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Nota de Abertura 

 

Caríssimos congressistas 

  

É com todo o prazer que dou as boas-vindas, a todos os presentes e aos que estão online, ao XV 

EQA com votos para que usufruam ao máximo estes dias do congresso não só cientificamente, 

mas também em termos sociais.  

Agradeço a todos e a cada um de vós o enorme interesse e participação massiva neste evento 

que se traduz num número record, creio, de inscrições, cerca de 280, e de resumos submetidos 

(290), que demonstram o grande interesse da ciência alimentar, da investigação, da inovação e 

do desenvolvimento tecnológico, pelo sector agroalimentar nacional.  

A todos os membros da Comissão Científica agradeço a Vossa disponibilidade e a preciosa 

colaboração principalmente na seleção dos resumos submetidos para as comunicações orais. 

Não foi tarefa fácil, pois a elevada qualidade dos resumos submetidos assim o determinou. De 

facto, a excelência dos trabalhos apresentados, constituem uma garantia adicional para o 

elevado nível científico que se espera para este evento. 

Um grande obrigado a todos os colegas da Comissão Organizadora pela colaboração, suporte e 

apoio principalmente nos momentos mais trabalhosos. Tenho, no entanto, de fazer um 

agradecimento especial à Drª Rosa Perestrelo e ao Dr. Jorge Pereira, incansáveis desde o 

primeiro momento. A vossa entrega, a vossa dedicação, o vosso trabalho e o vosso sacrifício 

foram inexcedíveis. Obrigado. 

Um agradecimento também a todos os sponsors do XV EQA em particular à: 

• Bruker e à FCiências.ID – Associação para a Investigação e Desenvolvimento de Ciências, 

sponsors de Diamante; 

• ILC e à Waters, sponsors de Ouro;  

• Isaza Scientific Sponsor de Bronze; 

• Associação de Promoção da Madeira; 

• Camara Municipal do Funchal;  

• Thermo UNICAM e à Ready2pub, pelos patrocínios das melhores comunicações, oral e 

painel, do congresso, que serão selecionadas por elementos da CC e CO e anunciados na 

sessão de encerramento do XV EQA; 

• Justinos & Henriques, produtor de Vinhos Madeira, que forneceu os Vinhos Madeira 

para o Madeira de Honra; 

• Specanalitica e à Colab4Food; 

• e a todos os outros, o nosso agradecimento por nos proporcionarem melhores 

condições para a realização deste evento. 

Por fim, mas não menos importante, antes pelo contrário, quero realçar a excelência do suporte 

dado pelo secretariado da SPQ nomeadamente o Dr. Leonardo Mendes, duma eficiência e de 

uma disponibilidade a todos os títulos notável. Muito obrigado! 
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Tendo como temática central a abordagem a ESTRATÉGIAS PARA A EXCELÊNCIA, 

AUTENTICIDADE, SEGURANÇA E SUSTENTABILIDADE ALIMENTAR, onde serão apresentados e 

discutidos temas como os alimentos funcionais; os compostos bioativos; a nutrição; a química 

alimentar; a estrutura e qualidade alimentar; a segurança alimentar, a autenticidade e 

rastreabilidade dos alimentos e análise de dados na ciência dos alimentos, o congresso constitui 

uma oportunidade única e privilegiada para as entidades empresariais do sector alimentar, da 

restauração e afins, estreitarem relações e estabelecerem contactos e parcerias com 

investigadores, com vista ao desenvolvimento de sinergias conducentes à excelência e 

sustentabilidade dos alimentos e do sector agroalimentar.  

 

Tratando-se de um encontro da área alimentar não queria deixar de referir o grande desafio 

humanitário que nos espera. Vivemos um momento da história em que urge refletir e atuar 

sobre toda a cadeia sistema alimentar global – desde a produção ao consumidor final. 

O aumento da população mundial, que de acordo com estimativas da ONU atingirá cerca de 10 

biliões de habitantes em 2050 (cerca de 30% superior à população atual), as contínuas 

alterações climáticas, a desertificação associada à grande diminuição das áreas agrícolas de 

produção, e o grande desperdício de vários milhões de toneladas de alimentos em todo o 

Mundo, constituem grandes problemas societais e globais que desafiam a Humanidade. Como 

se isto não bastasse o Mundo foi dizimado por uma pandemia, COVID-19, que deixou um forte 

impacto transversal a todos os sectores da Humanidade e que contribuiu, sem qualquer dúvida, 

para o aumento da fome no Mundo. 

Com as atuais tendências globais de alimentação e aumento da população, em 2050 será 

necessário produzir mais 60% de alimentos do que atualmente. É claro que esses números 

assustam e será normal e legitimo perguntar-nos: onde vamos encontrar alimentos para todos?  

Produzir mais alimentos e melhores alimentos, reduzir o desperdício, implementar sistemas 

com base nos princípios do desenvolvimento sustentável de produção ao longo da cadeia 

alimentar através da otimização dos processos, reaproveitamento dos recursos e dos resíduos 

agroalimentares tendo em mente a redução da pegada ecológica, os menores custos de 

produção, a melhoria da qualidade, o aumento do tempo de vida útil e o valor nutricional do 

alimento, promovendo a economia de base circular no sector agroalimentar, constituem 

procedimentos chave para ultrapassar os desafios que se colocam num mundo cada vez mais 

globalizado e cuja sustentabilidade deverá ser acautelada pelas gerações do presente e do 

futuro.  

Neste contexto urge mudar o paradigma da alimentação e do sector agroalimentar. O papel dos 

cientistas e investigadores será de extrema relevância conferindo-lhes um estatuto ímpar no 

suporte à inovação, ao desenvolvimento tecnológico e à produção de alimentos inovadores de 

elevada qualidade com base em processos e procedimentos mais sustentáveis e eficientes.  

 

 

José S. Câmara (Chairman do XV EQA)
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José António Couto Teixeira, Universidade do Minho, EE-DEB, CEB 

Lillian Bouçada de Barros, Instituto Politécnico de Bragança, ESA, CIMO 

Maria Beatriz Prior Pinto Oliveira, Universidade do Porto, FFUP-DCQ, LAQV-REQUIMTE 

Manuel António Coimbra Rodrigues da Silva, Universidade de Aveiro, DQ, QOPNA, LAQV-REQUIMTE 

Manuel Rui Fernandes Azevedo Alves, Instituto Politécnico de Viana do Castelo, ESTG, CISAS 

Manuela Maria Conceição Ferreira, Instituto Politécnico de Viseu, ESSV, CI&DETS 

Maria Manuela Estevez Pintado, Universidade Católica Portuguesa - Porto, ESB-UCP, CBQF 

Maria Manuela Lemos Vaz Velho, Instituto Politécnico de Viana do Castelo, ESTG, CISAS 

Maria João Pires de Bastos Cabrita, Universidade de Évora, ECT-DF, ICAAM 



 

5 
 

Maria Paula do Amaral Alegria Guedes de Pinho, Universidade do Porto, FCUP-DB, UCIBIO-REQUIMTE 

Maria Suzana Leitão Ferreira Dias Vicente, Universidade de Lisboa, ISA, DCEB-LEAF 

Nuno Filipe da Cruz Batista Mateus, Universidade do Porto, FCUP-DQB, LAQV-REQUIMTE 

Ofélia Maria Serralha dos Anjos, Instituto Politécnico de Castelo Branco, ESACB-DBEF, ISA-CEF 

Paula Cristina Machado Ferreira Castilho, Universidade da Madeira, FCEE-DQ, CQM 

Raquel de Pinho Ferreira Guiné, Instituto Politécnico de Viseu, ESSV, CI&DETS, CERNAS 

Rosa Maria de Sá Perestrelo, Universidade da Madeira, CQM 

Sílvia Maria da Rocha Simões Carriço, Universidade de Aveiro, DQ, QOPNA, LAQV-REQUIMTE 

Silvina Ferro Palma, Instituto Politécnico de Beja, ESA-DTAS, CCTA 

Victor Armando Pereira de Freitas, Universidade do Porto, FCUP-DQB, LAQV-REQUIMTE 

Xavier Malcata, Universidade do Porto, FEUP-DEQ, LEPABE 

 

Secretariado – SPQ 

Cristina Campos 

Leonardo Mendes  



 

6 
 

  



 

7 
 

Apoios 

 

DIAMANTE 

INSTITUICIONAIS 



 

8 
 

 

  

OURO 

BRONZE 



 

9 
 

 

 

 

Reconhecido por 

 www.colab4food.com 

Outros apoios 

http://www.colab4food.com/


 

10 
 

 

 

 

 

  
 www.colab4food.com 

http://www.colab4food.com/


 

11 
 

Programa 

5th of September 2021 

 

16:00 - 17:00 Registration 

18:00 - 18:15 Welcome Session 

Auditorium   Chairman – José S. Câmara, Universidade da Madeira 

18:00 - 19:00 PL1- Ohmic heating as innovative technology for a more efficient 

food wastes recovery  

JOSÉ ANTÓNIO COUTO TEIXEIRA 

CEB – Centro de Engenharia Biológica. Escola de Engenharia da 

Universidade do Minho 

19:00 - 19:30 KL1- Madeira Wine - a taste of history 

RUBINA VIEIRA 

Instituto do Vinho, do Bordado e do Artesanato da Madeira, IP- 

RAM (IVBAM) 

20.00 MADEIRA DE HONRA 

 

6th of September 2021 

08:30 - 09:00 Registration 

Auditorium  Chairman – António Vicente, Universidade do Minho 

09:00 - 9:45 PL2- Tracing the origin of Brazilian coffee using bioactive 

compounds and chemometrics  

DANIEL GRANATO 

Department of Biological Sciences, University of Limerick, 

Limerick, Ireland.   

9:45 - 10:15 KL2- Carbohydrates in food – challenges and opportunities 

MANUEL ANTÓNIO COIMBRA 

REQUIMTE, Universidade de Aveiro 

10:15 – 10.45 Os desafios de um laboratório moderno para análise de multiresíduos  
Rui Rocha. Bruker communication 

10:45 - 11:30 Coffee break / poster session 
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Auditorium  Chairman – António Vicente, Universidade do Minho 

11:30 - 12:30 OC01- Development of innovative hydrolysates based on enzymatic 
hydrolysis and membrane technology of porcine blood: potential as 
human and aquaculture functional ingredients 
Helena Araújo-Rodrigues, Miguel Pereira, Daniela Resende, Luísa 

Valente, Carlos D. Pereira, Manuela Pintado 

OC02- Development of an active whey protein film using Portuguese 
green tea (Camellia Sinensis L.) extract to enhance fresh cheese shelf life 
João Robalo, Fernando Ramos, Maria Lopes, Ana Sanches Silva 

OC03- Protein-rich locust bean gum industry byproduct for biobased 
plastics development 
Joana Lopes, Paula Ferreira, Manuel A. Coimbra, Idalina Gonçalves 

OC04- Pyranoflavylium salt as a colorimetric pH-sensor in cellulose 
acetate films for food packaging applications. Effect of the presence of 
glycerol as a plasticizer 
Vânia Gomes, Ana Sofia P., Nuno M, Victor F., Luís C. 

OC05- Effects of edible coatings on prickly pears bioactive compounds 
preservation 
Carolina Rodrigues, Cariny Polesca, Isabela Bicalho, Victor G.L. Souza, 

Isabel Coelhoso, Ana Luísa Fernando 

APMadeira room Chairman – Célia Gomes da Silva, Universidade dos Açores 

11:30 - 12:30 OC06- Removing aflatoxins B1 and B2 from wine by bentonite fining: 
Performance and impact on wine quality 
Fernanda Cosme, António Inês, Beatriz Ferreira, Davide Silva, Luís Filipe-

Ribeiro, Luís Abrunhosa, Fernando M. Nunes 

OC07- Novel maritime plant food ingredients 
Maria João Barroca, Aida Moreira da Silva 

OC08- The rise of polyphenols in Diabetes therapy 
João Serina, Paula Castilho 

OC09- Development of a legume protein concentrate as a nutraceutical 
delivery system for addition to cancer-preventing foods 
Joana Mota, Anabela Raymundo, Ricardo Boavida-Ferreira, Ana Lima 

OC010- Olive oils from Cv. Santulhana, a cultivar with singular oils: effect 
of the year on quality, composition, and sensory characteristics 
Nuno Rodrigues, Susana Casal, António M. Peres, José A. Pereira 

12:30 - 14:00 Lunch - not included in the registration 

Auditorium  Chairman – Aida Moreira da Silva, Instituto Politécnico de Coimbra 

14:00 - 15:00 OC11- Mycotoxins in rice: the Portuguese scenario in the worldwide 
context 
Liliana J.G. Silva, A.M.P.T. Pereira, I. Pedro, C. Perdigão, A. Silva, S.C. 

Duarte, A. Almeida, A. Pena 
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OC12- Effect of hydroxytyrosol-supplemented refined olive oil in 
preventing the evolution of arthritis 
João Rocha, Ana Teresa Serra, Sandra Silva, Bruno Sepodes, Elsa Mecha, 
Naiara Fernandez, Beatriz Martins, Rita Ventura, Bruno Vidal, Rui Pinto, 
João E.C. Fonseca, M.E. Figueira, Fernando M. Pimentel-Santos, Maria 
Rosário Bronze 
 

OC13- Characterization of non-volatile oxidation products formed at 
food frying temperature using triolein as a triacylglyceride model 
Sílvia Petronilho, Bruna Neves, Tânia Melo, Eliana Alves, Fernando M. 

Nunes, Manuel A. Coimbra, M. Rosário Domingues 

OC14- By-products of tropical fruits as sources of bioactive molecules: 
Sicana odorifera (vell.) Naudin epicarp case study 
Bianca R. Albuquerque, Maria Inês Dias, Carla Pereira, Jovana Petrović, 

Marina Soković, M. Beatriz P. P. Oliveira, Isabel C.F.C. Ferreira, Lillian Barros 

OC15- Preservation of high pressure pasteurized milk by hyperbaric 
storage at room temperature – microbial, chemical and 1H NMR 
compositional analyses 
Álvaro T. Lemos, Susana Casal, Brian J. Goodfellow, Ivonne Delgadillo, 

Jorge A. Saraiva 

APMadeira room Chairman – Nuno Alvarenga, Instituto Nacional de Investigação Agrária e 

Veterinária  

14:00 - 15:00 OC16- Peels and seeds of acco, big dull and wonderful pomegranate 
cultivars, as suitable sources of bioactive compounds in a circular 
economy concept 
Lara Campos, Susana Dias, Ana C. A. Veloso, Marta Henriques 

OC17- Application of whey/enterocin films as an approach to reduce 
listeria contamination on cheese 
Sofia P.M. Silva, Susana I.C. Ribeiro, José A. C. Teixeira, Célia.C. G. Silva 

OC18- Valorisation of industrial chestnut shells as a new cosmetic 
ingredient by in vivo studies – Experimental design through response 
surface methodology 
Diana Pinto, Elsa F. Vieira, Andreia F. Peixoto, Cristina Freire, Victor 

Freitas, Paulo Costa, Bruno Sarmento, Cristina Delerue-Matos, Francisco 

Rodrigues 

OC19- Nutritional benefits associated with the consumption of eco-
innovative fortified farmed fish: effects of steaming on essential 
nutrients profile of gilthead seabream (Sparus aurata) and common carp 
(Cyprinus carpio) 
Vera Barbosa, Ana L. Maulvault, Patrícia Anacleto, Marta Santos, Mónica 

Mai, Helena Oliveira, Inês Delgado, Inês Coelho, Marisa Barata, Piotr 

Eljasik, Remigiusz Panicz, Jorge Dias, Pedro Pousão-Ferreira, Andreas 

Karydas, Maria Luísa Carvalho, Marta Martins, António Marques 

OC20- Application of microsatellite high resolution melting analysis for 
the discrimination of Alcobaça PGI golden delicious apples 
Rui Rocha, Álvaro Queiroz, Paulo Fernandes, Manuela Vaz Velho 
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Auditorium  Chairman – Aida Moreira da Silva, Instituto Politécnico de Coimbra 

15:00 - 15:30 FC01- Relationship between volatile composition and bioactive potential 
of vegetables and fruits. An integrative overview 
Joselin Aguiar, João L. Gonçalves, Vera L. Alves, José S. Câmara 

FC02- Authenticity of “Mountain olive oils”  
Fátima Peres, Conceição Vitorino, Cecília Gouveia, Catarina Lourenço, 

Ofélia Anjos 

FC03- First morphological-level insights into the efficiency of green tea 
catechins and grape seed procyanidins on a transgenic mouse model of 
celiac disease enteropathy 
Ricardo Dias, Paolo Bergamo, Francesco Maurano, Vera Rotondi Aufiero, 

Diomira Luongo, Giuseppe Mazzarella, Catarina Bessa-Pereira, Maria 

Pérez-Gregorio, Mauro Rossi, Victor Freitas 

FC04- Production of a healthy fermented paste from green tomato: the 
effect of starter (yeast strain) and salt concentration on their 
physicochemical properties 
Rafaela Santos, João Santos Silva, Mariana Mota, Isabel Sousa, Catarina 

Prista, Anabela Raymundo 

APMadeira room Chairman – Nuno Alvarenga, Instituto Nacional de Investigação Agrária e 

Veterinária   

15:00 - 15:30 FC05- High-performance liquid chromatography determination of 
skatole levels in subcutaneous fat of entire male pigs fed with a 
supplemented finishing diet 
Ricardo Pereira Pinto, Preciosa Pires, José Pedro Araújo, Mário Barros, 

Manuela Vaz-Velho 

FC06- Macroalgae: a potential resource for functional foods  
Marta Coelho, Ana Gomes, Manuela Pintado 

FC07- Oral interactions with different families of phenolic compounds 
from onion and tannic acid extracts: deepening the astringency 
mouthfeels  
Carlos Guerreiro, Elsa Brandão, Mónica de Jesus, Leonor Gonçalves, 

Rosa Pérez-Gregório, Nuno Mateus, Victor Freitas, Susana Soares 

FC08-The effect of the microalgae Chlorella vulgaris, Tetraselmis chuii 
and Nannochloropsis gaditana on technological aptitude, nutritional 
composition, and bioactivity of gluten-free breads 
Muhammad Waqas Qazi, Inês Sousa, Maria Cristiana Nunes, Anabela 

Raymundo 

15:30 - 16:30 Coffee break / poster session 
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Auditorium  Chairman – Jorge A. M. Pereira, Universidade da Madeira 

16:30 - 17:30 OC21-Malpighia emarginata DC. as a source of nutrients and bioactive 
compounds 
Maria Carolina Cerino, Cristina Caleja, Ricardo Calhelha, Maria Inês Dias, 

Carla Pereira, Dejan Stojković, Marina Sokovic, Isabel C.F.R. Ferreira, 

Clara Saux, Eliana Pereira, Lillian Barros 

OC22- The potential of microalgal polysaccharides as functional food 
Andreia S. Ferreira, Carolina O. Pandeirada, Sónia S. Ferreira, Alexandra 

Correia, Manuel Vilanova, Manuel A. Coimbra, Cláudia Nunes 

OC23- First investigation of pharmaceuticals in Brazilian seafood by a 
simple eco-friendly method: bioaccumulation and human exposure 
Flávia V. Mello, Sara C. Cunha, Fabíola H.S. Fogaça, Mariana B. Alonso, 

João Paulo M. Torres, José O. Fernandes 

OC24- Increasing biological value and oxidative stability of edible oils by 
supplementation with bioactive compounds from seaweeds and 
halophyte plants 
Carla Tecelão, M. Antunes, G. Sousa, M. Trifunovska, M. Neves, S. 

Ferreira-Dias 

OC25- Healthy lipids from agro-residues oils produced by biocatalysis 
Suzana Ferreira-Dias 

APMadeira room Chairman – Alice Vilela, UTAD 

16:30 - 17:30 OC26- Avocado oil yogurt: development, characterization, and impact of 
gastrointestinal digestion 
Manuela Machado, Sérgio Sousa, Pilar Morais, Arménio Miranda, Luís 

M. Rodriguez-Alcalá, Ana Maria Gomes, Manuela Pintado 

OC27- Understanding the impact of different cork closures on aromatic 
composition of sparkling wines through targeted volatilomics 
Joana Pinto, F. Amaro, J. Almeida, F. Campos, P. Lopes, M. Cabral, P. 

Guedes de Pinho 

OC28- Influence of seasonality on the lipid profile of aquaculture oysters 
from the Sado and Mira rivers 
S. Ferro Palma, M.J. Carvalho, L.G. Fidalgo, R. Salgado 

OC29- Phenolic compounds and antioxidant activity modelling in 
strawberry by using artificial neural networks (ANNs) technique 
Iman Golpour, Fernando Gonçalves, Paula M. R. Correia, Raquel P. F. 

Guiné 

OC30- An attempt to formally characterize the effect of pro- and 
antioxidant agents by modelling responses: β-carotene and Crocin 
assays as case study 
M. Carpena, B. Nuñez-Estevez, F. Chamorro, P. Garcia-Oliveira, A.G. 

Pereira, A. Soria-Lopez, Paz Otero, P. Garcia-Perez, Hui Cao, Jianbo Xiao, 

J. Simal-Gandara, M.A. Prieto 
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Auditorium  Chairman – Jorge A. M. Pereira, Universidade da Madeira 

17:30 - 18:00 FC09- Polyphenolic composition and bioactive properties of Cynara 
cardunculus var. altilis petioles: Influence of the harvesting time 
Filipa Mandim, Spyridon A. Petropoulos, Maria Inês Dias, José Pinela, 

Celestino Santos-Buelga, Isabel C.F.R. Ferreira, Lillian Barros 

FC10- PAS project: the challenge of adding value to stalked barnacle 
(Pollicipes Pollicipes) collected in Natural Reserve of Berlengas (Portugal) 
Joaquina Pinheiro, Hugo Sá, Wilson Fernandes, Raúl Bernardino, Sérgio 

Leandro, Rui Ganhão 

FC11- Blending monovarietal olive pomaces: why does it matter for the 
food industry? 
M.A. Nunes, R.N.M.J. Páscoa, A.S.G. Costa, R.C. Alves, M.B.P.P. Oliveira 

FC12- Valorisation of liquid whey protein concentrates from 
ultrafiltration for whey cheeses production. Evaluation of quality 
Antónia Macedo, Maria Pinho, Elizabeth Duarte, Carlos Pereira 

APMadeira room Chairman – Alice Vilela, UTAD 

17:30 - 18:00 FC13- Recent advances of dispersive solid-phase extraction step in 
QuEChERS method for extraction of pesticides and brominated flame 
retardants for berry-fruit safety analysis 
Virgínia Cruz Fernandes, Valentina F. Domingues, Cristina Delerue-Matos 

FC14- Immunogenic changes of milk protein concentrates as affected by 
autoclaving and in vitro gastroduodenal digestion 
Caterina Villa, Simona L. Bavaro, Elisabetta De Angelis, Rosa Pilolli, Joana 

Costa, Simona Barni, Elio Novembre, Isabel Mafra, Linda Monaci 

FC15- Determination of mycotoxins in Salicornia – Development and 
validation of a UHPLC-ToF-MS method 
Maria Lopes, Maria Castilho, Ana Sanches-Silva, Andreia Freitas, Jorge 

Barbosa, Maria Gonçalves, Carlos Cavaleiro, Fernando Ramos 

FC16- Chlorella vulgaris inclusion in broiler feed: effect on breast meat 
chemical composition, fatty acids and mineral contents  
M. Boskovic Cabrol, J.C. Martins, S.A. Alves, L.P. Malhão, D.F. Carvalho, 

P. Sousa, R.J.B. Bessa, A.M. Almeida, M.M. Lordelo, A. Raymundo 

FC17- Bioactivities and GC-MS characterization of Cupressus 
Sempervirens L. and Rosmarinus Officinalis L. essential oils 
Virginie Xavier, Sandrina Heleno, Miguel A. Prieto, Joana S. Amaral, Filipa 

Mandim, Josiana Vaz, Tânia Pires, Irene Mediavilla Ruiz, Luis Saul 

Esteban Pascual, Isabel C.F.R. Ferreira, Lillian Barros 

Auditorium  Chairman – Jorge A. M. Pereira, Universidade da Madeira 

18:00 - 18:30 KL3 Traceability, authentication and sustainability of food 

matrices: A Spectroscopic overview 

ANA NOVO BARROS 

CITAB, Universidade de Trás-os-Montes e Alto Douro 
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18:30 - 20:00 EQA - group meeting 

20:00 - 23:00 GALA DINNER 

 

7th of September 2021 

Auditorium  Chairman – Joana Amaral, Instituto Politécnico de Bragança 

08:00 - 09:00 PL3 Microalgas como ingrediente alimentar: uma estratégia 

criativa para uma alimentação saudável e sustentável  

ANABELA RAYMUNDO  

LEAF - Instituto Superior de Agronomia. Universidade de Lisboa 

Auditorium  Chairman – Joana Amaral, Instituto Politécnico de Bragança 

09:00 - 10:00 OC31- Polyphenols-rich functional foods in the prevention and 
management of type 2 Diabetes Mellitus 
Filipa Campos, Ana Fernandes, Iva Fernandes, Nuno Mateus, Victor 

Freitas 

OC32- Optimization of the ultrasound-assisted extraction process to 
obtain a citric acid-rich extract from citrus peels 
Filipa A. Fernandes, Sandrina A. Heleno, Márcio Carocho, José Pinela, 

Miguel A. Prieto, Isabel C. F. R. Ferreira, Lillian Barros 

OC33- The impact of storage on stability of anthocyanins in elderberry 
juice concentrate 
Cláudia Neves, A. Pinto, F. Gonçalves, D. Wessel 

OC34- Sheep´s butter made with cream fermented by different microbial 
cultures 
Tânia P. Silva, Arona Pires, David Gomes, Susana Dias, Marta Henriques, 

Carlos Pereira 

OC35- Phytosomes with neuroprotective algae extracts with potential 
application in functional foods for the elderly 
Clara Grosso, Cristina Soares, Paula Paíga, M. Fátima Barroso, Marta 

Marques, Alexandre Paiva, Pedro Simões, Naiara Fernández, M. Rosário 

Bronze, Mariana Ferreira, Paula Gameiro, Cristina Delerue-Matos 

APMadeira room Chairman – Ofélia Anjos, Instituto Politécnico de Castelo Branco 

09:00 - 10:00 OC36- Identification and characterization of bioactive compounds from 
the edible flowers as a source of natural antioxidants 
Cristiana Breda, Irene Gouvinhas, Ramon Porto, Ana Isabel Barros 

OC37- Probiotic potential of Lactobacillus isolated from human milk 
Susana C. Ribeiro, Vanessa C. Pires, Célia C.G. Silva 

OC38- Applications of pulsed electric field as pre-treatment from solute 
aqueous extraction in beetroot and potato and microbial inactivation 
Ilda L. Martins, Alexandre Romão, Paulo Fernandes, Alberta Araújo, M. 

Rui Alves 
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OC39- A single dose of marine Chlorella vulgaris increases plasma 
concentrations of lutein, beta-carotene and zeaxanthin in healthy male 
volunteers 
Ana Teresa Serra, Sandra D. Silva, Luís Gouveia, Agostinho M. R. C. 

Alexandre, Carolina V. Pereira, Ana Barbara Pereira, Ana Carvalho, Nuno 

Elvas Silva, Torsten Bohn, Vanessa S.S. Gonçalves, Gonçalo Real, Pedro 

Escudero, Naiara Fernández, Ana A. Matias, Maria Rosário Bronze 

OC40- FTIR-ATR and FDA applied as chemometrics techniques to 
distinguish ageing processes of wine spirits 
Ofélia Anjos, Miguel Martínez Comesaña, Ilda Caldeira, Javier Martínez 

Torres, Soraia Inês Pedro, Pablo Eguía Oller, Sara Canas 

10:00 - 11:00 Coffee break / poster session 

Auditorium  Chairman – Silvina Ferro Palma, Instituto Politécnico de Beja 

11:00 - 11:30 KL4 (Bio)sensing in food analysis  

CRISTINA DELERUE-MATOS 

Instituto Superior de Engenharia do Porto, Instituto Politécnico do 

Porto. REQUIMTE. LAQV. 

Auditorium  Chairman – Silvina Ferro Palma, Instituto Politécnico de Beja 

11:30 - 12:30 OC41 - Brewing modifies yeast cell wall polysaccharides generating 
byproducts with novel structural features to be exploited in diversified 
functional food ingredients 
Susana Messias, Elisabete Correia, Lisete M. Silva, Benedita A. Pinheiro, 

Viviana G. Correia, Rita Bastos, Vítor J. Martins, Sofia F. Reis, Angelina S. 

Palma, Manuel A. Coimbra, Elisabete Coelho 

OC42 - Impact of thermal processing and food matrix on the 
immunoreactivity of soybean and lupine allergens 
Caterina Villa, Mónica B. M. V. Moura, Joana Costa, Isabel Mafra 

OC43 - Increment of functional properties of bio ingredients from 
pineapple (Ananas comosus L.) by-products using moderate pressure 
abiotic stress 
Diana I. Santos, Maria João Fraqueza, Jorge A. Saraiva, António A. 

Vicente, Margarida Moldão-Martins 

OC44 - Composite coatings of chitosan and alginate emulsions with olive 
oil to enhance postharvest shelf life of fresh figs (Ficus carica L. cv. 'Pingo 
De Mel') 
Tiago M. Vieira, Margarida Moldão, Vítor D. Alves 

OC45 - Angiotensin I-converting enzyme (ACE) inhibition and biological 
activities of different types of Azorean Camellia sinensis tea samples 
Lisete Paiva, Elisabete Lima, Madalena Motta, José Baptista 
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APMadeira room Chairman – Carla Barbosa, Instituto Politécnico de Viana do Castelo 

11:30 - 12:30 OC46 - Hypocholesterolemic potential of food ingredients: from structure 
to function 
Fernanda Machado, Inês Vaz, Maria João Moreno, Cláudia Nunes, 

Manuel A. Coimbra, Filipe M. Coreta-Gomes 

OC47 - Authentication of incense honey from the Azores (Mel dos Açores) 
by a novel real-time PCR approach 
Mónica B.M.V. Moura, Ana R. Lopes, Liliana Grazina, Joana Costa, Joana 

S. Amaral, M. Alice Pinto, Isabel Mafra 

OC48 - Evaluation of sugar and organic acids content in fruit juices to 

correlate with sensory attributes 

M. Verganista, A. Costa, R.M. Estevão, J. Costa, A.I. Costa, J.M. Silva, I.M. 

João 

OC49 - 3D Food Printing: strategy for consumer involvement in the green 
transition 
Sónia Oliveira, Isabel Sousa, Anabela Raymundo 

OC50 - Multielement analysis and HS-SPME/GC×GC-ToFMS as tools to 
trace authenticity of PDO “Pera Rocha do Oeste”, PGI Alcobaça Apple 
var. Golden Delicious and PDO “Serra da Estrela” Cheese 
Ana M.S. Costa, Elisabete Coelho, Carina Costa, Lina Carvalho, Eugénio 

Soares, Sílvia M. Rocha, Eduarda Pereira, Manuel A. Coimbra 

12:30 - 14:00 Lunch - not included in the registration 

Auditorium  Chairman – Joana Pinto, Universidade do Porto 

14:00 - 14:45 PL4 Reactive carbonyls and the formation of heterocyclic 

aromatic amines  

FRANCISCO HIDALGO 

CSIC, University of Granada, Spain 

14:45 - 15:15 KL5 Food Taste perception mechanisms 

VICTOR FREITAS. Faculdade de Ciências, Universidade do Porto. 

15:15 – 15:40 Application of Laminar Flow Mass Spectrometry in Food Testing 

Ignazio Garaguso. Perkin Elmer. ILC 

Auditorium  Chairman – Joana Pinto, Universidade do Porto 

15:40 - 16:15 FC18 - The use of camellias as possible candidates for developing 
innovative additives in the functional food industry. 
A.G. Pereira, A. Carreira-Casais, C. Lourenço-Lopes, Paz Otero, J. Echave, 

F. Chamorro, M. Carpena, P. Garcia-Perez, Hui Cao, Jiambo Xiao, J. Simal-

Gandara, M.A. Prieto 

FC19 - The effect of replacing sucrose by different natural sweeteners in 
low fat yoghurts  
Tânia P. Silva, Paulina Tuma, Raquel Borges, Arona Pires, David Gomes, 

Carlos Pereira, Marta Henriques 
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FC20 - Understanding of the effect of successive exposure in astringency: 
oral interactions of a green tea flavanol extract 
Mónica Jesus, Elsa Brandão, Carlos Guerreiro, Nuno Mateus, Victor 

Freitas, Susana Soares 

FC21 - The role of hydroxytyrosol in inhibiting cell proliferation and 
targeting cancer stem cell subpopulation in a 3D cell model of colorectal 
cancer  
Inês Prazeres, Ana Catarina Macedo, Sandra Silva, Lucília Pereira, Ana 

Guerreiro, Patrícia Gomes-Alves, Inês Isidro, Cristina Albuquerque, 

Maria R. Bronze, Ana Teresa Serra 

APMadeira room Chairman – Marta Neves, Instituto Politécnico de Leiria 

15:40 - 16:15 FC22 - New alternatives to milk from pulses: digestibility and bioactivity 
C.M. Duarte, J. Mota, R. Assunção, C. Martins, A. Ribeiro, A. Lima, C. 

Nunes, A. Raymundo, R. Boavida-Ferreira, I. Sousa 

FC23 - The impact of bottle position during storage on phenolic 
compounds evolution of Port Wines 
Joana Azevedo, Natércia Teixeira, Joana Oliveira, Paulo. Lopes, Nuno 

Mateus, Victor Freitas 

FC24 - Effect of plant biostimulants on nutritional and chemical profiles 
of almond [Prunus dulcis (Miller) D. A. Webb] fruit and potential 
application in functional foods 
Liege Aguiar Pascoalino, Filipa S. Reis, M. Ângelo Rodrigues, Carlos M. 

Correia, Isabel C.F.R. Ferreira, Lillian Barros, João C.M. Barreira 

16:15 - 17:00 Coffee break / poster session 

17:00 - 20:00 City tour -free, booking required 

 

8th of September 2021 

Auditorium   Chairman – Maria João Fraqueza, Universidade de Lisboa, FMV 

08:30 - 09:00 KL6 Sustentabilidade na área alimentar: dos mitos à realidade 

M. BEATRIZ P. P. OLIVEIRA 

Faculdade de Farmácia da Universidade do Porto 

09:00 - 09:25 GC-MS/MS with Atmospheric Pressure Gas Chromatography (APGC) 

for the Quantification of Pesticides in baby Food 

Karina Baudin. Waters Corporation 
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Auditorium  Chairman – Maria João Fraqueza, Universidade de Lisboa, FMV 

09:30 - 10:00 OC51 - Revealing the yeast modulation potential on amino acid 
composition and volatile profile of Arinto white wines by a combined 
chromatographic-based approach 
Catarina Pereira, Davide Mendes, Thomas Dias, Raquel Garcia, Marco 

Gomes da Silva, Maria João Cabrita 

OC52 - Evaluation of the health-promoting properties of different fruits 
grown in Madeira Island 
José A. Figueira, P. Porto-Figueira, C. Berenguer, J.A.M. Pereira, José S. 

Câmara 

OC53 - Apple flour from Malus domestica Borkh cv. Bravo as sustainable 
sweetener and texture improver in sweet gluten free bread 
R. Beltrão Martins, I. Gouvinhas, M.C. Nunes, L.M.M. Ferreira, J.A. Peres, 

A.I.R.N.A. Barros, A. Raymundo 

APMadeira room Chairman – Catarina Prista, Universidade de Lisboa, ISA 

09:30 - 10:00 OC54 - Authentication of ginkgo-containing herbal foods by real-time 
PCR approaches 
Liliana Grazina, Joana S. Amaral, Joana Costa, Isabel Mafra 

OC55 - Law-Pressure Baking Process: an innovative method to obtain 
structural and textural changes on meringues. 
Jean-Baptiste Scolan, Elsa Vennat, Benjamin. Smaniotto, Laurent Pillard, 

Emmanuelle Forget, Franck Corlay, Raphael Haumont 

OC56 - The effect of essential oils on the post-harvest quality of sweet 
cherry, Prunus avium L. cv. Summit 
Kevin Silva, Sandra Lamas, Nuno Ferreiro, Elsa Ramalhosa, José A. 

Pereira, Nuno Rodrigues 

10:00 - 11:00 Coffee break / poster session 

Auditorium  Chairman - Elisabete Coelho, Universidade de Aveiro 

11:00 - 11:30 Fourier transform ion-cyclotron resonance mass spectrometry in food 

chemistry 

Carlos Cordeiro. FCiências.ID – Associação para a Investigação e 

Desenvolvimento de Ciências 

 

11:30 - 12:15 PL5 Natural ingredients: from nature to food products 

LILIAN BARROS 

Centro de Investigação de Montanha (CIMO), Instituto Politécnico 

de Bragança 

12:15 - 13:00 Closing Ceremony. Awards 

14:00 - 20:00 Suggested Social Programme  
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 Conferências Plenárias 
(PL) 

 

PL1 Ohmic heating as innovative technology for a more efficient food wastes 
recovery and other under-used bioresources 
Cristina M. R. Rocha, Ricardo N. Pereira, António A. Vicente, JOSÉ ANTÓNIO 
COUTO TEIXEIRA 
CEB – Centro de Engenharia Biológica. Escola de Engenharia da Universidade 
do Minho 

27 

PL2 Tracing the origin of Brazilian coffee using bioactive compounds and 
chemometrics  
DANIEL GRANATO 
Department of Biological Sciences, University of Limerick, Limerick, Ireland.   

28 

PL3 Microalgas como ingrediente alimentar: uma estratégia criativa para uma 
alimentação saudável e sustentável  
ANABELA RAYMUNDO  
LEAF - Instituto Superior de Agronomia. Universidade de Lisboa 

29 

PL4 Reactive carbonyls and the formation of heterocyclic aromatic amines  
Rosario Zamora, FRANCISCO HIDALGO 
CSIC, University of Granada, Spain 

31 

PL5 Natural ingredients: from nature to food products 
LILIAN BARROS 
Centro de Investigação de Montanha (CIMO), Instituto Politécnico de Bragança 
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PL1: Ohmic heating as innovative technology for a more efficient food wastes 

recovery  

Cristina M. R. Rocha, Ricardo N. Pereira, António A. Vicente, JOSÉ ANTÓNIO COUTO TEIXEIRA 

Centre of Biological Engineering, University of Minho, Braga, Portugal 

Email: jateixeira@deb.uminho.pt   

 

According to the United Nations, world population will reach 9.8 billion in 2050, which could lead to not 

only a decrease in food security but also to new food crisis. Food systems are not sustainable and 

approximately 1.3 billion ton per year of food produced worldwide is wasted, the equivalent to 3300 

Mtn of CO2 emissions per year. These by-products are, in most of the cases, a source of bioactive 

compounds, several of them with nutrition properties and biological potential. 

This raises the importance of finding extraction technologies that are not only efficient and selective in 

the extraction of the target compounds but also provide an adequate response to issues such as 

environmental footprint and sustainability. 

Several technologies have been proposed in the last years, such as microwave and ultrasound extraction, 

supercritical fluids extraction, pressurized liquids and electric fields, including ohmic heating (OH).  

Research on electro-technologies such as Ohmic Heating (OH) gained considerable interest as a green 

extraction technology. OH is an electro-heating process and the effects of its moderate electric fields 

(MEF) have been addressed aiming at the extraction of value added compounds from different wastes. 

It has been used both as a pre-treatment prior to the traditional extraction procedure and as and 

extraction method.  

The presence of an electric field causes electroporation of cellular tissues allowing an enhanced 

extraction of bioactive compounds. For instance, OH has proved to enhance the water extraction of 

anthocyanins and phenolic compounds content in grape skins, particularly above 45 ºC, with increases 

up to 100% and 60%, respectively. An increase of up to 20% has also been achieved in the global 

extraction yield from pine barks and above 10% in the total phenolic compounds content. Interestingly, 

OH application can be fine-tuned with the extraction solvent to control the selectivity of the extraction 

process.  

Besides improved energy efficiency, OH presents high heating rates with a precise temperature control 

allowing mild processing and preserving nutritional, functional and structural properties.  

Overall, OH is a simple methodology that makes use of green solvents and that may avoid the application 

of expensive pre-treatment steps for the extraction of bioactive compounds. The interest on the 

application of ohmic heating is also reinforced by the increasing number of OH heating plants being 

installed worldwide for thermal processing of foods that will make quite straightforward the industrial 

application of ohmic heating for the extraction of bioactive compounds.  

mailto:jateixeira@deb.uminho.pt
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PL2: Tracing the origin of Brazilian coffee using bioactive compounds and 

chemometrics 

DANIEL GRANATO 

Department of Biological Sciences, University of Limerick, Limerick, Ireland.  

Email: Daniel.granato@ul.ie 

 

Total production for coffee year 2020/21 is estimated at 169.50 million bags, representing a 0.3% 

increase on 168.94 million bags in coffee year 2019/20. Brazil, Vietnam, Colombia, Indonesia and 

Ethiopia are the largest producers and have invested in the production of organic coffee as consumers 

have demanded more environmentally-friendly options. In the same sense, companies have created 

products for specific niches, such as single-origin products, charging a premium price for such products. 

Considering the origin of specialty coffee, the indication of geographical origin, agronomical practices, 

and species, the monitoring of commercial products is of interest as a way to investigate possible frauds 

in the sector. Thus, the objective of this communication is to overview the most used quantitative and 

qualitative analytical methods to trace the origin of coffee marketed worldwide. A special focus will be 

given to phenolic compounds and caffeine, especially isomers of chlorogenic acid, which is the most 

abundant phenolic compounds in coffee beverage. Multivariate statistical methods, namely 

chemometrics, will be briefly explained as an aid to help classifying coffee classes according to the 

content and/or profile of bioactive compounds. 

 

Keywords: analytical methods; chemometrics; phenolic compounds; organic farming. 

  

mailto:Daniel.granato@ul.ie
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PL3: Microalgae as a food ingredient: a creative strategy for healthy and 

sustainable food 

ANABELA RAYMUNDO 

LEAF (Linking Landscape Environment Agriculture and Food) Research Centre, Instituto Superior de Agronomia, Universidade de Lisboa, Tapada 

da Ajuda, 1349-017, Lisboa, Portugal. 

Email: anabraymundo@isa.ulisboa.pt 

The world faces the huge challenge of feeding a growing population that is expected to reach more than 
9 billion by 2050, with increasing levels of urbanization and with diets in transition. Demand for food will 
grow exponentially, promoting a global commitment to accelerate the shift towards sustainable 
production and consumption (Sustainable Development Goal 12).  
In the XXI century, food production is scarce and food prices assume significant increases. The low 
efficiency of agricultural production systems, followed by scarcity of water resources, arable land and 
biodiversity, makes urgent the search for alternative food sources. Protein scarcity is one of the most 
relevant aspects, which will mark nutritional options in the coming years. These options now involve a 
new paradigm: the combination of healthy and sustainable food. 
Innovative and sustainable ingredients such as the insects, seaweeds or microalgae can be incorporated 
in the human diet as an alternative source of protein and bioactive compounds. The use of microalgae 
as a food ingredient has deserved special attention in recent times, taking into account its nutritional 
richness, particularly in terms of proteins, minerals, vitamins, lipids, antioxidants, and dietary fibres1.  
There are several research works that highlight the possibility of using microalgal biomass in different 
food matrices, with different levels of processing. Microalgae biomass has been incorporated into 
products such as bread2-4, cookies5, snacks6, crackers7, crostini8, pasta9,10, mayonnaise and salad 
dressing11 and gelled desserts12. 
 
Despite several studies revealing a high potential of microalgae to enhance the nutritional profile of 
foods, working even as clean label ingredients, there is still a deep need to increase their consumption. 
Although in domestic terms there is an increase in demand for this type of ingredients, in terms of large-
scale industrial food production, the use of microalgae still has a long way to go. 
One of the main problems for the scale-up is related to the need to involve the consumers in the 
acceptance of new tastes, colours, flavours and aromas that are present in microalgae-based-products. 
Therefore, these food products that come with green colour are usually characterized by low sensory 
acceptance by the consumer. Alternative strategies to engage the consumers have been considered by 
several authors, based on complementary approaches: 
1) some studies (e.g., Qazi et al., 2021)13 have removed pigments from microalgae, using ethanol and 
utilized the bleached biomass in wheat breads. This approach showed promising results during sensory 
evaluations, followed by the improvement in dough rheology (increased dough elasticity) and in the 
subsequent baking performance (increased bread volume); 
2) The use of microalgae mutants, produced by heterotrophic processes, with different colours and 
pigment composition14. Some of these products are already commercially available (AllMicroalgae 
company), and it is possible to find Chlorella vulgaris in yellow or white colour, as an alternative to its 
traditional green colour. In this case, the impact of colour is minimized, although there may be a loss of 
bioactivity; 
3) using innovative gastronomy techniques, based on design thinking methodologies, which allow the 
creation of experimentation contexts in pre-defined environments, providing a privileged contact 
between the consumer and microalgae. In this case, the combination of flavours and textures allows 
experiences with a more positive impact than that with conventional staple foods; 
4) to develop strategies based on food education, which allow for the promotion of experimentation 
with new foods with the incorporation of microalgae, promoting their acceptance as foods for future. 

mailto:anabraymundo@isa.ulisboa.pt
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These programs are particularly interesting when they involve children, as is the case with the work 
developed in the Algae to Future project (A2F - https://www.nibio.no/en/projects/algae-to-future-a2f). 
 
It is also important to consider the regulation restrictions, as only a few species are currently approved 
by the European Food Safety Authority (EFSA) for human consumption [11]. Considering the Novel Food 
Regulation (EU) 2017/2470, a “novel food” is a food not consumed to any significant extent prior to May 
1997. Due to its long history of consumption, Chlorella vulgaris and Spirulina platensis are recognized as 
food, exempt from novel food application approval. More recently, other species were approved for 
human consumption (Tetraselmis chuii, Odontella aurita e Euglena gracilis), being considered novel 
foods, but this approval was restricted to very specific applications. 
 

