ ǎǘǳŘƛŜǎ ƻƴ ǘƘŜ ǎȅƴǘƘŜǎƛǎΩ ƻǇǘƛƳƛȊŀǘƛƻƴ ƻŦ ǘƘƛƻƎƭȅŎƻƭƛŎ ŀŎƛŘ ό¢D!ύ-capped cadmium and 
tellurium (CdTe) QDs do not include a mathematical tool to predict the maximum fluorescence emission 
ǿŀǾŜƭŜƴƎǘƘ ό˂max) control, nor does the synthesis follows a simple open-ŀƛǊ ǇǊƻŎŜŘǳǊŜΦ ¢ƘŜ ŎƻƴǘǊƻƭ ƻŦ ˂max is 
the primary parameter for several applications of CdTe QDs, namely those dependent on the fluorescent 
optical properties. Therefore, by using a microwave-based straightforward aqueous synthesis of TGA-CdTe 
QDs, in atmospheric conditions, the influence of reaction time, temperature, Te:Cd and TGA:Cd molar ratios, 
ƛƴ ˂max was studied following  a chemometric Design of Experiments (DoE) approach.  

The produced nanomaterials were characterized by UV-Vis and fluorescence spectroscopies. Moreover, 
Fourier-transform infrared spectroscopy and transmission electron microscopy were conducted for the 
syntheses corresponding to the DoE central points. Stable QDs with fluorescence ranging from green to red 
(527.6 nm to 629.2 nm, Figure 1) were obtained. Additionally, a statistical analysis of the same results 
revealed that the variables reaction time and temperature were the most significant factors influencing the 
ƻōǘŀƛƴŜŘ ˂max. Following, the chemical variables were fixed (TGA:Cd and Te:Cd molar ratios at 0.83 and 0.15, 
respectively) in order to fine-tuning reaction temperature and time, which were more significant. A 
mathematical model, with a predictive coefficient (Q2) of 97,7%, was established capable of predicting the 
experimental conditions to synthesize TGA-CdTe QDs at a pre-ŎƘƻǎŜƴ ˂max. This model was accurate in 
concern to the pre-ŘŜŦƛƴŜŘ ˂max, as confirmed in syntheses using the predicted conditions provided by the 

model. 

 
Fig.1. As-synthesized TGA-CdTe QDs: A ς Representative photograph of the fluorescent colors range; B ς 

Normalized fluorescence spectra. 
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Rare earth elements (REE) are essential in a number of current technologies including electronic and 
optical device manufacturing, among many other processes [1]. At the end of their lifetime, electric 
and electronic products are often discarded without treatment leading to increased contamination in 
aquatic systems [2,3]. Efficient removal of REE from water bodies is not only a necessity for human 
and environmental well-being but it is also a strategy to reclaim critical elements that originate in 
electronic wastes. In the global scenario, natural REE resources are limited and secondary REE bearing 
sources are needed. REE recovered from contaminated waters can therefore be a promising 
alternative source, enhancing recycling rates and elements reuse. Conventional water treatment 
technologies are unsuitable for the effective removal of these elements at low concentrations and 
therefore advanced treatments are required. Sorption is one of the most efficient water treatment 
techniques due to its simple setup and operation [4]. The efficiency of the sorption process is mainly 
influenced by the properties of the sorbent and a variety of sorbents have been used. The use of 
nanomaterials in water treatment technology has attracted growing interest as sorbents because 
these materials can be designed with specific properties, and their small size confers a large specific 
surface area to capture elements present in water [5]. This work reports the application of spinel type 
ferrite nanoparticles - MnFe2O4, to removal and recovery of REE from contaminated water, thereby 
promoting the recycling of the elements. The influence of sorption parameters such as sorbent dose, 
time, temperature, and initial metal concentration on the sorption capacity of the materials was 
investigated. The sorbent (less than 200 mg/L) was able to sorb 100 % of a REE mixture consisting of 
La, Ce, Gd, Nd, Pr, Eu, Dy, Tb and Y in just 6 hours. Preliminary studies indicate that REE can be 
effectively recovered after sorption. In addition, magnetic nanosorbents composed of ferrites show 
an additional advantage, as they can be easily separated from the aqueous solution by applying an 
external magnetic field, thus allowing the reclaim of the REE. 

 
Fig.1. Removal and recovery of REE by nanoparticles for new applications 

Acknowledgements 
This work was supported by the project Nº46998_N9ve-REE, cofounded by Portugal 2020 program (PT2020), PO 
Centro and European Regional Development Fund. Bruno Henriques acknowledges FCT (CEECIND/03511/2018). 
Thanks, are also due to the financial support to REQUIMTE (UIDB/50006/2020) through national funds, and where 
applicable, co-financed by the FEDER, within the PT2020 Partnership Agreement and Compete 2020 and also to 
the project CICECO-Aveiro Institute of Materials, UIDB/50011/2020, UIDP/50011/2020 and LA/P/0006/2020, 
financed by national funds through the FCT/MEC (PIDDAC). 

References 
[1] V. Balaram, Geoscience Frontiers, 4 (2019) 10. 
[2] A. Brewer, I. Dror, B. Berkowitz, Chemosphere, 287 (2022) 132217. 
[3] R. K. Jyothi, T. Thenepalli, J. W. Ahn, P. K. Parhi, J. Lee, Journal of Cleaner Production 267 (2018) 705-715.  
[4] S. D. Gisia, G. Lofrano, M. Grassi, M. Notarnicola, Sustainable Materials and Technologies, 9 (2016) 10-40. 
[5] A. A. Yaqoob, T. Parveen, K. Umar, M. N. Ibrahim, Water, 12 (2020) 495. 

https://www.sciencedirect.com/science/article/pii/S0959652620320953#!
https://www.sciencedirect.com/science/article/pii/S0959652620320953#!
https://www.sciencedirect.com/science/article/pii/S0959652620320953#!
https://www.sciencedirect.com/author/35233901600/jinyoung-lee


NN09 
NN01 

175 

Formulation of polymeric nanoparticles using a membrane fraction extract 
obtained by subcritical water extraction from Laminaria ochroleuca brown 

seaweed 

Flórez-Fernández, N.1,2*, Pontes, J. F.2, Torres, M.D., Domínguez, H.1, Grenha, A.2 
1Department of Chemical Engineering, Science Faculty, University of Vigo, 32004 Ourense, Spain 

2Centre for Marine Sciences (CCMAR), Universidade do Algarve, 8005-139 Faro, Portugal 
*noelia.florez@uvigo.es 

Seaweeds have in their cell wall compounds with interest in several fields due to their biological 
properties. Polysaccharides as fucoidan in brown, ulvan in green and carrageenan in red algae are the 
most important polymers in these raw materials. Focusing on fucoidan, this polymer could be defined 
as a sulphated polysaccharide, described in the literature to exhibit biological properties owing to its 
structure and composition [1]. In order to obtain fucoidan, extraction technologies that include 
conventional, as maceration or distillation, and eco-friendly, as subcritical water extraction or 
ultrasound assisted extraction have been used. Besides, membrane fractionation has the possibility 
to concentrate the bioactive compounds to improve their properties. The formulation of polymeric 
nanoparticles can be performed by polyelectrolyte complexation, which requires two materials with 
opposite charges. In this context, chitosan is a marine polymer comprised of N-acetylglucosamine and 
D-glucosamine units, with low toxicity and biocompatibility, suitable properties to biomedicine or 
cosmetic fields. The aim of this work was to obtain active membrane fraction from Laminaria 
ochroleuca alga using eco-friendly treatment and evaluate the ability to produce polymeric 
nanoparticles using a selected membrane fraction. 

The extraction was performed according to a previous work [2], being the temperature selected 160 
°C. The membrane fractionation was also carried out according to a previous work [3]. The fraction 
with higher content on antioxidant properties and phenolic content was selected to continue to the 
formulation of particulate systems. Extract membrane fraction from L. ochroleuca was dissolved in 
ultrapure water, while chitosan was dissolved in 1% (v/v) acetic acid, both being filtered afterwards 
(0.45 µm and 5-13 µm, respectively). Chitosan/extract nanoparticles were prepared according to a 
previously reported method [4]. Varied mass ratios of polymer/extract were tested to formulate the 
nanoparticles, between 4/1 and 1/4. The nanoparticles were characterised regarding physicochemical 
characteristics (size and zeta potential) using a Zetasizer Nano ZS (Malvern Panalytical, UK). The 
experiments were done at least in triplicate. 

Owing to the antioxidant properties, the retentate of 100 kDa was selected. The nanoparticle 
formulations showed sizes under 400 nm and zeta potential values could be associated to the charge 
density of the chitosan. This work allowed to study the characteristics of polymeric nanoparticles, 
showing attractive results for several applications. The possible future next step could be evaluating 
the release of phenolic compounds and the biomolecules with antioxidant properties, could be 
evaluated in correlation with the time. 
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Mainly due to the unique properties of nanoparticles (NPs), but also of their novelty, NPs 
are now widely used in many sectors and are of great scientific interest. Titanium dioxide 
nanoparticles (TiO2NPs) can be found in a variety of products including cosmetics, food 
industry articles and paints, and are applied in photocatalytic processes [1]. Whereas silver 
nanoparticles (AgNPs) are extensively used in medicine, healthcare products, the food 
industry as well as the cosmetic sector, among others [2].  

The widespread use of NPs has led to a growing concern about their impact on both the 
environment and human health. Indeed, even though NPs are not yet fully regulated, they 
have been included in lists of emerging pollutants [3]. Therefore, NP assessment in 
environmental matrices and biological fluids is becoming an important topic and the 
development of reliable quantification and characterization analytical methods is needed. 
Although their presence in aquatic systems can be assumed, their concentration is expected 
to be low. As a result, special considerations must be taken into account during sample 
pretreatment and determination processes.  

In this communication, a new strategy combining surfactant assisted dispersive liquid liquid 
microextraction (SA-DLLME) with single-particle inductively coupled plasma mass 
spectrometry (spICP-MS) for the selective extraction of TiO2 and AgNPs from tap water 
samples is proposed. When working with dwell times in the µs range, one particle at a time 
can be detected. This technique provides useful information about the number 
concentration and the particle size distribution of a NP suspension. The developed 
procedure was comprehensively optimized and further validated.    

Agradecimientos 
The authors wish to acknowledge the financial support of European Union (Interreg Atlantic Area 
project NANOCULTURE, reference EAPA_590/2018). 

Referencias 
[1] M.S. Waghmode, A.B. Gunjal, J.A. Mulla, N.N. Patil, N.N. Nawani, Sn Appl Sci, 1 (2019), 251-258. 
[2] S.J.Soenen, W.J. Parak, J. Rejman, B. Manshian, Chem Rev 115 (2015), 2109-2135. 
[3] B.F. da Silva, S. Pérez, P. Gardinalli, R.K. Singhal, A.A. Mozeto, D. Barceló, TrAC 30 (2011), 528-

540. 

 
 



NN11 
NN01 

177 

Dehydropeptide-Based Self-Assembled Hydrogels: soft nanostructured 
materials for the development of theranostic platforms  

André Carvalho1,*, Manuel Bañobre-López2 ,José Alberto Martins1, Paula Margarida 
Ferreira1 

1Centre of Chemistry - University of Minho, Campus de Gualtar, 4710-057 Braga, 
Portugal; 

2International Iberian Nanotechnology Laboratory (INL), Av. Mestre José Veiga s/n, 4715- 330 
Braga, Portugal; *id9569@alunos.uminho.pt 

Peptide-based self-assembled hydrogels (SAPH) are archetypical highly hydrated porous 3D soft 
materials produced by entanglement of nanostructured fibres, generated by peptide self-assembly in 
aqueous media. The hierarchical 3D fibrous nanostructure of SAPH, reminiscent of the extracellular 
matrix, is conducive to a plethora of applications in biomedicine.[1] The UMinho Peptide Soft 
Materials group contributed to this research field an expedite strategy for the synthesis of 
dehydropeptides which undergo self-assembly into a variety of nanoarchitectures in aqueous media. 
Our work established low molecular weight dehydropeptides N-capped with bulky aryl groups as 
exceptional hydrogelators: low critical gelation concentration, tuneable elasticity, proteolytic 
resistance and NSAID properties. Naproxen and other aryl N-capped dehydropeptides were widely 
explored by our research groups as nanocarriers for drug delivery applications.[2]  

Recently, we explored dehydropeptide-based hydrogels as nanoplatforms for the development of 
theranostics.[3] The properties of dehydropeptide-based hydrogels were augmented with 
responsiveness to external magnetic fields (Magnetic Hyperthermia; MH) allied to Magnetic 
Resonance Imaging (MRI) reporting capabilities by incorporation of Superparamagnetic Iron Oxide 
Nanoparticles (SPION).  

In this communication we present an overview of the methodologies developed by the research group 
for the preparation of aryl N-capped peptide-based hydrogels containing non-proteinogenic 
dehydroamino acids (Figure 1). 

 

 
Figure 2. N-capped dehydropeptides developed as efficacious hydrogelators.  

The strategies deployed for the preparation and characterization of pristine and magneto-responsive 
(with incorporated SPION) dehydropeptide hydrogels will be presented and discussed. The effect of 
hydrogelator structure and concentration and hydrogel network on the MH and MRI reporting 
properties of the hydrogels will be discussed.  
Future avenues for the development of dehydropeptide-based hydrogel theranostic platforms will be 
discussed.    
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Inflammation is a biological defense process of the body that occurs in response to harmful 
stimuli. Despite this, if not properly regulated, it can lead to chronic inflammatory 
conditions, as is the case with pathologies such as rheumatoid arthritis or osteoarthritis. 
Fortunately, there are several drug options that help controlling inflammation, including 
non-steroidal anti-inflammatory drugs, glucocorticoids, and disease-modifying anti-
rheumatic drugs. Among these options, prednisolone is considered by the World Health 
Organization (WHO) to be an essential anti-inflammatory [1]. However, its use is limited due 
to the various side effects associated with it. To overcome these limitations, in this study 
pH-sensitive liposomes were developed for targeted administration of prednisolone to 
activated macrophages [2]. As a targeting strategy for the overexpressed CD44 receptor on 
activated macrophages [3], functionalization with hyaluronic acid was considered.  