For the consumption of microalgae to assume a relevant role on a global scale, the involvement of all 

stakeholders, from regulatory bodies to microalgae and food production companies, is essential. Only in 

this way can the consumption of microalgae be considered a strategic response to the environmental 

challenges we have to face, decisively contributing to a healthier and more sustainable diet. 

 
Acknowledgements: I would like to thank all the colleges and students who contributed to this work, especially Cristiana Nunes and Isabel 
Sousa, who have been present in all the projects developed in the last 20 years, about the incorporation of microalgae in food. 
Funding: This work was financially supported by Portuguese Foundation for Science and Technology (FCT), through LEAF Research Center 
UIDB/04129/2020. 
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PL4: Reactive carbonyls and the formation of heterocyclic aromatic amines 

Rosario Zamora, FRANCISCO HIDALGO 

Instituto de la Grasa (CSIC), Seville, Spain 

Email:  fhidalgo@ig.csic.es  

 

The toxic heterocyclic aromatic amines (HAAs) with the structure of aminoimidazoazarene 

(PhIP, MeIQx, MeIQ, and IQ) are the most relevant from a food safety point of view because 

they are considered as probable or possibly carcinogens and are produced to a significant extent 

under usual cooking conditions. This lecture will discuss the role of reactive carbonyls on their 

formation and how these reactions can be controlled by means of phenolic compounds. Thus, 

phenylacetaldehyde and formaldehyde are the reactive carbonyls responsible for the formation 

of PhIP. Analogously, the reactive carbonyls acrolein, methylglyoxal, and formaldehyde are 

responsible for the formation of MeIQx; the reactive carbonyl crotonaldehyde is responsible for 

the formation of MeIQ, and a mixture of acrolein and crotonaldehyde is responsible for the 

formation of IQ. All these results suggest that if the formation of these carbonyl compounds is 

controlled, the formation of HAAs with the structure of aminoimidazoazarene will be reduced. 

The carbonyl-trapping abilities of phenolic compounds to minimize the amount of reactive 

carbonyls present and, therefore, to control the production of HAAs with the structure of 

aminoimidazoazarene will be analysed.  

mailto:fhidalgo@ig.csic.es
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PL5: Natural ingredients: from nature to food products 

LILIAN BARROS, Isabel C.F.R. Ferreira 

Centro de Investigação de Montanha (CIMO), Instituto Politécnico de Bragança, Campus de Santa Apolónia, 5300-253 

Bragança, Portugal 

Email: lillian@ipb.pt   

 

Humans have been relying on food additives for thousands of years to enhance food properties, 

safety, and appearance. Nevertheless, several of the worldwide used artificial additives have 

been related to potential toxic and allergenic effects to the consumers, which has led to a 

growing interest in additives of natural origin. These bio-based additives are of great value in 

food industry because they are able to colour, preserve, and also confer bioactive properties to 

foodstuff, without hazardous effects [1]. Given their richness in high added-value compounds, 

plants and mushrooms have been widely explored for this purpose and considerable advances 

have been reached concerning extraction methodologies, stabilization techniques, and food 

matrices application. 

As examples of recent studies achievements, phenolic acids (rosmarinic acid), flavonoids 

(quercetin derivatives), and ellagitannins (sanguiin H-10, lambertianin) from mushrooms, wild 

strawberry, rosemary, mountain sandwort, and flowers of silva brava were incorporated in 

gelatin, yogurt, and cottage cheese [e.g., 2]. Given their antioxidant and antimicrobial 

properties, polyphenol extracts from strawberry-tree, basil, lemon balm, sweet chestnut 

flowers, fennel, and German chamomile were used for preservative purposes in loaf bread, 

cupcakes, yogurt, cheese, and cottage cheese, namely flavonoids (catechin, quercetin and 

luteolin derivatives), phenolic acids (rosmarinic, chicoric, lithospermic, caffeic, caffeoylquinic 

acids), and hydrolysable tannins (trigalloyl-HHDP-glucoside) [e.g., 3]. Also, bioactive colouring 

molecules like betalains (gomphrenins, isogomphrenins) from purple globe amaranth and 

anthocyanins (cyanidin, delphinidin, and malvidin derivatives) from rose, dahlia, centaurea, 

strawberry-tree, roselle, blueberry, sweet cherry, fig peel, blackthorn epicarp, among others, 

were applied in yogurt, waffles, and donut topping, among other food products [e.g., 4]. 

These results reflect the efficacy of natural extracts from plants and mushrooms in colouring, 

preserving, and functionalizing foodstuff, highlighting their potential use in food industry. 
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KL1: Madeira Wine - a taste of history 
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In 1419, at the very beginning of the period of Portuguese discoveries, João Gonçalves Zarco, Tristão Vaz 
Teixeira and Bartolomeu Perestrelo discovered an island in the middle of the Atlantic which they named 
Madeira Island. The three Donee Captains received the captaincies from Infante D. Henrique (Henry, the 
Navigator) and immediately took to cultivating its lands with wheat, vines and sugarcane.1 The History 
of Madeira wine starts here and will follow over the centuries the development of the island itself. 
Historical documents prove that, admiringly, 25 years after the beginning of the island’s colonisation, 
the export of Madeira Wine had already begun! 2 Its more than five centuries of existence tell the story 
of internationalization covering the most diverse export routes, depending on international 
circumstances, during which, in addition to the exports to Europe, significant quantities were exported 
via routes destined for the Indies and Americas, between the sixteenth and eighteenth centuries, the 
latter continues today. The high reputation and prestige of this Wine may also be confirmed by 
innumerable episodes, amongst which, the celebration of the independence of the United States of 
America in 1776, which was commemorated with a toast made with Madeira Wine! Many great 
personalities, statesmen and mythical personalities were enchanted by this Wine, of whom George 
Washington and Thomas Jefferson are symbolic examples, both profoundly knowledgeable on Madeira 
Wine, as well as Winston Churchill who had the opportunity to get to know and enjoy this Wine during 
his visits to the island. But the references to Madeira Wine are also known in Literature, for example, in 
Shakespeare works. 1,2,3 
The Madeira Wine is born to the world and its history is marked by its passage in various parts of the 
globe, where it continues to be recognized and admired. 
With more than five centuries of History, Madeira Wine is a fortified wine made exclusively with grapes 
grown in the Demarcated Region of Madeira (DRM). This fortified wine has a higher alcohol content (17-
22% vol.), in which the natural fermentation of the grape must is stopped by adding neutral alcohol at 
96% vol. 4 After its fortification, Madeira Wine initiates an ageing process where temperature and slow 
oxidation promote the appearance of singular characteristics of intense and complex aromas.  
The production process of Madeira Wine has very special characteristics that make this wine distinctive 
in the World. Over the centuries the production processes have been changing and improving. In the 
eighteenth century is introduced the ageing method known as “Estufagem” 5, which will definitely 
characterize Madeira wine, until today. This process, unique in the world, was originated in the “Vinho 
da Roda” or “Round Trip Wine” (Figure 1). 
Madeira Wine, old as the island that names it, can age for centuries, maintaining its specific features. 
When bottled, and even after the bottle opened, Madeira Wine is able to keep itself inalterable without 
losing any of its characteristics, still being able to enchant those who taste it, keeping its fresh 
personality. 
Produced using traditional grape varieties such as Sercial, Verdelho, Boal, Malvasia, Terrantez or Tinta 
Negra, or a blend of them, Madeira Wine can be classified, as dry, medium dry, medium rich or rich, 
according to its degree of sweetness. 5 
Versatile and food friendly, Madeira wine is, as Noel Cossart wrote: "Of all the wines created in the last 
five hundred years, there is none which claims more to be a wine of its time and place than Madeira, a 
highly improbable drink forged by fire and heat". 
“Of all the wines created over the past five hundred years, there is none that lays greater claim to being 
a wine of its time and place as Madeira, a highly improbable beverage forged by fire and heat.” 6 
Madeira Wine was and will continue to be an important reference in defining the island and the toil of 
five centuries of its people.  
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Figure 1: “Vinho da Roda” or “Round Trip Wine”. 
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Carbohydrates are key components of foods, with functions related with sweetness, thickness and even 

preservation. However, their role is not always yet understood. New methodologies and technologies 

allow the continuous revisiting of foods composition, allowing to find, explain and propose novel food 

functions and applications. This contributes to the new trends demanded by consumers of tastier and 

healthier foods. Enlighten by the new social concerns, concepts where carbohydrates play a decisive role 

are the biofunctional foods and food ingredients, active and intelligent packaging, and new food sources 

derived from sustainable production. Examples of these challenges and solutions achieved so far will be 

presented. 
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Some spectroscopical techniques have been extensively explored for the assessment of contents of 

different food matrices. Among these, vibrational techniques, such as Infrared (IR), generally Fourier 

Transform-IR (FTIR), and Raman, have emerged recently as analytical methods widely used for food and 

feed analysis.1 

Actually, the conventional measurements employed in the assessment of the chemical composition of 

foods, such as peroxide values, fatty acids, phenolic and volatile compounds, are time consuming and 

require large amounts of reagents and solvents, which are toxic and expensive. Furthermore, they 

require the pre-treatment of sample. On the other hand, spectroscopical means, such as FTIR—

particularly when used in conjunction with Attenuated Total Reflectance (ATR), dismiss any kind of 

sample preparation, avoiding the occurrence of chemical transformations, such as 

oxidation.2,3Additionally, while the ATR module works within the medium-IR range (MIR), there are other 

accessories available, such as Diffuse Reflectance Integrating Sphere-FT (DRIFT), which, besides also 

dismissing the sample preparation, register the samples’ spectrum within the near-IR (NIR) range, thus 

retrieving supplementary information.4 

These vibrational spectroscopic methods provide information about the chemical composition of various 

food and biological materials, and molecular structure.  

In fact, FTIR has been recently developed for an increasing number of matrices, resorting to multivariate 

analysis approaches, which allow to correlate the spectra with chemical data, thus retrieving analytical 

calibrations.5 In this sense, the use of such techniques has been widely spread in the last few years, due 

to the potential displayed as a simple, fast and reliable approach for quality assessment, mainly in the 

agro-food industries.6 FTIR technology can be applied through distinct techniques, taking advantage of 

two spectral regions, the NIR and MIR intervals. As the spectral features, in MIR, are due to fundamental 

vibrational modes, which are related to specific functional groups present in the samples, the spectral 

data can be used to develop analytical methods for the evaluation of several distinct matrices. 

On the other side, in NIR, the absorptions observed correspond to combination modes or overtones from 

the fundamental vibrational modes.7 This technique has been also successfully applied to measure 

compositional parameters such as moisture, protein, starch and lipids, in bean flours,8 as well as seed 

weight in intact bean seeds.9 Some authors concluded that NIR spectra can provide enough information 

to evaluate the contents in dietary fibre, uronic acid, ash, calcium and magnesium, in ground seed coats 

of distinct bean varieties, besides displaying potential to be applied in the screening of sensory attributes 

during breeding programs.10 

In the last few years, our research group is focused on the implementation of IR spectroscopy, coupled 

to chemometric data analysis methods, for the authentication and traceability of food matrices, 

supplying the use of classical methodologies. 
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The growing concern about food quality and safety requires the use of advanced analytical methods such as liquid- and gas 
chromatography coupled with mass spectrometry (LC-MS, GC-MS), Inductively coupled plasma - mass spectrometry (ICP-MS), 
and (real-time) polymerase chain reaction (PCR). These methods are often very complex, require specialized technicians, have 
high implementation costs, long analysis times and/or low sample throughput. Therefore, the development of (bio)sensors has 
increased significantly in the last years because they can be incorporated in simple analytical devices that are easy to operate 
and have the capacity to provide qualitative and quantitative information in situ with minimal sample treatment. Particularly, 
electrochemical transducers (electrodes) offer unlimited possibilities for surface modification and the improvement or creation 
of novel detection schemes. For instance, the electrode surface can be modified with a variety of (nano)materials to increase 
sensitivity, provide a biocompatible environment or to confer electrocatalytic properties. Selectivity can be achieved through 
the immobilization of either natural (enzymes, antibodies, DNA, cells, …) or artificial recognition elements (molecularly 
imprinted polymers (MIP)) on the electrode’s surface. Electrochemical (bio)sensors are also attractive since they need minimal 
sample treatment, low amounts of samples/reagents and can operate within a wide range of conditions. Because of their great 
relevance and interest, rapid electrochemical (bio)sensors for food quality control were developed in our research team. Some 
examples are: 

1. Two electrochemical sensors employing the enzyme diamine oxidase and ferricyanide as mediator for histamine 
determination in seafood: one using ceramic-based screen-printed carbon electrodes (SPCEs)1 and the other combining 
pencil leads as electrodes and a transparency sheet as substrate to produce the transducer. Both sensors were successfully 
applied to the analysis of fish samples such as sardine, mackerel, and tuna. 

2. An electrochemical sensor for the detection of ochratoxin A, based on the modification of a glassy carbon electrode with 
multiwalled carbon nanotubes and a molecularly imprinted polymer (MIP), was used for its determination in beer and 
wine samples2. 

3. An electrochemical immunosensor for the simultaneous determination of two main peanut allergenic proteins (Ara h 1 
and Ara h 6) was applied to a wide variety of foods3. 

4. An electrochemical DNA-based biosensor against two reactive oxygen species (H2O2 and HO●) was employed to assess the 
total antioxidant capacity of teas and herbal infusions4. 

5. An electrochemical immunosensor was used for the fast, specific, and decentralized detection of Listeria monocytogenes 
in milk5. 

6. A boron-diamond doped electrode (BDDE) was applied to the analysis of the carbamate pesticide formetanate in fruits6. 

Although these sensors showed adequate performance characteristics and were proven to be suitable for food control, many 

challenges remain to transfer them into real commercial alternatives. 
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Consumer’s demand for healthy foods has increased the ingestion of plant -based foodstuffs rich 
in polyphenols which are highly recognized as bioactive compounds. However, these products 
have been also correlated with unpleasant taste properties such as ast ringency and bitterness, 
when perceived at high intensities. Modulating these untasty properties could be important to 
promote the intake of healthy foodstuffs while keeping consumer’s approval.  
Polyphenols are usually associated with flavour, and particularly with astringency, due to their 
ability to complex with salivary proteins [1]. Saliva is rich in different SP families described to be 
involved in astringency, namely basic PRPs, glycosylated PRPs, acidic PRPs, statherin/P-B peptide and 
cystatins. However, due to saliva being a complex fluid, its protein profile may quanti- and qualitatively 
vary under different conditions. 
Currently, astringency is recognized as a trigeminal sensation although the molecular pathway 
responsible for its onset has not been yet fully established. Moreover, it is unknown if the many 
different astringency mouthfeel sub-qualities such as velvet, puckering, harsh, among others, 
are perceived by different mechanisms. 
Besides the structural factors and medium conditions, there are some endogenous factors that affect 
astringency perception such as the physiological response, circadian rhythms, salivary flow rate and time 
of exposure to be elicited. Indeed, astringency is perceived as a diffuse stimulus and dynamic process in 
the oral cavity that requires time to be elicited. It is known that astringency increases upon successive 
exposures to tannins [2,3]. 
Different oral models have been developed in our group [4], comprising different oral epithelia 
(buccal mucosa (TR146) and tongue (HSC-3)) and other main oral constituents (human saliva and 
mucosal pellicle). These models have been used to study the interaction with different 
polyphenol extracts as well as with food matrices.   
Food industry has some strategies to balance astringency and bitterness. Common practices 
usually lead to a decrease of nutritional properties and the removal of potential health benefits, 
rising concerns about food allergies, safety, and security. Polysaccharides have been an 
emerging natural and sustainable option to be used on taste properties modulation. In fact, 
polysaccharides can influence salivary protein-tannin interactions and they could be used to 
modulate astringency and bitterness [4].  
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A ciência dos alimentos acompanha o desenvolvimento surpreendente que tem ocorrido na sociedade, 

nas diferentes áreas do saber. Apesar disso, os assuntos prementes do passado mantêm-se (controlo da 

qualidade, autenticidade e segurança) mas com uma complexidade aumentada pelos novos desafios 

associados à sustentabilidade ambiental e social, à disponibilidade de alimentos para todos (Food 

security), à redução do desperdício e à valorização de subprodutos da indústria alimentar e da agricultura 

e, ainda, os problemas associados às alterações climáticas. Simultaneamente, os consumidores estão 

mais envolvidos com a sua saúde e bem-estar e na prevenção de doenças crónicas com a alimentação, 

tendo vindo a aumentar a exigência quanto aos produtos alimentares que adquirem. Pretendem 

ingredientes naturais, minimamente processados em aplicações inovadoras. 

A sustentabilidade na área alimentar é uma realidade inevitável, emergente e obrigatória. Apenas um 

desenvolvimento sustentável permitirá enfrentar os grandes desafios globais da disponibilidade de 

alimentos para uma população crescente, alguma dela cada vez mais exigente. Apenas uma estratégia 

integrada a nível das ciências agrárias, economia, direito, ciências políticas e sociais, poderá anular 

parcialmente estas problemáticas mundiais. Na tentativa de superação dos problemas vão surgindo 

novas abordagens como a eco-nutrição, o consumismo verde e a economia circular com o objetivo único 

de reduzir/anular os efeitos negativos e aumentar a capacidade de resposta. 

Um dos maiores desafios para a indústria alimentar é responder aos desejos dos consumidores, tendo 

em consideração todos os constrangimentos anteriormente referidos. Serão apresentados ao longo da 

keynote as tendências de consumo, o que os consumidores almejam e o que tem sido a resposta da 

indústria. Apresentam-se alguns exemplos do que foi feito ultimamente, bem como algum trabalho 

desenvolvido pela equipa.  

Os exemplos apresentados visam a valorização de matérias-primas, quer sem qualquer valor agregado 

atualmente ou com valor, mas visando uma maior valorização com a implementação de novas 

abordagens de aproveitamento; estudos de novas variedades de plantas para responder às alterações 

climáticas; impressão 3D para incorporação de compostos que respondam a necessidades nutricionais 

ou de saúde ou ainda para cativar os consumidores mais exigentes. Esta metodologia é também 

apresentada como forma de apresentar produtos alternativos à carne. São apresentadas outra ideias, já 

comercializadas que respondem à necessidade de sustentabilidade e às exigências dos consumidores. 

São especialmente focados dois subprodutos da indústria alimentar que foram estudados pelo grupo de 

investigação nas diferentes vertentes com o objetivo final de fechar o ciclo, ou seja, cumprir a economia 

circular. São o caso dos subprodutos do café e os subprodutos da produção de azeite. 

O que parece incontestável é que só com práticas sustentáveis se conseguirá ter alimentos para todos. 
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Com um número crescente de amostras a analisar num laboratório de multiresíduos, e com cada vez 

mais parâmetros por amostra, torna-se necessário estar munido de soluções que: 

- Simplifiquem a vida no laboratório relativamente à preparação da amostra; 

- Que sejam soluções que garantam alta sensibilidade, possibilitando e garantindo LOD baixos, de forma 

a cumprir as normas SANTE 12/12682/2019 para Alimentação e EU/39/2013 para amostras ambientais 

e águas; 

- Solução que garanta uma validação de resultados em tempo real, simplificando o fluxo de trabalho, 

possibilitando uma rápida revisão de resultados; 

- Que garanta uma boa relação preço/qualidade por amostra; 

- Que garanta a inexistência de falsos positivos e falsos negativos. 

  

Durante vários anos a BRUKER lidera a tecnologia qTOF, e tem o prazer de apresentar uma solução que 

possibilita a qualquer laboratório ter as condições acima citadas. A solução Target Screener é um pacote 

que inclui todo o Hardware, metodologia, pack de consumíveis bem como toda a parametrização 

associada a uma livraria com mais de 3000 compostos (entre eles pesticidas, drogas de abuso, drogas 

veterinárias e contaminantes), que garante uma análise única. 
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Ignazio Garaguso 

PerkinElmer LAS Germany GmbH, Ferdinad-Porsche-Ring 17, 63110 Rodgau, Germany 

Email: ignazio.garagus@perkinelmer.com  

Contamination in the food chain can arise from a number of sources, including residues of 
agrochemicals, natural toxins, residues of veterinary drugs, allergenic compounds. In addition to the 
main impact on public health, the economic impact of food contamination can be significant and can 
have serious negative repercussions on international trade.1  
In order to reduce health risk for humans and animals arising from contaminants these have been 
restricted by regulatory agency, such as EU or Codex Alimentarius, which have established maximum 
residues levels (MRL) permitted in food.2 This requires technologies and methods that permit detection 
of contaminant residues at level below the established MRL. The combination of multi-residues 
analytical methods and hyphenated technologies like Liquid Chromatography couple to tandem mass 
spectrometry (LC-MS/MS) are extensively used for the determination of contaminants in food.  
However, food matrices are very complex and despite extensive “clean-up” used in preparing the 
samples and chromatographic separation, interfering compounds enter the mass detector. This 
contamination created interferences and required frequent cleaning of the electronic ion optics with 
consequent extensive downtime of the instrument. 
Commonly used mass spectrometers have an orthogonal sampling to reduce contaminants and neutrals 
introduction and implement ion optics or ion funnels with axial voltages to transfer ions from ionization 
source to the mass analyser. 3,4 During this transfer, ions, neutrals, solvated charged species may 
accumulate on the inner surfaces of the ion optics, contaminating the ions migration path to the mass 
analyser, causing signal fluctuation, instability and drift.  
In this work we present the application of QSight® laminar flow-based triple quadrupole mass 
spectrometer, for the determination of several food contaminants using multi-residues analytical 
methods. This instrument uses Hot-Surface Induced Desolvation (HSID™) interface technology to entrain 
ions and solvated charged species in a hot laminar flow of sampling gas and through a series of three 
consecutive low-pressure multipole regions - the Laminar Flow Ion Guide™ - before entering the first 
mass analyser (Figure 1). The laminar flow gas prevents ions and solvated species from hitting the HSID 
and ion paths walls, acting as a constant cleaning agent. Additionally, transfer of energy from hot gas 
permit solvated species to desolvate. This enables enhanced uniform response across the entire mass 
range without the use of ion optics and therefore, do not require lens optimization. 
The robustness, selectivity, and sensitivity of the QSight triple quadrupole system with HSID and laminar 
flow technologies are evaluated here through the determination at sub-MRL levels of several classes of 
food contaminants.  
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Figure 1: Lamina Flow and LC-MS methods. 1. Diagram of Laminar Flow; 2. Diagram of Ion Source with Hot Surface Induced 

Desolvation (HSID™); 3. Pesticides Method: Lettuce sample prepared using QuEChERS.; 4. Mycotoxins Method: Corn sample 

several sample preparations 5.Allergen Method: chromatograms of spike synthetic allergens peptides in chocolate; 6.Veterinary 

Drugs Method: Chicken sample prepared by SPME; 7. QSight® LC-MS/MS system 

Acknowledgements: We would like to thank: Linda Monaci, Elisabetta De Angelis Rocco Guagnano , Alessandro Fiocchi, Rosa Pilolli, Emanuela 
Gionfriddo, Arisitde Ganci, Derek Matter, Philippe Boniteau, Jeff Wu and Feng Qui 
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The presence of contaminant residues in food represents one of the major concerns of 

consumers and their analysis remains a priority issue in food safety. 

GC-MS technology with Electronic Impact Ionization (EI) combined with various mass detectors 

is a commonly used technology for the analysis of these contaminants in food and 

environmental matrices. However, the non-selective masses, produced by EI, combined with 

the complexity of some matrices can result in false positives or false negatives. 

Atmospheric Pressure GC Ionization (APGC) technology has proven to be a very effective 

alternative to traditional techniques for analysing trace contaminants in complex matrices. 

During our presentation we will demonstrate: 

• The performance of a large suite pesticide method using APGC which meet method validation 

requirements 

• The performance of troublesome toxic pesticides of concern 

• The unmatched selectivity and sensitivity of this approach to GC-MSMS in challenging matrices 

such as infant food 
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chemistry 

Carlos Cordeiro 
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Email: cacordeiro@fc.ul.pt  

Imagine a mass spectrometer exceeding 10 million resolution and a mass accuracy in the ppb range, 

across a wide m/z range. Imagine you could analyse complex samples, containing tens to hundreds of 

thousands of metabolites in a few minutes, without chromatographic separation and fragment all ions 

without precursor selection for 2D-MS as well as mapping the spatial distribution of small molecules 

through MS Imaging. 

 

Enter the world of Fourier-Transform Ion-Cyclotron Resonance Mass Spectrometry (FT-ICR-MS), that 

offers the highest figures of merit and versatility to reveal the small molecule universe contained in food 

and beverages, thus producing a chemical fingerprint that can be used for traceability and for the 

discovery of new compounds among many other applications. FT-ICR-MS is quite rare, with less than 200 

such instruments operating worldwide. Moreover, it requires a high level of training, experience and 

sophisticated computational methods for data analysis and interpretation. Therefore, a group 

of European researchers created a Network of Fourier-Transform Ion-Cyclotron-Resonance Mass 

Spectrometry Centres, funded by the EU-H2020 grant agreement 731077. This network aims to provide 

access to world-class FT-ICR-MS centres, build a community of FT-ICR-MS scientists, open access to data 

and open-source software and strengthen the FT-ICR-MS application fields (figure 1). 

Several applications where the benefits of the unique and unmatched analytical characteristics of FT-

ICR-MS in food-chemistry will be showcased, as well as how to access our research centres and enrol in 

our advanced training program in FT-ICR-MS.  

Challenge us with the problems that you never imagined could be solved! 
 

 

Figure 1: The European consortium of FT-ICR-MS research centres. 

Funding: This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant 

agreement No 731077. 
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Blood is one of the main meat industry by-products, with an interesting nutritional value and functional 

properties. Although blood is a good and sustainable source of functional proteins, according to recent 

reports only a small fraction is directed for human consumption, since the main products where blood 

and its derivatives have been used are related to the pet food industry, being followed by the fertilizers 

industry. 1 The search for more sustainable protein sources raises the importance to develop effective 

strategies to increase blood valorisation towards human nutrition. In this study, an innovative approach 

based on enzymatic hydrolysis and membrane technology system was developed. Swine blood was 

cooked and enzymatically hydrolysed with Cynara cardunculus L., where 200 kg of cooked swine blood 

were processed with 300 kg of water. After the hydrolysis process, the product was filtered with a sieve 

(0.5 mm) and the resultant liquid fraction was submitted to microfiltration (MF), using a 0.2 µm pore 

size membrane. Subsequently, MF retentate (MFR) was submitted to reverse osmosis (RO) and freeze-

dried. Nanofiltration (NF) with a 3 kDa cut-off membrane was then performed with the MF filtrate (MFF), 

being the resultant NF retentate fraction (NFR) subjected to RO and freeze-dried. A new sequential NF 

step was carried out with the NF filtrate, using a 120 g/mol cut-off membrane. The resultant retentate 

fraction (NF filtrate; NFF), was also subject to RO and lyophilized. The biological potential of MFR, NFR 

and NFF in both food and feed nutrition were investigated. The results suggested that all fractions had 

a high content of protein, possessing MFR and NFR approximately 90% of total protein, while NFF about 

65% on a dry basis. The protein and peptide profile indicated that all hydrolysates showed a similar 

profile with peaks between 1200 and 14000 Da but, NFF had a greater concentration of lower molecular 

size peptides (<1200 Da). Regarding the antioxidant capacity, NFF showed higher antioxidant activity by 

both 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) and oxygen-radical absorbance-

capacity (ORAC) assays, with antioxidant values of 0.85±0.11 and 0.53±0.10 µM Trolox equivalent 

(TE)/mg of dry matter (DM), respectively, aligning with its peptide profile. NFR fraction had also an 

interesting antioxidant potential with ABTS and ORAC values of 0.45±0.01 and 0.45±0.03 µM TE/mg DM, 

respectively. Additionally, the anti-hypertensive activity was also tested, and the results suggested that 

NFF showed an excellent anti-hypertensive potential namely, 28 µg/mL to inhibit 50% of the 

angiotensin-converting enzyme activity. According to their biological potentials, the hypothesis of MFR 

and NFR being used in aquaculture feed, while NFF as a food functional ingredient was raised. The MFR 

and NFR fractions were tested in juvenile European seabass and compared with standard commercial 

diets typically used in aquaculture. The results of NFR dietary supplementation were very promising, 

promoting fish robustness and improving resistance and survival to Tenacibaculum maritimum 

infection. High mortality rates often occur in marine aquaculture farms due to bacterial infections, 

particularly due to T. maritimum outbreaks that have usually been treated by antibiotics. The dietary 
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inclusion of NFR hydrolysates is a very promising achievement in the improvement of European seabass 

to T. maritimum resistance without affecting the growth rate. Regarding the NFF fraction, the biological 

characterization was also complemented to clarify its potential for human nutrition. Free amino acids 

were identified and quantified, being the most incident glutamic acid, leucine, alanine, phenylalanine 

and aspartic acid, with concentrations between 109.85 and 190.60 mg/100 g. Also, mineral content was 

monitored with phosphorus, magnesium, calcium, sodium and potassium as the most important 

minerals. The antimicrobial potential was also tested but, no antimicrobial effect was verified for 7 

pathogenic bacteria tested. The high protein content, antioxidant and anti-hypertensive capacities as 

well as the interesting mineral and free amino acid contents make NFF a fraction with high potential for 

functional ingredient in human nutrition. Thus, the present study represents a first step towards the 

development of a more sustainable protein source for human consumption. Overall, this approach 

corresponds to a new and effective way to produce two value-added blood hydrolysates for both human 

and fish nutrition that increase the economic value of swine blood and minimize waste, contributing to 

a circular economy approach.  
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Fresh cheese is a slightly acid and mildly salted non-ripened cheese, made from raw or pasteurized milk, 

widely consumed in Europe, in particular in Portugal. However, it’s high pH (>5), water activity and lipid 

content favours not only the growth of microorganisms but also lipid oxidation, leading to a short shelf-

life. 1–4 

Cheese making results in the production of whey, the main by-product of cheese industry. 

Unfortunately, if not managed correctly, cheese whey can become a major pollution factor, due to its 

high chemical and biochemical oxygen demand. Therefore, cheesemakers all around the world face both 

the perishability of fresh cheese and the management of cheese whey. 5 

Even though, formerly, cheese whey was considered waste, and treated as such, in recent years it has 

been acknowledged as a valuable by-product since it retains 55% of milk nutrients. Additionally, cheese 

whey protein comprises several bioactive compounds, that can be used by nutraceuticals’ industry. 6–8 

Nowadays, there is a growing interest in “green packaging” due to the environment negative impact of 

conventional packaging materials. The advances in technology, made possible the development of 

membrane separation technologies, allowing whey to be processed into whey protein concentrates that 

can be used to produce biodegradable active films, in which antioxidant/antimicrobial agents can be 

incorporated in order to delay lipid oxidation and/or avoid post-process contamination. 9-12 

Green tea (Camellia sinensis L.), the second most consumed beverage in the world, is rich in bioactive 

compounds such as polyphenols, namely flavonoids and phenolic acids, therefore, it is well known for 

its antioxidant and antimicrobial properties. 10,13 

Portugal is one of the few producers of tea (C. sinensis L.) in Europe. “Gorreana” is one of the most well-

known brands of Portuguese tea, and it is produced in São Miguel Island, in Azores. Lately a company, 

“Chá Camélia”, started to produce green tea in a farm near by Vila do Conde. However, this tea has 

never been characterized before.  

Thus, the main objective of this study was to compare different green teas (“Gorreana”, “Chá Camélia” 

and “Happy flora”) regarding their antioxidant capacity including Chá Camelia green tea from 2020 

production. Moreover, this study developed a biodegradable and edible active film using whey protein 

and green tea or green tea extracts, in order to extend fresh cheese shelf-life.  

In the frame of this study, solid-liquid and Soxhlet extractions were compared in order to obtain C. 

sinensis L. concentrated extracts. The antioxidant capacity of green teas and green teas extracts was 

assessed, through DPPH free radical scavenging activity, β-carotene bleaching assay. Moreover, total 

phenolics and flavonoids content were also determined. Furthermore, whey films incorporated with 

green tea and green tea extracts were produced. Additionally, through migration assays, the antioxidant 

capacity of the films was evaluated, using the previously mentioned methods.  

Our results demonstrated that Soxhlet extraction had presented higher yield (43%) than solid-liquid 

extract (5.6%). Additionally, “Gorreana” green tea, produced in Azores, presented the highest 

antioxidant capacity, both as tea and as extract, when compared to “Chá Camélia” and “Happy flora”. 

Extracts obtained from “Gorreana” green tea by Soxhlet method exhibited 137.4 µg ET/mL while those  
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obtained by “Happy Flora” green tea exhibited 130.8 µg ET/mL. Gorreana tea exhibited a higher 

Antioxidant Activity Coefficient (AAC=1038) when compared with the other tea samples. However, the 

new “Chá Camélia” tea, which was studied for the first time, also presented considerable antioxidant 

capacity (AAC=600). 

The effectiveness of the new active edible film to enhance fresh cheese shelf life was also evaluated 

testing antimicrobial activity of the active films in contact with different types of fresh cheese. In 

addition, TBARS assay was performed in fresh cheese packaged with the new active film in order to 

evaluate the capacity of the film to inhibit lipid oxidation of fresh cheese. 

In sum, this study suggests that the new whey protein film incorporated with Portuguese green tea 

extract has potential to be used to extend fresh-cheese shelf life. This will allow switching from an 

economical to a profitable whey management, while avoiding fresh cheese deterioration and, 

simultaneously, implementing a circular economy approach. 
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Agrofood industry produces biobased wastes worldwide that are often discarded. As consequence, 

valuable biobased materials are lost. The dust resulting from the air suction at locust bean gum (LBG) 

processing industry is a good example of it. Aiming to establish a strategy to valorise LBG, in this work, 

the feasibility of using the dust for developing biobased plastics was studied.  

LBG-derived dust was constituted by particles with an average size of 6 μm and a heterogeneous 

rectangular shape. Regarding its chemical composition, LBG-derived dust contained 56% protein; 28% 

sugars, with (1→4)-Man, (1→4,6)-Man, and t-Gal as main glycosidic linkages; 12% phenolic compounds; 

and 6% lipophilic matter, thus being a protein-rich byproduct. When applied in biobased plastics 

production, the protein-rich LBG byproduct allowed to attain materials with 90% elongation at break 

and 60-90° surface water contact angle (WCA), depending on the protein-rich LBG byproduct 

concentration, thus allowing to develop stretchable and hydrophilic or hydrophobic films, properties 

conferred by lipophilic compounds present in the sample. Furthermore, the phenolic compounds 

present in the sample gave the protein-rich LBG byproduct films a good antioxidant activity, with an 

inhibition of ABTS radicals of about 60%, after 24 h. 

Therefore, protein-rich LBG byproduct revealed to be a suitable raw material for developing flexible and 

water tolerant biobased plastics, opening an opportunity for their valorisation through a circular 

economy. 
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Anthocyanins are natural pigments found in many fruits and vegetables that have been widely studied 

for application in smart food packaging as a colour sensor due to their ability to change colour by pH. 

This property is very suitable for monitoring the freshness of perishable food products (e.g., meat, fish) 

in real time, and consequently, increasing the shelf-life of these products as well as the food safety for 

the consumer. 1 However, these natural pigments have a complex multi-state equilibrium that leads to 

colour fading over time, 2 which is a limitation for their application as pH-indicators. In this work, a bio-

inspired anthocyanin-type pigment, namely a pyranoflavylium salt represented in Figure 1a, was 

developed and its colour properties with pH variation were studied. 3 The pigment (0.1 – 0.2% (w/w)) 

was immobilized in cellulose acetate films (8% (w/w) in acetone) with incorporation of different 

percentages of glycerol (0 – 40% (w/w)) as a plasticizer. The films were prepared by the casting method 

and characterized by the thickness, thermogravimetric analysis (TGA), scanning electron microscope 

(SEM), water vapor permeability (WVP). The functional properties of the films were tested in solutions 

at different pH values (between 4 to 8) (Figure 1b). The results showed that the films without glycerol 

do not change their colour when exposed at different pH environments. On the other hand, the 

incorporation of glycerol above 20 % (w/w) demonstrated an effective pH-responsiveness after 30 min 

of immersion (Figure 1b shows a noteworthy response for 30 % (w/w) of glycerol). The glycerol-based 

films showed relevant and remarkable colour change at the pH range of food spoilage indicating a great 

potential for application as food freshness sensor. 

        

Figure 1. a) Pyranoflavylium salt developed as pH-sensor. 3 b) Colorimetric response of cellulose acetate films 
incorporated with pyranoflavylium salt (0.2 % (w/w)) without glycerol (0 % Gly) and with 30 % (w/w) of glycerol 
(30% Gly) immersed in buffer solutions at different pH values after 30 min. 
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Opuntia ficus indica L. Mill (OFI) is a native plant from Mexico and belongs to the Cactaceae family. 

Currently it is well established in several countries such as Morocco, Italy, Spain and, Portugal. 1,2 The 

fruits from OFI are denominated as cactus pears or prickly pears and are widely used for human 

consumption. Prickly pears have an edible portion of 54% and are succulent, colourful, spiny, and rich 

in a variety of nutrients such as sugars, minerals, fibres, and bioactive compounds (e.g., ascorbic acid, 

betalains, flavonoids, phenols). 3,4 Those fruits are highly perishable with a relative short time to be 

consumed so it is important to find alternatives for their preservation. Generally, prickly pears are stored 

at temperatures between 5 ºC and 8 ºC but those temperatures can cause chilling injuries leading to the 

appearance of pitting spots and browning, diminishing their shelf-life. In this field, the application of 

edible coatings, as an alternative or complementary treatment to refrigeration, emerges as a possibility 

to maintain prickly pears quality. 

In this context, the main goal of this work was to evaluate the effect of different edible coatings 

(alginate, pectin, corn starch and chitosan) on the bioactive compounds preservation of prickly pear. 

Fruits were submerged on the coating solutions (2 % w/v polymer), left to dry, and kept under 

refrigeration (5±2 ºC) for 6 weeks. To evaluate the effects of the different coatings, samples were 

evaluated every week, along the six weeks, in terms of their bioactive properties. In the samples the 

following tests were made to quantify the bioactivity of the fruits: total phenolic compounds, 

antioxidant activity (DPPH assay), ascorbic acid content, betanin and indica xanthin content. Fruits 

without edible coatings were used as control. 

Results indicate that the edible coatings helped to delay the bioactivity loss of the fruits along time. 

Among the different edible coatings, corn starch and chitosan can be highlighted as the ones that most 

prevented the loss of bioactive compounds from prickly pear during preservation under refrigeration 

conditions.  
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Mycotoxins are secondary metabolites formed by fungi that develop in grapes under certain 

environmental conditions. Aflatoxins are mycotoxins formed by fungi belonging to the genus 

Aspergillus, predominantly Aspergillus flavus and Aspergillus parasiticus, 1–3 and to a minor level by 

Aspergillus nomius. 4 Aflatoxins are frequently mentioned as the most potent natural carcinogen, 5–7 

being classified as a Group 1 human carcinogen by the International Agency for Research on Cancer 

(IARC). 8 In recent years, aflatoxins B1 (AFB1) and B2 (AFB2) have been occasionally found in wines. 9–11 

In Italy, Di Stefano et al. 11 detected AFB1 in 23% of the analysed wines. On the other hand, in 24 wines 

produced in different Spain regions, the most frequently detected aflatoxin was AFB2. 9 The climate 

changes predicted for the near future can significantly change this scenario, making mycotoxigenic fungi 

suffer geographical movements in the direction of the north as temperatures will become more suitable 

for the thermotolerant aspergilli that produce aflatoxins. 12,13 Till now, there is no European Union (EU) 

legislation imposed for aflatoxins limits in wine. Also, actually, there is no technological solution to 

decrease/remove aflatoxins from wines when they are present, but it is essential to search for solutions 

to protect consumers' health. Thus, the main goal of this work was to test fining products already 

authorized for oenological use like activated carbon, potassium caseinate, chitosan, and bentonite for 

AFB1 and AFB2 elimination from contaminated wines and to estimate their impact on wine phenolic 

and chromatic characteristics. Bentonite was the most efficient fining agent, eliminating both aflatoxins 

(10 μg/L total) from the white wine and 100% of AFB1 and 82% of AFB2 from red wine. The effect of 

bentonite in white wine colour was minor, while in red wines, a 13% decrease in the colour intensity 

was observed. Due to the gain in wine safety and the low impact on wine colour, bentonite can be 

considered an excellent solution for dealing with the aflatoxin safety problem in wines. 
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The Portuguese coastline is rich in many halophytic and other maritime plants, whose physico-chemical 

and biological characteristics are still underexploited at the scientific level. 

The proposed project seeks to fill this gap by examining the biological profile of fresh and/or dehydrated 

halophytes and other maritime plants from extracts (aqueous and essential oils), allowing the use of 

these endogenous natural resources through the development of novel functional food ingredients. 

Concerning the collection and production of these extracts, special emphasis was placed on: (i) 

halophyte plants obtained from the western salterns and sand dunes from the coastal zone of Central 

Portugal - Salicornia ramosissima, Sarcocornia perennis, Halminione portulacoides, Arthocnemo 

macrostachyum Moric; and (ii) the endogenous maritime species Corema album. 

These plants were collected in their natural habitat, propagated both in vitro and in the natural 

environment, under controlled conditions, for a later study of the impact of type of culture on the 

accumulation of salts and other minerals and the overall expression of their biological activity. 

The most promising extracts regarding biological activity were selected and incorporated (either directly 

or encapsulated) into food matrices (bread, crackers and cookies). Particularly for halophytes, their 

integration in food matrices will function as a salt substitute, with expected benefits for human health. 

These are mainly due to the low sodium content of these plants, coupled to a high amount of phyto-

organic minerals, potassium and magnesium, which facilitate the excretion of sodium accumulated in 

the body. Extracts prepared from fermented leaves were also carried out to evaluate the effect of this 

process on the antioxidant and anti-cancer potential of extracts. 

The research work was planned in a multidisciplinary and interactive way, combining physicochemical 

techniques to analytical and biological methods, with a view to attain a thorough and systematic 

knowledge of the systems under study: GC-MS, HPLC and LC-MS/MS; vibrational spectroscopy - ATR-

FTIR and Raman (conventional and micro-Raman); analytical assays for evaluation of antioxidant and 

antimicrobial capacity; in vitro tests in human cancer cells for quantification of cell growth and viability.  

Food matrices enriched with some of the most promising plant extracts were assessed from the 

nutritional, physical and sensory point of view.  

The ultimate goal of this work was to exploit endogenous maritime resources through the development 

of novel functional foods enriched with bioactive components obtained from halophyte plants and litter 

berries. These components were added in the form of powder (from dehydrated plants), aqueous 

extracts, essential oils or encapsulated in cyclodextrin nanoparticles.  
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Diabetes prevalence has been rising worldwide and, in 2019, it was estimated to affect 463 million 

people, 50% of which undiagnosed. It is defined as elevated blood sugar (hyperglycemia) for a prolonged 

time and even with advances in science, medicine, and diagnostics technology, these numbers have 

been steadily increasing in the past decades with current trends projecting a continued growth in the 

coming ones. Current (drug) therapies are effective but limited to a single therapeutic target / effect 

and regularly present adverse effects. This single target / effect mindset is applied to the development 

of most therapies and the treatment of most diseases including diabetes, which is boiled down to 

prolonged hyperglycemia. However, diabetes is a (group of) metabolic disorder(s) with an interwoven 

network of risk factors and complications that can both arise from and lead to hyperglycemia. 

Polyphenols, and the foods or preparations that contain them, are often used in folk medicine to treat 

diabetes and in many cases, these have been shown to improve and/or reduce the risk factors and 

complications of diabetes. Upon ingestion, polyphenols’ first targets are digestive enzymes in the small 

intestine. Here, they will reduce the activity or inhibit carbohydrate and lipid digestive enzymes slowing 

down or reducing their absorption mimicking caloric restriction and preventing spikes in blood glucose. 

Then in the colon, they adjust the ratios of gut bacteria promoting the survival of beneficial species and 

sometimes exhibiting antimicrobial activity against (opportunistic) pathogenic species leading to 

reduced inflammation and porosity. Once they enter the blood stream, they reduce blood pressure by 

scavenging reactive oxygen species (ROS), increasing bioavailability of nitrous oxide, and inhibiting or 

reducing the activity of angiotensin-converting enzyme (ACE). Also, in the circulatory system and inside 

cells, they capture precursors of advanced glycation end-products (AGEs) such as methylglyoxal (MGO) 

preventing them from reacting with structural molecules and enzymes. After entering the cells, 

polyphenols can produce systemic and tissue specific effects. In glucose using tissues, such as muscles 

and the liver, they increase the expression, translocation and activity of glucose transporters and 

upregulate pathways in the carbohydrate and lipid metabolism to increase their consumption and 

lowering their levels in the blood stream. In the eyes, nerves and kidneys, polyphenols inhibit aldose 

reductase (AR) reducing sorbitol accumulation which prevents further oxidative stress, formation of 

AGEs and osmotic stress. This prevents retinal cells from rupturing or forming plaques that lead to 

diabetic cataracts and reduces neuron hyperactivity and spontaneous firing which often lead to 

neuropathic pain. Also in neurons, polyphenols inhibit acetylcholinesterase and butyrylcholinesterase 

and prevent glutamate toxicity and overstimulation. The systemic effects include reduction of oxidative 

stress (by scavenging ROS, reducing the activity or expression of ROS generating enzymes and pathways, 

and by increasing the expression and activity of antioxidant enzymes), reduction of inflammation (by 

reducing the expression or activity of proinflammatory enzymes, pathways and cytokines) and 

protection from function altering histological changes and apoptosis (by reducing inflammatory 

cytokines, certain dedifferentiation pathways and scavenging AGEs). In this work we will approach 

diabetes, as an interconnected combination of risk factors and complications, and polyphenols as multi 

target and mechanistic drugs producing multiple therapeutic effects, their key structural features in 

diabetes treatment, and what is still holding them back from becoming part of the standard treatment 

for diabetes.  
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It is becoming clearer that nutrition plays a major role in gastrointestinal diseases, particular 
inflammatory bowel diseases (IBDs) and colorectal cancer (CRC).  On this matter, the activity gelatinases 
MMP-2 and MMP-9 are important regulators to the key processes underlying cancer and pre-cancer 
inflammatory diseases such as colitis, hence making them a good therapeutic target to prevent or reduce 
these ailments via diet 1,2. Findings in our group led to the discovery of deflamin (patent 
WO/2018/060528), a new protein MMP inhibitor (MMPI) isolated from the edible seeds of sweet lupine 
Lupinus albus. Being a food component, deflamin could be used as a nutraceutical, or a functional food 
or as a nutritional complement. Nonetheless, when considering its incorporation in diets, deflamin is 
present in very low amounts in the seeds, hence a diet on lupin seeds per se would not suffice to exert 
the necessary effects. Under this context, our goal was to develop a method to concentrate deflamin 
from legume seeds, that could be easily up-scalable and used to introduce it in foods. We then tested its 
application in cookies and asserted its impact on the cookies physical properties and if it could still 
maintain its MMP inhibitory activity.  

The obtained lupin extract (10 g/100 g) was added to gluten and gluten-free flours from different 
sources: rice, buckwheat, oat, kamut and spelt. The impact on the physical properties of the dough and 
cookies was evaluated for the different systems and the maintenance of its bioactivity was evaluated 
through gelatinolytic activity assays and cancer cell migration tests in colon adenocarcinoma cells. Rice, 
buckwheat and oat doughs were 70% firmer than the others. The texture properties of kamut and 
buckwheat cookies enriched with lupin extract were significantly firmer than the cookies without lupin. 
The incorporation of lupin extract induced a certain golden-brown coloring on the cookies, making them 
more appealing: lightness (L*) values decreased, generally, for the cookies with lupin extract when 
compared to the controls. The aw was very low for all samples, suggesting a high stability food product. 
In terms of anti-MMP-9 bioactivity, the interaction between the lupine extract and the several doughs 
had different effects on the maintenance of the MMP-9 inhibitory activity.  

Overall, the best cookie with lupin incorporation was buckwheat with 60% of MMP-9 inhibition. Hence, 
the addition of lupin extract brought some technological changes in the dough and cookies in all the 
flours tested but improved the final product quality which aligns with the trends in the food industry. 
Overall, the developed method yielded the perfect delivery for deflamin, as a GRAS-safe food component 
or as an isolated nutraceutical, to be used in preventive/curative approaches to IBDs and CRC. 
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Figure 1: The effect of five different flours with and without lupin extract on MMP-9 activity. The positive control 

(C) does not inhibit MMP-9, resulting in 100% proteolytic activity. Gelatinase activities are expressed as relative 

fluorescence as a % of controls and represent the averages of at least three replicate experiments (n = 3) ± SD. * p 

< 0.05 and **p < 0.001 when compared to cookie controls. 
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The olive tree (Olea europaea L.) is widely distributed in various regions of the world, with a major 

incidence in the Mediterranean basin, where the climate characteristics are favourable for its 

cultivation, and where 97.9% of world production is located. 1 In Portugal, olive tree growing has a long 

tradition, being olives mainly used for the extraction of olive oil and in a lower extent for the production 

of table olives. Trás-os-Montes, is the second national producer region, after Alentejo, being the olive 

tree one of the main crops. In this region, olive tree heritage is vast, and the existing cultivars can be 

grouped into “main or majority”, such as Cobrançosa, Madural, and Verdeal Transmontana, “secondary 

or of local importance” such as Negrinha de Freixo, in Freixo de Espada à Cinta, and Santulhana, in the 

municipalities of Bragança, Vimioso and north of Macedo de Cavaleiros, and “minority varieties”, where 

the rest are included. The cv. Santulhana, adapted to colder climates and higher altitude areas, is a 

cultivar with great vigour, entering medium/late production and presenting an oil yield of around 20%. 

Nowadays, its fruits are destined almost exclusively for olive oil extraction. However, in the past, the 

table olives produced with the fruits of this cultivar were also well recognized. Although highly 

appreciated, the oils of this cultivar are insufficiently characterized.  

In this sense, the present work aimed to contribute to the characterization of olive oils from cv. 

Santulhana, as a first step towards the recovery of its importance and valorisation. Thus, in 2019 and 

2020, and in each year, 30 monovarietal olive oils were collected from producers in the municipalities 

of Bragança and Vimioso, which were characterized in terms of quality parameters (acidity, peroxide 

value, UV extinction coefficients, and organoleptic evaluation) and composition in fatty acids according 

to European Community Regulation, 2 tocopherol content according to ISO 9936 3, with some 

modifications as described by Rodrigues et al. 4; resistance to oxidation by the Rancimat method; and 

descriptive analysis of the sensory profile according to the International Olive Council (IOC) 5 with some 

modification as described by Rodrigues et al. 6. 

The results indicate that only 33% of the olive oils analysed resent values within the legal limits for the 

category of extra virgin olive oil. Concerning fatty acid composition, the content of oleic acid ranged 

from 64.9 to 71.8% (2019) and 68.4 to 72.9% (2020), palmitic acid varied between 11.5 and 15, 2%, in 

2019, and 11.3 and 16.4% in 2020; while the levels of stearic acid were from 6.5 to 13.2% (2019) and 

7.7 to 11.3% (2020). Regarding the tocopherols, 4 vitamins were identified, with the total levels of 

tocopherols ranging from 224.5 to 272.5 mg/kg of oil in 2019 and 231.1 to 583.4 mg/kg of oil in 2020. 

In relation to the oxidative stability, mean values were of 8.5 h for 2019 and 8.6 h for 2020. In which 

concerns the descriptive sensory profiles, cv. Santulhana olive oils, possessed a green fruity note, with 

sensations of fruits including apple, banana, tomato and dried fruits, with a predominance of apple in 

both years with an average intensity of 4.1 in 2019 and 4.2 in 2020. Regarding herbaceous sensations, 

aromas of fresh grass, tomato branch, cabbage and olive leaf were perceived, being cabbage and tomato 

branch the most dominant sensations. 

Finally, the effect of the crop year on the olive oils’ physicochemical and sensory profiles was further 

verified by applying a principal component analysis (PCA). This unsupervised pattern recognition tool  
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allowed a clear splitting of the evaluated cv. Santulhana olive oils according to the crop year (Figure 1), 

demonstrating the impact of the crop year on the olive oils composition. 
 

 

Figure 1. Unsupervised differentiation of cv. Santulhana olive oils (2D PCA biplot) according to the crop year, based 
on the quality, physicochemical parameters and sensory profiles of olive oils obtained from olives collected from 
Santulhana trees during two consecutive crop years (2019 to 2020). 
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Rice, Oryza sativa, is the second most important cereal crop 1 and an essential component of the diets 

and livelihoods of over 3.5 billion people. 2 In particular, rice and rice-based products are widely used 

for weaning and as an infant food due to nutritional benefits and relatively low allergic potential. Rice is 

also a preferred gluten-free choice for the celiac disease affected population. 3 In 2015-2016, the 

Portuguese adult population average consumed 25.1 kg of rice per capita. As for children and 

adolescents, the annual average consumption was, 19.1 and 28.3 kg/year, respectively. 4 These values 

are well above the EU 27 average. 

Mycotoxin contamination of agriculture products, including rice, is a serious problem for human health. 

Moreover, during storage, some mycotoxins like the mutagenic and carcinogenic aflatoxinB1 (AFB1, 

IARC group 1) and the nephrotoxic and hepatotoxic ochratoxin A (OTA, IARC group 2B), can contaminate 

rice or its products. 5 

The goal of this study was to evaluate AFB1 and OTA occurrence in rice and evaluate the Portuguese 

scenario in the worldwide context. Moreover, we also aimed to evaluate the Portuguese population 

exposure and risk, namely children, adolescents and adults, through the consumption of this cereal. 

Thirty-six samples of rice intended for human consumption were collected: 20 were commercially 

acquired as available for regular consumers, and 22 samples were kindly provided by Portuguese rice 

producers. Convenience samples included different types of long grain and short grain rice with different 

origins. The experimental procedures, for both of AFB1 and OTA determination, involved a solid-liquid 

extraction step before quantification through the competitive enzyme immunoassays ELISA 

(RIDASCREEN® Aflatoxin B1 30/15 and RIDASCREEN® Ochratoxin A 30/15, respectively, from R-

Biopharm, Darmstadt, Germany). None sample showed contamination by OTA. AFB1 was present in 2 

samples (4.8%), in levels of 1.96 and 2.20 μg/kg, with an average concentration of 0.12 μg/kg. Both 

contaminated samples were commercially acquired branded samples. The most contaminated sample 

was of wild long rice and the other of white short rice, from Canada and Portugal, respectively. It should 

be noted that only the most contaminated sample was above the European maximum permitted level 

(MPL) of 2 μg/kg. 

For children, adolescent, and adult populations, different EDI evaluations were carried out based on 

different scenarios: the lower bound (LB) approach and the upper bound (UB) approach, 6 both 

combined with the average and 95th percentile consumption. 4 For every population studied, the 

maximum estimated daily intake (EDI) was of 5.79 ng/kg bw/day, obtained for children when the UB–

P95 consumption scenario was considered. When considering the LB–average consumption scenario, 

the EDI values were of 0.26, 0.18 and 0.12 for children, adolescents and adults, respectively. 

Risk assessment was performed comparing the obtained EDI with the provisional maximum tolerable 

daily intake (PMTDI) values proposed by Kuiper-Goodman, 7 1.0 ng/kg bw/day, for adults and children 

without hepatitis B, and 0.4 ng/kg bw/day for those with hepatitis B virus. Children were the group with 

higher risk values, followed by adolescents and adults. The percentage of EDI/PMTDI 1.0, considering 

the LB-average consumption scenario, was of 26.2%, 18.2% and 12.0% for children, adolescents and  
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adults, respectively. This percentage rose when the 95th percentile was considered. As expected, when 

considering the PMTDI of 0.4 ng/kg bw/day, the risk considerably increased, up to 1447.6%, for children 

with the UB–95th consumption. Regarding the margin of exposure (MOE) approach, and bearing in mind 

that a value lower than 10,000 indicates a human health concern, 8 one could observe that the 

calculated risk for every scenario and population is well below this threshold, with maximum MOE 

values of 1420.8 for adult population at the LB–average consumption. 

The exposure and risk evaluation were estimated in uncooked rice. Previous studies published in the 

scientific literature reported an average reduction of about 45.0% for AFB1 in rice due to washing and 

cooking. 10 Nevertheless, due to the high consumption of this foodstuff, these results are of concern for 

the health of consumers, namely children. Thus, additional studies are required to contribute for food 

safety. 
 

    

Figure 1. AFB1 estimated daily intake and risk assessment: A) PMTDI approach; B) MOE approach. 
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Hydroxytyrosol (OHTyr) is one of the main phenolic compounds of virgin olive oil and its antioxidant and 

anti-inflammatory properties have already been studied. However, there are few studies on the 

beneficial effect of OHTyr in rheumatoid arthritis. In our previous work we evaluated the acute and 

chronic anti-inflammatory effects of OHTyr, at 0.5 and 5 mg/kg in an animal model of arthritis using 

refined olive oil (ROO) as a vehicle, showing that a dose of 5 mg/kg/day prevents the evolution of 

arthritis with benefits also on acute inflammation. 1 Additional studies are needed to determine the 

effective dose in the animal model to further perform a clinical trial in patients.  

This study investigated the protective effect of OHTyr in two different animal models of disease – 

collagen induced arthritis (CIA) and adjuvant induced arthritis (AIA). 

OHTyr was produced by an improved and more efficient synthesis and purification process than the one 

described in the literature. OHTyr was obtained in a gram scale and showed a high chemical and optical 

purity (≥97%). A Caco-2 cell model was used to evaluate the cytotoxicity of the compound. CIA model 

was carried out using male Wistar rats (150–180 g) and arthritis was induced by intradermal 

administration of collagen type II on days 1 and 21. OHTyr-supplemented ROO (1, 2.5 and 4 mg/kg) was 

administrated by gastric gavage from day 23 to 35. At day 35 the clinical severity was evaluated by 

plethysmography for the measurement of the paw volume. A similar study design was implemented in 

the AIA rat model – Wistar han rat female (176-200g), with 1, 2.5, 5 and 10 mg/kg of OHTyr.  

In the CIA model, administration of OHTyr-supplemented ROO led to a statistically significant 

attenuation of edema, in 36% for animals treated with 1 and 2.5 mg/kg and by 47% for animals treated 

with 4 mg/kg. In contrast, results did not reach the same magnitude in edema reduction in AIA model 

ranging from 25% to 40%. This could be explained by the pathological characteristics of this model, 

which is characterized not only by periarticular inflammation (more intense in AIA) but also by severe 

bone resorption.  

The results obtained in the two animal models (moderate and severe) provided additional evidence of 

the beneficial impact of an olive oil phenolic compound in arthritis and supports its use in earlier stages 

of the disease, in a preventive setting. 
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Frying allows cooking food while promoting their organoleptic properties, imparting desirable 

crunchiness and flavour. The drawback is the oxidation of triacylglycerides (TAGs), leading to the 

formation of primary oxidized TAGs. Although they have been associated with chronic and degenerative 

diseases, they are precursors of pleasant flavours in fried foods. Nevertheless, there is a lack of 

knowledge about the oxidation species present in foods and their involvement in positive and/or 

negative health effects. In this work, high-resolution (HR) C30 reversed-phase (RP)−liquid 

chromatography (LC)−tandem HR mass spectrometry (MS/MS) was used to identify primary oxidation 

TAGs resulting from heating triolein (160 °C, 5 min). This allows simulating the initial heating process of 

frying oils usually used to prepare fried foods, such as chips, crisps, and snacks. Beyond hydroxy, 

dihydroxy, hydroperoxy, and hydroxy−hydroperoxy derivatives, already reported in phospholipids 

oxidized by Fenton reaction, new compounds were identified, such as dihydroxy−hydroperoxy−triolein 

derivatives and positional isomers (9/10- and 9/12-dihydroxy−triolein derivatives). 1 These compounds 

should be considered when proposing flavour formation pathways and/or mitigating lipid derived 

reactive oxygen species occurring during food frying. 
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Tropical fruits are widely appreciated for their sweet taste and generally known for their rich 

composition in bioactive compounds. However, the processing of this type of fruits can generate a large 

amount of non-edible and non-tradable by-products, consisting mainly in peels and seeds. These by-

products have already been described as having a greater amount of bioactive compounds than the 

edible parts; this fact has been increasing the interest of the scientific community as also of several 

industrial fields for the application of these by-products. 1 In this context, the rigid non-edible epicarp 

of Sicana odorifera (vell.) Naudin, a purple-black tropical fruit from Brazil, 2 was evaluated for the 

anthocyanin and non-anthocyanin phenolic composition by High-Performance Liquid Chromatography 

coupled to a diode-array detector and a mass spectrometer functioning by electrospray ionization 

(HPLC-DAD/ESI-MS). The bioactive potential was assessed thought several in vitro assays: the 

antioxidant activity was determined by thiobarbituric acid reactive substances assay (TBARS) and by the 

oxidative hemolysis inhibition assay (OxHLIA) and the antimicrobial activity was tested in four bacteria 

and four fungi strains using the microdilution method.  

S. odorifera epicarp hydroethanolic extract presented four phenolic compounds, namely two O-

glycosylated quercetin and kaempherol derivatives and two O-glycosylated anthocyanins, being the 

latest group the most abundant one with a total amount of 24±1 mg of anthocyanins/g of dry epicarp. 

Concerning its bioactive potential, S. odorifera hydroethanolic extract revealed considerable antioxidant 

activity (EC50 values of 48.2±0.5 and 27±1 µg/mL for TBARS and OxHLIA assays, respectively) and 

antimicrobial action against all bacteria and fungi strains evaluated (minimal inhibitory concentrations 

(MICs) ≤ 2.2 mg/mL).  

The results obtained allow to classify this tropical fruit epicarp as a potential source of bioactive 

compounds with great market value, since they can be applied in several industrial sectors, including 

the food and pharmaceutical industries. 
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Nowadays, high-pressure pasteurization (400-600 MPa) is well established commercial technique 

applied to a wide range of foods, while refrigeration (RF) is often used as a preservation method to 

extend food shelf-life. However, some studies have revealed that RF represents approximately 1% of 

the CO2 emissions worldwide and is the third major source for the whole of the food industry. 1 

Therefore, it is of great importance to find environmentally friendly food preservation methodologies. 

Hyperbaric storage (HS) is a new concept for the storage of foods that involves applying mild pressures, 

between 25-100 MPa, over a few days to some months of storage time. 2 HS has opened the possibility 

of storing foods above atmospheric pressure at room temperature (RT) which means that energy is only 

required during compression phase of the pressure vessel. Furthermore, as the temperature does not 

need to be controlled and the pressure applied should be as low as possible, the energy costs and the 

carbon footprint will be minimal. 3 

Raw milk was pasteurised by high-pressure processing (HPP) and subsequently stored under pressure 

(50-100 MPa) at uncontrolled room temperature (≈ 20 ºC) to assess its effect on microbial safety (total 

aerobic mesophiles, lactic acid bacteria) and physicochemical quality (fatty acid and volatile 

composition) for up to 60 days. The results were compared with conventional RF (4 ºC) and with 

atmospheric pressure and room temperature (AP/RT)(≈ 20 ºC). Furthermore, 1H NMR spectra were 

acquired to characterise the chemical constituents in HPP pasteurized milk, and a subsequent 

multivariate analysis (MVA) was used to try to distinguish the samples stored under different storage 

conditions. 

HPP pasteurization reduces the initial microbial load of milk (≈ 1.3 log units), and HS (75-100 MPa) 

prevents milk spoilage due to microbial inactivation, decreasing microbial loads to below the detection 

limit (< 1.0 CFU/mL) from 10 days onwards (at least, 2.6 log units reduction). Fatty acids were generally 

not affected by the different storage conditions namely the total of saturated, monounsaturated, and 

polyunsaturated fatty acids. The volatile compounds showed no differences between HS and the HPP 

milk before storage, except for the HS samples at 50 MPa and AP/RT samples that presented spoilage 

related compounds (as acetic and butyric acids, 1-propanol, and acetoin) probably derived from 

microbial activity. Moreover, NMR of HPP milk showed slight changes in milk composition for HS 

samples (namely protein solubility and galactose) that may be due to the effect of HS on casein micelles 

of milk. These HS variations are more related to storage time rather than to pressure levels. 

Furthermore, the degradation compounds (lactate and butyrate) only appeared in AP/RT samples 

showing that HS samples presented no signs of microbial spoilage. 

Thus, HS preservation is efficient for the preservation of HPP pasteurized milk, and has the advantage 

of energy savings and a lower carbon footprint compared with RF. HS also increased microbial safety, 

opening up the possibility of longer shelf-life, with little or no quality differences compared to RF. 
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Figure 1. 1H NMR spectra of high pressure pasteurized milk (HPP milk) on the last day of storage time (day 40) at 
atmospheric pressure at ≈ 20 ºC (AP/RT), refrigeration at 4 ºC (RF) and hyperbaric storage (HS) at ≈ 20 ºC (50 
MPa/RT, 75 MPa/RT and 100 MPa/RT). 
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The valorisation of agro-industrial by-products has been increasing in recent years, given the growing 
awareness and promotion of the circular economy concept1,2. Special attention has been given to the 
agri-food by-products, which, although most of them are currently discarded, still contain significant 
amounts of valuable bioactive compounds that can be further exploited2,3.  
Pomegranate fruit (Punica granatum L.) is already recognized for its benefits to human health4. 
Pomegranate juice production generates ca. 50% of by-products, namely peels (PP) and seeds (PS)5,6. 
The recovery and valorisation of these two by-products in addition to the positive environmental impact, 
can lead to the extraction of natural bioactive compounds such as preservatives, flavour enhancers, food 
colorants, textile dyes, among others7–9. 
This work presents information on the potential for valorisation of PP and PS by evaluating the bioactive 
properties of extracts from three pomegranate cultivars grown in Alentejo Region of Portugal (Acco, Big 
Full and Wonderful). 
The different dried and grounded pomegranate peels (PP) and seeds (PS) were firstly characterized in 
terms of moisture, ash, volatile solids, protein and lignin content, pH, titratable acidity (TA), electrical 
conductivity and elementary composition (C, N, S). Afterwards, a conventional S/L extraction procedure 
(water bath at 50 ˚C, 4 h, 200 rpm; S/L ratio of 1/50) was applied to PP and PS to obtain the extracts. The 
effect of different ethanol/water solvents (water; EtOH 25%; EtOH 50% and EtOH 75%) was also 
evaluated (Figure 1). 
 

 
Figure 1: Pomegranate peels and seeds extracts preparation.  

 

Qualitative phytochemical screening was conducted to determine which family of compounds was 
present in the matrices, followed by quantitative analysis to assess the content of total phenolic 
compounds (TPC, mg GAE/mg extract), tannins (TAN, % w/w, db), total flavonoids (TF, mg CATE/mg 
extract), anthocyanins (ANT, mg cyanidin-3-glucoside/mg, db) and antioxidant activity (AA, IC50, mg/mL). 
Significant differences (p < 0.05) were observed between the composition and physicochemical 
properties of pomegranate by-products, as well as between cultivars. In terms of pH and titratable 
acidity, PP (pH = 3.55-3.96; TA = 5.38-6.21 g citric acid/100 g, db) were more acidic than PS (pH = 3.77-
5.31; TA = 1.86-5.07 g citric acid/100 g, db). However, PS had the highest moisture content (14.06-
21.15%), protein (9.25-15.83%, db), nitrogen (1.48-2.53%, db) and insoluble lignin (22.76-29.80%, db). 
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Regarding the qualitative screening, all extracts showed the presence of phenolic compounds, flavonoids 
and tannins. PP extracts obtained with water, EtOH 25% and EtOH 50% as solvents, showed the presence 
of saponins. Free anthraquinones were only observed in Big Full seeds for all solvents; and combine 
anthraquinones were found mainly in PS extracts. Most extracts showed the presence of triterpenoids 
and only the extracts from EtOH 50% and EtOH 75% tested positive for cardiac glycosides. Alkaloids and 
polysteroids were not detected in the tested extracts. 
For the quantification of bioactive compounds (Figure 2), it was concluded that Big Full peels presented 
the highest levels of TPC (0.86 mg GAE/mg) and TF (0.059 mg CATE/mg) with EtOH 75%, and the highest 
content of TAN (25.28% w/w, db) with EtOH 50%. Regarding seeds, the Wonderful cultivar originated 
extracts with high content in TPC (0.23 mg GAE/mg) and TAN (9.90% w/w, db) with EtOH 50%; high TF 
content (0.026 mg CATE/mg) with EtOH 25% and high AA (0.038 mg/mL) with EtOH 75%.  
 

 

 

 

Figure 2: Total Phenolic Compounds (TPC, mg GAE/mg extract) and Tannins (TAN, % w/w, db) present in peels and 

seeds extracts from Acco, Big Full and Wonderful cultivars, according to the extraction solvent. 
 

Overall, EtOH 50% as a solvent provided the extracts with the highest biological properties. The peels 
have the highest extraction yields, TPC, TAN and TF, while seeds have the best results in terms of ANT 
and AA. The Big Full cultivar revealed promising results in all analysed parameters, showing the best 
bioactive activity. 
This study provides valuable information on peels and seeds of pomegranate cultivars (Acco, Big Full and 
Wonderful) to better characterize them and prove their suitability as a raw material for the extraction 
of bioactive compounds for use in other food and/or non-food applications. 
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Antimicrobial compounds, such as bacteriocins, can be used as natural strategies to control foodborne 

pathogens and to prevent food spoilage. Cheeses offer a suitable environment for the survival and 

growth of a broad spectrum of microorganisms, including a range of pathogenic bacteria, such as Listeria 

monocytogenes. Therefore, the incorporation of bacteriocins on films and coatings offers an alternative 

to the use of chemical additives to improve food safety. The aim of this study was to evaluate the anti-

listeria activity of two semi-purified enterocins applied into a whey/gelatine/glycerol film. The enterocins 

were produced by two strains of Enterococcus faecalis L2B21K3 and L3A21K6, previously isolated and 

characterized from an artisanal Azorean cheese. 1 Enterocins were produced by inoculating each strain 

into sweet whey, and incubating for 48h at 30°C. After fermentation, the bacterial cells were removed 

by centrifugation (10,000× g, 15 min, 10 °C). To the whey/enterocin extract (100 mL) were added 6% of 

gelatine and 2% of glycerol and sterilized by 10 min at 80°C. Physical properties (moisture content, water 

solubility and swelling index) of whey/enterocin films were also evaluated to assess the effect of 

enterocin incorporation. The anti-listeria effect of films was assessed by applying 106 CFU/mL of L. 

monocytogenes on whey/enterocin films. Listeria counts were evaluated during film/cheese storage 

during 15 days at 10°C. The film with the L2B21K3 enterocin extract presented a reduction of two log 

units of L. monocytogenes after the third day of experiment and throughout the storage time. However, 

the use of the film with L3A21K6 enterocin extract resulted in no detection of L. monocytogenes from 

the fifth day of the trial and to the end storage time. In contrast, high levels of contamination by L. 

monocytogenes (106 CFU/mL) were detected in control film (without enterocin) throughout storage 

time. It can be concluded that the application of whey/enterocin films are an effective and low-cost 

alternative to control L. monocytogenes on cheeses. 
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The chestnut farming and processing industry is growing worldwide, contributing to the increase of 

chestnut by-products mainly shells. In the last decade, different authors demonstrated the richness of 

chestnut shells in amino acids, vitamin E and phenolic compounds, including phenolic acids (gallic and 

ellagic acids) and tannins (condensed and hydrolysable). 1-3 Such compounds have been proposed as 

effective antioxidants, anti-inflammatory and antimicrobial agents due to their ability to scavenge 

radicals, regulate gene expression, improve endothelial function and inhibit enzymes (e.g., matrix 

metalloproteinases). 3 The antioxidant and bioactive compounds present in food by-products may be 

explored by efficient and clean techniques aiming a potential valorisation as anti-aging ingredients for 

skin care formulations. 3 Hence, extraction is the primary step to the isolation of bioactive compounds 

from natural matrixes. Subcritical Water Extraction (SWE) arise as an excellent green option. To the best 

of our knowledge, this is the first study that employed SWE technology to sustainable recovery phenolic 

compounds from chestnut shells. 1 In addition, the survey for novel cosmetic active principles extracted 

from food by-products, usually discarded as waste, through eco-innovative techniques arises as a new 

trend in cosmetic field. However, the validation of new cosmetic ingredients by the European Regulation 

requires a multidisciplinary approach using in vitro, ex vivo and in vivo assays to guarantee the products’ 

efficacy and safety. 4  

The objectives of the present study were to (i) optimize the extraction of chestnut shells’ antioxidant 

compounds by SWE using Response Surface Methodology (RSM); (ii) characterize the bioactive 

composition of the optimal extract; (iii) screen the extract safety on skin cell lines; and (iii) validate the 

optimal extract as a new potential cosmetic ingredient by ex-vivo and in-vivo assays. The extraction was 

performed using 10 g of powdered dehydrated shells for 100 mL of water at constant pressure and 

agitation (40 bar and 200 RPM, respectively). A central composite design (CCD) was conducted to study 

the impact of time (6-30 min) and temperature (51-249 °C) in the total phenolic content (TPC) and 

antioxidant/antiradical activities (evaluated by ABTS, DPPH and FRAP assays). The phenolic composition, 

in vitro radicals scavenging capacity, skin cell effects (HaCaT and HFF-1) and ex-vivo permeation of 

phenolic compounds were screened for the optimal extract. Finally, an in-vivo patch test in human 

volunteers was performed to ensure the extract safety for consumers. 

The optimal extract was attained at the binomial 220 °C/30 min with a yield of 7.9%. High TPC (366.3 mg 

gallic acid equivalents (GAE)/g DW) and antioxidant/antiradical activities (ABTS: 965.5 mg ascorbic acid 

equivalents (AAE)/g DW; DPPH: 899.9 mg Trolox equivalents (TE)/g DW; FRAP: 8769.9 mg ferrous 

sulphate equivalents (FSE)/g DW) were achieved at the optimal extraction conditions. The experimental 

design was validated based on the similarity between experimental and predicted values for the four  
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responses studied (p>0.05), evidencing a good model fitting. Regarding the phenolic profile, the optimal 

extract revealed to be rich in ellagic acid (2.86 mg/g DW), protocatechuic acid (2.83 mg/g DW), pyrogallol 

(2.39 mg/g DW), methyl gallate (0.77 mg/g DW) and gallic acid (0.54 mg/g DW) that may be the major 

contributors to the remarkable radicals scavenging efficiency observed, particularly against HOCl 

(IC50=0.79 µg/mL) and O2
•- (IC50=12.92 µg/mL). The safety of the optimal extract was proved up to 1000 

and 100 µg/mL, respectively, for HFF-1 and HaCaT cells. The ex-vivo assay using Franz cells coupled to 

human skin demonstrated the skin permeation of four polyphenols from chestnut shells extract after 8 

h, namely ellagic acid (847.0 µg/g dw), epicatechin (120.5 µg/g dw), epigallocatechin (50.2 µg/g dw) and 

catechin (43.9 µg/g dw). The in-vivo patch test attested the satisfactory results accomplished by in-vitro 

and ex-vivo assays, highlighting the absence of erythema and edema in human volunteers and 

emphasizing the importance of the added value compounds recovered from food by-products for 

cosmetic purposes.  

Overall, this study validated a new cosmetic ingredient extracted from chestnut shells in compliance with 

the European Regulation 1223/2009. Noteworthy, the reuse of an agro-waste and the implementation 

of SWE as an environmentally friendly extraction technique with a huge potential to be up scaled at 

industrial level attends to different sustainable development goals. 
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A seafood-based diet has been widely recognized as beneficial to human health. Nevertheless, most 

European consumers do not achieve the dietary recommendations of eating at least two portions of fish 

(equivalent to 150–300 g) per week to ensure the provision of essential nutrients, such as iodine (I), 

selenium (Se) and iron (Fe). Several health disorders, including cardiovascular (CVD), endocrine and 

neurophysiological diseases and hypo/hyperthyroidism are associated with severe nutritional 

deficiencies of I, Se and Fe, particularly in children, pregnant women and the elderly people. 1,2 

The development of eco-innovative farmed fish with adequate essential nutrient compositions, through 

fortification with sustainable marine resources (e.g., iodine-rich macroalgae and selenised-yeast), 

represents a potential strategy to overcome worldwide nutritional deficiencies, but also increased 

consumer confidence in farmed seafood products. 3 

The present study aimed to evaluate the potential nutritional benefits associated with the consumption 

of tailor-made farmed gilthead seabream (Sparus aurata) and common carp (Cyprinus carpio) fortified 

with macroalgae and selenised-yeast enriched diets. 

Four diets (1 control and 3 fortified with different blends of I-rich macroalgae and selenised-yeast) were 

tested for three months in each species, simulating a finishing diet period. At the end of the trial, fish 

were slaughtered following typical commercial practices and fillets collected without skin: one fillet was 

stored (i.e., analysed as “raw samples”) and the second fillet was steamed at 105 °C for 15 min prior to 

storage (i.e., analysed as “cooked samples”). Iodine, Se and As contents were determined by Inductively 

coupled plasma mass spectrometry (ICP-MS) and Fe, Zn, Cu, Br, Cl, K and Ca elements quantified using 

micro-X-ray fluorescence (-XRF). 4,5 

Results showed that biofortification strategies through incorporation of I-rich seaweed and Se-yeast in 

seabream and carp diets improved fillet nutritional quality (enhanced I, Se and Fe concentrations). Yet, 

differences were observed in nutrients contents between the fish species. Fortified carp fillets presented 

higher I contents (more than 100% increased), Fe (64%), Cu (59%) and Zn (42%) compared with non-

fortified fish fillets. In contrast, fortified seabream fillets presented increased I (98%), Cl (35%) and K 

(20%) concentrations compared with non-fortified fish fillets. Overall, steaming was associated with 

increased nutrients contents in both non-fortified and fortified fish fillets. Elements true retention (TR) 

values ranged from 61% (Ca) to 134% (I) and 62% (Ca) to 123% (I) for fortified and non-fortified seabream 

fillets, respectively. On the other hand, fortified carp fillets TRs ranged from 61% (Cl) to 123% (Ca) and  
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non-fortified fillets TRs from 55% (Ca) to 127% (Cu). Interestingly, higher TRs were observed for As in 

non-fortified fillets (91% in seabream and 72% in carp) compared with fortified fillets (83-87% in 

seabream and 60-64% in carp). 

In terms of nutritional benefits, the consumption of 150 g of fortified seabream provided higher 

contribution to the daily Adequate Intake (AI) set for I (12%, 9% and 20% for adults, pregnant women 

and children, respectively), Se (85%, 70% and over 100% for adults, pregnant women and children, 

respectively) and Fe (16%, 19% and 91% for adults, pregnant women and children, respectively). Fortified 

carp also provided increased contributions of the AI set for I (23%, 17% and 20% for adults, pregnant 

women and children, respectively), Se (32%, 26% and over 100% for adults, pregnant women and 

children, respectively), Fe (58%, 68% and over 100% for adults, pregnant women and children, 

respectively) and Zn (30%, 22% and 51% for adults, pregnant women and children, respectively). It is 

worth mentioning that the consumption by children of fortified fillets still yielded Se and Fe intakes 

below the tolerable upper intakes (Se: up to 99% UL in seabream and up to 37% UL in carp; Fe: up to 7% 

UL in carp). 6 

These findings highlight the benefits of developing eco-innovative strategies, such as fortified farmed 

fish through the development of sustainable, safe, and cost-effective aquaculture feeds as to generate 

potentially high-quality products tackling consumers’ nutritional needs and deficiencies. 
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The domesticated apple (Malus domestica Borkh.) is one of the most important fruit crops in the world. 
1 Introduced in Portugal around the 5th century from southwestern Asia, occupies nowadays, an area 

over 14000 ha, almost exclusively in the NUTS II regions of the North and Centre of Portugal. 2,3 The 

particular edaphoclimatic conditions observed in these regions combined with hybrid development 

fomented by farmer breeding and selection, lead to the emergence of apple fruits with singular 

organoleptic characteristics. 2,4 In a valorisation and protection effort, Maçã de Alcobaça, Maçã da Beira 

Alta, Maçã da Cova da Beira and Maçã de Portalegre were awarded with the Protected Geographical 

Indication (PGI) status.  

Overall, there are over 7000 cultivars documented worldwide nonetheless, the apple market, at a 

national and global level, is dominated by a small group of varieties. 1 Of those, the Golden Delicious is 

one of the most consumed and processed at an industry level. 5  

Microsatellite (SSR) markers have been widely and successfully used in the characterization and 

genotyping of closely related plant species and varieties, including the apple. 1,2 This assessment is 

traditionally accomplished recurring to Capillary electrophoresis (CE); however it is a laborious, 

expansive and time-consuming technique. 6 In the last decade, a new closed-tube analytical tool was 

introduced for plant SSR characterization and genotyping, High Resolution Melting (HRM) analysis. This 

relies in the evaluation of PCR amplified markers melt curves, which translates to a more efficient and 

cost-effective method than CE. 6,7  

In this work, six of the twelve core SSR apple markers recommended by the European Cooperative 

Programme for Plant Genetic Resources were accessed in Golden Delicious apples, CH01f03b, CH01h01, 

Ch01h10, CH04c07, GD147 and Hi02c07. 1 Apple fruits were retrieved from six Portuguese orchards, 

three of them located withing the Alcobaça PGI region and the other three external to the region, located 

at Armamar, Carrazeda de Ansiães and Covilhã. The DNA from three individual apple fruits within each 

orchard was extracted, amplified, and subjected to HRM analysis.  

The analysis of the resulting SSR melt profiles, revealed that only marker GD147 allowed a consistent 

discrimination between Portuguese Golden Delicious apple fruits from the various locations under 

analysis (Figure 1A). Examining the difference plot, is possible to observe the formation of three 

subgroups, one represented by the apple fruits from Carrazeda de Ansiães, other composed by the apple 

fruits from Armamar/Covilhã and one comprehending the apple fruits from the Alcobaça PGI region. 

Therefore, delimiting the upper and lower curves, to take into consideration replicate variation, is 

possible to create an Alcoçaba PGI discriminatory zone for the Portuguese Golden Delicious apples 

(Figure 1B).  

To the extent of our knowledge, this is the first study to apply SSR HRM analysis in the discrimination of 

Portuguese PGI apples. Moreover, it shows the potential of this approach to be introduced in Maçã de 

Alcobaça var. Golden Delicious PGI authenticity screenings, due to its sensitivity, reproducibility and fast  
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turnaround, providing the outcome under 3 h, from DNA extraction up to HRM result analysis 

(depending on the HRM thermocycler characteristics). 

 
Figure 1. Difference plot, using absolute values, obtained from the melt profiles of GD147 microsatellite marker 
amplified in Golden Delicious apple fruits, using Carrazeda de Ansiães data as baseline. A) Difference melt profiles 
obtained from apple fruits retrieved from PGI area (orchard 1 – blue lines; orchard 2 – red lines; orchard 3 – black 
lines), Armamar (green lines), Carrazeda de Ansiães (orange lines) and Covilhã (yellow lines). B) Discriminatory zone 
between Alcobaça Golden Delicious PGI (in red) vs non PGI Golden Delicious apple fruits (green lines).  
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From the Industrial Revolution, humanity has been suffering the consequences of a system that only focus on 

economic growth, neglecting environment quality and, consequently, population’s health. Horticulture is one of 

the industrial sectors where the greatest amount of organic waste is generated.1 These biowastes are further 

discarded and devalued. However, these by-products are excellent sources of pigments, phenolic compounds, 

dietary fibres, sugar derivatives, organic acids, minerals and vitamins. All these compounds have health beneficial 

properties, so their reuse is an effective and promising alternative for industry and environment.2 Many authors 

have studied different vegetable matrices and found molecules of high industrial interest in their composition.3 

Due to its high vitamin C, carotenoids and anthocyanins content, Malpighia emarginata DC. (acerola) is known for 

its nutritional and functional properties. Its extracts are used as substitutes for phytoestrogen in medicines and 

show biofunctional effects, such as antioxidant activity in the prevention of age-related diseases, cancer, 

cardiovascular problems and hypertension.4 Considering that, this research work would make a nutritional and 

chemical characterization of acerola bioresidues, as well as a study of the bioactive potential of its extract. The 

nutritional profile (protein, ash, fat, carbohydrate and energy content) was determined using official 

methodologies for the analysis of food products (AOAC). The chemical profile was evaluated, determining free 

sugars by HPLC-RI, organic acids by UFLC-PDA, fatty acids by GC-FID, tocopherols by HPLC-fluorescence and 

phenolic compounds (anthocyanin and non-anthocyanin) by HPLC-DAD-ESI/MS. The bioactive potential was 

assessed through in vitro tests for antioxidant, anti-inflammatory and antimicrobial activity, as well as cytotoxicity 

and hepatotoxicity tests on human tumour cell lines and non-tumour primary cell culture, respectively, by applying 

the sulforhodamine B assay. Fructose, glucose and sucrose were identified, highlighting fructose as the main free 

sugar compound. Also, oxalic, malic, ascorbic and succinic acids were identified, being malic acid the most 

abundant organic acid. The fatty acids profile revealed the presence of fourteen compounds, being mostly 

represented by saturated fatty acids, with oleic acid as the majority. The phenolic composition evidenced the 

presence of six non-anthocyanin compounds and two anthocyanins, standing out isorhamnetin-O-pentosyl-

hexoside and cyanidin-O-deoxyhexoside as the major compounds, respectively. Regarding the bioactive action, 

the presence of antioxidant and anti-inflammatory action was demonstrated, as well as, the antimicrobial activity 

revealed promising results, with good bacteriostatic and fungistatic effects. Concerning cytotoxic evaluation, the 

extract manifested anti-proliferative capacity against the half-tested tumour cell lines and exhibit non-toxicity in 

the non-tumour cell cultures. Overall, this study highlights the excellent composition in compounds of interest and 

bioactive potential of Malpighia emarginata DC. fruits, being a promising option for the development of functional 

products in the food and pharmaceutical industry. 

Acknowledgements: The authors are grateful to the Foundation for Science and Technology (FCT, Portugal) for financial support by national funds FCT/MCTES 
to CIMO (UIDB/00690/2020); L. Barros, M.I. Dias and R. Calhelha thank the national funds through the FCT, I.P., through the institutional scientific employment 
program-contract for their contracts. These authors are also grateful to financial support to Ministry of Education, Science and Technological Development of 
Republic of Serbia; and the projects Norte-01-0247-FEDER-024479 (Mobilizador ValorNatural) and TRANSCoLAB (0612_TRANS_CO_LAB_2_P). 

References: 
1. D. Asioli, J. Aschemann-Witzelc, V. Caputo, et al., Food Res. Int. (2017) 58. 
2. M. Faustino, M. Veiga, P. Sousa, et al., Molecules 24 (2019) 1056. 
3. N. Gontard, U. Sonesson, M. Birkved, et al., Crit Rev Environ Sci Technol. 48 (2018) 614. 
4. L. Delva, R.G. Schneider, Food Rev. Int. 29 (2013) 107. 

mailto:eliana@ipb.pt


 

96 
 

OC22: The potential of microalgal polysaccharides as functional food 

Andreia S. Ferreira, 1 Carolina O. Pandeirada, 1 Sónia S. Ferreira, 1 Alexandra Correia, 2,3,4 Manuel 

Vilanova, 2,3,4 Manuel A. Coimbra, 1 Cláudia Nunes 1,2 

1 LAQV/REQUIMTE - Departamento de Química, Universidade de Aveiro, 3810-193 Aveiro, Portugal  
2 CICECO – Instituto de Materiais de Aveiro, Departamento de Química, Universidade de Aveiro, 3810-193 Aveiro, Portugal  
3 i3S - Instituto de Investigação e Inovação em Saúde, 
4 IBMC - Instituto de Biologia Molecular e Celular,  
5 ICBAS - Instituto de Ciências Biomédicas de Abel Salazar, Universidade do Porto, 4050-313 Porto, Portugal 

Email: claudianunes@ua.pt  

Marine microalgae are able to enhance the nutritional content of food preparations and promote the 

health of humans and animals. This is due to their chemical composition regarding e.g. proteins, lipids, 

polysaccharides and carotenoids. Furthermore, some of these compounds were found to exhibit 

biological activities. Due to this, microalgae have been incorporated into pasta, snacks, candy bars, gums, 

and beverages to increase the nutritional value of food products. 1 Only two microalgae are approved 

for human nutrition, as Chlorella and Spirulina, but some compounds extracted from other microalgae 

species have recently been considered dietary supplement ingredients. 2 The most studied high-value 

compounds are carotenoids, phycobilins, long-chain polyunsaturated fatty acids, and proteins. Beside 

these compounds, polysaccharides are of increasing interest due to their chemical and biological 

diversity, namely the negatively charged sulphated and acidic polysaccharides, due to their antioxidant, 

immunostimulatory, and anti-inflammatory properties. 3 Nevertheless, the detailed structural 

characterization of the microalgae polysaccharides and the relation with the biological properties is still 

very limited for the majority of the microalgae species. This knowledge is regarded as a major boost to 

assess the use of microalgae in human nutrition. 

The polysaccharides from different microalgae species, namely Nannochloropsis oculata, Chlorella 

vulgaris, and Porphyridium purpureum were extracted with hot water and fractionated by ethanol 

precipitation. A combination of sugar and methylation analysis disclosed the structural features of the 

different polysaccharides. N. oculata water-soluble polysaccharides are constituted by mixed-linked 

(β1→3, β1→4)-glucans, (α1→3)-, (α1→4)-mannans, and anionic sulphated heterorhamnans, which are 

described as dietary fibre with prebiotic activity. 4 Besides starch, the most abundant polysaccharide, C. 

vulgaris produces an exopolysaccharide, a sulphated galactan. 5 P. purpureum is rich in floridean starch 

and have the ability to excrete high amounts of sulfated polysaccharides, namely 

glucuronoglucogalactoxylan. The soluble polysaccharides of N. oculata and the exopolysaccharides from 

C. vulgaris and P. purpureum revealed to stimulate murine B-lymphocytes in vitro. 

This opens a great potential for using the microalgae polysaccharides as functional food ingredients for 

humoral immunoactivity enhancement purposes.  

Acknowledgements: This work was developed within the scope of the project CICECO-Aveiro Institute of Materials (UIDB/50011/2020 & 
UIDP/50011/2020) and LAQV-REQUIMTE (UIDB/50006/2020), financed by national funds through the Portuguese Foundation for Science and 
Technology/MCTES. Andreia S. Ferreira and Sónia S. Ferreira thanks FCT for the individual grant (SFRH/BD/102471/2014 
SFRH/BD/103003/2014, respectively). This work was also funded by national funds (OE), through FCT, I.P., within 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. 
We are grateful to Allmicroalgae and Necton for providing of microalgae biomass. 