Liposomes, produced by the thin-film hydration method, were characterized in terms of 
hydrodynamic diameter, polydispersity index, zeta potential, and encapsulation efficiency. 
In addition, the in vitro therapeutic performance of pH-sensitive liposomes was evaluated 
through drug release studies that mimic biological conditions (pH 7.4 and pH 5.0), 
cytotoxicity studies (L929, RAW 264.7, and THP-1 cell lines), and hemolysis studies. The 
ability of liposomes to regulate the release of inflammatory mediators was also verified.  

Overall, the liposomes were revealed to be a promising smart platform to enhance the 
therapeutic efficacy and efficiency of prednisolone on chronic inflammation long-term 
treatment.  
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Commonly known as greenhouse gas, CO2 has as immense potential as a (C1) building block to produce 
value-added compounds. From COі ƘȅŘǊƻƎŜƴŀǘƛƻƴ ƛǘΩǎ ǇƻǎǎƛōƭŜ ǘƻ ƻōǘŀƛƴ ŀ ǿƛŘŜ ǊŀƴƎŜ ƻŦ ŎƘŜƳƛŎŀƭǎΣ 
such as formic acid, formate, methane, lower olefins, higher hydrocarbons, methanol, higher alcohols, 
and others, most of which can be used as fuels. However, one of the greatest obstacles with CO2 
conversion is the fact that it is a very stable molecule, thus requiring a large amount of energy for its 
activation [1].  

Using a biphasic system containing excess CO2 in the gas phase and imidazolium ionic liquid (IL) in the 
stationary phase, CO2 methanation can be achieved at relatively mild temperatures. In this process 
L[Ωǎ ǳƴƛǉǳŜ ǇǊƻǇŜǊǘƛŜǎ ǇǊƻƳƻǘŜ ǘƘŜ ŦƻǊƳŀǘƛƻƴ ŀƴŘ ǎǘŀōƛƭƛȊŀǘƛƻƴ ƻŦ ƘƛƎƘƭȅ ŀŎǘƛǾŜ ƴŀƴƻǇŀǊǘƛŎƭŜǎ ŎŀǇŀōƭŜ 
of catalysing the reaction. After optimization, an 84% yield was obtained at 150ºC [2,3].  

We have recently studied a series of new approaches to make this reaction more efficient and 
sustainable to convert it into a continuous process. Diffusion limitation and semi-continuous studies 
were performed, a lower pressure study was made, and the use of porous supports was explored.  

Bio-based aerogels are porous structures with relevant properties such as large surface areas, high 
porosity and low bulk density, making them very attractive for catalytic applications [4].  

The application of these aerogels revealed that they are as an efficient support for the catalytic NPs/IL 
system, capable of increasing NPs stabilization and reducing the amount of catalyst required.   

 
Fig.1. CO2 methanation scheme under reaction conditions. 
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Breast cancer is currently the major cause of cancer-related deaths in women worldwide, 
with 2.3 million new cases and 685 000 associated deaths reported in 2020 [1]. The 
conventional breast cancer therapeutic modalities often lead to severe systemic side-
effects, due to their limited selectivity towards tumor tissues. Nanotechnology can have a 
significant contribute in improving the efficacy of these therapeutics by increasing their 
accumulation in tumor tissues and reducing the associated systemic toxicity. This 
phenomenon can be enhanced by the development of active targeting strategies in which 
nanoparticles can be functionalized with different targeting ligands that can bind to specific 
receptors overexpressed in cancer cells. Lipid nanoparticles may offer some advantages 
over other types of nanoparticles, as they can be produced using very simple, affordable 
and organic solvent-free methods.  

The purpose of this work is to develop lipid nanoparticles for the entrapment of the 
chemotherapeutic drug Mitoxantrone. Nanoparticles were produced using a simple green 
method and revealed adequate characteristics for intravenous administration and tumor 
passive targeting [2]. To improve the accumulation in the tumor region, two different 
functionalization strategies based on folic acid [2] and hyaluronic acid were then developed. 
In vitro drug release assays demonstrated a higher release at acidic than physiological 
environment. Moreover, the nanoparticles were found to be non-hemolytic and could 
maintain or even improve the anti-cancer activity of the drug in the breast cancer cell line 
MCF-7. Finally, both functionalization strategies led to an enhanced cancer cellular uptake, 
as assessed by both flow cytometry and confocal microscopy [2]. 

Overall these data demonstrated that the developed nanoformulation is an efficient 
mitoxantrone delivery vehicle, highlighting the efficacy of the two active targeting strategies 
explored. Taking into consideration the benefits of this nanosystem, namely its low-cost 
production and functionalization, a scale-up and clinical translation may be feasible, after 
the appropriate in vivo and clinical studies. 
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The transition to a climate-neutral Europe requires fundamental changes. Batteries are a key enabling 
technology for this change, mainly in the electromobility sector. Recent demand for electric and hybrid 
vehicles, coupled with a reduction in prices, has caused lithium-ion batteries (LIBs) to become 
increasingly popular battery technology. Although the overall performance of automotive LIBs has 
improved greatly in recent years, major challenges and opportunities remain. Batteries with higher 
energy density, increasing lifetime and reliability, improved safety and environmental sustainability, 
and with cost-effective large-scale production, are key aspect to have into account [1]. 
Silicon is considered as one of the most promising high-capacity anode materials for application in 
LIBs. Abundance, low cost or its environmentally friendly nature makes Si an attractive alternative to 
the conventional graphite anodes. However, the successful implementation of Si-based anodes in LIBs 
is seriously hindered by their huge volume expansion (more than 300% in the lithiated state) and the 
instability of the solid-electrolyte interphase layer (SEI) [2]. Therefore, poor cycle-life of silicon 
materials results from pulverization during these huge volumetric fluctuations. To accommodate the 
huge volumetric changes several strategies have been developed. Among them, reducing the active 
particle size to the nanometer range has been considered one effective strategy. Another approach 
to overcome the volume change during cycling is to form a composite material. Lignocellulosic 
feedstock is considered as an alternative material to be used as biocarbon precursor to be employed 
into the emerging novel applications for biocarbon based LIBs composite materials. Renewability, 
biodegradability and excellent properties are of high interest [3]. 

Therefore, research and development of technologically advanced, highly energy efficient and 
environmentally sustainable electrochemical solutions based on silicon has been considered. The 
study of sustainable compounds mainly based on biochars from high impact lignocellulosic 
species/wastes in Galicia has also been taken into account. Silicon nanomaterials has been obtained 
and combined with lignocellulosic materials to give place to high-performance anodes. Their 
electrochemical properties have been tested through electrochemical analysis: CR2032 button-type 
coin cells were used to analyse the electrochemical measurements of all prepared samples (Fig. 1). 

 
Fig. 1. Button-type coin cells and electrochemical analysis 
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Atopic dermatitis (AD) is a chronic and relapsing inflammatory skin disease affecting 
children and adults worldwide. Among the most common manifestations, it is characterized 
by intense itch which causes redness, dryness, and bleeding with further damaging of the 
skin barrier. Several pathophysiological mechanisms contribute to AD clinical 
manifestations. Current treatments include topical moisturizers and anti-inflammatory 
agents, such as corticosteroids (e.g. betamethasone), calcineurin inhibitors and systemic 
immunosuppressants, but the search for new nanotechnological solutions is necessary to 
cope with the broad manifestations of this condition. 

Polysaccharides from marine origin benefit from individual anti-inflammatory activity and 
hydrogel forming capacities for cutaneous application. Hydrogels have been described as 
desirable drug delivery systems when compared to other topically applied galenic forms, 
especially due to higher water content with associated cooling and hydration effects, 
reduced transepidermal water loss, longer drug absorption, and high skin biocompatibility 
because of natural origin polymeric structures [1]. The strategy to use hydrogels for AD 
treatment is very recent, reformulating different corticosteroids into hydrogels, as an 
alternative to conventional creams and ointments [2]. Among the main positive outcomes, 
it is seen that hydrogels are well tolerated, bioequivalent, promote better skin permeation, 
higher delivered doses, and water retention. 

This work aimed to explore the potentialities of marine-based hydrogels for targeted 
delivery of betamethasone per se or incorporated in lipid nanoparticles (nanogels), to 
maximize its local effect on skin layers, avoiding the side effects. After physicochemical 
characterization, skin permeation, and biocompatibility studies, the systems were found to 
present high betamethasone drug content, pseudoplastic rheological behaviour, retain 
betamethasone in skin layers, biocompatible towards fibroblasts and keratinocytes, and 
presented anti-inflammatory potential.  

These platforms can represent an interesting strategy to design new therapeutic 
approaches for AD. 
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Biomass materials are of great interest in high-energy rechargeable batteries due to their appealing 
merits of sustainability, environmental benefits, and more importantly, structural/compositional 
versatilities, abundant functional groups and many other unique physicochemical properties. These 
unique physicochemical properties offer an emerging opportunity for compatibility with storage 
systems, and in particular for advanced lithium-ion batteries. Uncontrollable lithium dendrite growth, 
large electrode volume variation, poor charge conductivities of active species, dissolution and 
diffusion of electrochemical intermediates, are some of the main limitations of today's batteries, 
which considerably result in low Coulombic efficiency, rapid capacity degradation, inferior cycling 
stability, and severe safety hazards. Transition metals and metal oxides are emerging as promising 
replacements to graphite anodes. However, the poor conductivity, large volume expansion, and 
strong aggregation tendency pose a threat to battery performance and stability. The challenges facing 
lithium-ion batteries could be overcome by using biomass-based materials. One of the strategies to 
overcome these shortfalls in the electrodes is the use of bio carbon-based materials (BC). BC can be 
added to produce composite structures with improved conductivity and the added carbon acts as a 
buffer against volume expansion. The porous and tunable nature of BC is favorable for the permeation 
of the active materials through the pores to achieve proper adsorption. The conductive nature of BC 
facilitates the charge transfer and improves overall cycling stability, however, the mechanisms 
responsible for lithium transport through the BC structure is still not well understood [1]. In addition 
to being part of electrodes as BC, lignocellulosic materials have interesting properties for use in 
electrolytes or separators. In terms of electrolyte, natural polymers have intrinsic superiority in 
forming ionically cross-linked networks owing to intramolecular and intermolecular interaction in 
water solution, exhibited better safety, stability, and reliability in comparison with organic 
electrolytes. Regarding separators, compared to the commercialized polyolefin separator, the 
cellulose-based nanofibrous separator displayed not only higher ionic conductivity, but also improved 
thermal-ǊŜǎƛǎǘŀƴŎŜ ǇǊƻǇŜǊǘȅ ǿƛǘƘ ƴƻ ǎƘǊƛƴƪŀƎŜ ǳǇ ǘƻ нлл ϲ/Σ ǊŜƴŘŜǊƛƴƎ ǘƘŜ [L.ǎ ƘƛƎƘŜǊ ǊŀǘŜ ŎŀǇŀōƛƭƛǘȅ 
and better capacity retention [2]. 

Battery components based on lignocellulosic materials will be studied and developed to significantly 
improve the energy density, cost and sustainability of lithium-ion batteries. Novel research in 
sustainable materials manufacturing and their synergistic combinations for the different components 
of the electrochemical cell (anode, electrolyte and separators) will be considered. The electrochemical 
evaluation will be carried out through the preparation of coin and pouch cells (Fig. 1). 

 
Fig. 1. Composite electrode, electrolyte, separator and electrochemical analysis 
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Hydrogels are three-dimensional polymeric networks with value for pharmaceutical, biomedical 
and cosmetical applications due to their biocompatibility with the human body [1]. Carrageenan 
(CRG) is a natural polysaccharide extracted from edible red seaweeds, generally applicable as a 
gelling agent in food. CRG has antioxidant properties [2] and, on the contrary, induces 
inflammatory responses in the biological systems in parenteral application [3]. To minimize the 
adverse effects, we made hybrid hydrogels by combining synthetic (polyvinyl pyrrolidone (PVP)) 
and natural (CRG) polymers. This work aims to investigate the potential of hydrogels based on 

PVP and k- (k-CRG) or i- carrageenan (i-CRG) for safe skin delivery of transethosomes. 

The transethosomes composed of egg yolk phosphatidylcholine, ethanol and surface-active 
agent (tween 80) were obtained using the thin-film hydration method. The polymer structure 
was characterised by Fourier transform infrared spectrum (FTIR) and rheological measurements 
(viscosity, thixotropy, shear rate, temperature stability). The antioxidant activity was analyzed 
by ABTS assay. Cell viability assays were carried out in keratinocytes (HaCaT), and fibroblasts 

(L929) cell lines. Quantification of cytokines IL-4, IL-6, IL-8 and TNF-a secreted by THP-1 
differentiated macrophages was performed by enzyme-linked immunosorbent assay (ELISA). The 
pig ear skin was used as a model for permeability assay. 

Produced hybrid hydrogels showed storage stability for up to 10 weeks according to rheological 
properties. i-CRG-based hydrogels demonstrated a thixotropic behaviour opposite to k-CRG and 
exhibited higher antioxidant activity than k-CRG. For fibroblasts, i-CRG hydrogel is toxic at 125 
mg/mL but k-CRG can be used up to 250 mg/mL. Thus, k-CRG-based hydrogel is more favourable 
as a promising candidate to proceed with the studies. 

 

 
Fig.1. Chemical structure of k- and i- carrageenans 
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Quantum-dots (QDs) are fluorescent nanomaterials with exquisite optical and chemical 
properties that encompass broad absorption bands, narrow symmetric emission spectra, 
tunable size-dependent band-gap, high quantum yields and high photochemical stability [1].  

QDs properties have endorsed the application of quantum dots as sensing platforms in 
multiple methodologies that explored the analyte-triggered modulation of QDs 
photoluminescence, either by quenching or enhancing mechanisms, or even FRET processes 
[2].  

However, the higher reactivity of these nanomaterials significantly limited the selectivity of 
the determinations, particularly in the case of samples with interfering species or complex 
matrices, demanding the utilization of complementary selectivity enhancing strategies.  

The combination of QDs, as fluorescence sensing platforms, and chemometrics, to analyze 
the PL data they provide, could be a straightforward strategy to circumvent selectivity issues 
without the need for post-synthesis QDs functionalization, even allowing the possibility of 
exploit the so-called second-order advantage [3]. 
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Cancer is the main cause of morbidity and mortality worldwide. In 2020, 19.3 million new 
cases were diagnosed and almost 10 million cancer-related deaths were reported [1]. The 
limitations of the current cancer therapeutic highlight the need to develop new treatment 
modalities. Photodynamic therapy (PDT) is a minimally invasive procedure which results 
from the interaction of three main components: a photosensitizer, a light source and 
molecular oxygen [2]. Upon light irradiation of appropriate wavelength, the photosensitizer, 
once internalized into the cancer cell, will trigger different photophysical and 
photochemical reactions, which culminate in the production of reactive oxygen species, 
leading to cancer cell death [2]. Verteporfin is a protoporphyrin derivative clinically 
approved as a photosensitizer for age-related macular degeneration and currently under 
clinical trials for the treatment of different cancer types [3]. Nevertheless, its poor solubility 
in aqueous solution and low tumor selectivity can limit the clinical use of this molecule. 
Taking this into account, the purpose of this work was to develop lipid nanoparticles for the 
entrapment of the photosensitizer Verteporfin to improve its water solubility and selectivity 
towards cancer cells. Nanoparticles were produced using a simple and affordable method 
and an encapsulation efficiency of more than 95% was obtained, along with particle sizes 
suitable for intravenous administration. Moreover, the nanoformulations were non-
hemolytic and revealed a low dark toxicity, in normal (L929) and cancer (MCF-7) cells. Upon 
light irradiation using a LED light source (690 nm) at low light doses, a high cancer cell death 
was obtained at the same range of concentrations tested in dark conditions, demonstrating 
that the encapsulation of the drug could maintain its high PDT effect. Additionally, an 
increased production of reactive oxygen species and induction of apoptosis in MCF-7 cells 
occurred following light irradiation, demonstrating once again the efficacy of the PDT using 
verteporfin-loaded lipid nanoparticles.   

Overall this data suggests that the lipid nanoformulation developed is an effective 
verteporfin delivery vehicle, holding great promise for a future PDT clinical application. 
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p-Conjugated poly(azomethine)s (PAZs) has been widely studied in recent decades due to 
their optoelectronic, thermal and morphological properties in advanced optoelectronic 
applications as active- or buffer-layers in polymer solar cells (PSCs) and polymer light-
emitting diodes (PLEDs). [1]  

Structural units based on Group IV atoms have been used as moieties that improve 
processability both thermally and in solubility for advanced materials in optoelectronic 
devices. [2] Our research group has extensively reported different series of p-conjugated 
PAZs containing silicon with high aromatic content and interesting optoelectronic, thermal 
and morphological properties, which allows us to propose them as active materials in the 
construction of optoelectronic devices (Fig.1). [3] Thus, this work focuses on the design of a 
series of dimethylsilane/tetraphenylsilane-based PAZs as well as on the study of their 
optical, electronic, thermal and morphological properties for organic electronics. 

 

Fig.1. Some TPS/DMS-based PAzMs prepared and their band gaps values (eV). 
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En la última década, el poli ácido-L láctico (PLLA) ha generado un gran interés en el ámbito biomédico 
debido a sus prometedoras aplicaciones como sistema liberador de fármacos, apósito o, incluso, 
prótesis [1-2]. Este poliéster alifático, además de haber demostrado ser biocompatible y 
biodegradable, posee unas magníficas propiedades físico-químicas como una buena procesabilidad y 
resistencia mecánica que le convierten en un candidato excepcional para ser empleado en las 
mencionadas aplicaciones como coating para implantes. Sin embargo, la alta hidrofobicidad inherente 
a este material, además de la ausencia de grupos funcionales en su superficie capaces de atraer 
células, pueden comprometer la adhesión y proliferación celular para una buena integración. Como 
consecuencia, se puede desencadenar una respuesta inflamatoria negativa, llegando, incluso, al 
rechazo del implante. [3]. Por ello, en los últimos años, el diseño y la preparación de materiales con 
actividad antibacteriana, antiinflamatoria y anticoagulante ha aumentado considerablemente con el 
objetivo de mejorar la hemocompatibilidad. 

En este trabajo, se presenta una estrategia química capaz de anclar de forma permanente un fármaco 
antiinflamatorio (Indometacina) a la superficie del PLLA. Esta unión covalente, se ha llevado a cabo 
empleado la reacción click entre azidas y alquinos catalizada con cobre. Por tanto, previa a la 
conjugación del fármaco a la superficie, han sido necesarias las correspondientes derivatizaciones 
para disponer de los grupos funcionales requeridos. La eficacia de la metodología ha sido estudiada 
empleando diferentes técnicas y ensayos como resonancia magnética nuclear (RMN), ángulo de 
contacto, espectroscopia de fotoelectrones de rayos X (XPS) y microscopia de fluorescencia. Además, 
la capacidad antiinflamatoria de la superficie ha sido estudiada mediante los pertinentes ensayos 
biológicos [4].  

 
Fig.1. Esquema acortado de la bioconjugación de la indotemacina y sus resultados. 
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Os compostos orgánicos persistentes e móbiles (PMOCs) debido ás características físico-químicas dos 
mesmos, móvense con facilidade a través do ciclo da auga acadando a auga de consumo [1]. Se 
adicionalmente presentan toxicidade poden supor un perigo potencial para a saúde humana. Por iso, 
nos últimos anos estase a tratar de poñer freo a estas substancias co desenvolvemento de 
regulamentos adecuados para o seu control [1]. Porén, a metodoloxía analítica para a súa 
determinación, particularmente en fluídos biolóxicos humanos é practicamente inexistente. 

O obxectivo do traballo é sentar as bases analíticas para que nun futuro próximo se poida establecer 
o nivel de exposición humana a estas substancias a través da análise dos ouriños. Para iso, realizouse 
unha comparación de diferentes metodoloxías cromatográficas acopladas a espectrometría de masas 
(MS) que permitan unha mellora na determinación, en urina, dun total de 38 compostos modelo de 
elevada polaridade e carga variable. Así, estudáronse modos coma a cromatografía líquida de fase 
reversa (RPLC), de modo mixto (MMLC) e de interacción hidrofílica (HILIC), e a cromatografía de fluídos 
supercríticos (SFC). 

Coa fin de comparar estes modos cromatográficos, estudouse a retención e a forma dos picos obtidos 
dunha mestura dos compostos modelo en auga ultrapura para RPLC e MMLC e en acetonitrilo para 
HILIC e SFC, cun total de 9 columnas diferentes. Así, descartáronse 5 columnas e continuouse o estudo 
coas 4 columnas que proporcionaban os mellores resultados, sendo estas: as columnas Torus Diol e 
Zorbax Sil de SFC, a columna Trinity P1 de MMLC e a columna Luna C18 de RPLC. Posteriormente, 
analizáronse os rendementos destas mediante a análise de mostras con adición dos compostos 
modelo en matriz real (urina). Leváronse a cabo dúas preparación diferentes: dilute-and-shoot e 
extracción en fase sólida (SPE) con cartuchos de Oasis HLB de 60 mg. Estas probas mostraron que os 
picos dos compostos non se vían afectados en termos de retención ou forma de pico en ningunha das 
4 columnas. Si se apreciou diferenza nos efectos de matriz na determinación, onde o método con 
menor efecto matriz foi o da SFC empregando a columna Torus diol. A validación do método 
instrumental para 31 PMOCs modelo produciu linealidade e repetibilidade aceptables, e con límites 
de cuantificación variables entre 0,1 e 250 g˃/L. 

Por tanto, levouse a cabo un estudo preliminar de preparación de mostra para mellorar a 
sensibilidade. Realizáronse SPEs con cartuchos Oasis HLB de 60 mg a pH 2,7 e 12. A eficacia de 
extracción obtida foi adecuada para unha fracción significativa dos compostos. Por outra banda, para 
os compostos máis polares e iónicos, observouse que se se colocaban cartuchos en serie, estes 
compostos quedaban retidos no 2º cartucho polo que se procedeu a aumentar a cantidade de 
adsorbente dos cartuchos a 500 mg. Este cambio favoreceu a adecuada retención dunha fracción 
maior de compostos, pero non da totalidade. Así pois, estableceuse que a extracción en fase sólida 
con cartuchos de Oasis HLB é unha metodoloxía de preparación de mostra adecuada para unha 
fracción dos PMOCs modelo estudados. Por tanto, o traballo futuro dirixirase cara a mellora da etapa 
de preparación da mostra. 
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Amines are a class of molecules with major relevance in biology, pharmaceuticals, and 
industry. They have unique properties, including basicity, polarity and hydrogen bonding 
capacity [1]. In humans, amines are present in amino acids, neurotransmitters and nucleic 
acids extremely important for the lifeΩǎ ŜȄƛǎǘŜƴŎŜΦ !ƭǎƻ ƛƴ ǇƘŀǊƳŀŎŜǳǘƛŎǎΣ Ƴŀƴȅ ŘǊǳƎǎ 
contain amine functionalities and in industry, amines are present in fertilizers and 
disinfectants. The so-called biogenic amines can represent a problem in the food industry, 
since some of them represent a threat to human health.  

Due to the high standards of quality control patterns in different industrial sectors, strong 
demand for cost-effective and reliable analytical devices able to detect and quantify amines 
has been verified [2]. The application of sensors offers the possibility to achieve on-site 
information, employing basic sample preparation protocols and simple instrumentation, 
when compared to standard methodologies such as chromatography. 

Optical sensors, essentially those sensors that use the UV-Vis region, present several 
advantages for on-site inspection operations, mainly because they offer information 
without the need for complex analytical instruments. However, most optical sensors for 
amines detection have poor selectivity and resolution [3]. Thus, in this work, we report dyes- 
and lanthanides-based optical sensors for the determination of amines in vapour. 

 
Fig.1.  Illustration of optical sensing of amines. 
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The presence of organic micropollutants (OMPs), such as persistent organic pollutants (POPs) and 
contaminants of emerging concern (CECs) has been documented in several aquatic environments. The 
bioaccumulation of these compounds has become a matter of concern for its possible transfer to the 
food chain and impact on several wildlife species of the marine environment and human consumers 
of seafood. Thus, the aim of this work was to apply a wide screening strategy in order to detect 
different types of OMPs in fish and clam samples from the Portuguese coast. 

Liver and muscle of Trachurus trachurus, Solea solea, Microchirus azevia, Microchirus variegatus, 
Trisopterus luscus and the whole body of Spisula solida were collected from different areas of the 
Portuguese coast within the project CEIC (Contaminants in commercial species from the Portuguese 
coast). Sample treatment was performed by three matrix solid-phase dispersion (MSPD) methods 
[1,2] and then the extracts were analyzed by both liquid and gas chromatography coupled to high-
resolution mass spectrometry (LC-HRMS and GC-HRMS). 

In this way, a total of 120 OMPs were identified by using two high-resolution [3] and one low-
resolution (NIST) spectral libraries. From the substances detected, 58% of them were industrial 
reagents, 22% were pharmaceuticals and drugs, 12% cosmetic products and 8% pesticides. Besides, 
the number of OMPs identified using the three different MSPD methods was compared. The method 
that allowed to detect the highest number of OMPs was the one incorporating silica impregnated with 
sulfuric acid, likely because of its capacity to remove lipids and other interfering substances. 

Among the investigated samples, clams and fish muscle showed a similar contamination profile 
regardless of the collection area and a higher number of OMPs detected as compared to fish liver, 
which exhibited a different profile. This may be attributable to the lower amount of liver matrix 
available and its higher complexity.  

Acknowledgements  
The authors acknowledge the financial support provided by Xunta de Galicia (ED431C2021/06) and Agencia Estatal 
de Investigación MCIN/AEI/10.13039/501100011033 (ref. PID2020-117686RB-C32) and to CEIC, "Contaminants in 
ŎƻƳƳŜǊŎƛŀƭ ǎǇŜŎƛŜǎ ŦǊƻƳ ǘƘŜ tƻǊǘǳƎǳŜǎŜ ŎƻŀǎǘέΣ ŦǳƴŘŜŘ ōȅ ǇǊƻƎǊŀƳ a!wнлнлΣ Lta!Σ a!w-01.04.02-FEAMP-0012. 