References: 
1. P. Spolaore, C. Joannis-Cassan, E. Duran, et al., Biosci. Bioeng. 101 (2006) 87. 
2. FDA, US Food and Drug Administration New Dietary Ingredient Notification Report #826, 2015 
http://www.regulations.gov/#!documentDetail;D=FDA-2014-S-0023-0041 (Accessed May 2021). 
3. M.F. Jesus Raposo, R.M.S.C. Morais, A.M.M.B. Morais, Mar Drugs. 11 (2013) 233. 
4. C. Pandeirada, E. Maricato, S.S. Ferreira, et al., Carb Polym. 222 (2019) 114962. 
5. A. Ferreira, S.S. Ferreira, A. Correia, et al., Algal Research. 45 (2020) 101757. 
  

mailto:claudianunes@ua.pt
http://www.regulations.gov/#!documentDetail;D=FDA-2014-S-0023-0041


 

97 
 

OC23: First investigation of pharmaceuticals in Brazilian seafood by a simple eco-

friendly method: bioaccumulation and human exposure 

Flávia V. Mello, 1,2,3 Sara C. Cunha, 3 Fabíola H.S. Fogaça, Mariana B. Alonso, 1 João Paulo M. Torres, 1,2 

José O. Fernandes 3 

1 Laboratory of Micropollutants, Institute of Biophysics Carlos Chagas Filho, Federal University of Rio de Janeiro, Av. Carlos Chagas Filho 373, G0-

61, CCS, RJ, 21941-902, Brazil 
2 LAQV-REQUIMTE, Laboratory of Bromatology e Hidrology, Facultaty of Pharmacy, University of Porto, Jorge de Viterbo Ferreira 228, 4050-313 

Porto, Portugal  
3 Laboratory of Bioacessibility, Embrapa Food Agroindustry, Av. das Américas 29501, 23020-470, Rio de Janeiro, Brazil 
4 Laboratory of Radioisotopes Eduardo Penna Franca, Institute of Biophysics Carlos Chagas Filho, Federal University of Rio de Janeiro, Av. Carlos 

Chagas Filho 373, G0-61, CCS, RJ, 21941-902, Brazil 

Email: fmello@ff.up.pt  

Pharmaceuticals (PhACs) are considered emerging contaminants with potential accumulation in aquatic 

organisms. 1 The absence of environmental regulations for most human use drugs entails a growing load 

of these compounds into aquatic bodies. 2 Thus, the seafood consumption can offer long-term effects 

and health risk for consumers. 3 To our best knowledge, studies on drugs are non-existent in seafood 

from Brazil, making unknown the degree of human exposure to PhACs through seafood. Methods for 

PhAC determination are costly, time consuming, generate waste and evaluate a reduced number of 

analytes. Thus, this work aimed primarily to validate an eco-friendly multi-residue analytical 

methodology in different seafood matrices for ten PhACs widely used worldwide and one metabolite. 

Then, the present study determined the occurrence of PhACs in seafood from two Brazilian coastal areas 

with distinct anthropogenic pressures and assessed their potential risk for human health. 

Sepetiba Bay (22°58′08″S, 43°41′44″W), located in Southeastern coast of Brazil, is an aquatic 

environment that has been severely impacted by human occupation and more than 400 industries in its 

basin. Contrastingly, Parnaiba River Delta (2°47′20″S, 41°50′59″W), located in the Northeast of Brazil, is 

under a low industrial. Fishes and bivalves highly consumed for local populations were captured by local 

fishermen in the studied areas during the dry winter season of 2019 (July-August) (Table 1).  

Table 1. Seafood species sampled in each site and sample size. 
Species N Local 

Mullet (Mugil spp.) 34 Parnaíba River Delta 

White mullet (Mugil curema) 20 Sepetiba Bay 

Snook (Centropomus spp.) 17 Sepetiba Bay 

Carib pointed-venus (Anomalocardia brasiliana)  14* Parnaíba river Delta 

Blue mussel (Mytilus edulis) 6* Sepetiba Bay 

*Pools of 40 individuals 

A method based on QuEChERS procedure followed by liquid chromatography-tandem mass 

spectrometry (LC-MS/MS) was applied for determination of carbamazepine, furosemide, naproxen, 

chloramphenicol, diclofenac, 4-hydroxydiclofenac, ibuprofen, simvastatin, ketoprofen, bezafibrate and 

gemfibrozil in the collected samples. The human exposure to these PhACs through seafood items was 

assessed by estimated daily intake (EDI) target.A new reliable method was validated for mussels, fatty 

and lean fish (mackerel and cod, respectively). Acceptable linearity (R2=0.97-0.999), accuracy (72-128%) 

and precision (<20%) were obtained for all compounds. PhACs were determined for the first time in 

seafood from Brazil and in marine biota from Latin America. All compounds were detected, including 

antibiotic prohibited in animal foods. However, most PhACs had mean concentrations below limit of 

quantification. The drug detection in the studied species corroborates the anthropogenic impact in both 

ecosystems studied. This widespread contamination indicates the omnipresence of these chemicals as  
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result of intense drug use, mainly of nonsteroidal anti-inflammatory drugs (NSAIDs) and lipid regulators 

(Figure 1). Ibuprofen (median concentrations up to 1.71 ng/g ww), other NSAIDs as well as simvastatin 

and carbamazepine were the main PhACs bioaccumulated in edible parts of Brazilian seafood species. In 

this country, the ease in acquiring medicines in pharmacies promotes an increase in their consumption 

by most of the population. In addition, the difficult access to the health system and the self-medication 

habit of Brazilians also contribute to the medicine consumption.  
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Figure 1. Mean concentrations of PhAC classes in each studied species. 

The high trophic level carnivorous species, snook, was the most contaminated by NSAIDs, while bivalves 

were the seafood more contaminated by lipid regulators. Only carbamazepine and ketoprofen varied 

among the types of matrix (p<0.05). Seafood from Sepetiba Bay, which is an area of greatest human 

influence, was more contaminated by the same PhACs. In relation to the other drugs, there was no 

difference between localities (p>0.05). All in all, the observed contamination can result in secondary 

human exposure to PhACs. The EDI for Brazilian population that consumes these species was up to 20.3 

ng/kg bw/day via carib pointed-venus and 25.7 ng/kg bw/day via snooks. However, the human exposure 

through seafood ingestion is lower than acceptable daily intake, which suggests the absence of potential 

adverse health effect for consumers. Therefore, the consumption of studied species seems to be safe in 

relation to pharmaceuticals. On the other hand, the detection of the antibiotic chloramphenicol, which 

is prohibited in food, as well as all other PhACs arouses the importance of monitoring widely consumed 

species in Brazil.  
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Edible oils undergo degradation reactions (oxidation, hydrolysis, polymerization, and isomerization) 

promoted by contact with oxygen, high temperature and water released by food, which results in the 

formation of compounds responsible for the decrease in the nutritional and organoleptic qualities of the 

oils. Lipid oxidation is one of the main constraints to the Food Industry. The development of compounds 

responsible for sensory defects associated with rancidity, during the heating of oils and fats or during 

their prolonged storage, is particularly relevant in polyunsaturated oils, highly susceptible to oxidation. 

The use of synthetic antioxidants, such as butylated hydroxytoluene (BHT), 3-tert-butyl-4-hydroxyanisole 

(BHA) and 2-(1,1-Dimethylethyl)-1,4-benzenediol (TBHQ), in the supplementation of edible oils aims to 

minimize this problem and prolong its shelf life. 1 Nevertheless, the use of synthetic antioxidants shows 

limited effects due to their high volatility and instability at high temperatures, besides the evidence that 

its use can produce carcinogenic effects and liver damage in animals. 2 Therefore, the supplementation 

of edible oils with natural antioxidants (namely from herbs, fruits, seeds, and processing by-products) 

has gained increasing interest in the last years. 3,4 As an alternative to agroforestry raw materials, marine 

macroalgae and halophyte plants are a source of high-value compounds namely, of antioxidants and 

pigments, which can be used in foods and food supplements. 5,6 This work was developed within the 

scope of the Ocean2Oils project that aims at “joining” the potentialities that the “Ocean” can offer to 

overcome some constraints on thermal processing with edible “Oils”. Pelvetia canaliculata, a brown 

seaweed widely scattered in the Portuguese coast, and Chorão-da-praia (Carpobrotus edulis), a 

halophyte invasive plant harvested in the Portuguese western seashores, were used as source of 

bioactive compounds for edible oil supplementation, aiming at increasing its nutritional quality and 

oxidative stability. The freeze-dried raw material (Pelvetia canaliculata or Chorão-da-praia) was added 

to sunflower oil for ultrasound (US) assisted extraction of antioxidants directly into the oil. The extraction 

conditions were optimized through a five-level central composite rotatable design as a function of US 

time and raw material concentration. Following extraction, different parameters were evaluated: 

chromatic characteristics (chromatic coordinates (X Y Z), transparency, dominant wavelength, and 

purity), chlorophyll pigments, carotenoids, primary and secondary oxidation products, acidity, total 

phenolic content, antioxidant activity (DPPH and FRAP), and total flavonoid content. The concentration 

of both Pelvetia and Chorão-da-praia as well as the US extraction time influenced chlorophylls and 

carotenoids content in the supplemented oils and, therefore, its chromatic characteristics. In fact, 

increasing concentration of these pigments provided oils with a yellow/green colour. A positive 

correlation between phenolic content and antioxidant activity was observed. The highest antioxidant 

activities were attained in the samples prepared with 20.0 % m/v of Chorão-da-praia and 12.5 min of 

UAE, and with 12.5% m/v of Pelvetia and 20.0 min of UAE. Further assays under accelerated oxidation 

conditions, performed in the dark, at 60 ˚C for 12 days (corresponding to 358 days at 25 ˚C), were carried 

out with Pelvetia samples with the highest antioxidant activity. This experiment showed that the 

antioxidant activity of supplemented oil was ca. 6 times the value of non-supplemented oil. Final samples  
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showed 40 % of the initial antioxidant activity. The results attained in this study highlight the potentiality 

of seaweeds and halophyte plants as source of bioactive compounds for edible oils supplementation, 

using the non-pollutant ultrasound assisted extraction.  
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The Food Industry is searching for natural and healthier fats to respond to consumer’s demands. In this 

context, the production of novel lipids with important medical and functional properties, i.e., structured 

lipids (SL), is rapidly increasing. SL mainly consist of triacylglycerols (TAG) that have been either (i) modified 

by incorporation of new fatty acids (FA), (ii) restructured to change the regio-distribution of FA or (iii) 

synthesized to yield novel TAG. 1 As examples of these healthy lipids are human milk fat substitutes (HMFS), 

low-calorie dietetic fats, or interesterified fat blends rich in omega-3 polyunsaturated fatty acids (omega-

3 PUFA) or other FA with specific properties, esterified at position sn-2 of TAG. HMFS present both fatty 

acid composition and TAG structure similar to human breast milk. They consist of TAG blends where 

palmitic acid is located at sn-2 position and unsaturated fatty acids are esterified at sn-1,3 positions. Low 

calorie triacylglycerols (5 kcal/g) are currently of the type MLM, since they contain medium chain fatty 

acids (M) at positions sn-1 and 3 and a long chain fatty acid (L) at position sn-2. These novel lipids are not 

possible to obtain by chemical processes but can be synthesized using sn-1,3 regioselective lipases as 

biocatalysts. These lipases can only act at the external positions of TAG, preserving the original sn-2-

position of FA in TAG, which is beneficial for FA absorption during digestion.1  

Biocatalysis is a green and sustainable technology. However, for the implementation of low-cost 

sustainable processes to obtain SL, (i) the biocatalyst, (ii) reaction medium composition and (iii) reactor 

operation mode, are among the most important factors to be considered. The high price of commercial 

biocatalysts and the low operational stability of some of them are the main constraints of process 

upscaling. Therefore, the search for novel biocatalysts presenting both high catalytic activity and 

operational stability has been attempted. Solvent-free media are preferred due to environmental and 

safety concerns. In addition, the use of organic solvents will increase operation costs related with the 

solvent itself and downstream processing for product purification and solvent recycling. In addition, the 

sustainable valorisation of local agro-resources, agro-residues, and by-products, which are usually 

unexploited and cause environmental pollution, must comply with environmentally friendly processes to 

produce high added-value products. Agro-industry residues from Mediterranean crops (olive pomace and 

grape seeds) and coffee spent grains have been successfully used by our group as sources of crude oils to 

produce structured lipids, for food/pharmaceutical applications.2-5 Therefore, using crude oils extracted 

from agro-industry by-products as raw materials for the synthesis of high added-value SL, will minimize 

costs. Non-commercial sn-1,3 regioselective immobilized lipases, either in batch or in continuous 

bioreactors, in solvent-free media and using cheap natural oils, some of them with high acidity, have been 

used by us.2-5 The obtained results have been similar or even superior to those obtained with expensive 

commercial immobilized lipases and using refined oils, showing the feasibility of the implementation of a 

sustainable process to produce healthy structured lipids for the Food Industry. 
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The studies on bioactive lipids have been increasing in the last years due to their proven health benefits: 

positive impact on the prevention of cardiovascular disorders, on the cognitive development, and more 

recently on the control of body weight and diabetes. Among the functional oil, avocado oil has a 

composition very similar to olive oil, with a high content of oleic acid, and as such presents numerous 

benefits, including high anti-inflammatory activity, as well as the ability to control body weight, and to 

control diabetes and hypercholesterolemia. 1 Furthermore, avocado oil has high antioxidant activity due 

to its interesting content in phytosterols (particularly β-sitosterol and campesterol) and tocopherols. 2 

According to this, this work aims to develop a yogurt with bioactive lipids with potential application in 

obesity prevention. For this purpose, two strategies have been applied, the incorporation of oil in free 

form into the milk, and the incorporation of oil in an encapsulated form as oleogel, to prevent possible 

oxidation and quality losses during the production of the yogurt. The produced yogurts have been 

characterized in terms of protein, fat, sugars, pH, and syneresis. The rheological characteristics were also 

evaluated as well as the microbiological stability and lipidic profile during the storage. The produced 

yogurts have a better nutritional quality than the control (yogurt without oil), with reduced atherogenic 

and thrombogenic index (0.68 and 1.15, respectively for oil in free form, and 0.30 and 0.69 for 

encapsulated form). These values are also lower than the literature reported for cow’s milk yogurts 

(1.48-2.74 for atherogenic index and 0.39-1.84 for thrombogenic). 3 The encapsulation form is a good 

strategy to enhance the content of oleic acid in the final product, and the results range between 12-17 

mg/g of yogurt and 1.5-2 mg/g yogurt (oil in free form). Finally, to evaluate the potential bioactivity of 

this new functional yogurt, the samples were submitted to the gastrointestinal tract, and the impact on 

the fatty acids profile was evaluated in all phases. The results showed a high impact of the 

gastrointestinal tract on fatty acids, with a significant reduction in oleic acid content, with a recovery 

index after intestinal digestion of 24.0±0.06% and 47.2±9.1% for oil in free form and encapsulated form, 

respectively. The results of this study show that it is technologically feasible to incorporate functional 

lipids in yogurt. The encapsulation process protects the predominant fatty acids from the avocado oil 

throughout the gastrointestinal tract, allowing them to reach the intestine in greater amounts. 

Acknowledgments: We would like to thank Manuela Machado received a Ph.D. scholarship from Fundação para a Ciência e Tecnologia (FCT)— 
SFRH/BD/136701/2018  
Funding: This work was financially supported by National Funds from FCT - Fundação para a Ciência e a Tecnologia through project 
UIDB/50016/2020 

References:  
1. C.X. Tan, G.H. Chong, H. Hamzah, et al., Int. J. Food Sci. Technol. 53 (2018) 2706. 
2. M. Flores, C. Saravia, C.E. Vergara, et al., Molecules 24 (2019) 1. 
3. J. Chen, H. Liu, Int. J. Mol. Sci. 5695 (2020) 2. 
  

mailto:mmachado@porto.ucp.pt


 

103 
 

OC27: Understanding the impact of different cork closures on aromatic 

composition of sparkling wines through targeted volatilomics 

Joana Pinto, 1 F. Amaro, 1 J. Almeida, 1 F. Campos, 2 P. Lopes, 2 M. Cabral, 2 P. Guedes de Pinho 1 

1 UCIBIO/REQUIMTE, Laboratório de Toxicologia, Departamento de Ciências Biológicas, Faculdade de Farmácia, Universidade do Porto, 4050-

313 Porto, Portugal 
2 Amorim Cork, 4536-904 Santa Maria de Lamas, Portugal 

Email: jipinto@ff.up.pt 

The final sensorial quality of wine depends on the combination of different factors, such as grape variety, 

geographic origin, vinification and technological processes, and post-bottling conditions. Particularly, the 

post-bottling conditions may lead to the development of different wine characters due to different 

storage settings (e.g., temperature, light, humidity, bottle position), as well as different packaging and 

sealing materials. Among these, the closure type has been considered one of the most determinant 

factors in wine ageing. Bottle closures highly affect the organoleptic properties of wine, since they can 

influence oxygen permeability and promote the extraction of several volatile compounds into wine that 

can contribute negatively or positively to wine’s flavour. Several studies have reported differences in 

chemical composition of red and white wines induced by the closure type, but the impact of different 

bottle closures on the sensory quality of sparkling wines has been disregarded. Thus, in this study, the 

impact of different cork closures on volatile composition of sparkling wines after 14 months post-bottling 

was assessed by headspace solid-phase microextraction coupled to gas chromatography-mass 

spectrometry (HS-SPME/GC-MS), according to a method previously developed. 1 Several alcohols, 

aldehydes, esters, ketones and terpenes were quantified, in a total of thirty-eight volatile compounds. 

Quantification was performed through regression analysis using calibration curves obtained for 

commercial standards analysed under the same conditions. The impact of two types of cork closures was 

evaluated, namely one technical stopper of an expanded cork agglomerate body with one natural cork 

disc at one top (STO) and one microagglomerated cork stopper (SM). The main differences on volatile 

composition of sparkling wines were observed in the levels of ethyl butanoate, ethyl isobutyrate, ethyl 

hexanoate, ethyl octanoate, ethyl decanoate, 1-decanol, 2-nonanone and β-damascenone, which were 

present in higher levels in STO closures. These results suggest that STO closures preserve better the fruity 

and sweety aromas of sparkling wines after 14 months post-bottling, emphasizing the importance to 

perform more studies to evaluate the impact of different closures on the aroma perception of sparkling 

wines in order to select the best closure for wine ageing. 
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Oyster culture arose from the need to meet the growing demand for oysters. The production of oysters 

in aquaculture on the Sado and Mira rivers is developed according to traditional and artisanal techniques 

used for a long time. The way in which oysters are handled during the production process strongly 

influences the final quality of the oysters. In the Mira river, the Portuguese oyster (Crassostrea angulata) 

is produced, being this one also produced in the Sado river joint with the Pacific oyster (Crassostrea 

gigas). The oysters’ composition may vary according to the species, sexual maturation degree, 

production location, food availability, season, and water temperature. According to the literature, 1 it 

was found that C. gigas and Crassostrea rhizophorae, cultivated in Florianópolis and produced in the 

spring, had a higher amount of lipids than those produced in the summer, whereas the C. gigas oysters 

had a higher lipid content. In C. gigas oysters, the content of EPA and DHA corresponds to 20% of the 

total fatty acids, 2 which presented high concentrations of omega-3 fatty acids and low concentration of 

total saturated fatty acids, being mostly palmitic and oleic acids. 3 

The present work aims to characterize the oyster C. angulata and C gigas, from nurseries located in the 

Mira and Sado rivers and to analyse the proximate composition, fatty acid content and sensory analyses 

of oysters grown in different months of the year. The sampling period included the months of May, July 

and October 2018, and March 2019. Depurated oysters from wild and aquaculture were analysed, both 

ready for commercialization and human consumption. The edible part was subjected to chemical 

composition analyses and sensory assessment. The percentages of moisture, ash, protein, and total fat 

were determined, allowing the calculation of the energy value, including the fatty acid profile. The 

sensory analysis was carried out in three sessions by a group of panelists (N=30), to whom depurated 

samples were provided, to evaluate descriptors of appreciation of appearance, smell, taste and texture, 

using a scale of 1 (minimum intensity) to 5 (maximum intensity) for each descriptor. 

The results indicated that the amount in lipids and fatty acid composition varied in the different months. 

The analysed oysters had a high content of unsaturated fatty acids, a good proportion of beneficial lipids 

for health, including omega-3 fatty acids. Among the detected fatty acids, palmitic fatty acid was the 

most abundant in the different months, with significant differences (p<0.05), with lower percentages in 

May 2018 and March 2019. Monounsaturated fatty acids showed lower percentage values in both 

species in the different months analysed and in both rivers. On the other hand, polyunsaturated fat had 

the highest levels (Figures 1 and 2). C. angulata oysters presented nutritional advantages with significant 

differences (p<0.05) between rivers and in different months, in the DHA/EPA ratio and in the omega-3 

and -6 polyunsaturated fatty acids content, which were higher in the months of May 2018 and March 

2019. For C. gigas oysters was verified nutritional advantages also due to the DHA/EPA ratio and omega-

3 and -6 polyunsaturated fatty acids content, but in this case low levels of lipids and saturated fatty acids 

was observed. 

From the sensory analysis it was possible to verify that the C. angulata and C. gigas oysters, in general 

terms, were well scored, had presented the highest scores (4) in parameters such as cream-ivory colour, 

brightness of the bivalve's body, clarity of the exudate, sea smell, firmness, elasticity and juiciness. 
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Specifically, in the cream-ivory colour there were significant differences (p<0.01) both between oysters 

and between natural (wild) and aquaculture production systems. In the greenish-gray colour, there were 

significant differences (p<0.01) only between oysters from the natural and aquaculture production 

systems. These attributes denote the freshness degree at the time of the tasting, reflecting the quality 

of the bivalve from natural environment and aquaculture production. The salty flavour had all very high 

scores (3-4), despite not showing significant differences (p<0.01), and in line with the sea smell and the 

algae taste. In all samples, the odour of sludge was poorly scored (1.20-1.40), which agreed with another 

study, 4 with odours scored of 1.18 and 2.28 at the first and fifth days, respectively, revealing the 

freshness of the samples. In both species, the high scores were obtained in the March 2019 samples, in 

the descriptors in general, and with a juiciness of 4.4 in C. gigas, followed by those of July 2018 samples 

and October 2018 ones. 

 

Figure 1: Saturated (SFA), monounsaturated (MUFA) and polyunsaturated (PUFA) fatty acids content (%, g fatty 

acids/100 g of total fatty acids) of C. angulata on the different months in the Mira and Sado rivers. For each river, 

different letters denote significant differences (p<0.05) between samples; Symbol (*) indicates significant 

differences (p<0.05) between rivers for each month. 

 

Figure 2: Saturated (SFA), monounsaturated (MUFA) and polyunsaturated (PUFA) fatty acids content (%, g fatty 

acids/100 g of total fatty acids) of C. gigas on the different months in the Sado river. Different letters denote 

significant differences (p<0.05) between samples. 
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Extraction constitutes a vital procedure when attaining bioactive compounds from plant matrices. 

Conventional extraction using solvents is highly dependent on variables such as time, temperature, solid 

to liquid ratio or type of solvent, among others, leading to the need for optimising process variables in 

order to increase the yield. 1,2 

This research study focuses on the evaluation of total phenolic compounds (TPC) and antioxidant activity 

(AOA) of strawberry fruits according to different experimental extraction conditions by application of 

Artificial Neural Networks (ANNs) technique. The experimental data was applied to train ANNs using 

feed and cascade forward back propagating models by Levenberg-Marquardt and Baysian regulation 

algorithms. Three independent variables (solvent concentration, volume/mass ratio and extraction time) 

were used as ANNs inputs whereas the three variables of total phenolic compounds, DPPH and ABTS 

Antioxidant Activities were considered as ANNs outputs. The results demonstrated that the best neural 

network cascade and feed forward back-propagation topologies for the prediction of total phenolic 

compounds and DPPH and ABTS antioxidant activity factors were the 3-9-1, 3-4-4-1 and 3-13-10-1 

structures with the training algorithm of trainlm, trainbr, trainlm and threshold functions of tansig-

purelin, logsig-tansig-tansig and tansig-tansig-purelin, respectively. The best R2 value for the predication 

of total phenolic compounds and DPPH and ABTS antioxidant activity factors were 0.9806 (MSE=0.0047), 

0.9651(MSE=0.0035) and 0.9756 (MSE=0.00286), respectively. According to the comparison of ANNs, 

the results showed that cascade forward back propagation network had better performance than feed 

forward back propagation network for the prediction of TPC as feed forward back propagation network 

in predicting the DPPH and ABTS antioxidant activity factors had more precision than cascade forward 

back propagation network. According to the obtained results, it was possible to predict TPC and AOA as 

a function of extraction time, volume/mass ratio, solvent concentration and volume. 
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The problem of assessing the anti- and pro-oxidant effects of different agents dates to a long time ago. 

The vast amount of quantification methods and calculation procedures that can be applied to evaluate 

the anti-oxidant activity have led to the current complex situation because of the impossibility of 

comparing results and assays. The main causes of this problem have been classified into two big groups 

of factors, called intrinsic and accidental. The first group refers to the oxidation mechanism and its 

surrounding environment, whereas the second group refers to other variables, such as temperature, pH, 

or solvent properties, but also the occurrence of other interactive effects (synergy and antagonism).1 

However, despite all these factors, the tendency for the fast obtaining of results has favoured applicable 

routines with minimum calculus exigences, usually based on one-time reaction measurements, reducing 

an intrinsic sigmoidal process to a linear kinetic response in a poorly reliable way and losing valuable 

information for characterizing anti-oxidant activity.  

In previous works, an intermediate approximation, based on the accumulative Weibull function as a 

phenomenological model of the kinetic profiles of oxidation in presence of variable concentrations of 

anti- and pro-oxidant agents has been proposed.2 The present study tries to propose a 

phenomenological approach to describe and characterize pro- and anti-oxidant activities based on two 

previously established anti-oxidant methods as case studies: β-carotene and Crocin assays. These two 

methods are based on well-known reaction systems, nevertheless, they are poorly used in the evaluation 

of the anti-oxidant activity. In this work, the diverse set of pro- and anti-oxidant kinetic responses 

produced by these two methods was described by applying speed equations that allow inferring 

ascertainable mechanistic details of theoretical and practical interest, including time and anti- and pro-

oxidant concentrations in a multivariate system, offering a phenomenological global solution. The 

application of this solution achieves to define a series of regular correspondences between the elements 

of each method to characterize the anti-oxidant response and its mode of action. Furthermore, this 

solution would help to better characterize the anti-oxidant potential of food products or bioactive 

extracts to be used in the food or pharmaceutical industry. 
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Diabetes Mellitus is a relevant public health problem that is defined by high blood sugar levels, and it 

can be accompanied by metabolic abnormalities of proteins, lipids, electrolytes or minerals salts. 1-3 The 

most frequent type is type 2 diabetes. 4 The available therapeutic options include, in addition to insulin, 

several oral antidiabetic agents. However, many of them have seriously adverse effects. 5 Thus, new 

antidiabetic agents with therapeutic efficacy are needed. 6  

Recently, the association between bioactive compounds in food stuff and health benefits has gained an 

attention. 7 In our daily life, foods rich in bioactive compounds, which includes, for example, phenols, 

flavonoids, polysaccharides, xanthones and alkaloids can be consumed. 8 The interest in the health 

effects of phenolic compounds has grown exponentially in the past few years and one of its biological 

effects that is studied most intensively is their antidiabetic effect. 9-10 

Beside extractable phenolic compounds, a considerable quantity of non-extractable phenolic 

compounds that still remains bounded to cell-wall matrix can be present in the residues that are 

disregarded in the aqueous organic extractions. 11 This way, extracts rich in polyphenols and 

polyphenols-polysaccharides conjugates may be an alternative therapeutic strategy to the ones typically 

applied.  

In this word, it is intended to extract free polyphenols and polyphenols-polysaccharides conjugates from 

agro-food by-products and to study the impact of these extracts on digestive enzymes, such as 

pancreatic α-amylase and on modulation of glucose transepithelial transport using in vitro intestinal cell 

models (Caco-2).  
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Citrus fruits belong to the most consumed group of fruits worldwide and, in most cases, their peels are 

discarded as by-product, used for the manufacture of animal feed or simply disposed of as waste. 1,2 

However, scientific studies have shown that these by-products are rich in high added-value compounds, 

including phenolic compounds and organic acids. 1,3 Fernandes et al. (2020) demonstrated the 

effectiveness of citric acid as a natural preservative in a nutraceutical product, concluding that it has a 

strong potential to be used in the food industry as an alternative to artificial preservatives. 4 The 

objective of this work was to optimize the ultrasound-assisted extraction of citric acid from citrus 

(orange, lemon and lime) peels using the response surface methodology (RSM). Orange, lemon, and lime 

peels were frozen, lyophilized and reduced to ~20 mesh particle size. For the extraction optimization, a 

central composite design coupled with RSM was implemented by combining five levels of the 

independent variable’s ethanol concentration (0–100%, v/v), time (2–45 min) and ultrasonic power (50–

500 W). The UAE was performed using a sonicator system with a titanium probe. The citrus peel samples 

(~1 g) were placed in a beaker with 50 mL of solvent and processed according to the experimental design 

at room temperature. The levels of citric acid were determined by UFLC-PDA and used as a response 

variable. Design-Expert software was used for regression and graphical analysis of the data. The 

developed theoretical models were successfully fitted to the experimental data, statistically validated 

based on high F-values and R2 values and used to predict the optimal conditions that maximize the 

recovery of citric acid from the citrus peels. Citric acid was identified and quantified in two by-products, 

orange and lime peels, with the optimal processing conditions yielding about 10 and 8 g of this 

compound per 100 g of dry peels, respectively. Thus, to obtain a higher extraction yield, the citric acid 

from the orange peels must be extracted with short times, high ultrasonic powers and the extraction 

solvent must contain a low ethanol concentration. For lemon peels, citric acid was not detected in some 

runs of the experimental design, so it was not possible to construct a predictive model. It was concluded 

that, with this extraction technique and applied methodology, citrus peels, particularly of orange, are a 

good source of citric acid. The present work contributes to the valorisation of citrus by-products through 

their recycling into a natural food ingredient. However, a deeper analysis of these ingredients is 

necessary to allow the industries to implement sustainable extraction techniques and to use citric acid 

recovered from citrus as a food preservative.  
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Elderberry (Sambucus nigra L.) juice concentrate is highly rich in polyphenols, particularly anthocyanins, 

which are responsible for its appealing colour. The main anthocyanins in elderberries have been 

identified as cyanidin-3-O-glucoside and cyanidin-3-O-sambubioside (Figure 1).1 Besides their colouring 

properties, anthocyanins have been associated to a wide range of health-promoting properties.2 

Therefore, the anthocyanins profile in elderberry juice is considered a determining factor of its quality. 

During storage, the anthocyanins in berry juices may undergo several reactions to form more stable 

compounds, which typically involve oxidation, polymerization, co-pigmentation with other phenolic 

compounds, and cleavage reactions.3 The cleavage of anthocyanins results in colourless compounds, 

polymerization is accompanied by browning, and co-pigmentation might result in various coloured 

compounds. The transformation of these compounds influences not only the product colour quality and 

consumer acceptance, but also the potential health effects.4 In this study, the anthocyanin stability of 

elderberry juice concentrate produced in industrial scale was studied during seven months of storage at 

5 ºC and at room temperature. The total phenolic content was determined using the Folin-Ciocalteu 

method,5,6 the total monomeric anthocyanins was measured using the pH differential method,7 the 

percent polymeric colour was determined according to the method described by Giusti and Wrolstad,7 

and the antioxidant capacity was assessed by the ABTS•+ scavenging method. 8 In addition, the profile 

and content of individual anthocyanins were monitored by HPLC-DAD. The results indicated that storage 

at room temperature resulted in a strong reduction in total monomeric anthocyanin content 

accompanied by an increase in percent polymeric colour values. The impact of storage on anthocyanins 

was less pronounced at 5 ºC. The total phenolic content and the antioxidant activity of the concentrate, 

whether stored at room temperature or at refrigerated temperature, does not follow the decrease in 

anthocyanin content and various variations over time were observed. These variations might be related 

with the formation of polymeric compounds with different antioxidant activity. 
 

 

Figure 1: Chemical structures of the main elderberry anthocyanins. 

Acknowledgements: Thanks are due to the Polytechnic Institute of Viseu and to FCT/MEC for the financial support to CERNAS-IPV, LAQV-
REQUIMTE (UIDB/50006/2020) and CITAB (FCT UID/AGR/04033/2019) research units, through national funds, and the co-funding by the FEDER, 
within the PT2020 Partnership Agreement and Compete 2020. The authors thank the financial support of the Project BagaConValor - Criação 
de valor no processo tecnológico de produção de sumo concentrado de baga de sabugueiro (POCI-01-0247-FEDER-033558). 
Funding: This work was financially supported by POCI-01-0247-FEDER-033558. 

mailto:ferdulcineia@esav.ipv.pt


 

112 
 

 

 

 

 

 

 

 

 

References: 
1. R. Veberic, J. Jakopic, F. Stampar, et al., Food Chem. 114 (2009) 511. 
2. H.E. Khoo, A. Azlan, S.T. Tang, et al., Food Nutr. Res. 61 (2017) 1361779. 
3. A. Patras, N.P. Brunton, C. O’Donnell, et al., Trends Food Sci. Technol. 21 (2010) 3. 
4. L.R. Howard, R.L. Prior, R. Liyanage, et al., J. Agric. Food Chem. 60 (2012) 6678. 
5. F.J. Gonçalves, S.M. Rocha, M.A. Coimbra, Food Chem. 134 (2012) 957. 
6. D. Ferreira, S. Guyot, N. Marnet, et al., J. Agric. Food Chem. 50 (2002) 4537. 
7. M. Giusti, R.E. Wrolstad, Anthocyanins. In Handbook of Food Analytical Chemistry, John Wiley & Sons Inc., Hoboken, 2005. 
8. M. Ozgen, R.N. Reese, A.Z. Tulio, et al., J. Agric. Food Chem. 54 (2006) 1151. 
  



 

113 
 

OC34: Sheep´s butter made with cream fermented by different microbial 

cultures 

Tânia P. Silva, 1 Arona Pires, 1 David Gomes, 1 Susana Dias, 1,2 Marta Henriques, 1,2 Carlos Pereira 1,2 

1 Polytechnic of Coimbra, Coimbra Agriculture School, Bencanta, 3045-601, Coimbra, Portugal 
2 CERNAS - Research Centre for Natural Resources, Environment and Society, Coimbra Agriculture School, Bencanta, 3045-601 Coimbra, Portugal 

Email: cpereira@esac.pt  

Although sheep’s and goat’s butter are seldom reported in the literature, they are common dairy 

products in some Mediterranean countries, in Middle East and Africa. Information about its composition 

and characteristics is critically lacking. 

Dairy products are traditionally used as vehicles for probiotics in the human diet. However, adequate 

probiotics levels (> 6-7 Log CFU/g) at the time of consumption is a challenge, as several factors during 

processing and storage affect the viability of these microorganisms. 1 

Cream is the main raw material for the production of butter and reflects its properties in the quality of 

butter. Cream fermentation with starter cultures impacts the physicochemical and sensory properties of 

butter and influences its nutritional composition, texture, and shelf life. Commonly, cream is subjected 

to fermentation with mesophilic lactic acid bacteria, namely Lactococcus lactis ssp. dyacetilactis and/or 

Leuconostoc citrovorum (usually designated as aromatic starter). Although the use of probiotic bacteria 

in cream has hardly received attention, some authors report their use. Erkaya et al. 2 observed the 

survivability of selected probiotics during cold storage of butter produced with Lactobacillus acidophilus 

ATCC 4356 and Bifidobacterium bifidum ATCC 29521. They reported that butter with B. bifidum 

maintained its probiotic characteristics until the 30th day of storage. Ewe and Loo 3 evaluated the 

properties of butter produced by cream fermented with Lactobacillus helveticus and reported 

significantly higher fat content and acidity. It was also referred that butter was softer than the 

conventional product due to increased levels of unsaturated fatty acids. Karaca et al. 4 report that kefir 

cultured butter presented almost two Log cycles higher amounts of Lactococcus spp. and contained 5.24 

Log CFU/g of L. acidophilus, while the control sample did not contain L. acidophilus. 

In the present work, four types of sheep’s butter were produced and compared regarding their 

physicochemical and microbiological properties. 500 L of sheep’s milk were used for cream and butter 

production. The obtained cream (60 L with 40% fat) was pasteurized at 90 °C for 5 min and equally 

divided. Before churning, each 15 L of cream were subjected to the following conditions: 

1. Inoculated with aromatic culture (Flora Danica, FD-DVS™, CHR Hansen), composed of Lactococcus 

lactis subsp. cremoris, Leuconostoc, Lactococcus lactis subsp. lactis, Lactococcus lactis subsp. lactis 

biovar diacetylactis and kept for 24 h at 20 ºC, then maintained at 4±2 °C for 24 h; 

2. Inoculated with a probiotic culture composed of a mixture of L. casei (nu-trish L. casei 431™, CHR 

Hansen), L. acidophilus (nu-trish LA-5™, CHR Hansen) and L. rhamnosus (nu-trish LGG™, CHR 

Hansen), in the proportion 1:1:1 and kept for 24 h at 20 °C, then maintained at 4±2 °C for 24 h; 

3. Inoculated with a Kefir culture (eXact Kefir 1™, CHR Hansen), composed of Debaryomyces 

hansenii, Lactococcus lactis subsp. cremoris, Lactococcus lactis subsp. lactis biovar diacetylactis, 

Lactococcus lactis subsp. lactis, Leuconostoc, Streptococcus thermophilus and kept for 24 h at 20 

°C, then maintained at 4±2 °C for 24 h. 

4. Non-inoculated and kept at 4±2 °C for 48 h. 

All freeze-dried cultures were previously incubated for 24 h at 35 °C in sterile milk. After churning, the 

obtained buttermilks were collected and analysed over 21 days of refrigerated storage. All butters were 

washed with pasteurized water and salted (1%, w/w). 
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Butters and buttermilks were analysed for total solids, fat, protein, ash, titratable acidity and colour 

(CIEL*a*b*). The texture properties of butter samples were assessed through a texture profile analysis 

test (TA.XT) and by small strain stress sweep tests using a rheometer. The microbiological analysis 

performed included total mesophilic aerobic bacteria, lactic acid bacteria (LAB), lactobacilli and yeasts 

and molds. Butter and buttermilk samples were also submitted to sensory analysis by panel of 30 

untrained members. 

All butter samples produced with fermented cream presented adequate levels of LAB and were well 

accepted by consumers. Cultured buttermilks also presented levels of LAB higher than Log 6 UFC/mL.  

It could be concluded that the fermentation of cream by selected starters, Kefir or probiotic bacteria 

allows for the production of sheep’s butter with attractive sensory properties while, also originates 

cultured buttermilks with good nutritional and sensory properties. 
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Mental health and active aging are two of the biggest concerns in the XXI century driving the discovery 

of new neuroprotective agents. In addition, since oceans host a vast variety of seaweeds worldwide, this 

unexplored biodiversity offers unlimited sources of novel potential bioactive metabolites. 

With this vision, a sequential subcritical water extraction (SWE) process was applied to Codium 

tomentosum Stackhouse (green seaweed) using a gradient of temperatures to obtain different fractions: 

fraction 1 (room temperature to 90°C), fraction 2 (90-140°C), fraction 3 (140-190°C) and fraction 4 (190-

250°C). 

As anthropogenic contamination of the oceans is a common problem, pharmaceuticals and pesticides 

were screened in the obtained fractions by UHPLC-MS/MS, being found that all of the fractions were 

free of these contaminants. However, arsenic and high iodine content were found in the first two 

extraction steps (steps 1 and 2). Therefore, bioactivities were only tested for fractions 3 and 4, with 

fraction 4 being the most active against reactive oxygen and nitrogen species and five brain enzymes 

implicated in Alzheimer’s and Parkinson’s diseases and major depression. From the chemical point of 

view, this fraction is composed of phenolic compounds and Maillard reaction products, highlighting the 

biological activity of this class of compounds. 

Afterwards, phytosomes were prepared with fraction 4 for future application in a functional food 

product suitable for the elderly. A Box-Behnken design was applied considering three factors (A - time, 

B - temperature, and C - ratio fraction 4: phosphatidylcholine) at three different levels ( A - 1, 2.5, and 4 

h; B - 25, 42.5, and 60 °C; and C - 1:1, 1:2.5, and 1:4). Results obtained for the 15 different runs showed 

that the % of encapsulation efficiency was up to 50%, and by using Derringer’s desirability function, the 

optimum conditions were found to be A - 4 h, B - 25 °C and C - 1:4 and A - 1 h, B - 59 °C and C - 1:1. 

Dynamic light scattering analysis of these points showed that these phytosomes had diameters below 

300 nm. 

These results showed that C. tomentosum is an excellent source of neuroprotective compounds and 

could be potentially used to prepare functional foods to support neurological function. 
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The edible flowers have been used since ancient times at traditional cuisine or alternative medicine, for 

their nutritional and health benefits. These benefits are attributed to their phenolic acids, organic acids 

and flavonoids (anthocyanins). 1,2 Edible flower has great importance, due bioactive compounds with 

antioxidant action and represent an important segment to expand food market, namely in the 

substitution of sugar, dyes and antioxidants synthetic in foods. 3,4 

Some synthetic (artificial) additives used in the food industry, despite being approved by regulatory 

agencies, have been associated with toxic and allergenic effects. Thus, and in order to overcome this 

situation, currently, preference has been given by the consumer to natural additives, and these are still 

a little explored possibility by the industry. 

Therefore, the present study determines the phenolic composition and antioxidant capacity of six 

different edible flower, namely Viola tricolor, Rosa, Pelargonium graveolens, Brassica oleracea var. 

italica and two different species of Calendula officinalis L.. 

For each edible flower, the goal was to evaluate the phenolic composition and antioxidant capacity, and 

for that we performed the determination of the total polyphenolic, ortho-diphenols and flavonoids 

contents, as well as an accurate quantitative and qualitative determination of phenolic compounds by 

HPLC-DAD. 

The results showed that there were relevant differences in the content of phenolic compounds and 

antioxidant capacity of the analysed edible flowers. The results of total phenolic content ranged from 

12.28±0.29 to 82.06±1.28 mg GA/g, the ortho-diphenols values ranged between 0.89±0.00 and 

222.67±0.02 mg GA/g, and the flavonoids content ranged from 5.53±0.38 to 12.97±0.71 mg CAT/g. For 

the antioxidant capacity, using the FRAP methodology the results ranged from 0.08±0.00 and 0.84±0.02 

mmol trolox/g, for the ABTS•+ methodology the values obtained ranged from 0.14±0.01 to 0.93±0.02 

mmol trolox/g, and for the DPPH• methodology results ranged between 0.05±0.00 and 0.87±0.00 mmol 

trolox/g. The results of this study showed significant contents of total phenolic, ortho-diphenols and 

flavonoids, and also exhibited high antioxidant capacity.  

Due to a growing consumer demand for products with low sugar content, similar organoleptic properties 

and natural characteristics, it has led to the development of new alternatives in the food industry. This 

project aims to reduce the sugar content of foods. Thus, this study will use edible flowers with objective 

of reduce the sugar added to foods and to replace dyes and synthetic antioxidants, which can also be 

used by the food industry. 
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Studies on the human milk microbiome have attracted researchers worldwide. Human milk is the main 

source of nutrition for infants and transmission of various microorganisms, including numerous species 

of lactobacilli. 1 Lactobacillus are one of the most important genera of probiotic organisms, widely 

recognized for their role in promoting positive health benefits. 2  

In this study, potential probiotic lactobacilli strains were isolated from human milk and characterized in 

terms of their probiotic properties. Breast milk samples of healthy women were aseptically collected, 

transported within sterile containers and processed immediately upon receipt. The study was approved 

by the Ethical Commission of the Azores University (Parecer 17/2021). A total of seven isolates were 

selected (through morphology observation and Gram staining) and identified by 16S rDNA gene 

sequencing as Lactobacillus paracasei (strains BM1-BM6) and L. gasseri (strain BM7). Probiotic and 

safety assessment of these isolates include the evaluation of antibiotic susceptibility, presence of 

virulence genes, sugar fermentation, enzymatic profile, antimicrobial activity, hydrophobicity and 

resistance to simulated gut conditions (pH 2.5, 0.3% (w/v) bile salts and 0.1% (w/v) pancreatin). In 

addition, the ability to produce exopolysaccharide (EPS), reduce cholesterol and hydrolyse bile salts was 

also screened. All strains tested negative for the presence of virulence genes and showed susceptibility 

to most important antibiotics. Moreover, strains were able to produce β-galactosidase except for L. 

gasseri BM7. All strains showed antimicrobial activity against the pathogen Listeria monocytogenes. L. 

gasseri BM7 presented high hydrophobicity, showing better ability to bind to epithelial cells. Lactobacilli 

showed poor resistance to acidic conditions at pH 2.5, but demonstrated good resistance to bile salts 

and pancreatin, as results revealed the survival of the cultures after 3 h of incubation. Two strains L. 

paracasei BM3 and L. paracasei were able to produce EPS from lactose. Two L. paracasei (BM5 and BM6) 

and L. gasseri BM7 strains presented high ability to reduce cholesterol. In addition, all L. paracasei strains 

were able to hydrolyse bile salts. 

In conclusion, Lactobacillus strains isolated from breast milk exhibited several probiotic characteristics 

and could be potential probiotic candidates for application in food and pharmaceutical industries.  
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The application of pulsed electric field (PEF) technology as a non-thermal cell membrane 

permeabilization treatment, was widely demonstrated to be effective in microbial inactivation studies, 

as well as to increase the rates of heat and mass transfer phenomena in food and biotechnological 

processes (drying, osmotic treatment, freezing, extraction, and diffusion). PEF impact causes membrane 

permeabilization, also synonymously termed as electroporation, leading to an increased permeability of 

the membrane to ions and molecules PEF-assisted processing aims to improve food quality, accelerating 

heat transfer processes, as well as enhancing the mass transfer efficiency of water, solutes, juices, or 

high added value compounds from matrices of biological origin. 1 The modern green extraction seeks to 

avoid the use of dangerous and polluting solvents and encourages the use of eco-friendly solvents like 

water. For example, the extraction of sugars from sliced beetroot requires prolonged hot water diffusion 

at 70-75 ºC followed by several steps for juice purification. PEF-assisted “cold” extraction prevents 

thermal degradation of the cell wall and the extraction of components to the juice it is easily achieved. 2 

This study intends to investigate the use of PEF in microorganisms inactivation of Escherichia coli, 

Lactobacillus salivarius and Sacharomyces cerevisiae inoculated in citrate-phosphate buffer, using a 

continuous flow system with a collinear treatment chamber design of PEF assisted pre-treatment 

(EPULSUS®-LPM1A-10, EnergyPulse Systems, Lda). It was also studied the effect of PEF assisted pre-

treatment on texture changes in beetroot and potato slices (5 mm thickness) in a parallel plate electrode 

configuration of batch treatment chamber. The conditions tested were electric field strength between 

0.12-1kV/cm and a treatment time of 0.04 seg for beetroot and potato. For inactivation studies the 

electric field was the maximum (10 kV/cm) for the equipment with a variable pulse width between 1 and 

50 µs, under different conditions of initial temperature of 23ºC and 30ºC and a flow rate of 2.92 L/h and 

6.74 L/h.  

Texture analysis was performed using a texture analyser TA.XT2 plus, Stable Micro Systems equipped 

with 50 kg load cell performing a uniaxial compression test using a three-point bend rig HDP/3PB probe 

(Forward Extrusion cell). Colour was also evaluated by spectrophotometry (540 nm) for beetroot slices. 