References 
[1] V. Castro, R. Montes, J.B. Quintana, R. Rodil, R. Cela, Talanta. 208 (2020) 120470. 
[2] E. Villaverde-de-Sáa, C. Valls-Cantenys, J. B. Quintana, R. Rodil, R. Cela, Journal of Chromatography A, 1300 

(2013) 85-94. 
[3] V. Castro, J.B. Quintana, J. López-Vázquez, N. Carro, J. Cobas, D. Bilbao, R. Cela, R. Rodil, Anal Bioanal Chem., 

414 (2022) 6327-6340. 



QA04 
NN01 

194 

Desenvolvemento dun método para a determinación de biomarcadores 
do uso de cannabinoides mediante a análise de augas residuais con fins 

epidemiolóxicas 

Carlos Pernas-Fraguela1,*, Xiana González-Gómez1, Andrea Estévez-Danta1, Rosa 
Montes1, Rosario Rodil1, José Benito Quintana1 

1Departamento de Química Analítica, Nutrición e Bromatoloxía, Instituto de Investigación en Análises Químicas e 
Biolóxicas (IAQBUS), Rúa Constantino Candeira S-N., 15782 Santiago de Compostela,  España 

*carlos.pernas@rai.usc.es 

O cannabis é a substancia ilegal máis consumida en España e, practicamente, en todo o mundo. Nos 
últimos anos diversos países e territorios legalizaron o consumo desta droga con fins terapéuticas 
e/ou recreativas. Ademais, comezaron a comercializarse diversos produtos con cannabidiol (CBD) 
polos seus supostos beneficios para a saúde, dado que este composto non presenta actividade 
psicoactiva. Por outra banda, o 9-tetrahidrocannabinol (ҟ9-THC) é o composto presente no cannabis 
con propiedades psicoactivas, o cal está relacionado con numerosos efectos prexudiciais para a saúde 
[1]. 

Por todo isto, cómpre  dispoñer de metodoloxías que permitan seguir de forma veraz é rápida o 
consumo de cannabinoides. Neste sentido a análise de augas residuais con fins epidemiolóxicas [2] é 
unha ferramenta altamente útil e complementaria a outros indicadores, como poden ser as enquisas. 
Por tanto, o obxectivo deste traballo foi o desenvolvemento dunha metodoloxía analítica para a 
determinación dos metabolitos hidroxilados e carboxilados do CBD e ҟ9-THC, ademais das propias 
substancias e os seus ácidos precursores, o ácido tetrahidrocannabinólico (THCA) e o ácido 
cannabidiólico (CBDA). Tamén se determinou a presenza de cannabinol (CBN), de maneira que se poda 
ter unha visión o máis completa posible do consumo deste tipo de sustancias. 

Con esta fin, estudáronse etapas críticas do proceso analítico como son a filtración e o axuste do pH 
das mostras, así como as diferentes condicións da extracción en fase sólida (online e offline), e a 
posterior determinación mediante cromatografía líquida acoplada a espectrometría de masas en 
tándem (LCςMS/MS). Desta forma, observouse que era necesario lavar os filtros con metanol e 
engadir patróns marcados isotopicamente antes desta etapa para minimizar e corrixir, 
respectivamente, a perda por adsorción dos analitos máis hidrófobos na etapa de filtración. 

Tras desenvolver a metodoloxía analítica, esta validouse obténdose límites de cuantificación do 
método inferiores a 5 ng/L e recuperacións analíticas no rango 102ς130 %, cunha desviación estándar 
relativa inferior ao 25 %.  

Finalmente, analizáronse mostras de tres localidades españolas distintas. Os resultados amosan 
presenza de ҟ9-THC (10ς47 ng/L), dos seus metabolitos (23ς201 ng/L) e do seu precursor ácido (34ς
141 ng/L). No caso do CBD, só foi posible detectar este composto (9ς55 ng/L), non sendo posible 
detectar nin o seu precursor ácido nin os seus metabolitos, o que pode indicar unha exposición tópica 
pero non un consumo oral nin por inhalación. Pola súa parte, o CBN foi atopado tamén nas tres 
localizacións (3ς14 ng/L). 
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Loss of kidney function results in ineffective elimination and, consequently, accumulation of potential 
toxic substances in the organism [1]. These compounds are named uremic toxins when their 
accumulation interferes with biological activities. Indoxyl sulfate (INDS) and p-cresol sulfate (pCS) are 
two examples of uremic toxins, whose high concentrations are associated with the development and 
progression of several pathologies, namely renal (e.g., chronic kidney disease-CKD) and cardiovascular 
diseases [1]. Thus, the implementation of methodologies that allow accurate measurements of the 
circulating levels of these compounds in the body is demanded to obtain a fast diagnosis and define 
the best treatment strategy. Considering this need, an automatic and on-line micro-solid-phase 

extraction (mSPE) method hyphenated to tandem mass spectrometry (MS/MS) detection for the 
determination of INDS and pCS in plasma samples was developed.  

The mSPE procedure was based on the bead injection (BI) concept implemented in a mesofluidic lab-
on-valve (LOV) flow system, using OASIS WAX as anion-exchange sorbent and a mixture of 99% 
acetonitrileςH2O (15:85, v/v)ς1% (v/v) NH4OH as eluent. The BI-LOV system was on-line hyphenated 
to a MS detector, without use of chromatographic column, through a flow network for in-line dilution 
and by connection to a rotary 6-port high pressure injection valve. The MS was operated in negative 
electrospray ionization mode (ESI-) and data were acquired in the selected reaction monitoring (SRM) 

mode (INDS, m/z 212.80 > 80.00 and PCS, m/z 187.70 > 107.00). All mSPE-BI-LOV-MS steps were 
implemented by computer programming, rendering enhanced precision on time and flow events. 
Good linearity (r2 > 0.999) was achieved for concentrations ranging from 18 to 360 mg L-1 in plasma. 
LOQ values of 0.2 mg L-1 for INDS and 0.7 mg L-1 for pCS in plasma were obtained, corresponding to 

values detected by MS, after sample treatment and dilution, of 0.1 and 0.4 mg L-1. Furthermore, the 
greenness of this methodology was evaluated using the AGREE metric [2], and a score of 0.71 was 
achieved. The developed methodology was successfully applied to the quantification of INDS and pCS 
in plasma samples obtained from control subjects and CKD patients. Accordingly, this new analytical 
method can be described as an environmentally friendly methodology that have potential to be 
applied to the determination of the target compounds in other biomatrices. 
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Lactose malabsorption is caused by the insufficient or absent synthesis or reduced activity 
of lactase in the brush border membrane of mucosa of the small intestine. Lactose 
intolerance, the clinical manifestation of lactose malabsorption, includes clinical signs and 
symptoms like abdominal pain, flatulence, and diarrhoea, and has an estimated global 
prevalence >65% [1]. The prevention of the occurrence of these symptoms can be done by 
replacement of lactose-containing for low-lactose or lactose-free products or by including 
lactase from exogenous sources in the diet, which have been shown to decrease 
symptomatology of individuals after ingestion of lactose-containing products [2]. 
 The reference method for the analysis of lactase activity in the diet is described in the Food 
Chemicals Codex (FCC) [3], however it presents some drawbacks, like the large quantity of 
solutions used (25 mL of waste generated per sample) and the long assay time (15 min). 
Hence, this work proposes the development of a high-throughput kinetic miniaturized 
method in a microplate format thŀǘ ǳǎŜǎ ʲ-galactosidase from A. oryzae and the fluorescent 
ǇǊƻōŜ ŦƭǳƻǊŜǎŎŜƛƴ Řƛόʲ-D-galactopyranoside), where the first 2 minutes of reaction are 
monitored, the initial rate of reaction is determined, and converted to FCC units by 
calibrating with an FCC tested enzyme. This reduction in assay time coupled to the 
ƎŜƴŜǊŀǘƛƻƴ ƻŦ Ƨǳǎǘ нлл ˃[ ƻŦ ǿŀǎǘŜ ǇŜǊ ǎŀƳǇƭŜ ŀƴŘ ǘƘŜ Ǉƻǎǎƛōƛƭƛǘȅ ƻŦ ǘŜǎǘƛƴƎ ŀƴ ŜǎǘƛƳŀǘŜ ƻŦ 
180 samples per hour circumvents the drawbacks of the aforementioned method. Analytical 
validation of the method was performed by evaluating the acid lactase activity of the 
enzyme present in different commercially available food supplements, providing results 
comparable to the reference method. 
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Several biopharmaceuticals are glycosylated, also named glycoproteins, derived from a biological 
source [1, 2]. Glycosylation of proteins is a complex post-translation modification. Glycans or 
carbohydrates are inserted at specific sites in the recombinant protein backbone or antibodies. This 
modification can directly affect their biological activity, molecular stability, safety, 
pharmacokinetics/pharmacodynamics, immunogenicity, and efficacy. Therefore, glycan moieties 
must be adequately analyzed and controlled throughout to ensure quality. However, the intrinsic 
complexity of protein glycosylation results in a high analytical effort [3-5].  

During the development of therapeutic glycoproteins or biosimilars, assessing specific glycosylation 
attributes, such as glycosylation site, the glycan structure and their abundance is crucial.  The 
analytical methods usually applied for this analysis are capillary electrophoresis, isoelectric focusing, 
high-performance liquid chromatography, and mass spectrometry. However, these methods are 
tedious, and these methods are associated with elevated costs, high-maintenance equipment, highly 
specialized operators, and intensive process [6-9]. Therefore, biosensors have attracted considerable 
interest due to advantages including cost-effectiveness, short analysis time, easy-to-use, and 
miniaturization [10]. 

In this context, lectins are glycan-binding proteins with specific binding affinity to free carbohydrates 
or glycoproteins. Lectins have been used in the construction of biosensors for the detection of specific 
glycoproteins on human serum and glycoprofiling [11, 12]. Therefore, an impedimetric biosensor was 
developed for the detection and evaluation of biopharmaceuticals, using Concanavalin A (Con A) as 
the biorecognition element. The increase in the biosensor's electron transfer resistance, after sample 
incubation, monitored by electrochemical impedance spectroscopy, confirmed the lectin recognition 
and complex formation between Con A and glycoproteins containing mannose or glucose. The lectin 
was immobilized on a mixed self-ŀǎǎŜƳōƭŜŘ ƳƻƴƻƭŀȅŜǊ ŦƻǊƳŜŘ ōȅ оΣо-dithiodipropionic acid di(N-
hydroxysuccinimide ester) for covalent immobilization of Con A. For biosensor optimization, invertase 
from baker´s yeasts was used as a model glycoprotein due to its high content in mannose. Current 
work is focused on the evaluation of the biosensor concerning its applicability for the identification 
and characterization of biopharmaceuticals.  
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O virus da COVID-19 estendeuse rapidamente por todo o mundo no ano 2020, o cal obrigou a impor 
peches perimétricos, afectando a mobilidade e as actividades esenciais. Coa fin de poder establecer o 
impacto real do confinamento no consumo de drogas, tanto lícitas (alcohol e tabaco) como ilícitas, 
cómpre dispoñer de ferramentas que nos permitan obter información veraz e a tempo real da 
situación actual. Dende os inicios do século XXI, a análise de augas residuais con fins epidemiolóxicas 
(WBE, do seu nome en inglés) converteuse nunha metodoloxía moi útil para observar os patróns de 
abuso a nivel local. Por todo isto, neste estudo pretendeuse investigar o emprego de drogas ilícitas 
(anfetamina, metanfetamina, éxtase, cocaína e cannabis), alcohol e tabaco durante os primeiros 
meses (Marzo-Xullo do 2020) das restricións causadas pola crise da COVID-19 en catro cidades 
españolas (Bilbao e a súa área metropolitana, Vitoria-Gasteiz, Castellón e Santiago de Compostela) e 
dúas portuguesas (Porto e Vila do Conde), empregando a WBE. A análise de drogas ilícitas, levouse a 
cabo mediante unha primeira etapa de extracción en fase sólida (SPE), e a posterior cuantificación das 
mostras con cromatografía líquida acoplada a espectrometría de masas en tándem (LC-MS/MS) [1]. 
Para algunhas das mostras realizouse tamén unha análise enantiomérica [2]. A análise de alcohol e 
tabaco foi efectuada mediante inxección directa no equipo de LC-MS/MS, previa desconxugación 
encimática para os metabolitos da nicotina [3,4]. 

Os resultados mostraron que a metanfetamina non foi detectada en ningunha das cidades analizadas, 
mentres que a anfetamina só foi detectada en dúas cidades, pertencentes a comunidade autónoma 
do País Vasco (Bilbao e Vitoria-Gasteiz). O resto das substancias de estudo foron detectadas en todas 
as áreas investigadas [5]. Polo xeral, non se observaron cambios significativos no consumo destas 
substancias respecto de anos anteriores, excepto para a cocaína. Por último, cabe destacar que se 
confirmaron, mediante análise enantiomérico, dous eventos de descarga directa de éxtase no sistema 
de sumidoiros de Santiago de Compostela e Bilbao. 
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The number of synthetic chemicals identified in municipal sewage water treatment plants (STPs) 
increased steady for the last two decades. Some of them are poorly removed during conventional 
water treatments, being discharged to the receiving media, in most case surface waters. Thus, STPs 
are recognized as local sources of organic micro-contaminants (particularly ingredients from personal 
care products and pharmaceuticals) in the water media. Intensive agriculture areas might also 
contribute to pollution of water masses due to the misuse of pesticides, atmospheric drift and leaching 
of these compounds from treated fields to the water phase. In some cases, the levels of micro-
contaminants might exceed their environmental effect, and/or environmental quality thresholds, 
becoming a threat for the aquatic biodiversity, and even the production of tap water for populations 
in the same watershed. 

Herein, we provide results obtained for a selection of 79 compounds, corresponding to agriculture use 
pesticides and pharmaceuticals, in water samples obtained at four different dates, from 3 rivers with 
different pressure of residential and agriculture activities, some small streams draining agriculture 
fields, and springs of groundwater. Compounds were determined using an automated procedure 
combining solid-phase extraction (SPE) on-line coupled to LC-ESI-MS/MS.  

Around 50% of selected compounds were detected in some of the processed samples. In certain 
sampling places, systematic presence of pesticides residues was noticed. Some of them, such as the 
insecticide methoxyfenozide, was even detected in the springs of groundwater.  However, as a general 
rule, the higher number of compounds above method LOQs corresponded to pharmaceuticals, not 
only in small rivers directly affected by sewage water discharges, but also in a large dam, 20 km 
downstream the closest STP. Some of the detected pharmaceuticals, such as certain cardiovascular 
drugs (i.e. olmesartan), the psychiatric drug venlafaxine and the drug metabolites O-
desmethylvenlafaxine and valsartan acid, were measured above their predicted non-effect 
environmental concentrations (PNEC) for the most sensitive fresh water organism. These compounds 
were identified as potential hazards to the aquatic environment; moreover, they are potential 
indicators of fresh water contamination, with detection frequencies above 70% in the set of processed 
samples and values close to 100% in case of river water. 

Fig. 2. Concentration of O-desmethylvenlafaxine in different sampling campaigns 
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Cytochrome P450 is a family of heme proteins that catalyze the NADPH-dependent monooxygenation 
of several compounds [1]. Five CYP enzymes are involved in the metabolism of 95% of drugs, foreign 
chemicals, and endogenic compounds in the human body [1]. The study of CYP reactions is important 
in drug development, for the screening of potential substrates or inhibitors and their interactions [1]. 
In biological systems are necessary electron donors such as NADPH or NADH and electron transfer 
mediators [1]. Alternatively, electrochemical methods simplify the evaluation of CYP catalysis since 
the electrode can work as an electron source, replacing partner proteins such as NADPH reductase 
[1].  
The study of the catalytic activity of P450 enzymes adsorbed on the surface of unmodified electrodes 
is very difficult, due to low catalytic activity and heterogeneous electron transfer [2]. The enzyme 
orientation and immobilization on the electrode surface, as well as the substrate access, are critical 
steps in the development of an enzymatic biosensor, determining the sensor response [2]. Cross-
linked hydrogels are usually used for the immobilization of enzymes since they stabilize proteins 
through electrostatic forces and create a microenvironment for optimal enzyme activity on the 
electrode surface [3]. Graphite pencil leads can be used as working electrodes because they show 
good sensitivity, reproducibility, high electrical conductivity, minimal background current, and are a 
green tool for electrochemical analysis. The lead is a mixture of graphite, wax and clay in different 
proportions. The common HB lead consists in a mixture of around 68% of graphite, 26% of clay and 
5% of wax [4]. Nano structuring of their active surfaces can be done with different materials, like 
carbon nanotubes (CNTs), graphene, carbon dots. Particularly CNTs present optimal chemical and 
physical properties, like biocompatibility, high electron transfer kinetics, and high sensitivity [5]. 
 The present study aimed to compare different strategies for the immobilization of cytochrome 
CYP3A4 on the tip surface of HB pencil leads 0.9 mm, with or without previous surface modification, 
aiming its robustness as biosensor and ability to get acceptable results by cyclic voltammetry. The 
assessment was conduct either in the absence or presence of the oxygen cofactor, i.e. under anaerobic 
(N2 purging) or aerobic conditions, using erythromycin as substrate. The best immobilization strategy 
ǿŀǎ ōŀǎŜŘ ƻƴ ŀ ƳƛȄǘǳǊŜ ƻŦ тл ˃[ ƻŦ ŀ р ƳƎκƳ[ ǎƻƭǳǘƛƻƴ ƻŦ ǇȅǊŜƴŜ-linear poly(ethylenimine), 0.1 mg of 
ƳǳƭǘƛǿŀƭƭŜŘ ŎŀǊōƻƴ ƴŀƴƻǘǳōŜǎΣ ол ˃[ ƻŦ мл ƳƎκƳ[ /¸tо!п ŜƴȊȅƳŜ ǎƻƭǳǘƛƻƴ ŀƴŘ оΦтр ˃[ ƻŦ мо҈ ǾƻƭΦ 
ŜǘƘȅƭŜƴŜƎƭȅŎƻƭ ŘƛƎƭȅŎƛŘȅƭ ŜǘƘŜǊΣ ŀƴŘ ǘƘŜƴ ǇƻǳǊŜŘ о ˃[ ƻƴ ǘƘŜ ǇŜƴŎƛƭ ƭŜŀŘ ǎǳǊŦŀŎŜΣ ǿƘƛŎƘ ǊŜƴŘŜǊŜŘ ŀ 
typical Michaelis-Menten kinetics. Hence, this study provided an initial step to improve the 
immobilization of CYP3A4 on graphite electrodes and to proceed with the metabolism assessment. 
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As espécies C. sempervirens L. e J. communis L. são amplamente plantadas como arbustos 
ornamentais em parques e jardins, enquanto C. ladanifer L. é frequentemente encontrada em áreas 
silvestres. No entanto, estas espécies apresentam um elevado potencial para serem cultivadas em 
terrenos marginais [1]. Diferentes estudos investigaram a composição química dessas espécies por 
GC-MS; no entanto, a maioria refere-se ao óleo esencial (OE) obtido por hidrodestilação das folhas de 
C. ladanifer e C. sempervirens, assim como de bagas de J. communis, sendo escassa a informação sobre 
outras partes das plantas [2,3].  

No âmbito do projeto BBI-JU BeonNAT, o presente estudo teve como objetivo avaliar a composição 
química de OE extraídos por destilação a vapor da parte aérea dessas três espécies e as suas 
propriedades bioativas (antioxidante, antibacteriana, citotóxica e anti-inflamatória) tendo como 
finalidade o desenvolvimento de produtos de base biológica em diferentes indústrias.  

Assim, cada espécie foi colhida em duas origens diferentes para procurar diferentes quimiotipos 
associados a diferentes localizações geográficas [4]. Os resultados obtidos sugerem que a colheita 
dessas espécies em diferentes localizações geográficas interfere no rendimento do OE e respectiva 
composição química, sendo que o maior teor de terpenos foi observado em C. sempervirens seguido 
de J. communis. Com exceção de uma das origens de C. ladanifer que apresentou viridiflorol como o 
composto mais abundante, as três espécies apresentaram em comum o -hpineno como composto 
majoritário. Os OEs de C. ladanifer apresentaram potencial antibacteriano, apresentando valores de 
concentração mínima inibitória (CMI) de 0.3 a 1.25 mg/mL. Relativamente às restantes bioatividades, 
o OE de C. ladanifer, revelou uma inibição da oxidação de 83%, enquanto que o OE de J. communis 
apresentou citotoxicidade na linhagem celular MCF-7, e os OEs C. sempervirens e C. ladanifer exibiram 
o maior potencial na linha celular NCI-H460. Qualquer um dos óleos apresentou actividade anti-

inflamatória, destacando-se o maior potential na especie de C. sempervirens (IC50: 11-14 mg/mL), 

seguido do OE de C. ladanifer (IC50: 19-21 mg/mL) e J. communis (IC50: 24-85 mg/mL). As espécies 
avaliadas revelaram ser uma fonte viável e de baixo custo de OEs que podem ser utilizados para o 
desenvolvimento de produtos de base biológica em diferentes industrias.  
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Synthetic cathinones, such as 3,4-methylenedioxypyrovalerone (MDPV), are widely abused 
due to their psychostimulant effects [1]. Being chiral compounds, studying the influence of 
stereochemistry in their biological/toxicological properties (enantioselectivity) is of great 
importance [2,3] as well as the racemization phenomena since enantiomers can undergo 
racemization in certain temperature and acidic/basic environments [4]. Moreover, 
enantioresolution methods that allow the separation of the enantiomers of synthetic 
cathinones have been reported, being liquid chromatography (LC) using chiral stationary 
phases (CSPs) the technique of choice [5].  

In this work, the semi-preparative enantioresolution of MDPV and a racemization study 
were performed by LC using amylose-derived CSPs. The enantiomers were successfully 
separated with a selectivity factor of 1.4 and a resolution factor of 1.7, collected with 
enantiomeric ratios (e.r.) higher than 95% and recovery rates of 92% and 93%. The 
racemization of the enantiomers of MDPV was affected by higher temperatures. 
Nonetheless, for 48 h at room temperature and 24 h at 37 ºC, the enantiomers were stable 
since minor/no changes were observed in the e.r. values. 

Additionally, a permeability study was performed to evaluate the potential 
enantioselectivity of MDPV in the passage across the Caco-2 monolayer, a widely used in 
vitro model for intestinal permeability studies. To detect and quantify MDPV, an UHPLC 
method was developed and validated. High selectivity for MDPV and good linearity were 
observed in the tested concentration range (0.5-500 µM) with correlation coefficients 
always higher than 0.999. An accuracy ranging between 102 and 109%, inter-day and intra-
day precisions with coefficients of variation below 15%, limits of detection and 
ǉǳŀƴǘƛŦƛŎŀǘƛƻƴ ƻŦ лΦлсо ˃a ŀƴŘ лΦмф ˃aΣ ǊŜǎǇŜŎǘƛǾŜƭȅΣ ǿŜǊŜ ŀƭǎƻ ŦƻǳƴŘΦ bƻ ǎǘŀǘƛǎǘƛŎŀƭƭȅ 
significant differences were found between the enantiomers in the passage across the Caco-
2 monolayer (no enantioselectivity). 
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Lipids are responsible for critical roles in many vital biological pathways. These biomolecules act as 
potent signalling agents since many diseases are associated with disruptions in lipid metabolism and 
function including neurological disorders, autoimmune diseases, and cancer [1,2]. Fluorescent 
labelling is one of the main tools used for the investigation of biological functions involving lipids, 
namely for clarifying metabolic pathways and molecular mechanisms of diseases where these 
molecules are of crucial importance [3]. In this work, an automated flow procedure was developed 
for the bioconjugation of a coumarin to a phospholipid, allowing to tailor the most suitable conditions 
for the synthesis of fluorophores covalently conjugated to these biologically relevant targets. The 
coumarin moiety (COUM) was chosen to provide a fluorescent-tag suitable for biological monitoring 
with low interference with the phospholipids structure and biological functions [4]. Moreover, a 
phosphatidylethanolamine derivative (POPE) was used since it belongs to one of the most abundant 
class of phospholipids in mammalian cells with an essential role in several cellular processes [5,6]. The 
possibility of using the coumarin-lipid probe to report the radical species attack to membranes was 
assessed by incorporating the probe in large unilamellar vesicles (LUVs) and multilamellar vesicles 
(MLVs) that were then exposed to oxidative conditions. The capacity of the COUM-POPE probe to 
report oxidation by AAPH-generated peroxyl radicals in egg L- -hphosphatidylcholine (EPC) vesicles 
was evaluated. 

 
Fig. 1. FLIM images of MLVs incorporated with coumarin-POPE probe, (A) 80 mm2; (B) 18 mm2. 
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O ácido acetilsalicílico (AAS) é um dos medicamentos mais utilizados em todo o mundo, e uma das 
moléculas mais estudadas. O mecanismo de ação deste fármaco é dependente da dose, pelo que, 
para níveis de concentração baixos, é usado como agente anti-trombótico, na prevenção de doenças 
cardiovasculares. Por outro lado, para doses intermediárias e altas podem destacar-se os efeitos anti-
inflamatório, analgésico e antipirético [1]. Mais recentemente, outros usos clínicos têm sido 
investigados, nomeadamente a sua atividade anti tumoral e o seu impacto na doença de Alzheimer 
[2,3]. O AAS tanto pode ser usado como único princípio ativo numa formulação farmacêutico, ou em 
combinação com outros princípios ativos de forma a melhorar a sua ação terapêutica [1]. 

Dentro das nanopartículas fluorescentes usadas em química analítica, os pontos quânticos têm-se 
destacado devido às suas propriedades óticas e químicas muito interessantes. Entre muitas 
características fascinantes podem destacar-se a facilidade de adaptação da sua síntese em função das 
características do nanomaterial que se pretende obter, o ajuste da sua química de superfície que 
permite modular a sua reatividade e o facto de possuírem um espectro de absorção amplo ao passo 
que o seu espectro de emissão é estreito, possibilitando a excitação simultânea de vários QDs numa 
única sonda combinada usando apenas um único comprimento de onda de excitação [4,5].    

A baixa seletividade tem sido destacada como a principal desvantagem do uso destes nanomateriais 
em química analítica, especialmente em amostras complexas. Assim, algumas estratégias têm sido 
desenvolvidas com vista a resolver este problema, sendo que o uso de ferramentas quimiométricas 
para tratar os dados de fluorescência obtidos tem sido um dos que mais se tem destacado [4]. O uso 
de dados de segunda ou maior ordem (como por exemplo dados cinéticos ou matrizes de excitação-
emissão - EEM) quando acoplados a ferramentas quimiométricas adequadas possibilitam determinar 
o analito mesmo na presença de espécies interferentes não incluídas durante a calibração. 