Results shown that the application of PEF to beet slices, before aqueous diffusion at ambient 

temperature leads to an increase in samples diffusivity of colour components. It was also observed a 

decrease in hardness (maximum force) as the electric field strength (energy in kV/cm) increases in both 

samples. The use of pulsed electric fields affects both physical structure by the slight increase in the 

amount of exudate released during texture analysis, max. of 5% (g/g). 

Concerning the inactivation studies the highest degree of inactivation was obtained with E = 10 kV/cm 

and pulse width of 50 µs, for S. cerevisiae and gram-positive bacteria, L. salivarius presented the higher 

resistance. The use of PEF treatment in beetroot slices shown to be efficient in the extraction of colour 

compounds accompanied by microstructural changes, as the resistance of the samples decreases. These 

changes in the microstructure may be associated to the transmembrane electro-permeabilization  
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(electroporation) after PEF treatment. Regarding inactivation tests, the loss of microbial viability is 

proportional to the duration of the applied pulses and consequent increase in treatment time. However, 

the inactivation levels achieved were relatively low, with difficulties in achieving high levels of 

inactivation using low/moderate intensity PEF treatments. Furthermore, pre and post-treatment 

conditions can considerably influence the efficiency of the PEF-assisted mass transfer processing.  
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Chlorella species have been reported to potentially prevent lifestyle related diseases, including 

cardiovascular diseases, 1,2 and neurological disorders, 3 and these effects are mainly attributed to their 

high content in vitamins (B12, B9), iron, polyunsaturated fatty acids (PUFAs) and carotenoids 4. Despite 

there are several published human intervention studies accessing the health promoting effect of 

Chlorella products, there are few information regarding the bioavailability of the main bioactive 

compounds. In this work, a human intervention study was conducted in eleven healthy men to evaluate 

the bioavailability of carotenoids within 3 days after intake of a single dose (6 g) of dried marine Chlorella 

vulgaris, containing lutein (7.08 mg), -carotene (1.88 mg) and zeaxanthin (1.47 mg). Subjects were 

instructed to follow a low carotenoid diet during the experimental phase, starting one week earlier. On 

the day of the experiment, dried microalgae formulated in vegetarian hard capsules were ingested, and 

blood samples were collected up to 72 h for the analysis of plasma carotenoid concentration by HPLC-

DAD. For all carotenoids, the estimated AUC and Cmax values were significantly different from zero 

(p<0.05), indicating that a single dose of marine Chlorella vulgaris increased plasma concentrations of 

lutein (baseline-corrected AUC=1002 µg.h/L, Cmax=20.4 µg/L), -carotene (AUC=1302 µg.h/L, Cmax=34.9 

µg/L) and zeaxanthin (AUC=122.2 µg.h/L, Cmax=3.4 µg/L). The bioavailability of other compounds, namely 

polyunsaturated fatty acids and trace elements was also assessed postprandial for the first time, showing 

that α- linolenic acid, linoleic acid, docosahexaenoic acid and iodine were absorbed after microalgae 

intake. These findings support the use of Chlorella vulgaris as a source of carotenoids, PUFAs and 

essential trace elements with associated health benefits. 

Acknowledgements: The authors acknowledge iNOVA4Health—UIDB/04462/2020 (a program financially supported by Fundação para a Ciência 
e Tecnologia/Ministério da Educação e Ciência) and INTERFACE Programme (Innovation, Technology and Circular Economy Fund (FITEC). A.T.S. 
also thanks Fundação para a Ciência e Tecnologia/Ministério da Educação e Ciência for the Indi-vidual Grant CEECIND/04801/2017. 
Funding: This research received no external funding. 

References:  
1. S. Kim, J. Kim, Y. Lim, et al., Nutr. J. 15 (2016) 1. 
2. N.H. Ryu, Y. Lim, J.E. Park, et al., Nutr. J. 13 (2014) 1. 
3. Y. Panahi, R. Badeli, G. Karami, et al., Complement. Ther. Med. 23 (2015) 598.  
4. M.L. Wells, P. Potin, J.S. Craigie, et al., J. Appl. Phycol. 29 (2017) 949. 
  

mailto:tserra@ibet.pt


 

122 
 

  



 

123 
 

OC40: FTIR-ATR and FDA applied as chemometrics techniques to distinguish 
ageing processes of wine spirits  

Ofélia Anjos, 1,2,3 Miguel Martínez Comesaña, 4 Ilda Caldeira, 5,6 Javier Martínez Torres,7 Soraia Inês 
Pedro, 2,3 Pablo Eguía Oller, 4 and Sara Canas 5,6  

1 Instituto Politécnico de Castelo Branco, Escola Superior Agrária, 6001-909 Castelo Branco, Portugal 
2 CEF, Instituto Superior de Agronomia, Universidade de Lisboa, 1349-017 Lisboa, Portugal 
3 CBPBI, Centro de Biotecnologia de Plantas da Beira Interior, 6001-909 Castelo Branco, Portugal 
4 Department of Mechanical Engineering, Heat Engines and Fluid Mechanics, Industrial Engineering School, University of Vigo, Maxwell s/n, 
36310 Vigo, Spain 
5 INIAV, INIAV-Dois Portos, Quinta da Almoínha, 2565-191 Dois Portos, Portugal 
6 MED—MediterraneanInstitute for Agriculture, Environment and Development, Instituto de formação avançada, Universidade de Évora, Pólo 
da Mitra, Ap. 94, 7006-554 Évora, Portugal 
7 Department of Applied Mathematics I, Escola Superior de Telecomunicaciones, University of Vigo, 36310, Vigo, Galicia, Spain 
Email: soraia_p1@hotmail.com   

The contact of the wine distillate with the wood is recognized as a fundamental step in the production 

of aged wine spirit, during which its quality increases. In this study, functional data analysis (FDA) was 

applied to spectral data collected in Fourier transform infrared spectroscopy (FTIR) with Attenuated 

Total Reflection (ATR) to differentiate aged distillates produced in 250 L wooden barrels versus produced 

in 1000 L stainless steel tanks with wood staves. The aim of this study is to examine the effectiveness of 

an easy and fast tool to identify the different ageing processes of wine spirits over the time (up to 18 

months). For this purpose, FDA was applied to the data of low molecular weight compounds of wine 

distillates collected by HPLC and by FTIR-ATR. The low molecular weight phenolic acids (gallic acid, vanillic 

acid, syringic acid and ellagic acid), phenolic aldehydes (vanillin, syringaldehyde, coniferaldehyde, and 

sinapaldehyde), coumarins (umbelliferone and scopoletin), and furanic aldehydes (5-

hydroxymethylfurfural, 5-methylfurfural, and furfural) were quantified by HPLC according to the method  

of Canas et al. (2003).1 FTIR-ATR Spectra were acquired in the selected region identified in Figure 1 with 

a Bruker spectrometer (Alpha, Bruker Optic GmbH,Ettlingen, Germany) using a diamond crystal 

according the methodology described by Anjos et al. (2016).2 FDA was performed according to the 

method previously described in Anjos et al. (2020).3 The results show that FDA applied to spectral 

analysis allows discriminating samples of wine spirits with different ageing time and aged with different 

kinds of wood. It is also possible to distinguish between traditional and alternative ageing processes used 

in the ageing process. In conclusion, the applicability of these chemometric techniques to correlate the 

analytical determination of low molecular weight compounds and the FTIR-ATR/FDA in differentiating 

aged wine spirits by different modalities is proven.  

 

 
Figure 1. FTIR-ATR absorbance spectra of wine spirit samples with the more representative region marked. 
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Brewer’s spent yeast (BSY), a byproduct from brewing industry, presents a large amount of 

mannoproteins and glucans. The occurrence of novel structural features of yeast cell wall 

polysaccharides induced by fermentation have been reported. 1,2 Stress conditions promote the increase 

of both α- and (β1→4)-linked glucans, and mannoproteins become more branched and phosphorylated. 

2 To define new functional food applications, detailed structural analysis is required to establish 

structure-function relationships. Interaction studies between BSY polysaccharides and immune 

receptors using glycan microarrays can be useful to predict and to design functional ingredients towards 

target biological activities. Brewing industry uses different species of Saccharomyces yeasts, which are 

reused in several fermentative cycles. In this work, four BSY obtained from Saccharomyces cerevisiae 

(Weiss and Ale) and S. pastorianus (Carlsberg and Lager) were studied. Different water-soluble 

polysaccharides were recovered from BSY using microwave assisted extraction at 180 °C, modulated also 

by yeast reutilization. S. pastorianus is a source of mannoproteins while S. cerevisiae is a source of 

(β1→3)-glucans, however, after several reutilizations, (1→4)-glucans are present in high amount. The 

glucans obtained from S. cerevisiae Weiss (not reused) contained 24 % of (1→3) and 27 % of (1→4) 

glucans, while S. cerevisiae Ale (2 reuses) contained 2 % and 51 % of (1→3) and (1→4) glucans, 

respectively. These soluble fractions were used to generate a focused microarray that was probed for 

recognition with carbohydrate-binding proteins, such as monoclonal antibodies, mammalian lectins and 

a carbohydrate-binding module (CBM). Different carbohydrate binding patterns were observed with the 

proteins investigated. The S. cerevisiae Weiss soluble polysaccharides were bound by Dectin-1, a 

mammalian receptor known to recognize (1→3)-linked glucose oligomers with a minimum chain length 

of 10 or 11 residues, 3 and by the (1→3)-glucan-specific CBM, but not by the anti-(β1→3)-glucan 

antibody. The anti-(β1→3)-glucan antibody showed more recognition for soluble polysaccharides 

obtained from Lager BSY presenting only 1% of (1→3)-linked glucose than for Weiss BSY soluble 

polysaccharides. The interrogated polysaccharide sequences were more determinant for immune 

receptor recognition than the amount of the (1→3)-Glc present in the sample. These structural details 

will be enlightening to develop tailored immune responses in the designed food ingredients. From these 

four BSY byproducts obtained in brewery, the Lager yeast is the more representative. To render more 

water-soluble fractions from this yeast, a microwave-assisted sequential extraction was performed. The 

first two extractions were designed to maintain 180 ⁰C, followed by two extractions at 200 ⁰C. The former 

extracted mostly mannose-rich polysaccharides, with a yield higher than 60 %, whereas the latter 

resulted in a glucose-rich polysaccharides, yielding 50% of glucose. After the four extraction cycles, about 

80% of mannans and 70 % of glucans were extracted. For the 3rd extraction, the presence of (1→4)-Glc 

and (1→4,6)-Glc linkages were observed, suggesting the occurrence of glycogen. During the 4th cycle, a 

small content of glycogen-like glucans was also extracted, mixed with 30 % of (1→3)-linked glucose. From 

these four water-soluble fractions, the polysaccharides obtained in the last cycle were highly recognized 

by Dectin-1, (1→3)-glucan specific CBM, and by the anti-(β1→3)-glucan antibody. The mannoprotein  
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fractions from the first two cycles were strongly bound by the mammalian receptor Dectin-2 and the 

glucans from the 3rd cycle were recognized by the human receptor DC-SIGN. These diversified structures 

can be targeted for different applications, depending on the required functionalities, such as the 

immunomodulatory response needed for a target heath application, namely as nutraceutical ingredient.  
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Soybean and lupine (Fabaceae family) are legumes consumed at global scale due to their high contents 

in proteins and essential elements (vitamins and lipids). Owing to their technological properties, such as 

water-binding, emulsification, gelling capability and texture improvement, soybean and lupine protein 

materials are commonly used by industry as ingredients in different processed foods (e.g., bakery and 

meat products). 1 However, they also play a relevant part in the overarching picture of food allergy, being 

classified as important allergenic foods with increased sensitisation potential among global population. 
2 The inhalation and/or ingestion of soybean or lupine can trigger allergic reactions in sensitised/allergic 

individuals, with clinical symptoms varying from moderate to severe responses (e.g., anaphylaxis). 3,4 

Although most foods containing these legumes as technological aids are highly processed, this does not 

guarantee their allergenicity reduction. Therefore, it is of utmost importance to evaluate the impact of 

diverse food processing technologies (e.g., boiling, baking) on protein allergenicity. 5 In this context, the 

proposed work intended to assess the joint effects of thermal processing and food matrix on the 

immunoreactivity of soybean and lupine proteins used as ingredients in meat and bakery products, 

respectively.  

Protein profiles of model mixtures mimicking the production of soybean-containing cooked-

hams/sausages and lupine-containing breads, as affected by different heat processing (oven 

cooking/autoclaving and baking), were evaluated by native- and sodium dodecyl sulphate-

polyacrylamide gel electrophoresis (SDS-PAGE). To test the effect of processing and matrix on the 

immunoreactivity of model and commercial foods, immunoblotting assays were carried out using 

specific antibodies targeting the soybean trypsin inhibitor (Gly m TI) and the lupine gamma-conglutin 

allergens. The results showed that in meat mixtures (Figure 1A, 1B), autoclaving caused a substantial 

protein fragmentation, with decreased immunoreactivity of Gly m TI, while in lupine mixtures, gamma-

conglutin immunoreactivity was slightly reduced in wheat flour mixtures compared to rice, but more 

pronounced in baked products. The analysis of 22 commercial products enabled the identification of 

soybean trypsin-inhibitor in five commercial sausages (Figure 1B), evidencing strong immunoreactivity 

reduction in autoclaved products compared to samples submitted to other milder thermal treatments 

(e.g., oven cooking). Additionally, it was also possible to identify lupine gamma-conglutin in four bakery 

samples (Figure 1C, 1D). 3 

 

 

 

 

 

 

 

 

 

 

 

mailto:jbcosta@ff.up.pt


 

128 
 

 

 

 

 

 

 

In general, thermal processing was able to reduce immunoreactivity of the target proteins at different 

degrees, with autoclaving provoking the highest decrease (cooked-hams versus autoclaved sausages). 

Food matrix also influenced the immunoreactivity of the allergenic proteins since lupine/rice flour 

mixtures presented more intense bands compared to bands of lupine in wheat, suggesting some 

potential interaction between lupine and wheat proteins that contributes to decrease allergen IgE-

binding capacity. 3 
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Legend (A, B): 
1 – soybean protein isolate (SPI) 
2 - soybean protein concentrate (SPC) 
3 - model pork cooked-ham (0% of SPI) (negative control) 
4, 5 – model pork cooked-ham with 1% and 10% of SPI (positive control) 
a–c – commercial pork cooked-hams 
d - model turkey cooked ham (0% of SPI) 
e-g – commercial poultry cooked-hams 
6 – milk protein concentrate 
13 – model pork sausage (0% of SPC) 
14,15 – model autoclaved pork sausage with 1% and 10% of SPC 
h–j – commercial pork sausages 
k – model turkey sausage (0% of SPC) 
l-o – commercial poultry sausages 

Legend (C,D): 
1 – SPI 
2 – L. luteus 
3 – L. mutabilis 
4 – L. angustifolius 
5 – L. albus 
6 – 10% of L. albus in bread 
7 – wheat bread (0% lupine flour) 
A – cereal bread 
b, c, f, h – cookies/biscuits 
d – Pan Carré 
e – “crostini” 

g– flour for bread 
i– chocolate wafers 
j – model bread, 2.5% lupine flour 
k – model bread, 0.25% lupine 
flour 
l – flour mixture, 2.5% lupine in 
wheat 
m – flour mixture, 2.0% lupine in 
rice 
M – Precision Plus Protein Dual 
Colour Standard 10-250 kDa 

Figure 1. Immunoblot membranes for soybean and lupine testing, using anti-trypsin inhibitor polyclonal antibody 
(A,B) and anti-gamma-conglutin polyclonal antibody (C,D), respectively, applied to commercial samples and in-
house-made mixtures. 
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The industry of minimally processed pineapple produces a great quantity of by-products (30–50%) which 

are generally undervalued. These by-products are still physiologically active living tissues, able to synthetize 

compounds, and thus, they can be used as biofactories of secondary metabolites with pharmaceutical and 

nutraceutical applications. 1 Bioactive compounds' levels can be enhanced by the application of controlled 

postharvest abiotic stresses, to induce de novo synthesis of these compounds. 2 Among bioactive 

compounds, pineapple by-products contain large amounts of proteolytic enzymes, namely stem bromelain 

and phenylalanine ammonia lyase, related to biosynthesis of phenolic compounds. As some studies 

reported increase of enzymatic activity in fruits and vegetables using moderate hydrostatic pressure 

treatments, 3 this kind of treatment was used as abiotic stress of pineapple by-products. Pineapple by-

products (core) were subjected to moderate hydrostatic pressure (225 MPa, 8.5 min) (MHP) (MHP). 

Pressurized samples were lyophilized and powdered to produce functional flour. The dehydrated samples 

were characterized by the following methodologies: chemical and physical characterization, total phenolic 

compounds (TPC), antioxidant capacity, bromelain activity, microbiology, and mycotoxins. Results 

demonstrated that moderate hydrostatic pressure treatments (225 MPa, 8.5 min) activate cellular 

processes and enhance the accumulation of bromelain and phenolic compounds with antioxidant activity. 

Pineapple by-products are naturally rich in carbohydrates (66–88%), insoluble (16–28%) and soluble (2–

4%) fibre, and minerals (4–5%). MHP promoted a 262% increase in the phenylalanine ammonia-lyase 

activity and consequently an increase in TPC, in shell samples. In the core, the activity of bromelain 

increased 350%. Furthermore, microbial and mycotoxical analyses demonstrated that functional flour from 

core is a safe by-product. 

Given the high bromelain content of the functional flour from pressurised core and knowing that these 

proteolytic enzymes can degrade myofibrillar proteins and collagen in meat with beneficial effects on 

tenderness, this flour was tested in marinades to improve beef properties. Dehydrated pineapple core, 

enriched in bromelain and antioxidants using hydrostatic pressure treatment, has been used in marinated 

beef (10–20 mg tyrosine/100 g meat), resulting in a 41% reduction of beef hardness, 8% reduced pH (5.44 

to 4.99), and increased marination yield (4%). Thus, the use of pineapple by-products in brine allowed for 

the valorisation of lower commercial value steak cuts. Functional flour from core pineapple by-products, 

not valued or of very low value, can originate important products with food or pharmacological interest. 
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The fig (Ficus carica L.) is one of the most abundant fruits in the Mediterranean diet, associated with health 

benefits, containing considerable amounts of polyphenols, carotenoids, vitamins, dietary fibres, polyunsaturated 

fats and minerals (e.g., such as potassium, calcium and iron). The fig is considered a climacteric fruit 1 and so 

depending on the maturity stage at which the fruit is harvested, it exhibits autocatalytic synthesis of ethylene and 

a respiratory upsurge which affects its commercial quality, promoting senescence with typical effects of an 

increase in the yellowing rate and microbial growth, induction of physiological disorders and development of 

undesirable flavours. 2 Therefore, these fruits are highly perishable. In this study, edible coatings were studied 

predicting envisaging their positive effect in enhancing figs' shelf-life. Fig fruits cv. 'Pingo de mel' were harvested at 

commercial ripening stage and different coatings were applied: without application of coating emulsion (Ctr), 

coated with chitosan/olive oil emulsion (C-OO) and coated with sodium alginate/olive oil emulsion (A-OO). After 

coatings application by dipping each fruit in the emulsion-based solutions at 4 °C and drying, the coated fruits were 

sprayed with crosslinking solutions (6% tripolyphosphate and 1% calcium chloride for chitosan and alginate-based 

coatings, respectively). Then, were maintained at 4 °C and analysed after 1, 7, 14 and 19 days of storage. Analytical 

control of fruits was performed for: fruit fungal infection and disease incidence, respiration rate, weight loss, 

firmness (Texturometer TA-XT2, Stable Micro System, Surrey, UK, with a 5 kg load cell, equipped with a cylindrical 

2 mm diameter probe), surface colour (colorimeter Konica Minolta CR-300, Williams Drive Ramsey, NJ, USA, CIE 

L*a*b* colour space), total soluble solids and titratable acidity. After each time interval, fruits were further 

maintained at 25 °C for 2 days. Results were submitted to analysis of variance (ANOVA), Tukey’s multiple range 

test (p level of 0.05) to detect differences among mean values of films properties (Statistica 8.0 software, Statsoft 

Inc., Tulsa, OK, USA). From the obtained results, it is expected a fruits shelf life between 14 and 19 days under 

refrigeration at 4 ◦C that may be followed up to 2 days at ambient temperature. It should be noted that the coatings 

were not perceptible. The coated fruits presented good stability, without visual infections, at room temperature 

for two days after 14 days of storage under refrigeration. On the contrary, the uncoated fruits only presented this 

stability until the 7th day of cold storage. For these fruits, a high percentage of affected fruits (33.3%) was observed 

after 14 days of cold storage plus 2 days at ambient temperature. Figs under cold storage (4 ◦C), with or without 

coating, show a significant reduction of CO2 emission (by up 67%) in the first day of storage. On the other hand, 

when fruits were maintained at ambient temperature for 2 days after the storage period at 4 °C, all fruits showed 

higher respiration rate values. However, a different behaviour was observed between coated and uncoated fruit 

groups. While for the former the CO2 release measured after 2 days at 25 °C decreased with increasing the previous 

storage period at 4 °C, for the later a substantial increase of respiration rate was observed. On the other hand, 

when fruits were maintained at ambient temperature for 2 days, after the storage period at 4 ◦C, all fruits showed 

higher respiration rate values. The global results have shown that the application of both crosslinked chitosan-

based and alginate-based emulsions as coatings was beneficial in decreasing water loss, respiration rate, firmness, 

fungal disease incidence and fruit maturity index of figs, when comparing to uncoated ones. However, for longer 

storage periods, the use of coatings functionalized with antioxidants to control colour change is advised.  
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Angiotensin I-converting enzyme (ACE), a zinc metal protease, plays a key role in the control of blood 

pressure, since catalyses the conversion of angiotensin I to a potent vasoconstrictor angiotensin II and 

promotes the degradation of the vasodilator bradykinin.1 Therefore, the ACE-inhibition has become a 

target control for hypertension, a common progressive disorder leading to several chronic diseases such 

as: cardiovascular disease, stroke, renal disease and diabetes.2 In recent years, much attention has been 

paid to natural products as alternatives to synthetic drugs for the hypertension treatment, due to their 

adverse side effects.3,4 On the other hand, originated from China, the tea plant (Camellia sinensis) 

gradually expanded into many tropical countries and since the last decade of the 19th century, tea is also 

produced in one unique place in Europe: S. Miguel Island, Azores.5 C. sinensis tea has received 

considerable attention due to its scientifically proven beneficial effects on health,6 particularly the 

antioxidant properties related to the polyphenols content that can vary with tea plant variety, age of the 

leaf, season, climate, type of soil, agricultural and processing conditions. The objective of this study was 

to investigate the ACE-inhibition of different types of Azorean C. sinensis samples and consequently the 

effect on the hypertension reduction, its relationship with antioxidant activities, catechins, total 

phenolics, and total flavonoids contents in different collecting seasons. The determination of ACE-

inhibition was performed by HPLC following the Paiva et al.7 methodology, the catechins contents was 

performed by HPLC according to Paiva et al.8 methodology, the FRSA and FRAP were determined by 

Molyneux9 and Oyaizu10 methodologies, respectively, and the TPC and TFC were determined by 

Waterhouse11 and Chang et al.12 methodologies respectively, with some modifications. The results of 

different samples are showed in Table 1. 
 

Table 1: Angiotensin I-converting enzyme (ACE) inhibition and biological activities (free radical scavenging activity 
– FRSA and ferric reducing antioxidant power – FRAP), catechins, total phenolics contents – TPC and total flavonoids 
contents – TFC) of different types of Azorean Camellia sinensis tea samples related to different collecting seasonsa. 

Samples 
ACE-inhibition 
(IC50, mg/mL) 

Esterified 
catechins 
(mg/g DE) 

EGCG 
(mg/g DE) 

FRSA 
(EC50, µg/mL) 

FRAP 
(EC50, µg/mL) 

TPC 
(mg GAE/g DE) 

TFC 
(mg RE/g DE) 

A 1.04±0.10 283.78±0.33 140.91±1.26 6.33±0.21 7.10±0.07 306.19±0.09 67.01±0.63 
B 0.61±0.04 354.18±0.84 208.08±8.25 4.63±0.03 6.50±0.06 340.97±0.76 64.51±1.13 
C 3.10±0.32 175.59±4.23 67.01±2.57 11.40±0.26 16.10±0.14 215.19±0.54 65.51±0.29 
D 1.30±0.14 192.01±0.86 70.81±0.14 6.67±0.03 9.30±0.06 296.13±1.04 81.60±1.76 

aValues are mean±SD (n = 3); The samples were composed by bud+1st+2nd leaves collected in Gorreana tea 
plantation and were grouped: A – Green tea, harvested in May; B – Green tea, harvested in August; C – Black tea 
harvested in March; D – Black tea harvested in July; IC50 and EC50, Half-maximal effective concentration; DE, dry 
extract; DW, dry weight; GAE, gallic acid equivalents; RE, rutin equivalents; EGCG, epigallocatechin-gallate; 
Esterified catechins, EGCG+ECG+GCG 

The results clearly showed differences in the ACE-inhibition of different tea samples. The sample “B”, 

harvested in August, presented the highest inhibitory activity (lower IC50) as a consequence of higher 

antioxidant properties, TPC and esterified catechins values, that can be explained by the highest sunlight 

intensity (summer) that promotes the catechins formation. The sample “A”, harvested in spring (May), 

presented lower catechins content, slightly lower antioxidant properties and TPC than sample “B”. The  
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samples “C” and “D” presented lower inhibitory activities than samples “A” and “B” as a consequence of 

lower FRSA, FRAP and TPC values and also differences in the processing conditions. The same pattern of 

lower inhibitory activity, antioxidant properties, esterified catechins content, TPC and TFC values were 

observed between sample “C” (spring) and sample “D” (summer) as compared to samples “A” and “B”. 

The flavonoids contents were very similar in samples “A, B and C”, however, sample “D” presented 

higher value. Furthermore, sample “D” presented a similar value of TPC and FRSA with sample “A” that 

can explain its similar values of inhibitory activity. In conclusion: the green tea samples “A” and “B” 

presented higher inhibitory activities, and biological activities as compared to black tea samples being 

the differences also related with the effect of collecting seasons. 
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Cholesterol high blood levels is an important risk factor for the development of cardiovascular diseases, 

which is a major contributor for human mortality. Several hypocholesterolemic strategies, both 

pharmacological and functional food, are available to target either the endogenous and exogenous 

cholesterol, synthesized in liver and obtained by the diet, respectively. Some food ingredients are known 

to have hypocholesterolemic activity, namely phytosterols 1 and/or polysaccharides, affecting 

cholesterol absorption at intestinal lumen. Currently, these ingredients are mainly used in hydrophobic 

food matrices, such as yogurts, butter or cookies. A broader offer to consumers, based on hydrophilic 

based matrices, such as juices, tea, coffee or soups, within others is demanded by functional food 

industry. Moreover, the available hypocholesterolemic food ingredients are not usually consumed after 

the major meals of the day, which would be the optimum timing to maximize their effect, due to the 

higher content of cholesterol. 

The motivation of this work is therefore to develop efficient hypocholesterolemic food ingredients able 

to overcome current technological challenges, exploring the structure-function relationships. To fulfil 

this goal investment on the study of new ingredients from different food matrices (e.g., algae, 

crustaceous, fruit and coffee), 2 particularly targeting soluble polysaccharides (e.g., fucoidan, chitosan, 

arabinanans, galactomannan and arabinogalactans) was addressed, assessing their extraction and 

fractionation, chemical structure analysis and also evaluating their hypocholesterolemic potential.  

Our results showed that charge, hydrophobicity, sugar composition and ramification of polysaccharides 

may influence cholesterol bioaccessibility in an in vitro intestinal model. Interaction between bile salts 

and polysaccharides was shown to occur, being the sequestration of bile salts responsible for the 

decrease of cholesterol solubility, leading to its precipitation.  

This work emphasizes the importance of soluble polysaccharides structural features towards the 

development of hypocholesterolemic food ingredients.  
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Honey is a widely consumed natural product owing to its taste and nutritional value, but also for its 

health benefits. Depending on the botanical origin, honey can be classified as monofloral or multifloral, 

if arising predominantly from a single or multiple plant species, respectively. Honey can also be classified 

according to its geographical origin, with particular types being from specific areas within the European 

Union, holding the labels of Protected Designation of Origin (PDO) and Protected Geographical 

Identification (PGI). 1 ‘Mel dos Açores’ is a nectar honey produced in the Azores archipelago in 

accordance with the relevant product specifications, being classified as a PDO honey. ‘Mel dos Açores’ 

may be categorised as incense honey (‘mel de incenso’) or multifloral honey (‘mel multiflora’). The 

incense honey is made from nectar collected by the bees mainly from the flowers of Pittosporum 

undulatum, while the multifloral honey is made from a mixture of nectars of different flower species. 

The main defining characteristic of incense honey is the pollen composition, which must account for over 

30% from P. undulatum, along with smaller amounts of pollen from Eucalyptus spp. and other species. 2 

Owing to its refined and unique flavour and taste, PDO honey such as incense honey from the Azores is 

generally perceived as a high-quality product and, consequently, susceptible to be adulterated through 

incorrect labelling or admixing with lower-cost and low-quality honeys. Therefore, assessing the 

botanical origin of incense honey is of utmost importance to guaranty its quality and authenticity. In the 

present work, a real-time PCR method is proposed for the species-specific detection of P. undulatum 

pollen DNA in honey as an alternative approach to the conventional time-consuming melissopalynology. 

Specimens of incense leaves (P. undulatum) and sub-tropical fruits (banana, avocado, guava, physalis, 

passion fruit) were collected, among other endemic or introduced species in the Azores that are likely to 

be part of the surrounding apiary flora (such as, Metrosideros excelsa, Hydrangea macrophylla, 

Rhododendro indicum, Hedychium gardnerianum, Pericallis malvifolia, among others). Honey samples 

from Azores, including 9 of incense and 10 mutifloral, were acquired from the retail market and 

producers, as well as 3 honey samples from other origins. DNA was extracted from plant materials and 

honey samples using the NucleoSpin Plant II kit (Macherey-Nagel, Düren, Germany). All the DNA extracts 

from plant material and honey samples were successfully amplified using universal primers targeting the 

18S rRNA gene. 3 In silico analysis was performed to design primers targeting the trnL (NCBI accession 

No. MF503614.1) and the region of the internal transcriber spacer (ITS) of P. undulatum (NCBI accession 

No. HM116994.1). New primers targeting the ITS region to amplify a 99 bp-amplicon were selected 

because of providing the best end-point PCR results of sensitivity and specificity using 33 plant species, 

detecting P. undulatum DNA down to 0.01 pg. Thereafter, a real-time PCR assay (Figure 1) using a specific 

hydrolysis probe was developed targeting the ITS region P. undulatum. 
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Figure 1. Amplification (A) and calibration (B) curves obtained by real-time PCR with a hydrolysis probe targeting 
the ITS region of P. umdulatum using 10-fold serially diluted P. umdulatum DNA (10 ng -0.01 pg). 

The assay exhibited adequate analytical performance parameters, with a PCR efficiency of 96.8%, a 

coefficient of correlation (R2) of 0.992, covering a dynamic range of 7 magnitude orders (10 ng – 0.01 

pg). The application results to honey samples allowed detecting incense DNA in 8 out of 9 incense honey 

samples, suggesting the incompliance of labelling of one PDO Azores honey sample. Besides, incense 

DNA was also detected in 5 out of 10 multifloral Azores honey samples, while, as expected, negative 

amplification for incense was obtained for 3 honey samples from other origins than Azores. Therefore, 

a new real-time PCR method was proposed for the first time as a sensitive and reliable tool to 

authenticate and valorise Azores honey. 

Acknowledgements: The authors are grateful to Paula Vieira and Nuno Almeida, from Direção de Serviços de Veterinária dos Açores, for kindly 
providing honey samples from the Azores, and to Moniz da Ponte and Frank Aguiar for collecting plant leaves from the local Flora of São Miguel. 
The authors acknowledge to Direção Regional da Agricultura dos Açores for the unconditional support to the project BeeHappy. The authors 
acknowledge the support of the project UIDB 00690/2020, subsidised by FCT/MCTES (Fundação para a Ciência e Tecnologia and Ministério da 
Ciência, Tecnologia e Ensino Superior) through national funds. 
Funding: This work funded by the European Union (FEDER funds through COMPETE POCI-01-0145-FEDER-29871) and national funds by FCT 
through project BeeHappy PTDC/BAA-AGR/29871/2017. This work was also funded by FCT under the partnership agreement UIDB 50006/2020 
and the project NORTE-01-0145-FEDER-000052. A.R. Lopes and L. Grazina thanks FCT and ESF (European Social Fund) through POCH (Programa 
Operacional Capital Humano) for funding their PhD grants SFRH/BD/143627/2019 and SFRH/BD/132462/2017, respectively. J. Costa thanks FCT 
for funding through program DL 57/2016 – Norma transitória (SFRH/BPD/102404/2014). 

References:  
1. S. Soares, J.S. Amaral, M.B.P.P. Oliveira, et al., Compr. Rev. Food Sci. Food Saf. 16 (2017) 1072. 
2. Single document ‘MEL DOS AÇORES’ (EU) No: PDO-PT-0268-AM01 (2.1.2019) (2019/C 384/09), Off. J. Eur. Union, (2019) C 384, 16-18. 
3. J. Costa, M.B.P.P. Oliveira, I. Mafra, Food Res. Int. 54 (2013) 1722. 

  

A B 



 

137 
 

OC48: Evaluation of sugar and organic acids content in fruit juices to correlate 

with sensory attributes 

M. Verganista,1 A. Costa,1 R.M. Estevão,1 J. Costa,1 A.I. Costa,1 J.M. Silva,1,2 I.M. João1,3 

1 Área Departamental de Engenharia Química, Instituto Superior de Engenharia de Lisboa, Instituto Politécnico de Lisboa, R. Conselheiro Emídio 

Navarro, 1, 1959-007 Lisboa, Portugal 
2 CQE, Instituto Superior Técnico, Universidade de Lisboa, Av. Rovisco Pais, 1049-001 Lisboa, Portugal 
3 CEG-IST, Instituto Superior Técnico, Universidade de Lisboa, Av. Rovisco Pais, 1049-001 Lisboa, Portugal 

Email: ijoao@deq.isel.ipl.pt 

The analysis of compound groups in foods and beverages allows to study correlations and build models 

that allow predicting sensory perceptions from the identification and quantification of the compounds 

present. 1 Given the importance of these models, we have been in collaboration with a company of non-

alcoholic beverages based on fruit juice with the goal of building mathematical models that allow, to 

correlate Physical Chemical characteristics with the sensory profile of the juices and nectars under the 

project SHAPEFOOD. This work presents the chemical approach related to the quantification of sugars 

and organic acids presents in nectars and fruit juices that is taking place at ISEL and the steps in the 

training of assessors to obtain a sensory profile that is taking place in collaboration with the company to 

perform the sensory analysis. At this point the internal assessors of the company were already recruited 

and the selection process is going on. The last step of the project will be to build mathematical models 

to correlate physical-chemical characteristics with the sensory profile of the juices and nectars. 

The HPLC–MS setup was developed and tested for the evaluation of fructose, glucose, sucrose, and the 

acids citric, malic, ascorbic, acetic and oxalic. Calibration curves were drawn, and the juices and nectars 

were subsequently tested to determine the concentration of these compounds. The conditions of HPLC-

MS were optimized to obtain the parameters that allowed the analysis of these sugars and acids. The 

QDa mass detector was applied to quantify the species in the nectar and juice samples and the evaluated 

concentrations were compared with the specification contained in the labelling of the products. In the 

future the quantification will be extended to alcohols and esters. 

The sensory characteristics are evaluated by assessors selected and trained to perform the sensory tests 

on selected samples. The selection and training of the assessors is taking place in cooperation with the 

company. The Quality Descriptive Analysis technique will be applied to quantify the sensory attributes 

and build the sensory profile of the products. The training of the assessors involves several steps as 

described in Figure 1. 

 
Figure 1: Steps in the training of assessors to obtain a sensorial profile. 

The Step A is completed, and the selected assessors are familiarized with the basic tastes. The Step B is 

underway with the training of the assessors in the use of scales and development of the descriptors. In  
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Step C will take place to train the assessors with the identifications of stimuli and with the selected 

descriptors to obtain the sensorial profiles of the juices and nectars. 

When Step C will be finished, the goal is to develop mathematic models that allows to study correlations 

that allow the prediction of sensory perceptions based on the identification and quantification of the 

compounds that are present. The Physical Chemical characterization will be extended to study all the 

compounds that will be necessary to perform the relationship between the sensory attribute profiles 

developed and physical-chemical characteristics. 9 
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Extrusion-based 3D Food Printing (3DFP), also known as additive manufacturing, is a term used to 

describe a process where food materials are extruded through a nozzle to build up, layer-by-layer, 3D 

objects. 1 3DFP has been widely investigated given its potential for employing alternative food 

ingredients (e.g., algae, insects), manufacturing personalized/customized foods, targeting specific needs 

of consumer groups (children, athletes, dysplasia patients, elderly), among others. 2 Additionally, 3DFP 

has been applied to engage consumers as it produces attractive 3D designs which can be used as a visual 

stimulant to catch consumer’s interest. 

Increasing pressure over current food production systems to provide a solution for increasing global food 

demands has pushed the food and agricultural sector to find more sustainable food sources. 3 Algae have 

been considered as a key alternative ingredient as: i) they show potentially high yields and do not 

compete with food crops for the use of arable land or freshwater resources and, ii) present a wide variety 

of health-promoting ingredients including high-quality proteins, dietary fibre, polysaccharides, 

polyunsaturated fatty acids (PUFA), minerals, vitamins, pigments, and phytochemicals. 4 

Considering 3DFP technology, employment of algae into the production of food products can benefit 

from the visually appealing 3D structures, boosting the consumption of algae-enriched foods and 

overcome potential sensory constraints. In this sense, the aim of the present work was to develop 

healthy snacks (Figure 1), a high-demand trending food group, with increasing incorporations (2-24%) of 

Chlorella vulgaris (Cv), a green marine microalga that presents a notorious nutritional composition and 

has been previously employed in several cereal-based food products (e.g., bread, cookies, pasta). 5,6 A 

one-bite 3D design – little ducks’ feet – was selected to print snacks, based on a previous 3DFP work. 7 

Health impact of snacks enriched with the CV was analysed in terms of their nutritional composition 

(crude protein by the Dumas method, crude lipids by the Soxhlet method, moisture, ash and total and 

resistant starch) including mineral profile (determination of microelements K, Ca, Mg, P, Fe, Cu, Zn and 

Mn by Inductively Coupled Plasma - Optical Emission Spectrometry) antioxidant activity (FRAP, DPPH 

and ABTS assays), total phenolic compounds (Folin–Ciocalteu assay), pigments (total chlorophyl and total 

carotenoids content) and glycaemic index (based on the method described by Goni et al. 8. Sensory 

analysis was conducted to investigate the sensory acceptance of snacks at different incorporation levels 

of Cv.  

Incorporation of 18% of Cv in snacks led to an increase of 157% in protein content. Regarding mineral 

content, requirements for nutritional claim – “rich in” – were met for all minerals except Ca and Zn. 9 

Mineral content presented the lowest increase of 20% (Zn) and the highest of 618% (Fe). Health 

promoting bioactive compounds such as total phenolic compounds (TPC) and pigments also presented 

a significant increase of 176% (TPC), 2735% (total chlorophyl) and 464% (total carotenoids). Antioxidant 

activity was also positively impacted: radical scavenging activity increased 206% for DPPH assay and 

235% for ABTS assay. Additionally, snacks with higher content of Cv presented lower glycaemic index, as 

starch content was replaced by the incorporation of increasing concentrations of microalga biomass. 

Sensory analysis revealed that a lower incorporation of Cv positively impacted sensory acceptance of  
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snacks as global appreciation of Cv snacks was higher than for the control snack (without Cv 

incorporation). 
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The food products with Protected Designation of Origin (PDO) 1 and Protected Geographical Indication 

(PGI), 2 legally framed by the European Union, are a guaranty of authenticity, traceability and 

sustainability. Pera Rocha do Oeste pear, and Queijo da Serra da Estrela cheese, due to their sui generis 

characteristics, are Portuguese PDO products. Maçã de Alcobaça is also one important PGI product due 

to its economic value to Portugal.  

Apple and pear fruits have their consumption in fresh, as well as industrially processed, as constituents 

of cake fillings. Although fresh fruits are easy to identify, their processed products require the 

identification of markers of authenticity.  

 The PDO Queijo da Serra da Estrela is a cured cheese, obtained by slow depletion of the curd after 

coagulation of raw sheep's milk by the action of the cardoon (Cynara cardunculus, L.) enzymes. The milk 

was from Bordaleira Serra da Estrela and Churra Mondegueira sheep ewes  

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 PGI Alcobaça apple 

fillings (Rb and Cs) and PDO pear Rocha do Oeste fillings (B, Mg, K, Ca, Mn, Rb and Ce), even if industrially 

processed, as well as of cheese produced with different cardoon ecotypes (Cr, Mn, Al, Rb, Ba and Pb). 

Also, the methodology based on headspace solid-phase microextraction (HS-SPME) coupled with 

comprehensive two-dimensional gas chromatography time-of-flight mass spectrometry (GC×GC-ToFMS) 

is a tool to identify and quantify the key compounds (1-butanol, 1-hexanol, ethyl acetate, butyl acetate, 

pentyl acetate, butyl butanoate, ethyl hexanoate, hexyl acetate, heptyl acetate, ethyl octanoate, hexyl 

hexanoate, ethyl 2,4-decadienoate and α-farnesene) characteristic of the fruits independently from the 

atmosphere conditions (refrigerated and dynamic controlled) they were stored. These compounds could 

be proposed as possible markers to trace authenticity of PDO “Rocha do Oeste” pear. 
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The importance of yeasts in aroma production during wine fermentation is a significant concern for 

obtaining a wine that appraises a broad number of consumers. For wine producers, wine aroma 

modulation is an essential issue where the yeasts used during the winemaking process represents a 

feasible way to improve the complexity and enhance wines specific characteristics. During the 

fermentation process of wines, yeasts convert grapes sugars into alcohol, carbon dioxide and many 

secondary metabolites, depending on yeast metabolism, affecting the wine composition, namely its 

aroma and amino acids (AAs) composition. So, the present work aims to study the effect of different 

Saccharomyces-type yeasts on the AAs composition and volatile profile of Arinto white wines.  

To pursue this goal, four white wines from Arinto grapes were fermented with three different 

commercial yeasts (Saccharomyces bayanus EC1118, Saccharomyces cerevisiae CY3079, Saccharomyces 

bayanus QA23) and one Native yeast. Arinto wines AAs composition was quantified by HPLC-DAD, after 

a derivatization step to obtain the aminoenone derivatives. 1 The volatile content of Arinto wines was 

determined by GC/MS, after an HS-SPME extraction. 2 

Results showed significant differences among the AAs content and volatile profile in the Arinto wines. 

The higher AAs content was found in the Arinto wines fermented with the CY3079 yeast (470.74 mg/L), 

and the lowest content of AAs in the Arinto wines fermented with EC1118 yeast (343.06 mg/L). Native 

yeast results in wines with a volatile profile richer in esters compared to the other sample wines. Principal 

component analysis (PCA) obtained with combined data of AAs and volatile compounds, after 

normalization, for each Arinto wine samples, shows a clear separation of wines fermented with Native 

and CY3079 yeasts in relation to QA23 and EC1118 fermented wines. The first and second principal 

components are responsible for 44.40% and 32.20%, respectively, of the system’s variance, which clearly 

showed a differentiation among wines. 3 
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Figure 1. PCA analysis of the AAs and VOCs after normalization, obtained for the Arinto wines fermented with the 

four different yeasts - EC1118, CY3079, QA23 and Native. 
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In previous studies, some fruits from Madeira Island, fruits of regular consumption, were flagged as 

having health-related bioactive compounds. In this study, the health-promoting benefits of different 

fruits grown in Madeira Island, namely lemon (Citrus limon var. eureka), tangerine (Citrus reticulata var. 

setubalense), pitanga (Eugenia uniflora var. red), tomato (Solanum lycopersicum var. gordal) and uva-

da-serra, an endemic blueberry (Vaccinium padifolium Sm.), were investigated through the evaluation 

of the phenolic composition (total phenolics -TPC and total flavonoids content - TFC) and antioxidant 

capacity (assessed through ABTS and DPPH assays), adjusting the procedures to miniaturized scale 

(below 2 mL). The bioactive potential was also assessed through the ability of the extracts to inhibit 

digestive enzymes linked to diabetes (α-amylase, α- and β-glucosidases) and hypertension (angiotensin-

converting enzyme, ACE). 

The results obtained point to a very high bioactive potential with the selected samples, revealing a high 

phenolic potential for all fruits, except tomato, while uva-da-serra is particularly rich in flavonoids. 

Regarding the antioxidant capacity, the highest values were obtained for pitanga and uva-da-serra 

extracts. The anti-enzymatic activities indicate a very important ACE anti-enzymatic capacities, and also 

relevant antidiabetic potential. 

 

Figure 1. Correlation heatmap to evaluate the putative contribution of the phenolics and flavonoids present in the 

samples extracts to the TAC and key enzymes inhibition. 

The bioactive results were submitted to statistical analysis, and the data obtained reveals a very strong 

correlation between ABTS and TPC and a strong contribution of the fruit polyphenols for enzyme 

inhibition, and therefore presenting high antihypertensive and antidiabetic capacities. Overall, the 

results obtained clearly show a high bioactive potential of the selected fruits that should be further 

studied in terms of specific phenolic composition. Among the analysed fruit extracts, stands out pitanga 

seeds and uva-da-serra, were the results strongly support the valorisation of pitanga seeds usually 

discarded as a waste, and uva-da-serra, an endemic and wild bush, as potential bioresources of bioactive 

compounds with impact in human diet.  
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Traditionally, many different countries around the world have numerous recipes of sweet bread, with 

main ingredients such as wheat flour, a sweetener - sugar or honey, fat, and spices - cinnamon or fennel. 

Ever since, sweet breads have been an important type of food, and nowadays they are still commonly 

consumed worldwide. 1 Despite many efforts that have been made to develop gluten free (GF) bread 

recipes, from the best of our knowledge, a very small number of studies have been dedicated to sweet 

GF bread. For celiac patients a diet absent in gluten is the only known way so far to overcome this chronic 

disease. 2 Therefore, it is really important to design products that respond to these consumers’ 

requirements. GF bread has many technological and rheological challenges that influence its sensorial 

characteristics, and in general also presents an unbalanced nutritional profile, which rises many 

challenges to celiac patient’s diet, and consequently constrains to their health. Several studies have 

shown promising results about developing GF bakery with the addition of by-products from fruit 

industry, like apple pomace powder and apple fibre, since its’ functional properties represent an 

important approach to improve GF Bread quality. 3 Nevertheless, as far as we know, apple flour has not 

been used yet. Thus, the use of apple flour from a traditional Portuguese cultivar named “Bravo” has 

been investigated in the present study for the production of sweet GF bread. Apple flour is obtained 

from small calibre apples which do not accomplish all quality requirements to enter in the market as a 

fruit, due to its size or skin colour. Its use as a bakery ingredient is a sustainable way to add value to the 

food chain. Apple flour is naturally GF and this cultivar, specifically presents good nutritional and 

functional profile, since offers the highest value of phenolic compounds, when compared with other 

commercial varieties. 4 In addition, the use of apple flour allows to remove white sugar from recipes, 

which is in accordance with the World Health Organization recommendations. The aim of this work was 

the development of a sweet GF bread with apple flour, to analyse its effect regarding nutritional, 

functional, technological and sensorial characteristics. Breads were prepared based in a GF formulation 

with buckwheat, sweet potato, and lupine flours, cinnamon and hydroxypropyl methyl cellulose – HPMC 

as thickening agent. Two levels of apple flour (17% and 23%) were tested. The results have demonstrated 

an increase of the bioactive compounds content, together with antioxidant activity with the addition of 

apple flour to GF bread, when compared with control. Additionally, apple flour has improved 

technological and sensorial characteristics. Furthermore, the pure apple flour samples revealed a high 

concentration of these compounds. In conclusion, apple flour seems to be an ingredient with a positive 

impact in GF bread quality in terms of nutrition, bioactivity and sensory properties. 
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Ginkgo biloba is one of the most popular botanicals used for medicinal purposes, being widely included 

as an ingredient in several herbals products, such as plant infusions and plant food supplements (PFS). 
1,2 Its main pharmacologically active compounds are flavonol glycosides and terpene trilactones 

(bilobalide and ginkgolides). 3,4 These phytochemicals are responsible for improving brain function and 

cognitive impairment in the elderly, having therapeutic action in peripheral circulatory minor illnesses. 
1,3,5 The rising demand for ginkgo herbal products makes them potential targets for economically 

motivated adulteration by fraudulent substitution with other plant species, such as Styphnolobium 

japonicum, which is also rich in flavonol glycosides. Therefore, this work intended to provide analytical 

tools for the identification and quantification of G. biloba and S. japonicum in ginkgo-containing foods, 

aiming at verifying labelling compliance and preventing potential frauds. 

For this purpose, two different quantitative real-time polymerase chain reaction (qPCR) approaches 

were developed targeting the internal transcribed spacer (ITS) markers of both species. The first qPCR 

method using a specific hydrolysis probe targeted the ITS1 region of G. biloba, 6 while the second qPCR 

targeted the ITS2 region of S. japonicum using Evagreen dye. 7 Both assays presented high specificity and 

sensitivity down to 0.02 pg of DNA of each species. The absence of cross-reactivity of the designed 

primers was confirmed by qualitative PCR using DNA of several plant species, namely close related ones. 

For the development and validation of both qPCR systems, model mixtures containing known amounts 

of G. biloba in C. sinensis or S. japonicum in G.biloba (50%, 10%, 5%, 1%, 0.5%, 0.1%, 0.05% and 0.01%, 

w/w) and blind mixtures (20%, 8%, 2% and 0.2%, w/w) were prepared. A normalised qPCR approach 

using the ∆Cq method was proposed for the effective quantification of ginkgo in herbal infusions. 6 For 

the identification/quantification of S. japonicum, a simple qPCR with Evagreen dye was established. 7 

The assays exhibited high-performance parameters with PCR efficiencies of 96.2% and 90.0%, correlation 

coefficients (R2) of 0.982 and 0.999 for both qPCR methods, respectively. The limits of detection (LOD) 

and quantification (LOQ) were 0.01% of G. biloba in Camellia sinensis, while for S. japonicum in G. biloba 

0.05% and 0.01% were established as LOD and LOQ, respectively, with dynamic ranges of 50−0.05% 

(Figure 1). 6,7  
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Figure 1. Real-time PCR amplification (A, C) and calibration (B, D) 
curves, using the binary mixtures of G. biloba in C. sinensis (A, B) 
and S. japonicum in G. biloba (C, D). 
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Both quantitative approaches were successfully validated with the respective blind mixtures, being 

effectively applied to authenticate commercial herbal infusions. The estimated ginkgo contents of mixed 

plant infusions suggest adulterations due to reduction or almost elimination of ginkgo. Regarding the 

quantification of ginkgo’s adulterant, S. japonicum was detected in one commercial sample, but below 

the LOQ (0.05%), thus suggesting a potential unintended contamination instead of an adulteration. 

Herein, powerful, robust and accurate qPCR tools were successfully proposed for the authentication and 
adulterant detection of ginkgo-containing herbal products, being potentially useful for control 
laboratories. 
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Current “sous-vide” technique is food cooked under partial vacuum inside the bag but atmospheric 

pressure outside  

This study aims at using a hermetic oven linked to a vacuum pump. Pressure inside the oven can 

decreased up to 10 kPa. The idea is to decrease pressure inside the oven while cooking. According to 

Perfect Gas law, as pressure decreases, the air volume trapped into a food foam rises. We then should 

obtain an expanded foam with new structure and texture. 

In this study, we focus on meringues that is a food foam model. The objective is to compare structural, 

microstructural, and textural properties of meringue’s Raw Preparation (sample called RP), Atmospheric 

Meringues (AM) cooked following Atmospheric Baking Process (ABP) at 101 kPa or Law-Pressure 

Meringue (LPM) cooked with Law-Pressure Baking Process (LPBP) at 71 kPa. 

To do that, we decided to characterize meringue structure and microstructure using X-ray 

microtomography. This method is non-destructive and provide high resolution images representing the 

complex structure with all details needed to quantify the porous structure. It is a well-known 

characterization in material science and was traditionally used for the analysis of bones.1,2 It is also used 

in food field to analyse microstructure of red lentil puffed snack;3 bubbles size dispersion in bread4-7 or 

noodle dough,8 microstructure of aerated chocolate, mousse, marshmallow and muffins.9 

To correlate microstructural parameters to mechanical properties, we decided to do compression tests, 

commonly used in porous material science. We obtain strain-stress curves giving mechanical parameters 

such as linear elasticity modulus Eapp (MPa), maximal stress σmax (MPa) and the absorbed energy while 

compression ω (mJ) as described by Gibson.10 

The general observation is that ABP involves structural modifications on AM compared to RP, and LPBP 

even more amplifies those variations on LPM. 

In fact, meringue and air volumes increasing by 73% and 102% respectively after ABP and, by 94% and 

145% after LPBP. 

However, they both involve a mass reduction by 40%. Porosities rises up from 80% for RP to 94% for 

both processes whereas densities are divided by almost 3 and 4 for ABP and LPBP respectively. Figure 1 

shows photography of the porous structure of ABP (left), the internal structure reconstituted by FIJI 

software from X-ray tomographic analysis (middle) and network thickness distribution calculated with 

BoneJ plugin. Those characterisations go from the macroscopic scale to the microscopic and give 

information on the internal structure of meringues. We did those measures for the three samples and 

notice significant differences on network thickness and pores diameters distribution according to 

pressure baking. Pores diameters increase considerably from 100 μm in RP up to 4.5mm in ABM. Huge 

pores appear in LPM with an 8mm maximal diameter. Network thickness increases also after both 

cooking processes following a Gaussian distribution centred on 100-150 μm for ABM and a thinner curve 

centred on 150-200 μm for LPM. Those structural and microstructural modifications can be  
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correlated with textural variations. In fact, LPBP involves a reduced linear elasticity modulus, maximal 

stress and absorbed energy during compression of LPM compared with AM. 

Thanks to LPBP process, we obtain meringues with different structure and different texture. We want to 

apply LPBP to other pastries products to diversify bakery ranges and provide new sensations to 

customers. 

 

Figure 1. Representation of ABM photography (left), reconstitution of core structure made by FIJI software where 

pores are coloured according to their diameter (middle) and network thickness distribution in the AM measured 

using BoneJ plugin (right). 
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Sweet cherry (Prunus avium L.) is a very well appreciated and consumed fruit, not only for its sweetness, 

smell, and fruity taste, but also for its visual attractiveness and recognized nutritional value. Sweet 

cherries are rich in sugars, phenolics, anthocyanins and melatonin. 1 Its consumption prevents the 

appearance of vascular diseases, cancer, diabetes and inflammatory diseases. 2 In 2019, the national 

production was 19130 ton. 3 The production is concentrated in two producing regions, one in the interior 

centre of the country, Fundão region, and the other in the north interior land, in the regions of Lamego-

Resende and Alfandega da Fé. Sweet cherry is a non-climacteric fruit with a reduced post-harvest period 

that requires low temperature around 0.5 °C and relative humidity around 90%. 4 The fruits are generally 

consumed in fresh as raw fruit. Nevertheless, the modern style of life looks for practical ways to present 

the fruits, generally in individual packages. Furthermore, in some cases, in the local market, there are no 

availability of cold storage, being the fruits preserved at room temperature, causing high percentages of 

decay in few days. Essential oils are recognized as possessing antioxidant and antimicrobial activities and 

could be used as food preservative among other applications in food industry.  

In this context, with this work we intended to study the effect of two essential oils, from sweet orange 

(Citrus sinensis cv. Late) and lavender (Lavanda angustifolia Mill.), on the post-harvest quality of sweet 

cherry, P. avium Cv. Summit. Plastic individual packages with 100 g of fruits were prepared, and in the 

top of the recipient, a filter paper of 1 cm2 of diameter was put. In each paper filter, 10 microliters of 

essential oil were added, being the control treated with distilled water. The packages were stored at 

room temperature. On each day, during seven consecutive days, the following parameters were 

evaluated for each treatment: colour, rupture force, elasticity, loss of weight, total soluble solids (TSS), 

titratable acidity, pH, and sensory evaluation. For each treatment and each day, three independent 

assays were made.  

In general, the results indicated that the treatments caused different effects on the cherries. The colour 

of the cherries changed along storage, acquiring brownish colour after 7 days. This effect was mainly 

observed in the fruits of the control and those submitted to the lavender essential oil (Figure 1). It was 

also with this essential oil, that the highest loss on the texture, measured by the rupture force, was 

observed. When comparing the rupture force measured after 7 days with the beginning, a decrease of 

39, 53 and 36% were determined for the control (without essential oil), lavender and orange essential 

oils, respectively. Similar trend was observed for elasticity, suggesting a softening effect by the lavender 

essential oil. Almost all situations, the loss of weight increased after 4 days. Concerning the TSS, the 

values oscillated along the storage time, without a definite trend, ranging the means between 11.3 and 

13.4  Brix. The titratable acidity was not affected by the treatments and the storage time, varying 

between 0.4 and 0.6 g malic acid/100 g fresh weight. Similar trend was observed for the pH (3.5 to 4.1). 

Concerning the sensory evaluation, the essential oils were detected by the panellists as a strange odour; 

however, the orange essential oil was more acceptable than the lavender. Furthermore, after 7 days, 

the damage intensity was higher in the control and lavender essential oil (Figure 1). 

In conclusion, the present work indicated that after four days at room temperature, the quality of the 

cherries was quite affected; however, the orange essential oil seems to delay these effects. 
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Figure 1. Visual aspect of the cherries subjected to the treatments – without essential oil (control), orange and 
lavender essential oils – at the beginning and after 7 days at room temperature. 
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In recent years, there has been a growing interest in studying and exploring the potential health benefits 

of foods, mainly from vegetables and fruits from regular intake. The presence of secondary metabolites, 

namely polyphenols, carotenoids and terpenes, in certain food matrices seems to contribute to their 

functional properties, expressed through an increased prevention in the development of certain chronic 

diseases namely coronary heart diseases, neurodegenerative diseases, cancer and diabetes. 1-3 However, 

some foods volatile secondary metabolites also present important bioactive properties, although being 

a field scientifically poorly explored. In this context, and in order to explore the potential bioactivity of 

volatile metabolites in different vegetables and fruits from regular consumption, its volatile composition 

was established using a green extraction technique, solid phase microextraction in headspace mode (HS-

SPME), combined with gas chromatography coupled to mass spectrometry (GC-MS). A total of 320 

volatile metabolites comprising 51 terpenic compounds, 45 organosulfur compounds, 31 aldehydes, 37 

esters, 29 ketones, 28 alcohols, 23 furanic compounds, 22 hydrocarbons, 19 benzene compounds, 13 

nitrogenous compounds, 9 carboxylic acids, 7 ethers, 4 halogenated compounds and 3 naphthalene 

derivatives, were positively identified. Each investigated fruit and vegetable showed a specific volatile 

metabolomic profile. The obtained results revealed that terpenic compounds, to which are associated 

antimicrobial, antioxidant, and anticancer activities, are the most predominant chemical family in 

beetroot (61%), orange carrot (58%) and white carrot (61%), while organosulfur compounds (antiviral 

activity) are dominant in onion, garlic and watercress. Broccoli and spinach are essentially constituted 

by alcohols and aldehydes (enzyme-inhibition and antimicrobial proper-ties), while fruits from 

Solanaceae family are characterized by esters, in tamarillo and aldehydes in tomato. These chemical 

compounds are responsible for the bioactive properties of numerous plants, such as antihypertensive, 

anti-inflammatory, antibacterial, anticancer properties, among others. These results showed the 

potential of a solvent-free and high-throughput extraction technique to establish the volatile 

metabolomic pattern of different fruits and vegetables allowing to establish its relationship with its 

bioactive activities. The knowledge of volatile composition is a valuable tool to improve the aroma 

quality and the nutritional value of the fruits and vegetables, as well as to identify which metabolites are 

biologically most important can be used for specific purposes as nutraceuticals.  
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Mountain olive growing activities protect landscapes and provide society with vital ecosystem services. 

However, mountain farming is not sufficiently competitive and resilient in the current socio-economic 

context production. Concerning this, a territorial label as “Mountain Olive Oils” was a strategy developed 

to overcome this issue within the scope of the Project “Valorisation and Promotion of Mountain Olive 

Oils” [https://azeitesdemontanha.pt/]. Traditional cultivars can introduce differentiation in olive oils as 

the current market trends values foods produced in non-intensive systems with specific geographical 

origins and consequently this can contribute to the olive farmer income.  

The International Olive Council and the European Community stablished several methods to control 

virgin olive oils and among them, fatty acid (FA) and triacyclglycerols (TAG) composition have a huge 

importance for authenticity evaluation. The present study aims to characterize olive oils produced from 

traditional cultivars from Beiras and Serra da Estrela Region. The olives, from eight cultivars, were picked 

in November, with different ripening index. Olive oil extraction was performed by Abencor system and 

virgin olive oils were evaluated by quality criteria, FA and TAG. FTIR-ATR spectra of virgin olive oils were 

performed to discriminate them by cultivar of origin. The results showed that some of the cultivars were 

incorrected named by the olive growers as fatty acid composition by GC-FID and triacylglycerol by HPLC-

RI showed. Discriminant analysis (DA) (Figure 1) applied to TAG composition showed to discriminate 

between samples, even for olive oils with very similar FA composition, like Galega and Passareira oils. 

 

Figure 1. Score plots of monovariety oils on the planes defined by the canonical roots 1 and 2 samples, after 
performing DA.  
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In the last few years, large efforts have been devoted to the development of pertinent mouse models 

harbouring the risk factors for human CD. Despite the advances that have been made so far and the valuable 

insights they provided regarding the complex immunological jigsaw of CD pathophysiology, modelling this 

complex multifactorial disease has proven to be a very challenging task, particularly when it comes to the 

remarkable resistance of mice to develop a celiac-like enteropathy. 1 This issue has been recently addressed 

by Mazzarella et al. (2014), who developed a mouse model of gliadin-specific enteropathy, based on the 

synergistic action of DQ8 expression and inhibition of intestinal cyclooxygenases (COXs). 2 In this model, 

indomethacin-treated DQ8 mice previously exhibited a basal inflammatory status and an oxidative stress 

condition in the small intestine, characterized by a reduction of villus height, increased crypt depth and 

increased number of lamina propria-activated macrophages. 3 No significant differences were observed 

among mice treated with the albumin and globulin fraction, which failed to generate any kind of mucosal 

damage or adaptive response. Here, DQ8 transgenic mice were used to exploit the health-promoting 

properties and applicability of dietary polyphenols as an alternative strategy to block gluten toxicity. Indeed, 

if one considers that in CD, oxidative stress mediates most of the cytotoxic effects induced by gliadin peptides 

on intestinal epithelial cells and that polyphenols are well-known inducers of the Keap1/Nrf2 system-

mediated antioxidant and detoxifying enzymes, their employment on a CD context could potentially provide 

clear health benefits and as such it deserves further research. 4 In addition to epigallocatechin gallate (EGCG), 

two polyphenol rich extracts were used: one obtained from the green tea leaves of Camellia Sinensis 

cultivated in Portugal and the other one from the seeds of a common grape vine, Vitis vinifera. Overall, this 

study provides the first in vivo evidence regarding the ability of 1 mg/day doses of green tea catechins and 

grape seed procyanidins to ameliorate some of the most characteristic histological changes of gliadin-treated 

DQ8 mice, including villus flattening, crypt hyperplasia, and infiltration of intraepithelial lymphocytes. 5 

Mechanistically, polyphenols were found to increase the intestinal nucleophilic tone of DQ8 mice by 

orchestrating an adaptive antioxidant response characterized by enhanced GSR enzyme activity and GSH 

content. Taken together, this work constitutes a highly relevant breakthrough as it provides the fundamental 

basis concerning the significance of natural polyphenols to be used in, for instance, the development of 

innovative functional foods aimed at CD individuals. 
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Every year the tomato industry produces tonnes of unripe tomatoes. This tomato is left in the fields after 

the process of harvesting the ripe tomato 1 (used for the production of pulps, sauces, juices, among other 

products) and subsequently destroyed, resulting in a large expenditure of resources and food waste.  

The presence of toxic compounds (e.g., glycoalkaloids solanine and tomatine) and other anti-nutritional 

compounds together with the lack of the typical tomato red colour, 2,3 are the main reasons for the non-

use of unripe tomato by the food industry. However, scientific studies have shown that the fermentation 

process improves the nutritional value of foods (reduction of anti-nutritional compounds); organoleptic 

properties; and gastrointestinal and metabolic health. 4 

The present research work is part of a National Project – GreenTASTE, has the main objective to add 

value to green tomatoes through a fermentation process. The transformation of this tomato into an 

intermediate product – fermented green tomato paste – will allow its use as a raw material for the 

production of innovative foods with higher nutritional value and health benefits. 

The fermentation process was carried out with different yeast species (Kluyveromyces marxianus and 

Pichia membranifaciens) in the absence and presence of salt – 0% NaCl (w/w) and 2% NaCl (w/w) – at 25 

⁰C. Over the fermentation time, the ability of the strains to ferment green tomato paste was assessed 

by cell viability analysis (CFU/mL), and the characteristics of the pastes were determined through 

physicochemical analyses: pH (potentiometer); ⁰Brix (refractometer); sugar consumption and 

metabolite production (HPLC – High performance liquid chromatography); colour (CIELab method); 

texture (TPA – Texture profile analysis) and linear viscoelastic behaviour and apparent viscosity (SAOS – 

Small amplitude oscillatory measurements). The results of these analyses show that the starter yeast and 

the salt concentration affect the physicochemical properties of fermented tomato pastes. 

Pastes fermented by K. marxianus presented a higher content of soluble solids (⁰Brix) and organic acids 

– citric and malic – (Figure 1); a lower firmness, adhesiveness and degree of internal structuring (lower 

values of storage modulus at 1 Hz (G’ 1 Hz), plateau modulus (G⁰N) and limit viscosity (0)); and a darker 

colour than pastes fermented by P. membranifaciens.  

As for salt concentration, significant changes were observed in the colour and rheological properties of 

the pastes. The fermentation performed by K. marxianus with 2% NaCl originated a paste with a stronger 

internal structure system (higher values of G’ 1 Hz, G⁰N and limit viscosity 0) and a darker colour, when 

compared to the same fermented paste without salt. The reverse situation was observed in pastes 

fermented by P. membranifaciens. The paste with 2% NaCl showed a lighter colour and a lower firmness 

and degree of internal structuring than the paste without salt. 

The results achieved in this work can be used for the production of fermented green tomato pastes, with 

different nutritional and physicochemical characteristics, according to the attributes desired by the food 

industry.  
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Figure 1. Chemical parameters (mean values of pH, ⁰Brix and organic acids) of green tomato pastes after 
fermentation process. (a) Chemical parameters of pastes fermented by different yeasts without salt (0% NaCl), (b) 
Chemical parameters of pastes fermented by different yeasts with salt (2% NaCl). Equal letters correspond to non-
significant differences in the T-test result (α = 0.05). 
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Introduction 

Boar taint can be described as an unpleasant odour in pig’s meat, mainly due to the presence of 

androstenone, a testicular steroid, and skatole. Skatole detection in pig’s backfat has been performed 

by a variety of chromatographic methods, however, to turn boar taint analysis more efficient, 

simultaneous determination of androstenone and skatole are mostly used. Skatole is formed from the 

amino acid L-tryptophan in the large intestine of pigs, being converted into indole-3-acetic acid, which is 

subsequently converted to skatole. 1 Although skatole levels are higher in entire males, it can also be 

found in castrated and gilts, albeit in smaller amounts. 2 It has been widely proven that introduction of 

functional ingredients such as beet pulp in finishing diets can lead to a reduction of skatole levels. 3 Some 

studies indicates that skatole is the main taint contributor when slaughter weights are low, 4 which is 

especially relevant when producers opt to sell sexually immature males in order to avoid the 

development of boar taint. 

Material and methods 

Seventy-two males (crossing female F1 Large White x Landrace with Pietrain boar) were divided into two 

groups of 35 animals (Group A and Group B). Fourteen days prior to slaughter, pigs were fed with the 

same commercial formula, with a supplementation of beet pulp in Group A, and they were slaughtered 

with 23 weeks of age. Adipose tissue from the backfat was collected from 71 carcasses (a pig from Group 

B was rejected). Samples were stored at -18 ºC until analysis. Sample preparation consisted in the 

extraction of liquid fat by solid-liquid separation after microwave heating (800 W, in two 1 min cycles). 

Analyte extraction from liquid fat was carried out with methanol after homogenization in ultrasonic bath 

(5 min at 35 oC), and separation by centrifugation (1220g, 10 min). A ThermoFisher UltiMate 3000 HPLC 

with a Hypersil ODS C18 5µ 250x4.6 mm column was used, operating at 40 oC. An isocratic gradient of 

0.1% acetic acid (45%) and acetonitrile (55%) at 2mL/min was used for elution, with a total time of 4 min. 

The native fluorescence of skatole was monitored by using an excitation wavelength of 285 nm and 

emission at 350 nm. External standard method was applied, and the linearity of analysis was studied 

using 9 standard solutions of skatole in methanol with concentrations ranging from 0.31 ng/g to 244.00 

ng/g, obtaining a correlation coefficient of >0.999. Limits of detection (LoD) and quantitation (LoQ) were 

calculated, obtaining values of 6.29 ng/g and 19.06 ng/g, respectively. 

Results and discussion 

Chromatographic separation of indolic compounds using the simple isocratic HPLC method was achieved 

(Figure 1). Skatole eluted at 3 min, making this method faster compared to similar studies, where the 

elution time of the analyte varied between 8.9 and 9.8 min. 4,5 
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Figure 1. Typical chromatogram of the samples. In red, the peak of skatole is represented, with an elution time of 
approximately 3 min. The largest peak on the left is assumed to be indole. 

 
Obtained results showed significant differences (p=0.002) in the skatole content between the analysed 

groups. Group A (fed with supplemented feed) had an average of 104.63 nanograms of skatole per gram 

of liquid fat, and Group B had an average of 200.65 ng/g (Table 1). 
 

Table 1. Skatole contents (nanograms per gram of liquid fat) of the groups under study. 

 Mean 
Standard 
deviation 

Median 
Coefficient of 
variation (%) 

Group A (n=36) 104.63 80.59 72.63 77.02 
Group B (n=35) 200.65 156.77 151.11 78.13 

p-value 0.002    

 

Typical sensorial cut-off values for skatole vary between 150 and 250 ng/g due to difficulties in 

harmonizing methods. 6 Group A skatole levels are below the values considered to be excessive. As a 

practical result, and from the consumer’s point of view regarding meat quality, feed supplementation is 

beneficial. Skatole contents in relatively young males, immunocastrates or in females can also be high, 7 

leading to the rejection of the carcass in the processing lines or even the risk of being rejected by 

consumers. 

Conclusions 

Feed supplementation with beet pulp significantly lowered skatole levels in pig’s fat. Supplementation 

in the last 14 days reduced skatole concentration to half when compared with group B. Also, a new HPLC 

method was tested, being less time-consuming and with a LoQ suitable for the usual skatole 

concentration range present in pigs. Feed supplementation should be considered as an alternative to 

the reduction of skatole levels at any slaughter age, promoting an organoleptic improvement and 

resulting in a superior meat quality. 
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Over the last decade, new natural chemicals of marine biodiversity, including microalgae, seaweed and 

crustaceans, have become increasingly sought for discovering novel bioactive chemicals. The uses of 

these novel natural compounds remain a long way to go since they need to be affordable and ecologically 

sustainable. 1,2 As a consequence of their large variety of bioactive compounds, macroalgae, have 

recently gained significant global interest, owing to their vast potential applications in food 

(nutraceutical), cosmetic (cosmeceutical) and pharmaceutical products. One of the problems related to 

seaweed consumption is the quality of the algal biomass and the necessary quantity to prevent 

environmental pressures of its growing demand. 1 Thus, the present work pretends to evaluate the 

phytochemical profile and bioactive activity of macroalgae harvested at two different points in the north 

of Portugal, namely: Osmundea pinnatifida, Mastocarpus stellatus, Codium spp., Chondrus crispus and 

Chondracanthus acicularis. Tests were carried out regarding the total content of minerals, fibers, fatty 

acids and proteins. Mastocarpus stellatus is the one with the highest fibre and total protein content, 

with approximately 40% and 22%, respectively. Regarding the total mineral content, the macroalgae 

Codium spp. and Osmundea pinnatifida, are those with the highest content with approximately 46% and 

37%, respectively. In general, the most abundant minerals are magnesium, calcium, sodium, and 

potassium. The results obtained show that the content of fatty acids in macroalgae varies between 1.4 

and 8.6 μg/g for Mastocarpus stellatus and Codium spp., respectively. The latter also has the highest 

content of polyunsaturated fatty acids, 0.9 μg/g. Of these fatty acids, linoleic acids and α-linolenic acid 

stand out. The location of the macroalgae collection was also found to influence the synthesis of fatty 

acids and therefore their final total content. These polyunsaturated fatty acids have an essential role in 

the good functioning of the human body with widespread applications, such as food and dietary 

supplements and pharmaceutical. The results obtained show the nutritional value of macroalgae with 

the presence of components that can positively promote health.  
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Polyphenols are abundant in the human diet due to widespread consumption of plant-derived food and 

beverage (e.g., red grapes, red wine, chocolate, tea and beer). 1 Throughout the years, these types of 

compounds have been repeatedly associated to anti-cancer, anti-degenerative, anti-oxidant properties 

and cardiovascular protection. 2 On the other hand, they have also been highly related to non-pleasant 

organoleptic sensory attributes such as astringency and bitterness of tannin-rich foodstuffs. 3 

Astringency is described as a tactile sensation of puckering, tightening and dryness in the oral cavity, 

commonly induced for by phenolic compounds. 4 One hypothesis for the different phenolic compounds 

to elicit astringency is the existence of diverse mechanisms inside the oral cavity that could rely on 

different interactions inside the oral cavity. In this study, the interaction of two mixtures of phenolic 

compounds, one rich in gallotannins (GT) and another rich in flavonols (FV) with two oral models (one 

with a tongue cell line, HSC3; another with a buccal mucosa cell line, TR146) was evaluated. These two 

families of phenolic compounds have been linked to different astringency mouthfeels. The results 

provided evidence that the GT and the FV studied seem to bind in a different way to the different oral 

constituents and models used. The overall interaction of GT mixture seems to be driven by salivary 

proteins while the overall interaction of FV seems to be driven by oral cells. GT mixture seems to bind 

more to the tongue than to the buccal mucosa cell line, but this difference is overcome by the presence 

of salivary proteins. On the other hand, for the FV mixture, the presence of salivary proteins seems to 

restrain the interaction with oral cell lines. Structure-binding activity relationships were evidenced within 

each mixture: for gallotannins, interactions seem to increase along with the galloylation degree while 

for flavonol it was observed that increasing number of glucose residues decreases the binding activity. 

In the end, the gathered results raise one possible hypothesis to support the different astringency 

mouthfeels elicited by the studied compounds: the oral interactions driven by salivary proteins could 

be more related to harsh, dry and puckering sensations while the interactions driven by tongue cell line 

could be more related to velvety and silky sensations. 
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This study is included in the project “A2F - Algae to Future”, supported by the Research Council of 

Norway, that addresses the potential of microalgae to produce high-quality proteins, polyunsaturated 

fatty acids, and low-carbon carbohydrates, as healthy ingredients for food in the future. It establishes a 

basis for the industrial production of microalgae in Norway, using natural resources and by-products 

from existing sources for agriculture, aquaculture, and processing industry.1 This project has the 

involvement of 26 international partners, including the University of Lisbon, that is responsible for the 

development of wheat breads and gluten-free (GF) breads with the incorporation of microalgae.2-3 

Consumption of gluten-free products, particularly bread, has increased considerably in recent years, 

which is not only due to the increase in celiac disease, but also to the increase in the number of 

consumers who have not been diagnosed with celiac disease, but are eliminating gluten from the diet. 

The substitution of gluten in bread-making is a challenge, as there is no raw material or ingredient 

capable of completely replacing gluten in terms of structural builder. 4 Hydrocolloids are often used as a 

thickening agent, binding water, and increasing the viscosity of the dough, for better volume, texture, 

and final bread quality.5 In this study, hydroxypropyl methylcellulose (HPMC) was used. 

Microalgae can be considered one of the most promising functional food sources, as they have the 

potential to be a sustainable solution for food, but there are still improvements to be made before 

microalgae become a regular source of food.6 They are exceptional protein resources with the potential 

to become a staple food for consumers across the planet, but these are very sensitive to changes in 

sensory characteristics (odour and flavour), inducing limitations in the level of microalgae incorporation.3  

In the present research, microalgae biomass was subjected to ethanol extraction to obtain less 

pronounced colours and flavours, with the purpose to increase consumer acceptance, and allowing an 

increase of the incorporation levels. 

The incorporation of microalgae in food can lead to changes in the rheology, texture, sensory properties, 

and in the nutritional composition.2-3 The objective of this study was to compare the impact of adding 

4% (w/w) of raw and ethanol treated Tetraselmis chuii, Nannochloropsis gaditana and Chlorella vulgaris, 

produced by A2F partners, in dough structure and technological aptitude, nutritional composition, and 

bioactivity of GF breads. 

The technological performance of the doughs was studied according to the rheological properties on the 

Microdough-Lab (torque, water absorption, development time, stability and softening) and on the 

rheometer (creep & recovery, and frequency sweep measurements). Firmness, colour, and the volume 

of the breads was also evaluated. The nutritional and chemical composition was evaluated based on the 

AOAC methods (proteins, lipids, carbohydrates, ashes, moisture, and minerals), and the bioactivity by 

determination of the total phenolic compounds (Folin-Ciocalteu), antioxidant activity (DPPH and FRAP) 

and pigments (chlorophyll-a, chlorophyll-b, and carotenoids). 
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For the sensory analysis, by an untrained panel of 33 consumers, only the control and GF breads with 

incorporation of Chlorella vulgaris (raw and ethanol treated) were tested since it is the only microalgae 

approved by the European Food Safety Authority (EFSA) for human consumption. 

The obtained results evidence that the treatment with ethanol is an interesting option to incorporate 

microalgae in food. This treatment allowed the production of GF breads with a more pleasant colour and 

aroma, and with improved sensory acceptance accompanied by an enriched nutritional composition. 

Improvements in terms of bread texture and volume were also observed. Microalgae pre-treatment with 

ethanol improves the GF breads sensory properties to a large extent. This finding indicates that ethanol 

treatment or similar aimed at elimination of ethanol soluble constituents and consequently enrichment 

of the algal proteins might be a feasible strategy for producing GF breads of high nutritional value with 

greater consumer acceptance. 
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Cardoon (Cynara cardunculus L.) belongs to the Asteraceae family and is native to the Mediterranean 

basin. It comprises three varieties: the wild cardoon or var. sylvestris, the domesticated cardoon (i.e., 

var. altilis DC.), and the globe artichoke (i.e., var. Scolymus). 1 This species is highly consumed for culinary 

and medicinal purposes in the Mediterranean countries, partly due to its attributed properties (e.g., 

choleretic, diuretic, hypocholesterolemic, hepatoprotective). It also has several industrial applications in 

different sectors (e.g., cheese manufacturing, pharmacy, production of bioenergy and biomass), which 

may contribute significantly to the economic valorisation of the species. Several studies refer to the 

influence that parameters such as the plant tissue, genetic information, and maturation stage may have 

on the phenolic compounds composition and, therefore, on its biological activities,1,2 so that its most 

efficient use is gaining attention. For this reason, the present work aims to valorise underused parts of 

cardoon and, simultaneously, evaluate the effect of harvesting time on the phenolic composition and 

biological potential of cardoon petioles. 

Cardoon petioles were collected in central Greece throughout the full growth cycle at sixteen harvest 

times (samples P1 – plant regrowth to P16 – plant senescence). The polyphenolic composition was 

analysed by HPLC-DAD-ESI/MS. The antioxidant activity was evaluated using two cell-based assays: 

thiobarbituric acid reactive substances (TBARS) formation inhibition and oxidative haemolysis inhibition 

(OxHLIA). The anti-inflammatory activity was determined through the extracts capacity to inhibit the 

pro-inflammatory mediator nitric oxide (NO) using a murine macrophage cell line (RAW 246.7). The 

cytotoxic potential was evaluated against four tumour cell lines (breast carcinoma – MCF-7; non-small 

cell lung cancer – NCI-H460; hepatocellular carcinoma – HepG2; cervical carcinoma – HeLa), and the 

hepatotoxicity was determined against a non-tumour cell line (PLP2) by the sulforhodamine B assay. 

Fifteen phenolic compounds (10 phenolic acids and 5 flavone/ol glycosides) were tentatively identified. 

5-O-Caffeoylquinic and cis 3,5-O-dicaffeoylquinic acids were the phenolic compounds present in the 

highest abundance in the studied stages of maturation. Samples at more advanced maturation stages 

presented the highest content in polyphenols (101 mg/g extract), and the highest capacity to inhibit the 

formation of TBARS (IC50 = 5.0 µg/mL). On the other hand, samples at intermediate maturation stages 

exhibited the highest cytotoxic and anti-inflammatory activities. Moreover, samples of immature 

petioles stood out with the highest effectiveness against oxidative haemolysis (IC50 = 65 and 180 µg/mL 

at Δt of 60 and 120 min, respectively). In conclusion, our results indicate a significant effect of harvesting 

time on bioactive properties and chemical composition of cardoon petioles. However, further studies 

are needed to correlate specific compounds with the biological properties demonstrated by cardoon 

petioles, as well to define the optimum harvesting time and the application of agronomic practices (e.g., 

irrigation, fertilization) for obtaining the highest bioactive potential.  
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The notable stalked barnacle (Pollicipes Pollicipes) collected in the Natural Reserve of Berlengas is a 

crustacean very appreciated by consumers that appreciates this fresh and natural type of food, with sui 

generis flavour and a considerable higher size compared to others from different coastal region of 

Portugal. The stalked barnacle fishing in the Natural Reserve of Berlengas is conditioned through the 

management and regulation defined as protected area. 1 The maximum daily quantity and minimum 

sizes allowed contributes to an economic loss due the inevitable catch of small crustaceans of low 

economic value, that are rejected and transformed in by-product and residue with the economic and 

environmental impact. In this sense, the creation of one step in the food chain of barnacle is required to 

valorise this very appreciated crustacean by the Society. Considering the use of low economical barnacle 

as main raw material for the pâté combined with the consumer request for food with less or without 

synthetic additive with preference in use natural preservative as antioxidant, the addition of blackberry 

to barnacle pâté emerged as a potential natural resource of antioxidants, during the development of PAS 

project. 

Phases of new food development such as (1) optimization of pâté formulation, (2) impact of preservation 

treatment on pâté quality and (3) evaluation of oxidative stability of barnacle pâté during refrigerated 

storage, were realized along PAS project to obtain the initial proposed product (Figure 1). Regarding the 

overall quality (colour, pH, texture), the bioactive composition (total phenolic content 2 and DPPH radical 

scavenging activity) 3 associated with oxidative stability (thiobarbituric acid reacting substances, TBARs) 
4 and also the microbiological load (total viable mesophilic5, psychotropic6 and Enterobacteriaceae), 7 

were performed in the pâté samples. For attending the relevance of add-value of blackberry, as bioactive 

rich ingredients in barnacle pâté formulation, two controls samples were considered, without and with 

synthetic additive, CTR and BHT, respectively. In the formulation optimization of barnacle pâté enriched 

with blackberries, two proportions of aqueous extracts of blackberries 8 were evaluated. Overall, the 

barnacle pâté enriched with blackberry was contributed to a decrease of luminosity leading to a slight 

darkening on product. Comparing the antioxidant capacity and oxidative stability of all pâté samples, the 

high-performance of blackberry rich in phenolic compounds, was remarkable as effective inhibitor of 

lipid oxidation in this pâté product compared with control sample. Moreover, the increase of TBARS 

index, in CTR samples, was significant (p<0.05) during storage compared to enriched pâté.  

In this study, a contribution in circular economy through the transformation of rejected stalked barnacle 

from Natural Reserve of Berlengas providing to Society an innovative and healthy pâté with nutritional, 

functional and economic add value to fisherman, will be achieved with the project, PAS - pâte of barnacle 

with blackberries. 
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Figure 1. Pâté of stalked barnacle collected in Berlengas naturally enriched with blackberry. 
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Olive oil is mostly obtained from different mixed olive cultivars, usually present in the same orchard. 

However, monocultivar olive oils have been increasing on the market. Furthermore, some olive oil 

producers blend monovarietal oils to attain desired chemical and organoleptic features. 1 The 

development of new products using natural compounds recovered from food by-products is challenging 

and an attempt to meet the consumers´ current demand for natural and ecological products/ingredients. 

At the same time, it reduces the environmental and economic burden related to by-products 

management. In olive oil processing, 80% corresponds to olive pomace, a major by-product, whereas 

20% is olive oil. 2 New strategies to valorise and recover bioactives from olive pomace are needed. 

This work aimed to assess the phenolics content and antioxidant activity [ferric reducing antioxidant 

power (FRAP) and 2,2-diphenyl-1-picrylhydrazyl radical (DPPH●) inhibition assays] 2 of 4 monocultivar 

olive pomaces (Arbosana, Koroneiki, Oliana and Arbequina) and 49 blends prepared with different 

percentages of each. In addition, possible additive, synergistic and antagonistic effects were studied. 

Olive pomaces were obtained from a two-phase extraction olive mill (Alentejo, Portugal) in the 

2017/2018 season. Samples were lyophilized and ground. Then, following a D-optimal mixture 

experimental design, the 4 pomaces were blended to obtain 49 mixtures. An extraction procedure was 

performed using an ethanol:water solution (80/20; v/v) (magnetic stirring; room temperature; 3h). 

Samples were filtered and extracts analysed (n=3). To assess the additive, synergistic and antagonistic 

effects, predicted values were calculated through the mathematical sum of the total phenolic contents 

and antioxidant capacity values obtained for the monocultivar olive pomaces. Experimental values 

determined for the combined samples were compared with the respective predicted ones. When 

significant differences (p<0.05) were found between experimental and predicted data, the effects were 

classified as synergistic or antagonistic (for positive or negative differences, respectively). When no 

significant differences (p>0.05) were observed between experimental and predicted data, the effect was 

classified as additive. 

Among the monocultivar pomaces, Koroneiki and Arbosana were the richest in total phenolics (15 mg 

GAE/g), followed by Arbequina and Oliana (10.7 and 8.7 mg GAE/g, respectively). Concerning the 

antioxidant activity, Koroneiki achieved the highest values assessed by FRAP and DPPH● inhibition assays 

(58.4 mg FSE/g and 20.0 mg TE/g, respectively). Regarding the FRAP assay, no significant differences 

were observed between Oliana (27.9 mg FSE/g) and Arbequina (32.0 mg FSE/g) samples.  

Considering all the samples analysed, blends 22, 41, and 45 can be highlighted as they presented higher 

amounts of total phenolics and higher antioxidant activity. These samples are mostly composed by 

Koroneiki pomace: blend 22) 90% Koroneiki, 4.75% Oliana, 3.75% Arbequina, 1.5% Arbosana; blend 41) 

65% Koroneiki, 29% Oliana, 3.25% Arbequina, 2.75% Arbosana; and blend 45) 85% Koroneiki, 8.75% 

Arbequina, 3.5% Arbosana, and 2.75% Oliana. Blend 45 presented 18.6 mg GAE/g of phenolics and the 

highest FRAP value (59.7 mg FSE/g). Blend 41, on the contrary, presented the lowest FRAP value (54.9 

mg FSE/g) and the highest value of phenolics (21.2 mg GAE/g). The sample with 65% Koroneiki pomace 

(blend 41) demonstrated the highest antioxidant capacity evaluated by the DPPH● inhibition assay. It is 

important to notice that besides phenolics, several other compounds are present in pomaces (e.g., 

vitamin E) that can also contribute to their antioxidant activity.  
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Most of the interactions were synergistic regarding total phenolics (32 samples) and FRAP values (28 

samples) and additive for DPPH● inhibition (28 samples). In general, very few antagonistic interactions 

were observed. 

In sum, these combinations can be advantageous compared to the individual use of monocultivar 

pomaces, presenting a higher potential to be used by food industry as functional ingredients or for 

bioactive compounds extraction, having in view the obtention of natural preservatives or to be 

nutritional food enhancers.  
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In the Southern countries of Europe, sheep milk is almost exclusively used for the manufacture of cheese 

in traditional dairies. The high soluble protein content of the resulting cheese whey, about twice of the 

one from bovine whey 1 allows its recovery in the production of “requeijão”, through thermal 

precipitation of whey proteins. However, this process is not very efficient because whey proteins and 

other valuable components are still lost in the second whey generated during that process. 2 To enhance 

the yield of production of traditional “requeijão”, contributing to a better recovery of its components, 

this research involved the production of whey cheeses using liquid whey protein concentrates obtained 

from membrane separation, namely ultrafiltration. The process conditions for the ultrafiltration of sheep 

cheese whey were optimized in previous works. 3,4 Therefore, this study aims: (i)To recover the protein 

fraction by ultrafiltration (UF) and use liquid whey protein concentrates for producing whey cheeses 

from sheep cheese whey, at different volume concentration factors (VCF), from 1.5 to 4.0; (ii) To study 

the influence of VCF on yields and recovery rates of the several components analysed. (iii) To assess the 

influence of the VCF on physicochemical composition and texture of whey cheeses produced. (iv) To 

compare the quality of whey cheeses obtained with that of traditional “requeijão”. Comparing with 

traditional “requeijão”, we observed that using liquid whey protein concentrates (LWPC) from UF led to 

higher yields, proportional to the VCF used and to a better recovery of all the components. The higher 

protein content and lower fat concentration in these products can contribute to enhance its nutritive 

value. However, in relation to texture properties, it was observed that whey cheeses were harder, more 

cohesive and with lower adhesiveness and therefore they should be further submitted to sensorial 

analysis to study its acceptability.  
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Food safety analysis is crucial in reducing food pollution damage and can effectively prevent food 

contamination to protect people's health. Thus, it has become a hot topic in analysis fields, although 

many difficulties and challenges still exist in its development. Therefore, to guarantee appropriate food 

safety and enforce regulations, efficient, cost-effective, and sensitive analytical methods are needed. 

Most contaminants exist at trace levels, and direct detection using available instruments is impossible. 