Neste trabalho pontos quânticos binários de CdTe e ternários de AgInS2 foram combinados numa 
única nanossonda para determinar AAS em formulações farmacêuticas. Os dados cinéticos foram 
processados por diferentes ferramentas quimiométricas, nomeadamente unfolded-PLS (U-PLS) e 
artificial neural network (ANN). A ferramenta quimiométrica com que qual se obteve dados mais 
robustos possibilitou a quantificação de AAS, mesmo na presença de outros princípios ativos. 
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A new versatile, robust, rapid, and miniaturized micro sequential injection coupled with the lab-on-
valve (µSIAςLOV) technique was full-blown to perform inhibitory studies on the dihydrofolate 
reductase (DHFR) enzyme using metal-based compounds (Fig. 1).  
DHFR catalyzes the reduction of dihydrofolate to tetrahydrofolate in an NADPH-dependent manner 
[1]. This enzymatic reaction interferes with the various amino acids, thymidylate, and purines 
biosynthesis and is also an important target for anticancer drugs such as methotrexate [2]. Ruthenium 
and diiron compounds have been extensively studied in vitro and in vivo since they are showing 
promising anticancer properties [3,4].  

The metal complexes exhibited IC50 values in the range 1.3 ° 0.3 to 108 ° 7 mM, with half of the 

complexes lying in the low mM range, i.e., 1.3 ° 0.3 to 4.4 ° 0.2 mM. For comparison, methotrexate 

(MTX), a known inhibitor of DHFR, has an IC50 value of 0.38 ° 0.06 mM.  
The automated system requires very little sample (approximately 40 µL per analysis), uses minimal 
reagents (5 times less than the batch procedure used), and generates very little waste (around 1.2 mL 
per analysis) compared with batch methods, considerably reducing costs.  

 
Fig.1 - mSIA-LOV developed system used to identify possible metal-based inhibitors for DHFR enzyme.  
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Las aminas biógenas provienen de la descarboxilación enzimática de aminoácidos [1]. 
Grandes cantidades de aminas biógenas producen efectos tóxicos en nuestro organismo [2]. 
Además de encontrarse en los organismos vivos, ellas se pueden encontrar en alimentos y 
bebidas fermentadas. Se generan durante un inadecuado procesamiento o 
almacenamiento, como consecuencia de la actividad microbiológica. Por esta razón, su 
detección y cuantificación es esencial en el control de la calidad de los alimentos. El objetivo 
de este trabajo ha sido el estudio espectrofluorimétrico de la amina biógena Triptamina y 
su precursor, el aminoácido Triptófano. 

Ambos analitos fueron estudiados por fluorescencia molecular, encontrándose que la señal 
de fluorescencia de la Triptamina es más intensa que la de su precursor. Durante la 
optimización de los parámetros instrumentales y químicos tales como el pH y la presencia 
de ciclodextrinas, surfactantes e iones metálicos, se vió que el Cu2+ a valores mayores de 50 
ppm hacía que la señal del Triptófano desapareciera, mientras que no afectaba 
prácticamente a la señal de la Triptamina. 

Se ha explorado la posibilidad de determinar Triptamina en presencia de Triptófano. Se 
estudió la variación de la señal de fluorescencia en ambos analitos en función del pH y en 
presencia de Cu2+ para encontrar las condiciones óptimas. Se observó que la señal de 
Triptamina + Cu2+ es máxima en medio ácido, mientras que la señal del Triptófano en 
presencia de este ión metálico desaparece por encima de pH 7. De esta forma, existe la 
posibilidad de determinar Triptamina en presencia de su aminoácido precursor, el 
Triptófano. 
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Food contains minerals, which are required by the organism in small amounts and are essential for 
regulating metabolism and maintaining human health. However, it can also be a source of potentially toxic 
elements (PTEs), i.e. Hg, As, Cd, non-essential elements with potential hazardous effects on living organisms 
and ecosystems, even in low concentration [1]. Whether for nutritional research, risk assessment or 
compliance with food legislation, analytical methods that allow easy, fast, accurate and reliable 
determination of multiple elements simultaneously are essential. Those methods should be validated 
against specified performance criteria (e.g., linearity, specificity, precision, limits of detection and 
quantification, repeatability) to guarantee the quality of the results [2]. Many methods for quantifying 
minerals and PTEs in food are described in the literature, which make it difficult to choose the most 
appropriate method, once some focus exclusively on one group of elements or imply the use of different 
quantification techniques to determine the set of different elements groups. Most studies are only validated 
for a single food matrix (e.g., rice or fish or chicken, etc) and authors often do not specify whether the food 
has been processed or not. 

The present work aimed to validate a simple and efficient method that can be used routinely and guarantees 
the correct and simultaneous determination of the concentrations of macro-, and micro-minerals, and PTEs 
in different real food matrices (raw or processed state). As the effects of processing/cooking on food 
compositional values are not yet well described and understood, it was also examined whether different 
food processing (grilled and boiled) could alter the mineral and PTEs content of the foods studied. Based on 
the results, recommended intakes of the foods studied were proposed according to the Recommended 
Dietary Allowance and the Tolerable Upper Intake Level [3]. 

A single digestion method, based on HNO3 and H2O2 in conjunction with microwave (elevated temperature 
and pressure) was applied to various real food matrices (fish, chicken, mussels, rice, and seaweed) to 
decompose the samples and solubilize macro, micro, and potentially toxic elements. The elements were 
then quantified by inductively coupled plasma mass spectrometry (ICP-MS). 

The performance of the method met the requirements of the Portuguese Association of Accredited 
Laboratories (RELACRE), being successfully validated for As, Ca, Cd, Cu, Fe, Mg, Mn, Na, and Zn, for certified 
reference materials and real food samples. The blank (with values < LOD), fortification samples (percentages 
of recovery always between 80-120%), certified reference material (bias < 10%), and food samples results 
met the performance requirements defined by RELACRE.  

Results showed that cooking food samples (boiled, or grilled) lead to significant changes (p-value < 0.05) in 
the concentration of most of the elements, although no significant changes were seen between treatments. 
For example, Na content in raw fish was reduced from 53.6 to 0.003 mg/g in boiled and grilled fish, reducing 
the health concerns associated with the ingestion of this element (100 g of raw fish, consumed typically in 
Japanese cuisine ς shusi - would surpass 2.3 times Na recommended dose). Estimations of the amounts to 
be consumed to reach the recommended daily doses were attained for all minerals studied. 
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According to the World Health Organization (WHO), ambient air pollution is estimated to cause up to 
9 million deaths annually and millions of lost years of healthy life worldwide [1]. Among air pollutants, 
atmospheric particulate matter (PM) was classified as carcinogenic to humans and several 
epidemiologic studies have associated PM inhalation to specific adverse health outcomes. Their 
toxicity is mostly attributed to particle size (being PM10 and PM2.5 the most studied fractions due to 
their potential to penetrate and deposit in different regions of respiratory system after inhalation) 
and to PM-associated pollutants (potential contributors to PM toxicity) [2]. As posing a great risk, 
several countries have implemented limit values and emission reduction measures to minimize the 
risk, which are currently based on the total pollutant content in PM. In the last decades, studies have 
been focused on the determination of the pollutant fraction that can be dissolved in respiratory fluids 
(inhalation bioaccessibility) as they could provide valuable information of how substances may 
interact with organisms. In addition, bioaccessibilities are considered better estimators of the health 
risk posed by pollutants against the overestimation when total concentrations are used, being broadly 
used in human health risk assessment models to achieve a more realistic assessment [3]. Different 
methods have been performed to estimate inhalation bioaccessibilities of substances, being in vitro 
physiologically based extraction tests (PBET) the most preferred alternative due to their benefits. 
These tests involve the use of simulated biological fluids for extracting PM pollutants (i.e., 
bioaccessible fraction) under conditions (temperature, agitation, solid-liquid ratio (S/L) and extraction 
time) similar to those found in the human body. Moreover, the use of controlled conditions to perform 
the tests allow the study of parameters influencing bioaccessibilities [4].  

In this work, the study of inhalation bioaccessibility of pollutants associated to PM by an in vitro PBET 
ŀǇǇǊƻŀŎƘ ǿŀǎ ǇŜǊŦƻǊƳŜŘΣ ǳǎƛƴƎ DŀƳōƭŜΩǎ ŀƴŘ ŀǊǘƛŦƛŎƛŀƭ ƭȅǎƻǎƻƳŀƭ ŦƭǳƛŘ ό![Cύ ǎƻƭǳǘƛƻƴǎ ŀǎ ǎƛƳǳƭŀǘŜŘ 
fluids as being representative of different lung regions. Due to the lack of standardized PBET 
conditions, they were selected basing on the available literature to obtain the most realistic results, 
while validated analytical procedures for the measurement of pollutants occurring in PM and 
bioaccessible fractions were applied. Bioaccessibilities of 23 % and 31 % were estimated by average 
for polycyclic aromatic hydrocarbons (PAHs) in PM10 and PM2.5, respectively; while mean 
bioaccessibilities of 83 %, 68 % and 41 % were obtained for bisphenol A, organophosphorus flame 
retardants (OPFRs) and phthalate esters (PAEs), respectively, in PM2.5. Also, correlations between 
bioaccessible ratios and PM properties were observed (mainly with PM2.5 carbon content), while 
health risk assessment considering both total and bioaccessible pƻƭƭǳǘŀƴǘǎΩ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ǿŀǎ 
conducted. 
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The aim of this study is to assess the action of different plant extracts on the activity of 
enzyme myeloperoxidase (MPO) in an automatic way. As promising candidates for MPO 
inhibition, it is intended to understand how the constituents of these extracts correlate with 
their antioxidant and anti-inflammatory properties. 

In inflammatory and infectious processes, the concentrations of this enzyme are increased, 
being an inhibition target to limit these processes [1].  

For this, an automatic sequential injection analysis (SIA) system was developed and 
optimized, and the results showed very satisfactory accuracy and precision. 

In the group of selected plant extracts, IC50 values from 0.029 ± 0.002 mg / mL to 35.4 ± 3.5 
mg / mL were obtained. Arbustus Unedo proved to be the most inhibitory extract for MPO 
based on its phenolic  

compound content.  

Considering the simplicity and speed of the automatic SIA method, its coupling to MPO 
inhibition assays becomes a good alternative to other conventionally used methods. 

This work also supports the pharmacological use of these species that may be related to the 
treatment of infection and inflammation [2]. 
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A quimiometria consiste no uso de métodos matemáticos e estatísticos multivariados para otimização 
de desenhos experimentais, para melhorar a compreensão dos dados físico/químicos obtidos pelos 
métodos de referência e para correlacionar as propriedades físico/químicas de amostras com os dados 
instrumentais. Nesse sentido, esta disciplina não pretende retirar protagonismo aos métodos de 
referência ou técnicas experimentais comummente utilizadas (pois sem estes torna-se menos 
abrangente) mas sim funcionar como uma ferramenta completar.  

Os métodos matemáticos/estatísticos multivariados possuem diversas vantagens em relação aos 
métodos univariados. A primeira grande vantagem que pode ser enumerada está relacionada com a 
presença de interferentes nas amostras. Nos métodos univariados onde apenas um valor/ponto é 
medido por cada amostra (dados considerados de ordem zero), é fácil perceber que se as amostras 
possuírem um interferente, o valor/ponto registado pode ser afetado pela presença deste 
interferente. Esta situação acarreta normalmente diversas operações um pouco complexas (ex: 
filtração, derivatização, separação, etc) para a remoção do mesmo, tornando o método menos 
simples, mais moroso, dispendioso e geralmente menos amigo do ambiente. Em relação aos métodos 
multivariados onde vários valores/pontos são medidos na mesma amostra (dados considerados de 
primeira, segunda, etc ordem dependendo do ou dos equipamentos utilizados) a presença de um ou 
mais interferentes nas amostras não é muito relevante, pois o efeito destes na quantificação do 
analito de interesse pode ser evitado através da aplicação das ferramentas quimiométricas corretas. 
Por exemplo, se estivermos a lidar com dados de primeira ordem (vector de dados, ex: espectro de 
infravermelho próximo) basta que o conjunto de amostras utlizadas na calibração contenham a 
presença do interferente para ser possível determinar o analito de interesse em amostras não 
calibradas. No entanto, se estivermos a lidar com dados de segunda ordem (matriz de dados, ex: 
espectros de infravermelho próximo recolhidos ao longo de um período de tempo), não é necessário 
utilizar amostras na calibração que contenham a presença do interferente para ser possível 
determinar o analito de interesse em amostras com interferentes não calibrados. Isto é, é possível 
quantificar o analito de interesse em amostras de validação que contenham um ou mais interferentes 
que não foram introduzidos na etapa de calibração devido à conhecida vantagem de dados de segunda 
ordem. Outra grande vantagem da utilização dos métodos matemáticos/estatísticos em relação aos 
métodos univariados é a capacidade que estes possuem para realizarem determinações 
multiparamétricas através de uma única análise. Isto deve-se à aquisição de vários valores/pontos 
como referido anteriormente que podem conter informação de vários analitos (ex: espectro 
infravermelho-próximo). Outras vantagens que podem ser referidas são o aumento da seletividade, 
sensibilidade, bem como a identificação de outliers [1,2,3].   

Assim, a utilização da quimiometria é uma ferramenta importante de apoio à química analítica e o seu 
uso é cada vez mais indispensável em diversas áreas. 
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Short-length monolithic column in low pressure flow systems is a recent approach of high 
analytical potential. This strategy combines the use of a monolithic column (able/known of 
high separation efficiency) and the versatility of FIA systems, to enable the implementation 
of miniaturized chromatographic systems with different tailored valences [1-3]. 

In recent works, a low pressure chromatographic system with an amperometric detector 
was used for the determination of trigonelline at cathodic potentials [1], and caffeine and 
chlorogenic acids at anodic potentials [2]. In this work, the simultaneous determination of 
these analytes in green coffee extracts was performed. To this goal, one exploited the 
electrochemical technique multiple pulse amperometry, which has been scarcely used in 
analytical approaches. The chromatographic system was based on a 1 cm-length C18 
monolithic column and an amperometric detector comprising a boron-doped diamond 
working electrode, an AgCl/Ag reference electrode and a glassy carbon auxiliary electrode. 
The separation of the compounds was achieved through ion-pair chromatography. 