The complex composition of the food samples has motivated researchers to pay increased attention to 

the development of novel sample pretreatment technique. It is imperative to enrich targets, suppresses 

sample matrix interference, ensures the accuracy of results, etc. The present study aims to bring 

together several applications to develop and validate a reliable and high-throughput analytical approach 

to analyse several pesticides and flame retardants in berry-fruit samples. New trends for sample 

preparation regarding materials in nanoscale (magnetic nanoparticles and graphene-type sorbents) for 

dispersive solid-phase extraction techniques will be presented. The nanomaterials exhibited good 

adsorption capability to pigment and other coextractives in the selected samples without analytes' loss 

compared with other sorbents. The new “nano” sorbents were successfully applied for extraction and 

determination of organophosphorus pesticides and brominated flame retardants in blueberry, 

strawberry, raspberry, 1,2 and Capsicum Cultivars. 3 
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Milk protein concentrates (MPC) are often used as technological ingredients in an uncounted number of 

processed food products, aiming at improving their aspect, taste and texture, as well as their nutritional 

value. However, milk can be a source of allergenic proteins triggering adverse reactions in 

sensitised/allergic individuals after its ingestion. 1 Food processing can induce several structural 

modifications on milk allergens, leading to the destruction or formation of new epitopes. These 

alterations can have an impact on the potential allergenicity of milk proteins, which can be further 

affected by gastroduodenal digestion. 1,2 Therefore, the aim of this work is to evaluate the effect of 

autoclaving and gastroduodenal digestion on the IgE-binding capacity of milk proteins used as 

technological ingredients in processed meat products. 3 

For this purpose, model mixtures of turkey sausages were prepared by the addition of 10% of MPC and 

further submitted to autoclaving (121 ºC, 15 min), followed by in vitro gastroduodenal digestion. 4 The 

protein profiles of raw and autoclaved sausages, before and after digestion, were analysed by SDS-PAGE. 

Peptides originated after digestion were identified by liquid chromatography coupled to tandem mass 

spectrometry (LC-MS/MS). IgE-binding capacity were evaluated by immunoblotting using sera from milk 

allergic patients followed by bioinformatic analysis in order to screen epitope linear sequences surviving 

to the digestion process. SDS-PAGE results demonstrate that autoclaving contributes to a high 

fragmentation of milk proteins (more accentuated in whey proteins), promoting their accessibility to the 

proteolytic enzymes involved in the human gastroduodenal digestion. In fact, all milk proteins were 

almost completely digested since most of the bands analysed by LC-MS/MS were identified as a mixture 

of digestive enzymes. The high thermal/pressure conditions of autoclaving combined with the enzymatic 

hydrolysis from simulated gastroduodenal digestion promote a significant fragmentation of milk 

proteins, down to low-molecular-weight peptides (≤10 kDa). These peptides were identified by LC-

MS/MS as belonging to caseins, suggesting that they are more resistant to digestion than whey proteins, 

which were completely degraded after digestion. β-Casein (Bos d 11) seems to be less affected by 

proteolytic enzymes, showing a higher number of peptides after simulated in vitro digestion (Table 1). 

Immunoblotting carried out with sera from milk allergic patients confirmed that autoclaving deeply 

affects the IgE-binding capacity of milk proteins, with a complete loss of IgE-reactivity in whey proteins. 

After simulated digestion, no IgE-binding capacity was observed for any milk proteins, fact that was also 

supported by LC-MS/MS and Immune Epitope database (IEDB) results. Accordingly, the IEDB portal 

indicated the presence of only a partial match with epitopic sequences that survived the proteolytic 

process and the absence of any intact IgE-reactive epitopes of milk proteins. In this work, important 

findings were achieved by the application of autoclaving as a strategy to reduce milk protein 

immunoreactivity and potentially producing hypoallergenic formulas of milk-derived foods. 
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Table 1. Summary of proteins identified by LC-MS/MS analysis and software-based identification in raw (SMPC10) 
and autoclaved (PSMPC10) model sausages after gastroduodenal digestion. 

Sample Accession Description Coverage Peptides (Unique) PSMa Score MWb [kDa] 

SMC10-Dig 

P02666 β-casein OSc = Bos taurus  58.04 21 (14) 660 106.64 25.1 

P02668 k-casein OS = Bos taurus  32.11 5 (1) 55 5.42 21.3 

P02662 αS1-casein OS = Bos taurus  41.59 2 (2) 103 4.23 24.5 

PSMC10-Dig 

P02666 β-casein OS = Bos taurus  62.95 18 (11) 814 108.87 25.1 

P02668 k-casein OS = Bos taurus  34.21 4 (2) 59 3.84 21.3 

P02662 αS1-casein OS = Bos taurus  59.81 2 (2) 164 2.63 24.5 
aPSM, peptide spectrum matches; bMW, molecular weight; cOS, organism source. 
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Food and feed contamination is a major threat to food/feed security and safety. Among the different 
natural contaminants that can occur, mycotoxins have generated growing concern due to the seriously 
adverse effects on plants, animals and humans, and the consequent agricultural and economic losses, 
illness or even loss of animal and human life. Mycotoxins are secondary metabolites produced by several 
fungi, mostly of the Aspergillus, Penicillium, Fusarium and Alternaria genera, which can occur in a wide 
range of products. They are tasteless, invisible and resistant to the current standards of food/feed 
processing. A large number of these compounds has already been identified, aflatoxins (AFs) standing 
out for their high toxicity. AFs produce a wide variety of acute and chronic toxic effects, such as 
carcinogenic, hepatotoxic and immunological suppression. Also, Ochratoxin A (OTA) is a mycotoxin well 
known for its toxicity and potential carcinogenicity. Hence, the occurrence of mycotoxins is a serious 
problem that requires monitoring and the adoption of measures to prevent the entry in the commercial 
circuit of products contaminated at levels considered unsafe.1,2 Thus, to protect the consumer’s health, 
European legislation has established for some food matrices maximum levels of contamination by 
mycotoxins. 3 However, some products — as is the case of Salicornia — remain unstudied.2 
Salicornia L. is a genus of annual halophytes, with reduced leaves and succulent stems, which resemble 
green asparagus. Owing to their extreme tolerance to salt and, to a lesser extent, drought, Salicornia 
spp. are used as food, feed and source of biomaterials in many parts of the globe. Due to its remarkable 
nutritional and functional value, Salicornia has, in recent years, become popular in Europe, particularly 
as a salt substitute. 5 This increased interest in Salicornia follows the consumers' trend for healthy, or 
even organic, food from unpolluted natural environments. However, despite the benefits associated 
with a greater consumer awareness of the importance of a healthier diet, and those resulting from the 
valorisation of this natural resource, food safety aspects need to be considered. So far, the level of threat 
posed by mycotoxins contamination in Salicornia is unknown.2 
Hence this study, which aimed to screen the contamination by fungi and mycotoxins — Aflatoxins (AFs) 
(B1, B2, G1 and G2) and Ochratoxin A (OTA) — in Salicornia samples from the Portuguese market. The 
fungi isolation was performed by direct plating. For the simultaneous determination of AFs and OTA in 
Salicornia, an Ultra-High Performance Liquid Chromatography combined with Time-of-Flight Mass 
Spectrometry (UHPLC-ToF-MS) method was developed. A two-step extraction with acetonitrile 80% (v/v) 
was applied. The separation, detection and quantification were performed with a Nexera X2 Shimadzu 
UHPLC coupled with an AB Sciex triple 5600+ ToF-MS detector equipped with an electrospray ionisation 
source operated in positive mode. The analytes were separated on a Zorbax Eclipse Plus C18 (1.8 µm, 50 
x 2.1 mm) analytical column. The mobile phase was a gradient of 0.1% formic acid in water (A) and 
acetonitrile (B).2 The method was validated in accordance with the criteria of the European Commission 
Regulation (EC) no. 401/2006.4 The limits of detection (LODs) were 0.5 µg/kg for AFB1, AFB2 and AFG1, 
2 µg/kg for AFG2, and 3 µg/kg for OTA. The limits of quantification (LOQs) were 1 µg/kg for AFB1, AFB2 
and AFG1, 3 µg/kg for AFG2, and 4.5 µg/kg for OTA. Good results were achieved for repeatability (RSDr 
≤ 19%), reproducibility (RSDR ≤ 13.2%) and recovery (77.9–108.4%, except for AFB2, in which case, when 
fortified at 3, 8, and 16 µg/kg, only at 3 µg/kg presented a recovery of 116%). The method was 
successfully applied to 15 samples, proving to be an excellent tool for the routine monitoring of AFs and 
OTA in Salicornia. 2 
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As for the occurrence of potentially toxigenic fungi, Aspergillus spp. and Penicillium sp. were isolated in 
several samples. High levels of contamination by AFs were found (>5 µg/Kg of AFB1 and >10 µg/Kg for 
the sum B1, B2, G1 and G2). OTA was not detected. Altogether, the results bring to light an urgent need 
to introduce mitigation and control measures, as well as legal limits concerning the occurrence of AFs in 
Salicornia, to protect the consumer’s health and to help producers sell a high-quality product. Some 
important mitigation strategies include an appropriate choice of harvesting time and the control of 
humidity and temperature throughout transport and storage. 2 
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The rapid and progressive increase of global population and growing demands for food, intensifies the 

pressure on natural resources. Microalgae may be used as a sustainable protein source in feed, with 

reduced environmental impacts, by comparison to soybean meal currently used in broiler diet and 

imported from outside the EU at very high cost. 1,2 The unicellular green microalga Chlorella vulgaris, 

contains high levels of protein, amino and fatty acids. Previous studies with broilers indicated that the 

addition of this microalgae to feeds improves animal performance and meat quality traits. 3-5 The aim of 

this study was to evaluate how the incorporation of various levels of Chlorella vulgaris in broiler chicken 

feed affects the meat chemical and mineral composition, fatty acid and pigments content. A total of 240 

male Ross 308 broiler one-day old chicks were randomly assigned to one of the following four dietary 

treatments: 1) control diet (corn and soybean meal-basal diet); 2) basal diet + 10% C. vulgaris; 3) basal 

diet + 15% C. vulgaris; and 4) basal diet + 20% C. vulgaris. At the age of 42 days, birds were slaughtered, 

and breast muscle (Pectoralis major) samples were collected. Nutritional and mineral composition, 

pigment content and fatty acid profile were determined. The inclusion of 15 and 20% of C. vulgaris 

resulted in a significant increase of protein and ash, while moisture remained unchanged. Regarding fat 

content, the breast muscle from broilers fed 15% of C. vulgaris had the lowest amount of fat, while the 

control contained the highest fat content. 

Moreover, the inclusion of 10, 15 and 20% C. vulgaris in broiler diets resulted in breast iron increase by 

8, 45 and 33%, respectively, by comparison to controls, reaching an iron content similar to those of red 

meats. According to the European Food Safety Authority (EFSA) for mineral intake recommendations 6 

for adult males and premenopausal females, the consumption of 100g of broiler breast muscle fed 10, 

15 and 20% C. vulgaris can cover approximately 19, 26 and 24% of daily iron demand, respectively. The 

microalgae supplementation also significantly increased the calcium content and lowered the sodium 

level in the muscle. As far as pigment content, the addition of C. vulgaris, significantly increased the total 

carotenoids, chlorophyll a and b levels in all experimental groups, compared to the control. The 

chlorophylls increase was dose dependent, and was highest in group fed 20% C. vulgaris, followed by 

15% and 10% C. vulgaris, while total carotenoid content was highest in the group fed 15% and 20% C. 

vulgaris and five-fold higher than in the control. Regarding the fatty acid profiles, the inclusion of C. 

vulgaris in broiler diets resulted in a linear increase of SFA and decrease in PUFA, but PUFA/SFA ratio 

remained within nutritional recommendations. In addition, C. vulgaris supplementation increased total 

omega 3 fatty acids and decreased the amount of omega 6 fatty acids causing the n6/n3 ratio to decrease 

up to seven times (CV-20%), in comparison to the control group. Considering that in humans, the 

conversion of large amounts of alpha linoleic acid (ALA) from food to essential fatty acids 

eicosapentaenoic (EPA) and docosahexaenoic (DHA) acids is very limited, the consumption of foods with 

high long-chain omega-3 fatty acids contents is the only wat to assure their adequate intake. According 

to the EFSA, daily intake for EPA (20:5n-3) and DHA (C22: 6n-3), based on cardiovascular risk  
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considerations, should be between 250 and 500 mg/day for adult. 7 The addition of C. vulgaris causes a 

significant increase of both fatty acids. Thus, although marine food products are the most important 

sources of EPA and DHA, the addition of C. vulgaris to broiler feeds can be a good strategy to increase 

these fatty acids multiple times in broiler meat and contribute to a higher total intake of omega-3 fatty 

acids. 
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Bio-based products will play an increasingly important role in the transition towards a green and circular 

economy that will reduce fossil-based products consumption. 1 

The European Project “BeonNat” aims at developing different bio-based products from underutilised 

shrubs and trees, which will be used as raw-materials for the bio-based industries. Within this scope, 

Cupressus sempervirens L. and Rosmarinus officinalis L. were selected for evaluation. In this work, the 

essential oil of C. sempervirens (common cypress) and R. officinalis (rosemary) cultivated in Spain, were 

characterized for their chemical composition and potential biological properties. The assessment of 

antioxidant, antimicrobial, cytotoxic and anti-inflammatory properties of the essential oils were 

evaluated. The GC-MS analysis enabled the identification of 85% of total compounds in common cypress 

and 94% in rosemary. The major compounds were α-pinene, 3-carene, cedrol, limonene and terpinolene 

for C. sempervirens and α-pinene, 1,8-cineole, camphor, camphene and β-myrcene for R. officinalis 

essential oils. From a qualitative point of view, the obtained results are in good agreement with the data 

available from the literature, considering the genetics and environment variations that may occur. 2,3 

Both samples showed antibacterial activity against a panel of bacteria selected according to their 

importance in public health, highlighting R. officinalis that revealed the strongest activity for Escherichia 

coli, Klebsiella pneumoniae, Morganella morganii, Pseudomonas aeruginosa, Enterococcus faecalis, 

Listeria monocytogenes and methicillin resistant Staphylococcus aureus. Concerning the antioxidant 

activity, reducing power and cellular antioxidant assays were performed. The cypress essential oil 

presented an EC50 value of 1.518±0.004 mg/mL using reducing power assay and a % of oxidation 

inhibition of 73% with cellular antioxidant assay, while rosemary essential oil showed an EC50 value of 

3.12±0.01 mg/mL using reducing power assay and 84 % of oxidation inhibition according to cellular 

antioxidant assay, evidencing that both samples revealed capacity to inhibit the oxidation process. The 

tested essential oils showed anti-inflammatory (IC50 value of 11±1 μg/mL and 20±1 μg/mL for C. 

sempervirens and R. officinalis, respectively) and cytotoxic activity, with best results being obtained for 

C. sempervirens essential oil on the inhibition of breast, MCF-7, (GI50 value of 62±6 μg/mL) and lung 

cancer, NCI-H460, (GI50 value of 14±1 μg/mL) cell lines. After screening the essential oils for their 

bioactivities, the results revealed that essential oils from common cypress and rosemary are a potential 

and natural source of bioactive substances to use in food, cosmetic and medicinal industry, encouraging 

the valorisation of underexplored resources. 
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The genus Camellia is an extensive group of plants that includes more than 250 species, among which 

Camellia sinensis, Camellia oleifera are the most used species in foodstuff applications. C. sinensis is used 

mainly to make tea and C oleifera is used for the production of essential oils. In addition, C. japonica is 

one of the most widely cultivated variety of camellia is, from which 3000 different varieties have been 

described with similar compositions. 1 Up to now, their main uses are as ornamental plant mainly 

because the absent of aroma. However, it has been shown that the petals of C. japonica have a high 

medicinal and cosmetic potential, due to their high content of phenolic compounds, 2 opening the 

possibility of new applications in the nutraceutical industry. In this study, it was investigated the possible 

use of camellia flowers collected in southern Galicia in the functional food industry. The assessment was 

performed based on their chemical characterization, as well as in their antimicrobial, antidegenerative 

and antidepressant activities. The results suggest the C. japonica extracts obtained under this study could 

be applied in the preparation of functional foods and as preservatives so that it is worthy to consider this 

specie not only as an ornamental plant but also for culinary purposes. 
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The increased demand for low-calorie foods such as dairy products has gained special attention. In this 

context, the food processing industry has led to cut down on ingredients such as fat and sugar, 

originating some important changes in sensory characteristics that influence consumer acceptance of 

fermented dairy products. 

Replacing synthetic ingredients with natural ingredients is also a recognized strategy for promoting 

consumer health. Natural sweeteners such as honey, stevia, xylitol and agave syrup are in these 

categories, presenting themselves as promising ingredients for sucrose or synthetic sweeteners 

replacement. The reduction of fat in dairy products has a strong impact on its textural properties, 

especially on the perception of smoothness. A possible strategy to overcome this problem is to increase 

of total solids content by adding milk proteins (e.g., casein or whey proteins). 

This work presents information about the technical characteristics of the more widely used natural 

sweeteners and the possibility of their application in low-fat yoghurts with different levels of protein, 

comparing them to their counterparts with sucrose. 

Low-fat, low-protein yoghurts (Figure 1A) with ca. 3% protein and 1% fat were produced using different 

sweeteners: sucrose (6% w/w); agave syrup (4.5% w/w) and stevia (0.03% w/w). The total solids content 

of these formulations varied between ca. 9.5 % (stevia), 12% (agave syrup) and 14.5 % (sucrose). In 

addition, to evaluate the effect of high total solids and protein content on yoghurt texture, a second trial 

was performed. Low-fat and high-protein yoghurts were produced (Figure 1B).  

 
Figure 1. Gross composition of low-fat low-protein (A) and low-fat high-protein (B) yoghurts with different natural 
sweeteners compared to sucrose. (D.M.- dry matter). 
 

These yoghurts, with 4.5-6.5 % protein and 1% fat were produced with the addition of sucrose (6% w/w), 

xylitol (6% w/w), honey (6% w/w) and stevia (0.03% w/w). In these formulations total solids varied 

between ca. 15 % (stevia), 19 % (honey) and 21% (xylitol and sucrose). pH and titratable acidity, 

CIEL*a*b* colour parameters, syneresis index and texture profile of the low-fat yoghurts were evaluated 

during 21 days of refrigerated storage. All products underwent sensory evaluation by an untrained 30-

member panel. Significant differences (p < 0.05) were found regarding pH and titratable acidity, both 

between formulations and storage time. Colour parameters also differed among yoghurt samples (p <  
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0.05). Low-fat high-protein yoghurts had significantly lower syneresis indexes when compared to low-

fat low-protein yoghurts (Figure 2). In the case of stevia as a sweetener, even using higher protein 

content, syneresis indexes still show the highest values. Xylitol and honey decreased syneresis compared 

to sucrose. At low-protein levels, the influence of natural sweeteners (agave and stevia) against sucrose 

was not observed in relation to syneresis. 

 

Figure 2. Syneresis index of low-fat low-protein (A) and low-fat high-protein (B) yoghurts with different natural 
sweeteners compared to sucrose. 
 

The texture profile analysis also showed significant differences (p < 0.05) among products and over 

storage. The sensory scores obtained by the products of each trial (Figure 3) were similar, but the low-

fat high-protein yoghurts obtained higher scores when compared to low-fat low-protein yoghurts. 

 

Figure 3. Sensory scores of low-fat low-protein (A) and low-fat high-protein (B) yoghurts with different natural 
sweeteners compared to sucrose. 

It can be concluded that the different sweeteners tested did not significantly affect most of the sensory 

properties of yoghurts being promising natural and functional sucrose substitutes, contributing to 

improve the nutritional value of yoghurts. In order to improve consumer preference for yogurt, 

overcoming the lack of fat, it is recommended to increase the content of total solids and proteins in the 

formulations, regardless of the sweetener used. 
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Astringency is a sensation of dryness, tightening and puckering in oral cavity, linked to consumption of 

plant-based food and beverages. 1 Despite being described as unpleasant, in some matrices it is desired 

in a balanced way, such as wine or tea. Phenolic compounds (PC) are the main constituents responsible 

for the unpalatability of these matrices and it have been proved that its consumption has beneficial 

properties. 2 It is known that astringency is linked to salivary proteins (SP) precipitation by PC, however 

it is not the only mechanism behind this complex organoleptic sensation. Some astringent compounds 

do not precipitate SP and the interaction of PC with other oral constituents has already been 

demonstrated. 3-4 The main challenge in the study of organoleptic sensations is to mimic the environment 

of the oral cavity. In an approach more realistic of mechanisms behind astringency, oral cell-based 

models including mucin, oral epithelial cells and mucosal pellicle have been used. 5 Furthermore, 

generally in vitro studies on the interaction of PC and the different oral constituents, the successive 

exposure that occurs in the consumption of (astringent) foods and beverages is not taken into account. 

However, the perception of the second stimulus may be influenced by the changes caused by the 

previous one. Thus, this work is focused on understanding the effect of two repeated exposures may 

have on the astringency perception. By the interaction of a green tea extract, rich in flavanols, with oral 

cell-based models was analysed: a) how phenolic compounds bound in successive exposures, b) possible 

differences between exposures, c) the behaviour of different flavanols, d) how saliva stimulation can 

affect the interaction between PC and oral constituents.  

The results suggested that there is a greater interaction of PC in the model with all oral constituents 

considered (mucin, epithelial cells, mucosal pellicle, and SP). There seems to be a tendency for the 2nd 

exposure stimulated salivary flow to have a higher PC connection than for the 1st exposure or 2nd 

exposure non-stimulated salivary flow. Furthermore, the chemical structure of the flavanols seems to 

influence the linkage with the different oral constituents. And it also shows that different families of SP 

may be involved in different stages of the development of astringency.  
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Colorectal cancer (CRC) is among the leading causes of mortality and morbidity throughout the world.1 

Virgin olive oil (VOO), highly present in the Mediterranean diet, is associated with the reduction of the 

incidence and prevalence of CRC.2 In fact, hydroxytyrosol (HT), the major phenolic constituent of VOO, 

is reported to possess biological effects towards cancer prevention.3 However, the molecular 

mechanisms underlying the protective action of HT on CRC are still unclear, as well as its effect on cancer 

stem cell subpopulation.  The aim of this study was to evaluate the effect of HT in inhibiting cell 

proliferation and targeting cancer stemness on a 3D cell model of colorectal cancer. 

Experiments were performed using our previously developed 3D cell model composed by HT29 cell 

spheroids growing in stirred culture conditions that best recapitulates the in vivo tumour behaviour.4-6 

The effect of HT in inhibiting cell proliferation and cancer stemness was evaluated using cell viability 

assays, ALDH1 activity, CFU assays and gene expression analysis. Metabolomic and transcriptomic 

studies are being performed to elucidate the effect of VOO compounds on cancer cells, as well as 

invasion experiments to study the effect of HT against metastasis. 

Results revealed that HT inhibited cancer cell proliferation after 72h of incubation, allowing a half 

maximal effective concentration value (EC50) of 3930 µM. Furthermore, HT was capable of targeting 

cancer stemness by reducing ALDH+ cells (reductions of 13% and 39% for 200 µM and 600 µM, 

respectively) and totally inhibiting colony formation at concentrations above 50 µM. Gene expression 

analysis indicated that HT led to a slight reduction of the expression of markers related to stemness 

(NANOG, OCT4), Epithelial to Mesenchymal Transition (VIM, TGFβ1), Sonic Hedgehog Pathway (GLI1, 

PTCH1) and proliferation (CCNA2). The stability and metabolic fate of HT in cancer cells was also 

evaluated by targeted metabolomics, and the metabolites identified in supernatant were tyrosol 

acetate, homovanillic alcohol glucoronide, homovanillic alcohol sulfate, HT sulfate conjugate and HT 

glucuronide conjugate, among others. 

This work intends to contribute for the clarification of the molecular mechanism in which HT is involved 

and that may be responsible for its anticancer effect. Furthermore, the knowledge generated herein will 

provide relevant information towards the design of human intervention studies for cancer treatment. 
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Today there is a high demand for milk substitutes other than soy beverages for several matters, ranging 

from health to ethic and sustainability reasons. However, plant-based current offers are essentially poor 

in protein content (less than 1.5% against the 3.5% in milk). One possible solution could be the use of 

pulses with high seed protein content. Although their beany flavour may hamper their acceptance, this 

can be easily mitigated or overcome by current processing technology, which also enhances digestibility 

and beverage nutritional quality. 

Our goal was to evaluate the impact that processing has on the maintenance of a) nutritional 

characteristics of beverages, b) improved digestibility and c) specific bioactivities found in pulses such as 

inhibition of gelatinolytic enzymes involved in cancer and inflammation. 

Two different pulse seeds (Lupinus albus L. and Cicer arietinum L.) were used to produce beverages with 

10% (w/v) of total dry seeds. Seeds were soaked and cooked and liquids discarded, milled into very small 

particles and coarsely sieved (Figure 1). To overcome starch gelatinization in the chickpea beverage, two 

enzymes were used during beverage production and viscosity was measured. All beverages were 

submitted to static in vitro digestion1 and analysed physicochemically: protein, carbohydrates, total 

starch, glucose, minerals, glycaemic index, phytic acid and lectin. Lupin and chickpea beverages were 

further submitted to the DQ gelatinolytic activity assay and zymographic analysis, in order to test their 

inhibitory activity against MMP-9. ANOVA was used to assess significant differences between samples 

at a significance level of 95% (p < 0.05). 

Chickpea-based beverages showed a protein content around 3.6% (w/v) and lupin beverage 4.7% (w/v). 

The starch hydrolysis of chickpea beverage with both enzymes showed a small increase on glycaemic 

index (51.3% compared to 50%). The lupin beverage presented the lowest glycaemic index (42.6%) and 

the lowest starch content (0.08% w/v). The presence of phytates may reduce the bioavailability of 

minerals by complexing them and rendering them insoluble at the physiological pH of the intestine, 

however, the beverage´s fabrication process allowed phytate’s release and elution into discarded 

soaking and cooking waters. 

The comparison between protein and phytic acid results for the beverages and respective digesta, 

showed a decrease for every sample, as expected, demonstrating that the lowest beverage contents of 

phytic acid did not inhibit the digestive enzymes during static digestion, nor influenced protein 

digestibility. The digestion of proteins was evidenced by electrophoresis; however, the differentiation of 

low molecular mass peptides (<10 kDa) was difficult to obtain, thus demonstrating their high digestibility. 

The good bioaccessibility of the produced peptides (peptides in digesta/protein content) during the in 

vitro digestion have been evidenced for all beverages: from 53.1% for lupin beverage, to 82.8% for 

chickpea beverage with amyloglucosidase. The lowest protein bioaccessibility observed in lupin-based 

beverage may be due to its simpler matrix complexity comparing to the chickpea ones, richer in sugars 

and starch, allowing the digestive proteases to access lupin proteins easier and so increasing the 

proteolysis efficiency.  

The existing low phytic acid contents on all digesta (from 0.061 to 0.064%) did not interfere in mineral 

digestion, as divalent cations showed bioaccessibility after the in vitro digestion (Ca 7.9 to 27.5%; Mg 9.9  
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to 21.3%; Fe 10.7 to 39%; Zn 0 to 30.2%). Adding to that, the higher values of mineral bioaccessibility 

were evidenced in sodium, from 14.6% in chickpea with alpha-amylase to 95.3% in lupin. Significantly 

higher mineral contents in digesta were found in lupin and chickpea with alpha-amylase and 

amyloglucosidase. These values can be explained respectively, by the intrinsic mineral richness of lupin 

variety when compared to the chickpea used, and by the enzymes effect on matrix macromolecules 

through hydrolysis, which increased the release of minerals.  

In conclusion, results suggest that pulse beverages are as good sources of protein as cow milk and 

presented low-glycaemic index. There was evidence of protein hydrolysis by in vitro digestion and 

bioavailability of minerals. It was also shown that both phytic acid and lectins did not inhibited digestive 

enzymes. In addition, besides being highly digestible, lupin and chickpea beverage evidenced anti-

inflammatory and anti-carcinogenic potential. 2 
 

 
Figure 1: Beverage´s production procedure. 
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During wine aging in bottle, cork stopper has as main function to ensure a good seal and to prevent 

leakage or any wine deterioration. However, it is known that cork is not an inert material, and its 

permeability allows for small amounts of oxygen to pass through the cork, helping the wine to age 

gradually.1-2 Similarly to wine, cork has extractable constituents that include polyphenols, aliphatic and 

terpenic compounds that can be easily extracted using aqueous and organic solvents.3-5 It was 

demonstrated that when cork is in contact with an aqueous solution of ethanol, such as in the case of 

wines, phenolic compounds can migrate from cork into the wine solution. 6 

Bearing this, the aim of this work was to evaluate the influence of storage localization (two different 

cellars: cellar A and B) in the preservation of the quality of Port wines, by studying the physical-chemical 

features evolution of a red Port wine stored over a period of 44 months closed with natural cork stoppers 

(Flor, 49*24 mm), maintained in the different storage position (horizontal vs vertical). In Cellar A, with 

air conditioning, allowed more homogeneous temperature and humidity values. The B wine cellar has 

greater variations in temperature and humidity as well as variations within the time of the year. 

Furthermore, in cellar A, some bottles were stored in vertical position and others on horizontal position. 

This work also had the purpose of trying to find compounds that could arise from the interaction of cork 

with wine. For the wine industry, it is important to understand if there are differences in the storage 

position and if the controlled temperature and humidity bring advantages or disadvantages for the 

evolution of the wine. 

The physical-chemical characterization of Port Wines was performed at 6, 15, and 44 months. The main 

results indicate that bottle storage in vertical position, in Cellar A, have a lowest tannin specific activity 

and dialysis index, suggesting a less complex and less astringent structure. Additionally, for the first time, 

an ellagitannin-derived compound (Corklin) was detected in wines stored in horizontal position, which 

results from the extraction and interaction of the compounds present in cork with those present in 

wines.  
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The increasing interest in natural foods with functional effects requires ever-higher levels of production. 

Dried fruits are an example of this, since they are a relevant source of bioactive constituents. Almond 

[Prunus dulcis (Miller) D.A. Webb] is one of the most popular nuts in the world, standing out in the first 

place in what production level concern. 1,2 The benefits of including this nut in the human diet are partly 

related to its content on monounsaturated fatty acids (MUFA), particularly oleic acid, and 

polyunsaturated fatty acids (PUFA), namely linoleic acid, tocopherols (e.g., α-tocopherol) and 

phytosterols (e.g., β-sitosterol). 3,4 Nonetheless, the high production levels generates a global concern 

towards an agriculture less harmful to the environment, which raises the need for ecological alternatives 

to the use of conventional fertilizers and pesticides.5,6 Plant biostimulants, a class of bio-based 

agriculture products designed to improve crop development, might be used in agricultural fields to 

replace or reduce chemical fertilizers. In the study reported herein, different plant biostimulants 

compatible with organic farming (Fitoalgas Green®, a seaweed extract of Ascophyllum nodosum, Sprint 

Plus®, an amino acid-rich foliar spray, and Tradebor®, a boron fertilizer for soil and foliar application) 

were tested on almond orchards of the NE of Portugal. After field-treatments and collection, the nut 

samples were analysed for their nutritional value, fatty acids profile and tocopherols content. 

The nutritional evaluation showed that almond nut is mainly composed of fat (around 55% on a fresh 

weight basis), which reached maximum values in the untreated control, with slight differences resulting 

from using different plant biostimulants. For protein levels, values close to 15 g/100 g fw were obtained. 

Ash and water, the minor components, showed minimal variations, each representing about 3 g/100 g 

fw. In what concerns energy, the maximal value (669 kcal/100 g fw) was obtained in the control 

treatment. 

Sucrose was the only identified soluble sugar, with an average content of approximately 12 g/100 g fw. 

Tradebor treatments induced a higher sucrose content (13 g/100 g fw). As a general rule, low levels of 

monosaccharides (fructose and glucose, for example) in nuts serve as an indicator of the good storage 

conditions of the products.7 

Regarding fatty acids, oleic acid (C18: 1n9c) was the predominant one (close to 70%), and its content 

remained almost unchanged in almond despite using different plant biostimulants. The lack of significant 

changes in almond was also observed for linoleic acid (C18:2n6c), which was detected up to 16%. The 

following fatty acids were palmitic acid (C16:0), with percentages close to 8.5%, and stearic acid (C18: 

0), with values of approximately 2%. Other fatty acids were detected in trace percentages (total sum was 

less than 2%): myristic acid (C14:0), palmitoleic acid (C16:1), marginal acid (C17:0), α- linolenic (C18:3n3), 

eicosanoic acid (C20:0) and eicosenoic acid (C20:1), but without significant differences between fertilizer 

treatments. 

As in most foods with high-fat content, the concentration of tocopherols was elevated: average values 

of 50 mg/100 g fw, which is in agreement with previous reports. 8,9 Considering the concentration in total  
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tocopherols, Fitoalgas Green® induced an increase of around 10% (50 to 55 mg/100 g fw), mainly due to 

the rise in α-tocopherol and γ- tocopherol. Nonetheless, all other assayed biostimulants had the opposite 

effect. Overall, the most notorious effects in almond samples were obtained with Fitoalgas Green®, 

particularly reflected in the upraising around 10% of γ-tocopherol and β-tocopherol contents. 

Due to the high levels of α-tocopherol in almonds, consuming these products, besides being enjoyable, 

may also have important benefits because they can significantly increase the levels of dietary vitamin 

E.10  

These results are important to help selecting the best plant biostimulant to be applied to increase the 

expression of a specific bioactive compound, adding greater commercial value to these products and 

enabling a potential application in functional foods. 
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Nowadays, the link between diet and health is growing very steeply. Although the major role of diet is 
to provide nutrients to satisfy metabolic requirements, the use of foods to boost health and the state of 
well-being is an idea well accepted by society. 
Many scientific publications evaluated the potential of microalgae for being used as ingredients in the 
manufacture of food products such as baked goods. 1-3 This strategy makes sense as microalgae biomass 
are rich in compounds, such as proteins, long-chain polyunsaturated fatty acids, minerals, pigments, and 
phenolic, as well as other bioactive molecules.4-5 This work aimed to evaluate the impact of the addition 
of four types of Chlorella vulgaris (C. vulgaris) biomass and one mixture of C. vulgaris and two macroalgae 
biomass (Ulva rigida and Fucus vesiculosus) to couscous, on the nutritional profile, bioactivity, in vitro 
starch digestibility and sensory analysis. 
The different types of C. vulgaris (organic (dark green), smooth (light green), yellow, and white) and 
algaessence® (the micro and macro algae blend) biomass were produced by Allmicroalgae (Portugal) and 
derived from either autotrophic or heterotrophic culture processes and differ in pigmentation and 
biochemical composition. Couscous batches were hand-made according to a traditional procedure 
practiced in most Tunisian cities and algae biomass were incorporated in couscous recipe at a rate of 6% 
(w/w, semolina basis). However, the manufacturing diagram steps had to be adapted to include the 
additional ingredient (Figure 1) and thus, several preliminary assays were conducted to select the 
adequate moment for the enrichment without altering the product itself. 
The different culturing methods applied to C. vulgaris biomass had an impact on the appearance and 
bioactive compounds of the couscous. A significant colour change was recorded in dough and cooked 
couscous. This was caused by the presence of pigment in algae biomass, which turned into more intense 
green-yellow tonalities. All algae biomass included in the couscous recipe increased (P < 0.05) the 
phenolic and carotenoid compounds and the antioxidant activity compared to control couscous. Algae-
containing couscous presented higher (P< 0.05) protein content and a 100% increase in iron and calcium 
contents, fully meeting Reg. EC 1924/2006 requirements for nutrition claims made on foodstuffs. 
According to the above-mentioned regulation, the amount of protein and iron found in functional 
couscous permits, in some cases, the assertion of the nutrition claims “Source of protein” and “High in 
iron”. In which concern the fatty acid profile, a particular increase in linolenic acid (18:3 ω-3) and a 
decrease in ω-3/ω-6 ratio was determined in the algae-containing couscous. Only a few papers studied 
the in vitro digestibility (IVD) of algae-based foods.4To our knowledge, no literature is available regarding 
IVD of algae-containing couscous. Considering the 6% level of addition and comparing with control 
couscous, a reduction of around 11% in the glycaemic response of supplemented couscous was achieved, 
resulting in low ((GI) ≤ 55) and intermediate index level ((GI) 55–69). The sensory analysis was conducted 
using a nine hedonic scale for the different sensory attributes of couscous samples while Principal 
Component Analysis was carried out to achieve a better understanding of the relationship between the 
attributes within the same sample. On the whole, the flavour and the colour were the most influential 
attributes for global appreciation. 
It is noteworthy that there were differences in all the assessed parameters, not only compared to control 
couscous but also between the supplemented ones, which resulted from the different algae  
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compositions. Overall, this innovative approach showed that algae-containing couscous enriched at the 
6% (w/w) concentration presented the added advantage of having an improved nutritional value using 
algae as a "trendy" and a sustainable food ingredient.  
 
 
 

 

 

 

 

 

 

 

 

Figure 1: Schematic representation of couscous manufacturing according to the Tunisian traditional procedure. 
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Salt is the primary source of sodium and increased consumption of this nutrient is associated with 
hypertension and increased risk of heart disease and stroke. The recommendation of World Health 
Organization is to consume less than 5g of salt per day1. 
A growing interest in halophyte plants, namely in Sarcocornia perennis, and food products containing 
this type of ingredient have been observed, in order to reduce the NaCl daily intake. It has high 
nutritional value in terms of natural minerals, including magnesium, sodium, calcium, iron and 
potassium, but also in dietary fibre and many bioactive compounds like phytosterols, polysaccharides 
and phenolic compounds2.  
The diversified and high content of bioactive compounds of halophyte plants makes them very promising 
ingredients for food industry. Therefore, it would be interesting to use them to redesign and produce 
innovative food products with functional and healthy properties3. 
The demand for healthy snacks is growing as consumers are increasingly looking for tasty, nutritional, 
and sustainable foods to respond to their active way of life4. 
The aim of this project is to use S. perennis as a food ingredient in crackers to replace the salt (NaCl) and 
to evaluate its impact on physical properties (texture, accessed by a Texturometer and colour using a 
colorimeter), water activity, nutritional composition (based in the AOAC methods and DUMAS for 
protein content), mineral profile (ICP-OES), total phenolic compounds (Folin Ciocalteu method), 
antioxidant activity (FRAP and DPPH method) and sensory evaluation. 
Crackers samples were prepared according to the following control formulation (w/w): 62% wheat flour 
T55, 1% salt (NaCl), 8.5% vegetable oil and 28.5% distilled water. Concentrations of powder dried5 S. 
perennis from 1 to 10% were tested replacing the initial salt content and adjusting the flour 
incorporation. For all incorporation levels, crackers with an appealing appearance were obtained. 
However, incorporations higher than 10% no longer allowed the lamination operation from the snacks 
production. 
 

 
 
Figure 1. Crackers with incorporation of Sarcocornia perennis (Sp) from 1 to 10% (wt/wt) and the control, with 1% 
of NaCl. 
 

The incorporation of dried S. perennis powder in crackers induces a significant decrease of hardness and 
simultaneously, an increase in crispness, as well as a darkening of the samples, with an increase in the 
green component, expressed by a decrease of L* and a* values.  
In terms of nutritional composition, the incorporation of the halophyte plant promoted the 
improvement of the snack’s nutritional profile, namely in terms of minerals and antioxidants. Snacks  
 

Control 1% Sp 2% Sp 3% Sp 5% Sp 10% Sp 
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with 5% of S. perennis were well accepted by the panellists; this level should be the limit of incorporation 
as determined by sensory evaluation. 
In conclusion, it was verified that the use of S. perennis can be considered a promising salt substitute in 
bakery goods, contributing simultaneously to a nutritional improvement of the products. 
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Pineapple (Ananas comosus [L.] Merr.) is one of the most consumed tropical fruits worldwide and 

appreciated not only for its nutritional properties, but also for its beneficial effects on the human body.1 

However, only the pulp of this fruit is consumed, thus generating annually tons of waste and, 

consequently, an inefficiency in the use of natural resources and economic losses for the agri-food 

sector.2 Thus, this study aimed to characterize the pineapple peel and crown and to extract bioactive 

compounds, aiming to apply the most promising extract in a pastry product as a natural ingredient to 

validate its potential for application in the food industry. 

A heat-assisted hydroethanolic extraction was performed to recover phenolic compounds subsequently 

identified and quantified by high-performance liquid chromatography coupled with a diode array 

detector and electrospray ionization mass spectrometry (HPLC-DAD-ESI/MS). Twenty phenolic 

compounds were identified in both peel and crown extracts, among them, phenolic acids and flavonoids. 

The main detected compounds were caffeic acid derivatives, namely caffeine putrescine and flavones 

such as apigenin 6,8-C-diglucoside. The antioxidant activity of the extracts was tested through two in 

vitro tests: the lipid peroxidation inhibition assay (TBARS) and the oxidative haemolysis inhibition assay 

(OxHLIA). The antiproliferative activity of both extracts was evaluated in tumour and non-tumour cell 

lines using the sulforhodamine B method, and the anti-inflammatory activity in lipopolysaccharide-

activated RAW 264.7 macrophages by the ability to inhibit NO production. The analyses showed that 

both extracts had an excellent performance in the cell-based antioxidant activity assays, highlighting the 

lower IC50 values and consequently greater activity for the peel extract. The same trend was seen in the 

tests of antiproliferative activity, with none of the extracts showing toxicity up to the maximum 

concentration tested (GI50 > 400 µg/mL). 

Although both extracts have bioactivity, the peel extract showed antioxidant and antimicrobial activity 

superior to that of the crown extract, so it was selected for incorporation in a typical Portuguese pastry 

product, the so-called “súplicas”. The effect of incorporating the natural ingredient on the chemical and 

nutritional composition as well as on the bioactive properties of the developed pastry product was 

evaluated over 7 days and compared with the product traditionally made. 

This study confirms the potential application of pineapple bio-waste, especially the peel, in the food 

industry as a source of compounds with bioactive properties, contributing to the valorisation of this low-

cost natural resource. 
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Due to low price, convenience, and high sensory quality, beef burgers are widely consumed worldwide. 

However, because of their excessive content in saturated fatty acids, they have been related to an 

increased incidence of cardiovascular diseases.1 To produce healthier burgers, it is necessary to reduce 

their fat content and modify their fatty acid profile. However, reducing and replacing saturated fats by 

unsaturated ones may decrease the oxidative stability and the sensory quality (taste, aroma and 

juiciness) of the product. Thus, the challenge of the meat industry is to find viable alternative to decrease 

the fat level and provide a healthier lipid profile in their products without damage their oxidative 

stability, and their technological and sensory quality.  

The effect of bovine backfat replacement by oleogels containing pork skin and olive oil on the oxidative 

stability, physicochemical, technological, nutritional, and sensory parameters of burgers was evaluated. 

Four different hamburger (H) batches were manufactured: with 90% of lean beef and 10% of bovine 

backfat (control, HC) and with the 10% of bovine backfat replaced by pork skin/water/virgin olive oil 

(HVOO), stripped olive oil added of an olive leaf extract (HSOOE) or stripped olive oil (HSOO) oleogels, at 

20 : 60 : 20 ratio. 

A fat reduction to 80% and an improvement of the fatty acid profile were achieved in the reformulated 

burgers. Although some differences regarding appearance, colour and fat perception among raw burgers 

were observed, after processing at 180 ºC, hardness, chewiness, colour, taste and odour and the overall 

acceptability were high and comparable to control. The 4 different batches were oxidative stable during 

7 days at 4 ºC. After 90 days of storage at -20 ºC under vacuum, only HSOO showed some level of 

oxidation. Apparently, the antioxidant content in the virgin olive oil or in the olive leaf phenolic extract 

used in the manufacture of oleogels was able to prevent oxidation in HVOO and HSOOE samples. 

Therefore, the new burgers produced with oleogel presented a significant nutritional improvement 

(higher contend in proteins, lower contend in lipids and higher percentage in unsaturated lipids) without 

significantly changing the organoleptic characteristics. Moreover, olive oil polyphenols were able to 

maintain the burgers oxidative stability during all storage periods. 
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Table olives are key ingredients in the Mediterranean diet and have gained relevance as fermented fruits 
– with a 40 % increase of production in Europe over the last decade1. Owing to their poor sweetness and 
high bitterness, fermentation is indispensable to make table olives edible. Spontaneous fermentations 
are carried out by native microorganisms from the local environment that contaminate the original raw 
materials, or else contributed by processing equipment2. They have been applied in food preservation 
for hundreds of years and are still in use in small-scale fermentation in developing countries and specific 
regions. The final quality of the fermented product is consequently dependent on the type and load of 
adventitious microbiota; the adventitious microflora is indeed not always efficient, controllable, or 
predictable, and may even be destroyed by heat treatments or the like3,4. Standardized starter cultures 
are thus in order; however, they are far from being routinely utilized in table olive fermentations. Tailor-
designed starter cultures may bring about several technological advantages – namely in debittering 
olives, decreasing brine pH, and improving consistency and sensory treats, all of which are expected to 
better meet consumers’ expectations5,6. The most prominent strains in this regard are Lactobacillus 
plantarum and Lactobacillus pentosus; they are effective at viable numbers above 105–106 CFU.mL-1 7. 
Lactobacillus plantarum strain ASF13, isolated by our group from table olive brines during artisanal 
manufacture in Alto Douro region, was selected owing to its prominent technological and probiotic 

potential. A 2𝐼𝑉
6−2 fractional factorial design permitted simultaneous testing of six growth parameters, at 

the expense of a relatively small number of experimental trials (see Table 1). Fermentation was carried 
out in a 7 L-bioreactor (FMT series, Fermentec) (see Fig. 1), with a working volume of 3 L of mMRS.  

 

 

 

 

 

 

 

 

 

Figure 1: Bioreactor 

experimental setting. 