The following experimental conditions were evaluated: the mobile phase composition, the 
supporting electrolyte composition for the electrochemical detection and the potential 
conditions inherent to the multiple pulse amperometry technique. The developed 
methodology allowed the simultaneous separation and identification of 4 antioxidant 
compounds in green coffee extracts: trigonelline, 5-caffeoylquinic acid, caffeine and 5-
feruloylquinic acid (Figure 1). The developed methodology presented a determination rate 
of 9 analyses per hour, an eluent consumption of 5 mL per analysis and a detection limit of 
17.6 µmol.dm-3, 11.8 µmol.dm-3 and 10.3 µmol.dm-3 for trigonelline, 5-CQA and caffeine, 
respectively. 

 
 

Fig.1. Chromatogram obtained at the optimized conditions of mobile phase composition and 
detection parameters. Applied potentials: φ +1.6 V (0.03 s); φ -1.5 V (0.03 s). 
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Protein phosphorylation plays a significant role in many biological mechanisms, including cell 
differentiation, cell cycle control, metabolism, and apoptosis, therefore, being systematically 
associated with several diseases such as cancer and neurodegeneration. Enrichment is a crucial 
procedure step to overcome analytical challenges related to the nature of phosphoproteins, such 
as their dynamic modification patterns, sub-stoichiometric concentrations, and low mass 
spectrometric response. [1]  
Ion metal affinity chromatography (IMAC) has become the most used among the several 
phosphopeptide affinity enrichment techniques. Despite continuous developments of IMAC 
materials for phosphopeptide enrichment, unbiased and quantitative recovery of 
phosphopeptides in complex 
biological mixtures continues to pose a challenge. For example, the peptides' aminoacidic 
composition significantly impacts their affinity for the various metal ions used in IMACs. As a 
result, quantifying phosphopeptide content while retaining high selectivity remains difficult. [2] 
In our work, we have compared three different methods for phosphopeptide enrichment (an in-
house method that was optimized, a commercial kit (Thermo Scientific REF: A32993) and the 
EasyPhos protocol) [3] towards a typical. The in-house method has revealed the highest number 
of unique phosphosites compared to the other two methods. Despite this result, an ICP-MS 
analysis of the enrichment has shown only 40% of the phosphorous initially contained in the 
sample. Considering these results, ICP-MS analysis must be applied to the other methods. 
However, there is mass spectrometry evidence that they are underperforming methods. These 
findings should be taken into consideration when presenting quantitative phosphoproteomics 
findings. 

 
Fig.1. Venn's diagram of unique phosphopeptides identified by mass spectrometry for each method. 

K: Thermo Scientific Kit; T: EasyPhos/Titansphere; Ti: In-house Ti-IMAC Protocol 
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The determination of chemical species in the different environmental matrices presents 
different challenges depending on the sample nature (water, soil and plants). Water is vital 
for life in all aspects, not only for consume but also for recreational purposes, what makes 
its monitoring indispensable. The important chemical processes that alter water 
composition vary on the water source (groundwater, river, lake and seawater), 
consequently varying the expected concentration of the present species. Additionally, 
human activity can also interfere with water quality. So, in the analysis of different types of 
water, there are different challenges depending on the water source and the probable 
existing problems. The analytical tools should ideally be developed to assess any substances 
(changed element content and/or element contamination) that may interfere with water 
quality and consequently with life [1]. Regarding seawater and its intrinsic characteristics 
(matrix composition and the usually trace analyte concentration) makes its monitoring an 
extra challenge. Some strategies can be employed to overcome the encountered challenges, 
being one of them solid phase extraction (SPE). 

SPE is a sample pre-treatment extensively used in analytical chemistry. It is a versatile 
technique in sample preparation for sample matrix removal and/or analyte enrichment, 
making it appealing to apply to the seawater monitoring. The principle of SPE is based on 
the partitioning of solutes between two different phases. This process occurs between a 
liquid phase (usually the sample matrix) and a solid phase (the sorbent material). This way, 
it enables the enrichment of the target analyte and/or clean-up of the sample matrix, thus 
favouring the analytical process [2]. This sample preparation technique can easily be 
coupled with a variety of other techniques used in analytical chemistry such as flow-based 
methods (flow injection and sequential injection analysis). Flow-based methods are 
appealing to implement this type of strategy for the in-line sample preparation due to the 
associated apparatus versatility. The high versatility of a SPE strategy makes it fairly easily 
to be implemented into a flow-based manifold, as well. 

When the two techniques are coupled, flow-based methods with SPE, the system gains the 
inherent advantages of the two techniques: (i) the automation and miniaturization of the 
sample extraction, in a flow-based mode; (ii) decrease the time needed per analysis, thus 
improving sample throughput; (iii) minimize the operator sample handling; (iv) improve the 
method precision and (v) minimize the overall reagents/sample consumption [3]. Some of 
these applications are discussed in this communication. 
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Ruminal acidosis is a metabolic disease with a high incidence in intensive dairy farms, where high 
producing cows are fed diets with high inclusion of rapidly fermentable carbohydrates to meet their 
energy needs. Measurement of ruminal pH is considered the golden standard for acidosis diagnosis, 
but results are often conflicting. Although volatile fatty acids, particularly acetate and propionate, 
originating from the ruminal fermentation of feed are also often used as markers of rumen acidosis, 
information is lacking on the potential of minor compounds as reliable markers of this disorder. 
Quantitative metabolomic methods have opened new avenues to elucidate the associations of 
feeding and rumen health, being a useful approach to characterize metabolic disorders in dairy cows. 

This work aimed the characterization of the fermentation media from in vitro batch incubations 
promoting acidotic conditions. For the study, rumen content collected from rumen-fistulated Holstein 
cows was incubated anaerobically at 39 ºC, for 12 h, with 5 experimental treatments containing 
carbohydrate sources of different fermentability: cellulose, corn starch, wheat starch, cellulose + corn 
starch (50:50, w/w), and cellulose + wheat starch (50:50, w/w). Every 4 h the incubation media was 
characterized in terms of fermentation parameters (pH, total gas and methane production, NH3-N, 
and volatile fatty acids), the 12-h incubation media being submitted to targeted metabolomic (minor 
volatile compounds) analysis by gas chromatography with flame ionization detection (GC-FID) [1], and 
untargeted characterization by high performance liquid chromatography with high resolution tandem 
mass spectrometry (HPLC-MS/MS) analysis [2], in both positive and negative ionization modes.  

Acidotic conditions (pH < 5.8) were achieved at 8 h in incubations with starch sources. After 12 h, 
incubations with pure starch and cellulose with starch resulted in the formation of the minor volatile 
compounds 3-methylbutanal, 3-methyl-2-pentanone, 2-hexanone, and 2-pentenal, which was not 
verified when pure cellulose was used as substrate. Also, the levels of these metabolites were 
significantly (p < 0.05) different between fermentation media from incubations with pure starch (corn 
and wheat starch) and those with 50% starch and 50% cellulose. The analysis of data by Partial Least 
Squares Discriminant Analysis (PLS-DA) showed a separation between 3 main groups of substrates 
(pure cellulose, pure starch, and mixed starch and cellulose). The main metabolites responsible for 
the discrimination between groups were obtained by the weighted sum of absolute regression 
coefficients, revealing higher levels of lactic acid, Leu-Ile, Val-Phe, and Ile-Leu in starch containing 
incubations. The metabolic pathways involved on the formation of the identified biomarkers of 
acidotic conditions by in vitro incubations is under investigation and will be discussed.  
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Flow-based methods have been developed over the last few decades to automate (bio)chemical 
analysis while improving the figures of merit regarding accuracy, precision and sample 
throughput. Several generations of flow analysers have been proposed [1, 2], including the lab-
on-valve (LOV) flow systems. Considered as the third generation of Flow Injection Analysis (FIA), 
LOV is based on a monolithic structure with microconduits machined in a polymeric block, 
mounted atop a multiposition selection valve [3]. Due to the mesofluidic scale of these channels, 
this technique presents more potential and compatibility with real-world samples when 
compared to microfluidic devices, namely on the implementation of renewable solid-phase 
(bio)chemistry. In this context, immunosensors offer the selectivity and low detection limits 
required by current analytical challenges. However, reproducibility issues are often pointed out 
as an important drawback as well as the limited reuse due to permanent binding of analytes 
and/or interferents to the biorecognition element. 

In the present work, a versatile LOV-based flow system is proposed for the automation of 
construction and operation of immunosensors. Using Sepharose microbeads decorated with 
protein A, an automated protocol for the retention and immobilization of this solid-phase in a 
flow-through detection cell was devised. The flow cell was established within the LOV channels, 
defined by two optical fibres (600 µm), one connected to a UV-Vis light source and the other to 
a UV-Vis CCD spectrometer, with a flow restriction element in the vertical outlet. This design 
allowed the in-situ construction of the immunosensor, with monitoring of all on-column events, 
including antibody immobilization, interaction of the immunorecognition element with the 
(bio)analytes in sample, the surface regeneration and/or the solid-phase discard. The proof of 
concept was established for the quantification of human immunoglobulin in human serum and 
saliva [4]. Application to challenges pertaining to pharmaceutical formulation are current under 
development, namely the quantification of nanoparticles in drug formulation and the evaluation 
of the amount of polyethylene glycol (PEG) in nanoformulations. 
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 Nos últimos anos tem surgido uma nítida tendência no sentido do desenvolvimento e 
aplicação de sensores e detetores baseados em imagem (DIB), que tem vindo a ser amplamente 
estudado tendo como objetivo da sua aplicação analítica. Características como sejam a portabilidade, 
rapidez, fornecerem resultados precisos e exatos, além da boa relação custo-benefício justificam essa 
tendência, devido principalmente ao facto dos DIB permitirem implementar dispositivos para realizar 
análises in situ, a que se associa o baixo consumo de reagentes e a concomitante redução de resíduos.  
 Basicamente os DIB baseiam-se na captura de imagem obtidas após reações colorimétricas 
ou luminescentes, sendo essa imagem convertida em dados segundo algoritmos usuais de análise de 
imagem, permitindo correlacionar cores com a concentração do analito. 
 Para realizar a captura de imagem podem ser usados diversos dispositivos como câmaras 
CCD e CMOS, digitalizadores ou mesmo câmaras de telefones móveis. 
 Dado que a captura de imagens necessita de condições estáticas, é necessário recorrer a 
plataformas de suporte para o sistema químico, normalmente contidos em placas de reação ou mais 
frequentemente microplacas de poliestireno. Essas plataformas podem ser construidas por peças 
previamente recortadas ou através de impressão 3D. Sempre que há necessidade de incluir uma fonte 
de excitação, como é o caso da espectrofluorimetria, instalam-se na plataforma os emissores 
adequados, usualmente LEDs, tubos de descarga ou fontes de filamento. 
 O detetor fluorimétrico (DIB) desenvolvido foi aplicado na quantificação de histamina 
usando a redução de fluorescência promovida por pontos quânticos. Com esse objetivo foi necessário 
a criação de uma plataforma que incluísse a fonte de luz UV, um  dispositivo de captação de imagem 
(Cãmara CMOS) características de resolução e sensibilidade adequadas e adaptação de software 
(baseado em ImageJ) de forma a realizar o tratamento das imagens e a obtenção de dados com 
possibilidade de tratamento numérico de forma fácil. Todo o conjunto é de pequena dimensões, 
portátil e de baixo custo. 
 A plataforma foi construída em poliestireno e acrílico, tendo as diferentes partes sido 
desenhada em CAD e cortadas com um dispositivo CAM. Finalmente foram montadas de forma a 
constituir uma câmara de leitura que pudesse incorporar a fonte de luz e o detetor. A fonte de 
radiação UV utilizada consistiu em LEDs UV de 365 nm ou lâmpadas de descarga de baixa potência. 
 Os resultados obtidos com o dispositivo DIB desenvolvido na quantificação de histamina 
adequada e significativamente com os obtidos por metodologias envolvendo a utilização de 
detetrores fluorimétricos convencionais. 
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Photodynamic therapy (PDT) is an anticancer treatment with several advantageous characteristics, 
such as few side-effects and a minimally invasive nature. More specifically, PDT consists in the 
administration to the patient of a photosensitizer (PS) that is activated by light-irradiation of the tumor 
site, leading to production of the highly cytotoxic singlet oxygen. However, light has a low penetration 
depth into biologic tissues, making this treatment mainly suitable for the treatment of surface tumors. 
Herein, we developed new single-molecule PSs based on the marine chemiluminescent (CL) species, 
Coelenterazine. CL consists in the conversion of thermal energy into excitation energy, due to a 
chemical reaction without light-irradiation [1,2]. Based on this species, new halogenated derivatives 
were developed, which are capable of intracellular self-activation by undergoing a CL reaction 
triggered by a cancer marker [3-6]. More specifically, these Coelenterazine-based PSs are 
chemiexcited directly to triplet excited states capable of sensitizing the highly cytotoxic singlet oxygen, 
without the need for an external light source [3-6]. 
In vitro cytotoxicity assays revealed that these derivatives showed anticancer activity toward several 
cancer cell lines, without the need for light-irradiation, with some of them showing activities 
comparable with reference chemotherapeutic drugs [3-6]. More relevantly, the proposed derivatives 
did not show toxicity toward noncancer cells, demonstrating an interesting profile of tumor-selectivity 
[3-6]. Thus, these studies show that halogenated Coelenterazine derivatives have potential to be used 
as a basis for novel light-free PDT modalities. 
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The lack of control of the polymorphic form of active pharmaceutical ingredients (API) may have 
undesirable consequences on their manufacture and biological performance. Therefore, 
polymorph identification and selectivity of their preparation are crucial factors in API 
development. Crystallization from solutions is widely used in the industry, in the final steps of 
API synthesis and purification. The polymorph obtained in these processes is often dependent 
on experimental conditions, particularly on the solvent which may influence both the API 
conformation and intermolecular association. Nevertheless, a comprehensive understanding of 
solvent effects on the polymorph output in a crystallization process remains a major 
challenge.[1] 

In this study, an investigation of the solvent effect on crystallization of solid forms of the 
pharmaceutical drug probucol (PROB) was performed. PROB is an hyperlipidemic drug developed 
for the treatment of coronary disease. Its molecule has a high conformational flexibility and two 
hydroxyl groups that can interact trough hydrogen bonds. Two polymorphs with an 
enantiotropic relationship were previously characterized (I and II) with the presence of a third 
form noted. [2] 

 In this investigation, crystallization in different conditions gave rise to 6 new forms of PROB, 2 
polymorphs (Fn1 and Fn2) and 4 solvates (two of them isostructural to form II), that were 
characterized using infrared spectroscopy, polarized light thermomicroscopy, differential 
scanning calorimetry and X-ray technics (powder and single crystal). The structural 
characterization of the solvates was an important step for the identification of intermediate 
species that give rise to polymorphs with less stable conformations. A computational 
investigation was initiated to try to rationalize the effect of the solvent on the formation of the 
different polymorphic forms. 

 
Fig.1. Conformations of PROB molecule in polymorphs FI, FII, Fn1 and Fn2. 
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Developing systems that can be switched between states with different thermal conductivities is one 
of the current challenges in materials science. Despite their enormous diversity and chemical richness, 
molecular materials have been only scarcely explored in this regard [1]. 

IŜǊŜ ǿŜ ǊŜǇƻǊǘ ǘƘŜ ǎȅƴǘƘŜǎƛǎ ŀƴŘ ǘƘŜǊƳŀƭ ŎƻƴŘǳŎǘƛǾƛǘȅ ώнϐ ƻŦ пΣпΩ-dialkyloxy-3-methylazobenzene 
derivatives with different alkyl chain lengths [3, 4], allowing thermal conductivity changes in a 
controllable manner. These systems show a rich thermal phase diagram, with different crystalline, 
anisotropic mesophases, and isotropic liquid configurations, as a function of temperature. We have 
measured the temperature dependance of the thermal conductivity across these phases, showing that 
the changes in the alignment of the alkyl chains result in a large and reversible change of the thermal 
conductivity, up to 30%. On the other hand, the conformational transition between trans-cis 
azobenzene groups under UV/Vis illumination leads to reversible changes of thermal conductivity up 
to 40%. 

To increase the kinetics of the thermal conductivity switch, we dispersed low concentrations of 
azobenzene derivatives in room-temperature commercial liquid crystals. Using this approach, we 
achieved multiple thermal states, and a bi-directional switching of their thermal conductivity using 
UV/Vis illumination (Fig. 1). 

Given the enormous variety of photoactive molecules and chemically compatible liquid crystal 
mesophases, this approach opens unforeseen possibilities to develop effective thermal switches 
based on molecular materials. 

 
Fig.1. Doping the 4-octyl-пΩ-cyanobiphenyl liquid crystal matrix with 4% (w/w) of light responsive azobenzenes is 
a successful strategy to achieve a large, reversible and bi-directional (increase/decrease) switching of the thermal 

conductivity upon UV/Vis irradiation. 
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The technology market created the need to develop better energy storage systems. Efficiency 
and safety of current batteries electrolytes still present shortcomings, especially at high 
temperatures. Due to these disadvantages, ionic liquids (ILs) and ILs doped with salts, appear as 
a promising alternative to conventional electrolytes in energy fields. Although, when we are 
doping ILs with salts, how does this salt behaves on IL solution? Interactions among the ions in 
electrolyte solutions are of high interest and help in understanding the nature of the solvent. An 
experimental study of solution and solvation of mono- and divalent alkaline metal cations in the 
ethylammonium nitrate IL is reported. 

The thermodynamics of solvation of alkali metal cations in a protic ionic liquid (PIL) 
ethylammonium nitrate (EAN) was analysed trough high precision solution-reaction calorimetry 
in order to obtain the heat of solvation. Enthalpy of solvation for the exchange of Li+ for Mv+ in 
EAN solution was obtained according to the scheme in Fig. 1. A close relation between the 
structure of the salts in the crystalline phase and its solvation enthalpy in the IL is reported. The 
analysis of the energetics and structure of solvation confirms the well-known water-like solvation 
properties of EAN. Furthermore, the results show that it is energetically more favourable to 
solvate smaller cations with higher valence. [1] 

  
 

Fig.1. Exchange of M+ (top) or M2+ (bottom) for Li+ into a solution of Li+ in EAN(l). 
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-̡amyloid aggregation on the brain is thought to be one the main causes of Alzheimer´s 
ŘƛǎŜŀǎŜΦ ʲ-amyloids are intrinsically disordered proteins (IDPs) that present high tendency 
towards aggregation into fibrils. During the aggregation process oligomeric toxic species 
that can induce damage to our brain are formed.1-3 

!ǎ L5tǎ ŀǊŜ ǇǊƻƴŜ ǘƻ ŀƎƎǊŜƎŀǘƛƻƴ ōȅ ƳƻƭŜŎǳƭŀǊ ƛƴǘŜǊŀŎǘƛƻƴǎ ŀƴŘ ʲ-amyloids are negatively 
charged proteins, we thought that electrostatic interactions could be a key point on its 
aggregation or separation.4 Even though metal ions, such as Cu2+ and Mg2+, could be 
involved on these interactions and lead to changes in protein aggregation, small multivalent 
biomolecules could present a greater impact on the aggregation or phase separation.  

Thus, we focused our study on the molecular mechanism underlying the protein 
aggregation or phase separation depending on the presence of polyamine. We carried out 
in vitro studies at different polyamines concentrations and incubation conditions using 
fluorescence microscopy. The preliminary results showed that there was a change in 
amyloid aggregation depending on polyamines. We found that the polyamine affects to 
protein aggregation or phase separation, observing the formation of droplets rather than 
fibrils. 
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Polythiophenes are semiconductor organic polymers with remarkable electrochromic 
properties in terms of the colour palette, colour contrast and switching times.[1] However, 
the implementation of electrochromic devices on industrial scale (except for PEDOT) is still 
hampered by stability issues in plastic or glass substrates and their processability limited to 
toxic organic solvents (e.g. chloroform). Trying to move forward in terms of processability, 
fast switching times and durability, we prepared novel water-dispersible nanoparticles of 
poly(thiophene/electron-acceptor monomers) with tunable sizes. A synthetic strategy to 
produce new yellow and red polythiophene materials operating at low redox potentials (Fig. 
1) leading to new processable photochromic materials was developed and will be shown.[2-
4] The development of a novel type of electrochromic devices using paper as substrate by 
assembling high-pressure laminates producing multi-layered electrochromic devices 
avoiding ITO or other metal oxide semiconductors will as well be presented. 

 
Fig.1. Structures and electrochromic devices of some of the synthesized polythiophenes. 
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The world energy requirements towards an energetic transition based on new forms of 
production and storage that allow complete sustainability and decarbonisation, involve new 
challenges since the clear current geopolitical instabilities. The renewable energies play and 
important role as a good alternative to deal with external dependency, although the 
intermittence in its production is the mail problem to solve. In this framework, the energy 
storage is playing a crucial role and the search for new and more efficient forms of energy 
storage is highlighted in the new European guidelines to enhance the use of the renewable 
energy sources.  

A new battery electrolyte consisting in a pure Ionic Liquid (IL), 1-Butyl-1-
methylpyrrolidinium bis(trifluoromethylsulfonyl)imide, in liquid and quasi-solid forms, is 
presented and studied in this work. Thermal and electrochemical characterization of this 
compound is performed (stainless steel as blocking electrode for impedance measurements 
and LFP/metallic lithium as anode/catode respectively for GCPL experiences). The main 
advantage is that the lithium contained in the electrodes is enough to enable the 
charge/discharge process.  
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The formation of supramolecular host-guest complexes controlled by irradiation defines the 
field of supramolecular photorheology.[1] Flavylium cations are strongly colored dyes 
inspired in natural anthocyanins that can be obtained upon photoisomerization of their 
respective chalcones at low enough pH values.[2,3] Based on previous results [4] where it 
was shown that flavylium cations are able to form homoternary complexes with the 
cucurbit[8]uril receptor (CB8), a system was devised to develop supramolecular 
photorheological fluids. A 4-arm PEG macromer was derivatized with a chalcone moiety at 
the end of each arm, Fig 1a. Irradiation of these molecules at a suitable pH in the presence 
of CB8 leads to dramatic changes in the viscosity of the solution, Fig. 4b. The system reverts 
in the dark to the initial viscosity. Structural elucidation of the synthesized compound by 1H 
and FTIR-ATR, characterization of the systems by UV-Vis absorption and spectrofluorimetry 
to determine association constants and stoichiometries of the complex, determination of 
quantum yields, and the formation of hydrogel by the irradiation will be shown. 

 

 

 
 

Figure 1: a) Formation of homoternary-based supramolecular gels between the 4-arm PEG-CT (n=55) and 

cucurbit[8]uril upon irradiation. b) 4-arm PEG-CT at pH=1: I) without CB[8], II) with CB[8] (1:2, 4% w/w). Picture 

were taken under white light (left) and under 365 nm light (right). 
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The replacement of the alkyl side chain of the cation in an ionic liquid (IL) with an alkylsilane or an 
alkylsiloxane ŎƘŀƛƴ Ƙŀǎ ōŜŜƴ ǎƘƻǿƴ ǘƻ ōŜ ŀ ǎǳƛǘŀōƭŜ ǿŀȅ ǘƻ ǊŜŘǳŎŜ ǘƘŜ L[Ωǎ ǾƛǎŎƻǎƛǘȅ ŀƴŘ ŘŜƴǎƛǘȅ [1-3]. 
In this work we present the thermophysical study of ILs with alkylsilane and alkylsiloxane chains, as 
well as some carbon-based analogs, with the aim of understanding the impact of the alkylsilane and 
ŀƭƪȅƭǎƛƭƻȄŀƴŜ ŎƘŀƛƴǎ ƻƴ ǘƘŜƛǊ ǘƘŜǊƳƻǇƘȅǎƛŎŀƭ ǇǊƻǇŜǊǘƛŜǎΦ ¢ƘŜ ǎǘǊǳŎǘǳǊŜǎ ƻŦ ǘƘŜ L[ǎΩ Ŏŀǘƛƻƴǎ ŀǊŜ 
presented in Fig. 1.  

The phase behavior of these compounds was studied by differential scanning calorimetry (DSC) and 
their heat capacity was measured, as a function of temperature (between 283 K and 333 K) by means 
of high-precision differential scanning microcalorimetry (iSenseDSC) and, at T = 298.15 K, with high-
precision drop calorimetry [4]. Their thermal stability was studied by thermogravimetric analysis 
(TGA), and their volatility was studied by means of Knudsen effusion method coupled with a quartz 
crystal microbalance (KNQ) [5]. 

DSC experiments revealed that the IL with an alkylsiloxane group has lower melting temperature than 
its alkylsilane analog, and no first-order transitions were detected for the ILs with carbon-based 
chains. Replacing carbon with silicon also causes an increase in the molar heat capacity and in thermal 
stability. The vaporization study shows that the ILs with alkylsilane chains are slightly more volatile 
and have identical cohesive energy than their carbon-based chain analogs. 

 
Fig.1. Cation structures and investigated properties. 
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Electrical conductivity measurements at a fixed frequency are intrinsically affected by polarization 
effects. Although  high frequencies dimmish the impact of the polarization effect, it raises other 
problems associated with parasitic effects. Therefore, measuring impedance across a wide range of 
frequencies is the state-of-the-art procedure [1].  

This work presents the development of a new system for the high precision measurement of electrical 
conductivity of ionic fluids. The measuring system is based on a Precision LCR meter (20 Hz - 500 kHz) 
from Keysight (model E4980AL) and a customized Metrohm electrical conductivity cell  
(model MTO-6.0908.110) installed in small sample glass vessel (8 mL) as presented in Figure 1. A 
customized holder of the conductivity cell was designed to insure the vacuum, gas-tight and chemical 
inertia of the sample container. The system is equipped with vacuum/N2(g) lines which allows the 
degassing and atmospheric isolation of the sample. The temperature control is ensured by a 
customized air bath thermal chamber based on Peltier heat and cooling. A dedicated software 
application was developed to control the experimental setup as well as for data acquisition and 
analysis.  

The results are evaluated in terms of resistance, reactance, impedance, and phase angle as functions 
of frequency. The correction for the polarization effect is performed using several extrapolation 
procedures. The extrapolation is carried by selecting the appropriate frequency range which 
corresponds to a region of resistance-frequency linearity.  

The cell constant was experimentally determined by measuring standard aqueous 0.1 and 0.01 molal 
KCl solutions at different temperatures. The effects of the electrical potential level, N2(g) flow and cell 
immersion depth on the temperature and signal stability were evaluated for KCl solutions and ionic 
liquids. The accuracy of the apparatus was evaluated by measuring a series of reference ILs. 

 
 
 
 
 
 
 
 
 
 

Fig.1. Measuring system and conductivity cell. 
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