 
 

It was first autoclaved together with pH and DO sensors (Mettler-Toledo); 2.7 L of sterilized medium (121 
ºC, 20 minutes) was then poured thereinto, under aseptic conditions. Culture pH was initially adjusted 
to 6.0 for the 16 main runs, and either kept constant or left free; whereas it was adjusted and maintained 
at 5.3 for the centre points runs, using 4 M NaOH or 2 M HCl (as appropriate). Temperature (T), stirring 
rate (S.R.), degree of aeration (D.A.) and pH were controlled via software (HMI Touch PC Type Lab Scale 
Fermenter system, Fermentec). The fermentation medium was inoculated with 10 %(v/v) of seed culture 
(300 mL), under aseptic conditions, aiming at an initial OD600 of ca. 0.05. Each fermentation batch was 
carried out for 6 hr, as a compromise between collecting greater amounts of biomass and avoidance of 
stationary/death phase. Confirmation of relevant effects, as well as validation and fitness of coded and 
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actual equations were performed via software Design-Expert (Stat-Ease Inc., v. 11). Hypothesis tests, 
using IBM SPSS Statistics v.26 package, were used to compare changes in biomass viability during 
storage, and percent of biomass obtained with either 5 or 10 % sucrose protective medium. Our results 
have proven that the maximum specific growth rate is a good response indicator when screening for 
variables affecting biomass growth, and in attempts to find their optimum values. D.A., T, and interaction 
of T×NaCl were found significant within the range selected; our model (adventitious) strain grows better 
under anaerobic conditions, at higher temperatures, and in the absence of salt. 
 
Table 1 – 26-2

IV
 Fractional factorial design used to ascertain the effect of six fermentation parameters, A 

– F, upon biomass growth of Lactobacillus plantarum AFS13. 
Run # Design order Glu (g.L-1) NaCl (g.L-1) pH T (ºC) S.R. (rpm) D.A. (%pO2) µmax (h-1) 

16 1 15 0 4.6 30 100 0 0.302 
5 2 30 0 4.6 30 300 0 0.268 
1 3 15 20 4.6 30 300 100 0.244 
7 4 30 20 4.6 30 100 100 0.245 

13 5 15 0 6.0 30 300 100 0.237 
14 6 30 0 6.0 30 100 100 0.219 
6 7 15 20 6.0 30 100 0 0.299 

17 8 30 20 6.0 30 300 0 0.276 
12 9 15 0 4.6 37 100 100 0.296 
3 10 30 0 4.6 37 300 100 0.301 
9 11 15 20 4.6 37 300 0 0.338 
2 12 30 20 4.6 37 100 0 0.331 

18 13 15 0 6.0 37 300 0 0.334 
4 14 30 0 6.0 37 100 0 0.356 

10 15 15 20 6.0 37 100 100 0.277 
19 16 30 20 6.0 37 300 100 0.262 
8 17 22.5 10 5.3 33.5 200 50 0.296 

15 18 22.5 10 5.3 33.5 200 50 0.289 
11 19 22.5 10 5.3 33.5 200 50 0.283 

 
Economic criteria were used to set the best values for the remaining (statistically not significant) 
parameters: pH 4.6, 100 rpm, and 15 g Glu.L-1. Maximum growth rate, 0.356 h-1, was attained under 
anaerobic conditions, at 37˚C, and in the absence of NaCl; ca. 9 log (CFU.mL-1) was reached by 6 hr. 
Finally, it was not possible to draw conclusions on the quantitative effect of a freeze protectant upon 
preservation performance – owing to the (acceptable) small loss of biomass viability over the 4 mo-
storage period tested.  
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The recent development and growth of the gluten-free (GF) market has focused research to overcome 

the technology challenge of gluten removal from bakery products. Despite the considerable advances in 

research, the nutritional value and healthy properties focus was somehow left behind. Facing the needs 

of celiac people, bioactive ingredients should be added to produce nutritionally enriched GF-breads, 

improving digestibility and health impact1. 

Dairy products (DP) are currently used in the baking industry for their nutritional and functional benefits, 

and this can be an approach to enhance bioactive and digestible properties in GF baking products. 

Gluten-free breads (GFB), in this study, were supplemented with fresh yoghurt (Yg) and curd cheese (Cc) 

(10 and 20% w/w), and the impact on glycaemic index (GI) and on prohealth properties including 

antioxidant activity (AA) and anti-inflammatory properties (AIP) were investigated. 

GI was estimated applying the in vitro digestibility procedure earlier described2;3. The AA of GFB was 

evaluated using the DPPH (2,2-diphenyl-1-picryl-hydrazyl-hydrate, mg·g−1 ascorbic acid equivalent-AAE) 

and FRAP (ferric ion reducing antioxidant power, mg·g−1 AAE) methods. The total phenolic content (TPC- 

mg·g−1 gallic acid equivalents- GAE), was also evaluated. AIP was assessed by evaluating the potential to 

inhibit gelatinase MMP-9 activity, a matrix metalloprotease associated with inflammation and cancer 

development, using a standard gelatinolytic activity assay.  

Based on the results obtained for the different methods applied, positive impacts were registered for 

higher level (20%) of both DP tested. In terms of in vitro digestibility, a reduction on GI, of around 20% 

for Yg bread and 35% for Cc bread, was observed and GFB classified as intermediate-low (GI: 55-69) GI, 

compared to high GI control bread (CB) (GI: >70). AA of GFB was also enhanced by both DP additions, 

from DPPH and FRAP assays, respectively: compared to CB (24.0 mg. g-1 AAE and 9.30 mg. g-1 AAE), the 

addition of Yg (57.0 mg. g-1 AAE and 15.0 mg. g-1 AAE) and Cc (40.5 mg. g-1 AAE and 15.4 mg. g-1 AAE), 

led to an increase on bread bioactivity. In line are the results of TPC, varying from 7.9 mg·g−1 GAE for 

CB, to 11.0 mg·g−1 GAE for Yg20%, and 13.31 mg·g−1 GAE in Cc20%. Significant inhibition of MMP-9 

activities was found for CB, Yg20% and Cc20%, suggesting potential anti-inflammatory and anticancer 

bioactivities. Future work will involve the evaluation of its impact on cancer cell migration, using the 

wound healing assay, to confirm a possible anticancer activity by MMP-9 inhibition4. 

 

 

mailto:isabelsousa@isa.ulisboa.pt


 

212 
 

 

 

 

 

In short, from the results obtained it we can infer that the addition of Yg and Cc can be used as health 

promoting processing method, since it reduced the GI and enhanced the GFB bioactivity whilst improving 

its potential anti-inflammatory activity. 

 

 

Figure 3: Effect of gluten-free bread extracts on the proteolytic activity of MMP-9 after 60 min of incubation time: Yoghurt (Yg), 

curd cheese (Cc), control Bread (CB), and bread enriched with 20% (w/w) yoghurt (YgB20%) or curd cheese (CcB20%). The 

control (C+) does not inhibit MMP-9. MMP-9 activities were expressed by relative fluorescence as a control percentage 

(averages of at least 3 replicates). Different letters indicate significant differences (p < 0.05), between three replicate 

experiments (n = 3) ± standard deviation of fresh bread. 
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The increasing interest of consumers for innovative, diverse, healthy and flavourful foods is an 

opportunity for the development of innovative products, that are in line with the recent food trends. 

Fermented foods, combined with the cultural and economic importance of using local crops, can help 

to meet the new tendencies of consumers. Amazake is a traditional Japanese fermented product 

prepared from rice and is usually consumed as a hot beverage and as dessert or used as a sweetener1. 

The use of the enzymes produced by Aspergillus spp. fungi inoculated in the form of rice koji, promotes 

enzymatic hydrolysis of starch and proteins present in the rice, resulting in a more nutritious food 

product1.   

Following the eastern knowledge of Amazake production, a new fermented product was developed, 

using Portuguese chestnuts. The chestnut used is a by-product of the chestnut processing industry, 

corresponding to low-calibre fruits without commercial value. Thus, it is a by-product of this value chain, 

so the innovative Amazake developed is clearly associated with sustainability. Also, since the time for 

chestnut consumption is short, due to conservation issues, and mostly associated with tradition, there 

is interest in the development of new forms of consumption, that increase the product shelf-life2.  

The fermentation contributes to a decline of anti-nutritional factors, while increasing digestibility and 

aims to provide healthier and more nutritive ways for chestnut consumption.   

Production of two different Amazake varieties was tested, using as inoculum rice koji (traditionally used) 

or chestnut koji. The Amazake evolution was followed during 24 hours for both products and compared 

in terms of chemical composition (nutritional evaluation, using general AOAC methods, DNS 

quantification of reducing sugars and Bradford method for free protein), texture (Texture Profile 

Analysis – TPA) and linear viscoelastic behaviour (small amplitude oscillatory shear measurements - 

SAOS). An increase in the free sugar and protein content was observed for both rice and chestnut koji 

Amazake varieties (Figure 1), with evolution of the products to darker colours. A decrease in texture 

parameters was observed with a higher decrease in firmness after 24 hours (16.52 N to 2.88 N) for 

Amazake from rice koji compared to chestnut koji (9.19 N to 3.47 N). This behaviour should be a 

consequence of the different composition and type of starch present in the chestnut and rice flour3.  

 

 Figure 1: Increase of free sugar and free protein during Chestnut Amazake production, using chestnut koji (CH) or rice koji 

(CHR) as inoculum.  
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From 15 to 24 hours low variations were observed in the texture parameters. Viscoelastic moduli (G’ 

and G’’) also decreased after 24 hours, reflecting a reduction in the structure degree for all Amazake. 

This results from the hydrolysis of macromolecules, promoted by the enzymatic activity, which implies 

a reduction in the ability to build-up structured systems. However, this reduction is associated to an 

increase in digestibility and the formation of compounds responsible for a characteristic aroma, with a 

positive sensory impact4.  

Chestnut can be an innovative alternative to rice Amazake, with healthy promising characteristics, 

contributing to add value to the chestnut chain. These products can be used to prepare sweet beverages 

or can replace refined sugars through incorporation in products as sweet snacks and cookies. This is an 

important feature taking into account the high demanded of sugar sources alternative to saccharose.  

  
Funding: This work was financially supported by Fundação para a Ciência e Tecnologia (PTDC/OCE-ETA/29770/2017) and by 

LEAF - Landscape, Environment, Agriculture and Food research center (FCT), UID/AGR/04129/2020 – LEAF.  
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Can drinking several cups of green or black tea during the day keep the doctor away? This statement 

seems so, given the popularity of this tradition, particularly in China, Japan and other East Asian cultures 

and the increased interested in drinking tea from Camellia sinensis in the Western world. The status of 

drinking tea is varying from an ancient beverage habit to a nutrient with possible potential 

pharmacological beneficial effects to human health.1 These health benefits associated with tea 

consumption have also been supported in several studies of cancer’s, artherosclerosis´s, 

hypercholesterolemia’s, Alzheimer’s disease and other aging-related diseases.2,3 Amino acids contribute 

to the nutritional/nutraceutical value and quality of black tea and L-theanine, the amino acid found in 

the highest concentration in tea leaves, is responsible for the tea’s umami taste and for the quality of 

infused tea.4 L-theanine has a strong influence on the neurotransmitters brain levels such as: dopamine, 

serotonine, acetyl choline, norpinephrine and gama-aminobutiric acid (GABA)5 and also stimulates the 

generation of alpha-waves that cause a relaxation sense.4 Another important fact is the structural 

similarity of L-theanine to glutamic acid, component of the brain, that stimulate researchers to 

investigate its possible action on the central nervous system as a glutamate antagonist.4,6 GABA is the 

major inhibitory neurotransmitter in the brain and plays an important role in its metabolism. GABA also 

appears to have beneficial effects on blood pressure, sleep and stress reducing anxiety. These effects 

may involve GABA action on the central and peripheral nervous systems.6 The determination of GABA 

and L-theanine in the black tea samples, was determined by HPLC following the Baptista et al. 7 

methodology, with some modifications. The objective of this study is to show the relative variation of L-

theanine and GABA in black tea samples from C.  sinensis in different collecting zones of Gorreana tea 

plantation. 

 

 
Figure 1: Variation of L-theanine and GABA in black tea samples in different collecting zones of Gorreana tea 
plantation. Values are mean ± SD (n = 3). 

 
The Figure 1 shows the variation of L-theanine and GABA in black tea samples in different zones of 
Gorreana tea plantation. The values of L-theanine varies between 7.10 ± 0.05 and 12.28 ± 0.07 mg/g DW  
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and GABA between 6.31 ± 0.09 and 8.80 ± 0.22 mg/g DW. The results from L-theanine are similar and 
higher than observed by Jiang et al. 8 and for GABA the same author reported lower values. The zones 1, 
8 and 9 presented higher values of L-theanine and zones 7 and 9 higher values of GABA. The zone 9 is a 
high-altitude zone, and according to Han et al.9 altitude cultivation increased the levels of amino acids. 
However, the zone 1 is a low altitude zone, but is composed by younger C. sinensis plantation that is also 
important for the increasing of amino acids content. Furthermore, the results show the possibility of 
production of a novel type of Azorean L-theanine and GABA-rich tea that may be a natural alternative to 
synthetic pharmacologic drugs with impact on brain health with lower side effects. According to Kim et 
al.10 a mixture of GABA and L-theanine decreases sleep latency and improve non-REM sleep in mice, 
suggesting a positive synergistic effect duration and on sleep quality as compared to the GABA or 
theanine alone. 
  
Funding: This study was supported by PO Açores 2020 and by the Community Structural Funds FEDER and FSE for the 2014-

2020 programming period, with implementation in the Azores Region, under the project “ACORES-01-0247-FEDER-000014”. 
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Bromelain is a generic name for the proteolytic enzymes, mixture of different thiol-endopeptidases, 
found in the tissues of the Bromeliaceae plant family of which pineapple (Ananas comosus L.) is the best 
known source1. The continued interest in the extraction and purification of bromelain due to its 
applications in food industry as well as in medicine makes this enzyme one of the best vegetal proteases. 
Additionally, the results of research have shown that bromelain presents anti-inflammatory, reversible 
inhibition of platelet aggregation properties, antibiotic potential agent, anti-thrombotic and fibrinolytic 
functions modulating the cellular matrix in numerous physiologic processes as well as may inhibit some 
types of tumour cell growth and reduce the risk of cardiovascular diseases.2,3,4 It is well known that 
pineapple fruit is the marketable part (about 30%) of the total plant. Stem, leaves and crown, is waste, 
and is usually disposed losing its economic potential. Taking this into consideration, the objective of this 
study was to compare different methodologies for extraction and purification of bromelain from the 
pineapple waste using an easy-to-scale up process. Fruit, stem and leaves of pineapple plant were 
extracted by conventional methods of precipitation, such as: the addition of organic solvents or inorganic 
salts, in such quantities, that the proteinous material becomes insoluble, however, this precipitation 
methods show lower yields. In this study, the extraction and purification of bromelain was performed 
following the Baptista et al.5, methodology. The waste materials were cut in the small pieces, mixed with 
10% NaCl solution and stored in a freezer at -20 °C during 24 hrs to increase the cells disruption allowing 
the lysing of the enzymes and consequently enhancing the extraction yield. The solid material from the 
NaCl solution was removed by centrifugation at 3500 rpm. The clear supernatant was extracted by 
diverse methodologies: precipitation by cold ethanol, dialysed through a cellulose membrane tubing - 
MW cut-off 12,000 - 14,000 at 4 ⁰C, and then fractionated by gel filtration using a Bio-Gel P-30 column, 
and further purified by cation exchange chromatography using Waters Accell carboxy methyl particle 
size 37-55 µm, pore size 500 Å.5,6 About 10 mg of pre-purified bromelain was applied to the BIO-Scale S2 
(7 x 52mm) column and eluted with two-steps linear gradient of NaCl in 50 mM Bicin buffer (pH 8.5). The 
pooled fractions were designated in order of elution. Some protein material was not bound to the 
column (Fr1). Further elution yielded a set of unresolved peaks (Fr2) and three well-resolved protein 
peaks (Fr3, Fr4, Fr5), eluted with 13.93 and 136 mM of NaCl, respectively. Two more well-resolved peaks 
(Fr6 and Fr7) were eluted with 800 mM of NaCl. 
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Table 1: Extraction and purification of bromelain from fruit, stem and leaves of pineapple plant using 
different methodologiesa. 

 
aValues are mean ± SD (n=3); Dial. Tube, molecular porous membrane tubing; MWCO, molecular weight cutoff; 
SEC, size exclusion chromatography; CXC, cationic exchange chromatography; U, proteinase unit defined as the 
amount of enzyme that gave an increase in Abs (280 nm) equivalent to 1.0 µg of Tyrosine/min after incubation for 
10 min at 30 °C (pH 7.2). 

 

The Table 1 shows that stem extracts presented higher bromelain yield as compared to leaves and fruit. 

Cold ethanol precipitation followed by the bromelain extract purification using size exclusion 

chromatography followed by cation exchange chromatography clearly show the best yield. The 

bromelain proteinases Fr3 - Fr7 show proteolytic activity and were characterized by physicochemical 

methods. The extraction of bromelain from pineapple wastes will be a value addition, allowing its use 

for various applications with a beneficial impact on the environmental sustainability and human health. 

At the present time, the Azorean pineapple fruit is under commercial competition with fruits produced 

in open air that are commercialized at relative low price. The potential bromelain extraction may have 

impact in the economy of the Azorean pineapple producers reducing the differential of costs. 
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Originated from China, the tea plant (Camellia sinensis) gradually expanded into many tropical countries 
and since the last decade of the 19th century, tea is also produced in one unique place in Europe: S. 
Miguel Island, Azores.1 C. sinensis (L.) tea has received considerable attention due to its scientifically 
proven beneficial effects on health.2 Polyphenols, the major antioxidant constituents of C. sinensis tea, 
are considered responsible not only for their flavour characteristics, but also for their wide variety of 
health benefits.3,4 On the other hand, amino acids and particularly L-theanine  and catechins constituents 
of tea leaves are affected by several factors such as: geological location, use of fertilizers, climate 
conditions and more important by the tea leaves processing and storage conditions.5 However, there is 
lack of knowledge on the effect of withering timing that affect L-theanine content, and induced-changes 
in the dynamics of catechins formation, particularly during the black tea manufacturing. This knowledge 
is necessary for the tea processing optimization and consequently for the tea quality production. It is 
also well known that free amino acids contents are considered as an important criterion for tea quality 
assurance and contribute to the overall tea in terms of taste, particularly the L-theanine, that has been 
shown to reduce mental stress, and improves mood, and cognition in a synergistic combination with 
caffeine.6 
The high-performance liquid chromatography/diode array detection (HPLC/DAD) was used for the 
simultaneous determination of tea catechins, namely: (-)-gallocatechin (GC), (-)-epigallocatechin (EGC), 
(-)-epicatechin (EC), (-)-epigallocatechin-gallate (EGCG), gallocatechin-gallate (GCG) and (-)-epicatechin-
gallate (ECG) in tea liquor following the methodology of Baptista et al.7 The L-theanine, the major amino 
acid in tea plant, was determined following the methodology of Baptista et al.1 The naturally present 
moisture content in the green tea leaves (70-85%) are reduced to 60-70% during the withering and 
maceration processes. This study explored the tea leaves withering processing time in order to find the 
best conditions to maximize its effect on human health. It was observed that as the withering progressed, 
the leaves became softer due to the fact that after plucking the permeability of cell membranes increases 
that induce the loss of water.8 The Table 1 shows the results of the 12 hours withering time (normal 
withering) and 48 hours (long withering) on the L-theanine and catechins tea contents. 
 
Table 1: The L-theanine, esterified catechins and epicatechin derivatives contents in green and black 
Azorean Camellia sinensis samples under different withering timing during the tea leaves processinga. 
 

Type of 

tea 

Withering 

time 

(hours) 

L-theanine 

(mg/g DW) 

EGCG  
(mg/g DE) 

Esterified 

catechins  (mg/g 

DE) 

Epicatechin 
derivatives (mg/g 

DE) 

Green  48  3.76 ± 0.25 140.91 ± 1.26 283.78 ± 0.33 347.35 ± 1.58 

Green 12 6.51 ± 0.09 201.32 ± 0.54 337.30 ± 0.16 360.00 ± 2.58 

Black 48 traces 44.42 ± 1.24 176.27 ± 4.08 188.23 ± 2.20 

Black 12 1.14 ± 0.01 69.69 ± 0.91 199.88 ± 0.24 202.09 ± 1.83 
 

aValues are mean ± SD (n = 3); DE, dry extract; DW, dry weight; The samples were composed by bud+1st+2ndleaves 
collected in Gorreana tea plantation; EGCG+ECG+GCG, Esterified catechins; EGC+EC+EGCG+ECG, Epicatechin 
derivatives. 
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The Table 1 shows clearly differences in the catechins and theanine contents using different withering 
times. It is well known that tea quality is dependent of its biochemical composition. Our study shows 
that withering timings significantly affect epicatechins derivatives, particularly the EGCG and esterified 
catechins contents, revealing a significant decreasing of 30 and 16%, respectively, for green tea samples, 
and 36 and 12%, respectively, for black tea samples. Additionally, the value of L-theanine decrease 42% 
in green tea during long withering period (48 hours). This study suggests that the optimum withering 
time for tea leaves will be 12 hours showing a negative effect of the long withering timing. According to 
Jabeem et al.9, after 23 hours withering time was observed a decline in the total free amino acids of 
tea leaves and also reported some variations on the mineral elements. However, results will be also 
affected by tea genotypes under different soil types. 
 
Funding: This study was supported by PO Açores 2020 and by the Community Structural Funds FEDER and FSE for the 2014-

2020 programming period, with implementation in the Azores Region, under the project “ACORES-01-0247-FEDER-000014”. 
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Hundreds of studies have been published showing the health benefits of drinking green tea, but what 
makes it the most consumed beverage after water is the pleasant taste, low retail price, and containing 
flavour components related to the metabolites, such as: polyphenols, amino acids, caffeine, aroma 
compounds, vitamins, and carbohydrates.1,2 It is well known that tea metabolites can be affected by 
preharvest agronomy management and postharvest processing methodologies. Generally, Camellia 
sinensis cultivars, naturally grown as green leaves are usually processed into tea products. However, tea 
mutants whose young shoots are grown in yellow or white colour in some particular conditions, referred 
as albino tea leaves, have recently attracted a significant increasing attention from the tea researchers 
and manufactures, because they are supposed to be as potential raw materials to be processed into 
“high-quality” tea products.3 Absence the plant’s chlorophyll, can be caused by several genetic and 
environmental factors. Albino tea leaves are generally characterized as having metabolites of relatively 
high amino acid content and lower catechins content.4 According to their different responses to the 
environment, albino tea leaves can be divided into ecologically sensitive types (light-sensitive and low-
temperature-sensitive types), in which leaf colour change to yellow or white under certain 
environmental conditions, or ecologically sensitive types where the leaf colour is permanently yellow or 
white regardless of the environment.5,6 The objective of our study is to investigate the difference in 
catechins and L-theanine contents, between normal and albino Azorean Camellia sinensis leaves. 
 
Table 1: The catechins (mg/g DE) and L-theanine (mg/g DW) contents in albino and normal tea leaves 
from different samples of Azorean Camellia sinensisa. 

Samples GC EGC C EC EGCG GCG ECG CAF THEA 

A 
3.99 
±0.02 

6.55 
±0.60 

3.70 
±0.16 

20.93 
±1.49 

191.33 
±1.55 

26.49 
±5.12 

133.02 
±0.06 

15.38 
±1.44 

5.35 
±0.08 

B 
2.93 
±0.11 

6.22 
±0.13 

2.14 
±0.03 

20.04 
±0.14 

220.82 
±0.25 

18.10 
±0.49 

114.76 
±0.19 

12.87 
±0.76 

7.81 
±0.06 

C 
27.71 
±0.19 

14.71 
±0.16 

2.83 
±0.03 

42.14 
±0.90 

77.20 
±0.54 

27.65 
±0.22 

192.77 
±0.92 

7.64 
±0.16 

10.36 
±0.05 

D 
25.15 
±0.16 

9.33 
±0.01 

6.67 
±0.01 

29.34 
±0.71 

110.54 
±0.28 

35.48 
±0.35 

168.56 
±0.11 

4.05 
±0.08 

2.04 
±0.02 

 

aValues are mean ± SD (n = 3); DE, dry extract; DW, dry weight; The samples were composed by bud+1st+2ndleaves 
collected in Gorreana tea plantation and were grouped: A – Albino leaves, harvested in August and dried under 
sunlight; B – Albino leaves, harvested in September and dried at 50 °C; C – Albino leaves, harvested in October and 
dried at 50 °C; D – Normal leaves, harvested in October and dried at 50 °C. GC, (–)-gallocatechin; EGC, (–)-
epigallocatechin; C, (+)-catechin; EC, (–)-epicatechin; EGCG, (–)-epigallocatechin-3-gallate; GCG, (–)-gallocatechin-
3-gallate; ECG, (–)-epicatechin-3-gallate; CAF, caffeine; THEA, L-theanine. 

The results presented in Table 1 show that albino and normal tea leaves presented higher values of L-
theanine (5.35, 7.81 and 10.36 mg/g of DW tea leaves for samples “A”, “B” and “C” respectively) as 
compared to normal tea leaves that presented the lower value (2.04 mg/g of DW) similar to the results 
published in literature for that picking season.2 Relatively to the albino leaves, esterified catechins 
(EGCG+GCG+ECG) content of sample “A” and “B” presented the highest values as compared to the 
samples “C” collected in October, may be justified by the lower harvested temperature, that is similar to  
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the values presented in the literature.6,7 The albino leaves, samples “A” and “B”, also presented a higher 
value of EGCG (191.33 and 220.82 mg/g DE, respectively) due to the sunlight intensity effects, that 
promotes the catechins concentration as compared to the sample “C” collected in October under lower 
sunlight influence that inversely decrease the catechins content and increase the level of L-theanine. 
Furthermore, the differential of lower values of catechins and higher values of theanine is superior in C. 
sinensis samples harvested in early spring as compared to sample harvested in summer (data not shown). 
Relatively to CAF, the value was higher in albino leaves and in samples collected under higher sunlight 
intensity (August and September) than in normal leaves (October).  
 
Funding: This study was supported by PO Açores 2020 and by the Community Structural Funds FEDER and FSE for the 2014-

2020 programming period, with implementation in the Azores Region, under the project “ACORES-01-0247-FEDER-000014”. 
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Grape production is one of the largest in the world, not only because it is a fruit widely used in human 
food, but also for the variety of by-products that can be obtained from it. Numerous studies have shown 
that grapes and their by-products have preventive and medicinal nutritional characteristics, which give 
them applications in several product varieties. With the growing demand for differentiated and 
innovative products, the need on the part of the food sector to create new products has increased over 
the past few years. One application in the beverage sector is the use of dried non-fermented/semi-
fermented and even fermented grapes, in the preparation of infusions or tisanes 1. The grapes can be 
placed in trays and dried in an oven with controlled temperature and air circulation. The trays are 
weighed daily, at the same hour, and after achieving the minimum content in water [minimal difference 
of 0.5 g in weighing of the trays in two consecutive days, (Figure 1A)], the dry material is crushed using 
a robot mincer, Figure 1B. The dried and minced material can then be used to prepare infusions by 
adding boiling water to 3-6 g/L of dried-minced grape (depending on the concentration wanted). 

 
 
 
 
 
 
 

Figure 1: Dried (A) and triturated (B) non-fermented grapes, 
containing skins and seeds. 

 
However, dehydrated, and minced grapes are a perishable material and difficult to keep, even in the 
fridge. Over time, and due to the sugars, the material can form clumps that are difficult to break up or 
can even be spoiled by fungi. One of the possibilities to preserve its quality, after grinding, is the 
encapsulation in organic matrices. Encapsulation methods for food 2 and other substances are widely 
applied in the preservation of enzymes, dyes, nutrients, microorganisms, pro-and prebiotics, among 
others. Several materials can be used as encapsulants, but as a rule, carbohydrates and proteins are 
preferred, due to the ease with which they can establish affinity with the various materials to be 
encapsulated 3. 
Thus, this work aimed to study the possibility of encapsulating small balls of dehydrated and minced 
grapes (2g ±0.5g) of two grape varieties – Moscatel Galego and Touriga Nacional - in organic matrices. 
Several matrices were used: Agar (2.0, 4.0 and 6.0%, w/v); Alginate (1.5 and 2.0%, w/v); Chitosan (0.6, 
1.5 and 2.5 %, w/v); Alginate and Chitosan (2.0%, w/v and 0.4%, w/v, respectively); cooking gelatin (4 
sheets of gelatin in 100mL of water) and 3 oenological Arabic gums [SAISTAB®FAST L, 
SUPRAGUM®FILTRA and SWEETGUM®, mixed with cooking gelatin (4 sheets/100mL)], Figure 2 A and B. 
The encapsulated balls were left in the fridge, in Petri dishes, for a week, and then infusions were made 
in the concentration of a ball /100 mL of boiling water. The infusions were evaluated regarding the total 
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phenol content, antioxidant activity, total sugar content, pH, colorimetric parameters (CIELab), and 
sensory characteristics using the DeBA/ECVA-UTAD Tasting-Panel and a CATA (Check-All-That-Apply) 
sensory test (Figure 2 C). 
 

 
 
 
 
 
 
 
 
 
 
 
Figure 2: Encapsulation process 
(A), Touriga Nacional grape 
variety dried, and minced 
material encapsulated in Arabic 
Gum (B) and infusions prepared 
for a CATA tasting session (C). 

 
The results obtained were subjected to analysis of variance (ANOVA) followed by Tukey's post hoc test 

(chemical analyses), Duncan test (sensory analysis), and PCA with correlation matrix. 

Considering the PCA plot of variables, it was possible to verify that the chemical and colour parameters 

of the infusions group them according to the grape variety. The CATA test also showed that the infusions 

of the same grape variety had similar sensory characteristics regardless of the encapsulation matrix. 

Moreover, all the matrices seem to be appropriated for encapsulation. They all maintained their 

integrity, after 2 months of encapsulation. 

An evaluation for the integrity of the material, possible spoilage overtime, is being made. Nevertheless, 

this seems to be an interesting and innovative process that can be used to protect the dried and minced 

grapes material, preserving its flavour and nutrient characteristics, giving the consumer an innovative 

way to prepare a healthy infusion cup. 
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The production of nutraceutical drinks gains great importance in the market once consumers prefer and 
seek food and beverages, which, due to their natural characteristics, bring health benefits 1,2. Several 
studies have shown that infusions intake may have many beneficial effects on human health and these 
effects are mainly attributed to the phenolic derivatives 3,4. In addition, due to the growing concern on 
developing methods for designing food products based on the recovery of agro-food residues from 
vineyards and wine, the idea of developing infusions from grape pomace arises. 
The grape, one of the most produced fruits in the world,5 is proven to be rich in phenolic compounds. 
The long list of benefits associated with phenolic compounds, such as antioxidant, anti-cancer, anti-
inflammatory, anti-aging, cardioprotective, neuroprotective, and hepatoprotective properties,3,6-10 
justifies studying its use and its by-products in various food products or as functional beverage 
ingredients. 
This work aimed to study the effect of different temperatures (50, 60, and 70°C) on drying grape pomace 
(Figure 1) for the preparation of infusions. For this, the total phenol content, antioxidant activity, total 
sugar content, and pH were determined. The evaluation of rheological properties and colour are 
fundamental aspects for the good acceptance of new products by the consumer. Thus, colorimetric 
parameters (CIELab), and sensory characteristics of the infusions (using the DeBA/ECVA-UTAD Tasting-
Panel and a Quantitative Descriptive Sensory test) were also evaluated.  
 

 
Figure 1: Dried grape pomace. 

 
The results obtained were subjected to analysis of variance (ANOVA) followed by Tukey's post hoc test 
(chemical analyses) and Duncan test (sensory analysis). The evaluation of the sensory profile of the 
samples was carried out using the spider graph. 
The quantification of total phenols and antioxidant activity showed that, regardless of drying 
temperature, the infusions have a small concentration of phenols and low antioxidant activity. Perhaps 
because the samples come from grape pomace that underwent alcoholic fermentation, which may have 
led to the extraction of phenolic compounds from the grape seeds and skin for the must and wine. 
Colorimetric analysis revealed low C* values, meaning that the samples did not show much colour 
intensity. 
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The sensory analysis showed that the infusions made with bagasse did not show significant differences 
for the different descriptors, not having aroused the interest of the tasters. However, when cinnamon, 
honey, ginger, or mint was added to the bagasse, the reaction of the tasters was incredibly positive 
(Figure 2).  
 

 
Figure 2: Infusions sensory profile, obtained from the average of the scores for each attribute, prepared with grape 
pomace dried at 70ºC and where cinnamon, honey, ginger, and mint were added. 

 
Although this is still a preliminary study, the results suggest that mixing grape pomace with other 
components can be interesting in creating a new attractive by-product with a contribution of bioactive 
compounds. 
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The negative environmental impact of the intensive animal production system together with the scarcity 

of animal protein has led to the search for new sources of protein. Insect consumption has lately been 

considered as a possible source of protein. However, despite the advantages of insect production, their 

consumption is still underrated in Western societies due to cultural factors, namely because they cause 

aversion, and they are seen as a pest. (FAO/WUR, 2013) Thus, the objective of this work was to extract 

the Tenebrio molitor larvae proteins by the pH shift method (Batista et al. 2006), characterize their 

functional properties and evaluate the sensory acceptability of cookies with these proteins incorporated. 

These larval proteins had a fat absorption and water capacity of 3.53 and 2.97 g g-1, respectively. The 

water solubility was 5.78 %, the emulsifying index, foaming capacity and stability were 3.70 m2 g-1, 6 % 

and 99.5 %, respectively. The incorporation of larval proteins in the cookies led to an increase in the fat 

and protein contents of the cookies, which were darker and reddish. Sensory evaluation showed that all 

sensory parameters (colour, appearance, odour, texture, crunchiness, and taste) of these cookies had 

high acceptability. Moreover, the panelists showed the intention of purchasing this product. 

 

   

 

 

 

 

 

 

Figure 1: Cookies produced withTenebrio molitor larvae. 
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In the last decades, the search for natural antioxidants (mostly of plant origin) to be added to edible oils, 
replacing the use of potentially harmful synthetic antioxidants, has been a hot topic for the Food 
Industry. Crithmum maritimum L. is an edible halophytic plant, known as rock samphire, or sea fennel, 
that spontaneously grows in coastal ecosystems with a Mediterranean climate. It is an invasive species 
rich in polyphenol compounds with recognized bioactive properties, including antioxidant and 
antimicrobial activities.  
In this sense, the aim of this study was to supplement sunflower oil with bioactive compounds from 
Crithmum maritimum L. These compounds were extracted by ultrasounds, directly from the lyophilized 
plant into the oil. Ultrasound-assisted extraction (UAE) is an environmentally friendly alternative to 
solvent extraction, which is a highly pollutant and costly operation. UAE process was carried out 
following a central composite rotatable design (CCRD) as a function of lyophilized plant/oil ratio (5-20 %, 
w/v) and ultrasound application time (5-20 min), to find the optimized conditions.  
The following parameters were analysed in the oils: oxidation products, acidity, colour, chlorophyll 
pigments, carotenoids, flavonoids, total phenolic content, antioxidant activity (by DPPH and FRAP 
assays), and sensory analysis. Extraction conditions did not affect the acidity and the amount of oxidation 
products in the oil. Chlorophyll pigments increased with plant concentration but was independent of 
UAE time. These results are supported by the sensory analysis: the intensity of green colour increased 
with plant concentration but not very much related with UAE time. This indicates that the migration of 
chlorophylls from the plant to the oil is extremely fast. Carotenoid contents in the oil can be described 
by a saddle-like surface as a function of both plant concentration and UAE time. Total phenolics in 
supplemented oils were 8 to 18-fold the value of the original oil (4.12 mg gallic acid equivalent/kg oil). 
Moreover, phenolic contents in the supplemented oils were highly related with FRAP and DPPH 
antioxidant activities. In conclusion, Crithmum maritimum showed to be an excellent source of bioactive 
compounds, namely phenolic compounds with antioxidant activity, to incorporate in edible oils by UAE.  
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The food sector is constantly evolving as it is intrinsically linked to consumer trends. According to Innova 
Market Insights, sustainability allied to beneficial effects on health are main concerns for the modern 
consumer. Aligned with this tendency, plant-based, simple and short formulations, with ingredients and 
processes perceived as natural, are each day more popular1. 
For over 20 years now, vegetable protein isolates have been effectively used as food emulsion stabilizers, 
instead of traditional egg yolk, enabling the production of plant-based mayonnaises due to these 
proteins’ capacity to reduce  interfacial tension between hydrophobic and hydrophilic components2–4. 
Nevertheless, these mayonnaises, like the traditional ones, also contain salt and other preservatives such 
as organic acids, in order to prevent spoilage and to increase the product’s shelf life. Fermented foods 
are traditionally known as long shelf life products5, most due to their higher content in several organic 
acids and other antimicrobial metabolites produced by fermentative microorganisms. They also have 
higher potential to improve the health of consumers6 than their unfermented raw materials. Microalgae 
are sources of molecules of great nutritional interest, having particularly high levels of protein (up to 
70% in mass) and bioactive compounds (antioxidants, vitamins, minerals), depending on the species and 
growth conditions7. The incorporation of Chlorella vulgaris biomass in food emulsions with the aim of 
conferring antioxidant capacity and colour has been tested before8, and a fat-mimetic effect in oil-in-
water emulsions has been observed9. 
The present work is part of the project cLabel+ and aims to evaluate the potential of fermented food 
products (FF) (grass pea sweet miso, green pea tempeh flour, chickpea tempeh flour) and “Honey” 
Chlorella spp. from Allmicroalgae, to be used as natural preservatives in emulsified sauces, to obtain a 
clean label product.  
Grass pea sweet miso was obtained as described in Santos et al. (2020)10. To obtain the tempehs, dry 
green peas and chickpeas were soaked overnight in demineralized water (around 18 h) at room 
temperature. After draining, the green peas and chickpeas were cooked at 120 °C, 1 atm for 10 and 20 
minutes, respectively. The legumes were then drained, cooled and surface dried, apple cider vinegar was 
added, and Top Cultures Tempeh inoculum was spread homogeneously on the legumes. After, the 
mixture was packed in a polyethylene pouch, pressed flat to a thickness of 3 cm, and the surface of the 
bag was heavily perforated. Incubation was done on shelves at 30 °C for 36 h, until a firm and white block 
was obtained. The blocks of tempeh were cut in 0.5 cm slices and dried in a convection oven at 95 °C for 
3 h. After drying, tempehs were milled to 35 mesh flour using a Variable Speed Rotor Mill Pulverisette 
14 premium line (Fritsch). 
FF and “Honey” Chlorella spp. contents in crude protein were determined by Dumas (Velp) method and 
crude fat was determined by Soxtec method. As these ingredients are added to the mayonnaise in the 
initial phase of processing, when protein and lipid content accuracy is determinant to obtain an 
emulsion. Since antimicrobial activity is positively correlated with the content in bioactive compounds, 
antioxidant activity (DPPH and FRAP) and phenolic compounds content (Folin-Ciocalteau method) of FF 
and Chlorella spp. were also assessed. In the case of miso incorporation, sodium chloride content was 
also measured, by ICP-OES. 
Antimicrobial activity of FF and Chlorella spp. was determined by Disk Diffusion Test. Ethanolic and 
aqueous extracts were tested, using ethanol or water as negative control (according to extract type), 
and an antibiotic as positive control. The antimicrobial activity of autotrophic Chlorella vulgaris (Organic 
Chlorella vulgaris from Allmicroalgae) was also assessed as comparison parameter for “Honey” 
Chlorella spp. 
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From the results obtained, it was possible to conclude that FF and Chlorella spp. can be used as 
alternatives to traditional preservatives, resulting in products with clean labels (without the addition of 
any of chemical preservatives and antioxidants), presenting similar shelf life and more interesting 
nutritional characteristics than the original mayonnaises. 
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3D food printing is a novel technology with high potential to revolutionize the way people interact with 
foods, allowing the integration of new food sources to the masses with new shapes and textures, without 
prior chef grade skill levels1,2. This technology may be an important tool in the upcoming challenges 
humanity might face as a specie’s since the current spent rate of natural resources used and food sources 
are not long term viable and concurrent with climate changes resultant from our actions1.  The 
introduction of new food sources with the help of sensory appealing shapes, textures and other aspects 
produced with 3D food printing, might help to pass through the cultural stigma that is often created 
around these foods by the majority of people1. However, there are still challenges related with 3D food 
printing, and depending on the type of printer one uses, the possibilities for creating innovative food 
designs are somewhat limited either to the printer’s original Computer Assisted Designs, Google 
Sketchup files or one’s imagination1,3. Nevertheless, a consensual challenge associated with 3D food 
printing is related with the food deposition method, the post-printing treatment, the productivity, 
precision, or the printing options 1,3. This last parameter was our focus with this study, as is known that 
parameters related with printing can greatly affect the final visual appearance of the food. Although this 
might not surge as much of a problem with CAD that are incorporated into commercially available 3D 
food printers, in terms of original designs, printing becomes somewhat limited to the pre-defined 
settings. Some variables which have been known to affect the final aspect of a product include the nozzle 
size, printing speed, fill percentage, nozzle height and layer thickness3. All around, these might alter 
bioavailability of components, post-processing behaviour and overall quality of foods3. Our results on 
the printing of soft-materials, specifically, cereal dough indicate that changing these parameters can 
result in variations on the printing time, design accuracy, food structure, and quantity of dough used 
(Figure 1 – A-D). Smaller or higher nozzle sizes may not be adequate for the pre-defined food printer 
design settings, as these nozzles are usually destined for other food materials (Figure 1 – A & B). Printing 
speeds may be adjusted to obtain a better efficiency in the food production, however, there may be 
limits in terms of detail achieved with higher printing speeds. First layer nozzle height greatly affects the 
structure of the food design (Figure 1 - C). These results lead us to conclude that each food design should 
be thoroughly analysed to obtain the most sustainable, productive, and visually appealing food using 3D 
food printing. 

 
 

Figure 1 (A-D): Printing 

outcomes of different 3D 

food printer settings. A 

and B higher and smaller 

nozzle sizes were used, 

respectively. C shows first 

layer nozzle height 

variation. D shows fill 

factor alterations.  
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Microalgae are nutritious and sustainable food sources with great potential in the context of climate 
change and food scarcity, being already considered a superfood and the food of the future. The biomass 
of these microalgae is one of the richest sources of protein, in addition to polysaccharides and 
polyunsaturated fatty acids, and various bioactive compounds such as carotenoids, chlorophyll, vitamins, 
minerals and sterols, that can meet the population's nutrient needs and have a very positive impact on 
human health1.  
However, the incorporation of microalgae can lead to sensory changes (colour, flavour, taste, structure) 
of the food products, as it has been observed by our working group for several food matrices2-3, that are 
not easily accepted by the consumer. Chlorella vulgaris smooth is grown heterotrophically by 
AllMicroalgae company4, using only organic compounds as the carbon source5. Heterotrophic production 
of microalgae leads to a softer sensory profile of the biomass (colour, taste) that can improve the 
acceptance of the product near the consumers. 
This work is part of the project AlgaeGreenCheese, developed with Santiago Portuguese cheese 
company, and the main goal is to evaluate the impact of the incorporation of Chlorella vulgaris smooth 
(from 2 to 5% w/w) on the structure, nutrition composition, bioactivity and sensory profile of quark cow 
cheese and cured cheese made from cow, goat and sheep milks. 
The cheeses were prepared based on the processing diagram used at the company Santiago. The effect 
of microalgae on pH, syneresis, aw, colour, and structure of the cheeses was evaluated. Empirical 
rheological methods (Texture Profile Analysis and Cut Test) and rheology measurements (oscillatory and 
stationary tests) were performed to evaluate the impact of C. vulgaris on the cheeses´ mechanical 
properties. The nutritional composition was evaluated using AOAC methods (protein, lipids, 
carbohydrates, minerals, caloric value) and bioactivity through the determination of total phenolic 
compounds and antioxidant capacity (FRAP and DPPH assays). The level of incorporation was selected 
using a sensory panel of untrained consumers. 
Cheeses produced with the incorporation of Chlorella vulgaris smooth had a good acceptability, better 
nutritional profile and bioactivity, comparing with the control cheeses. It was concluded that the 
enrichment with microalgae in traditional foods such as cheese represents an interesting strategy to 
develop hybrid products, based on animal protein and enriched with ingredients of vegetable origin, 
obtaining innovative, more sustainable, and more nutritious products. 
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Coffee is one of the most appreciated beverages worldwide which, besides its pleasant flavour and 
sensory properties, has been increasingly associated with several health benefits.1 For these reasons, 
coffee consumption has been increasing over the years and, consequently, more and more residues are 
being generated along the coffee production chain, representing a serious environmental problem.2  
Coffee silverskin (CS) represents the main by-product of coffee roasting industries.2 In this work, the 
nutritional profile of CS was analysed and a CS extract, prepared using a green method of extraction, was 
studied regarding the caffeine content, the chlorogenic acids (CGA) profile, and the effect on glucose 
uptake and intestinal glucose transporters (SGLT1 and GLUT2) using human intestinal epithelial (Caco-2) 
cells. 
CS was kindly supplied by BICAFÉ, after roasting 100% robusta beans (210 °C, 10 min).  Moisture was 
determined using an infrared moisture analyser (SMO01, Scaltec Instruments, Germany). The remaining 
nutritional analyses were performed according to AOAC procedures. 3 Briefly, ashes were quantified after 
incineration at 500 °C. Total lipids and protein were determined by the Soxhlet and the Kjeldahl methods, 
respectively. Soluble and insoluble fibre were analysed through enzymatic-gravimetric procedures and 
available carbohydrates were calculated by difference.  
Extract replicates (n=8) were prepared using an ultrasound probe and only water as a solvent and then 
combined, filtered, and freeze-dried (-80 °C, 0.015 mbar). The obtained powder was characterized 
regarding its caffeine content and CGA profile by RP-HPLC-DAD, using a Tracer-Excel ODSA column (5 
µm; 250 x 4 mm) and a gradient solvent system: A) 0.2% acetic acid in water and B) methanol. The 
compounds were monitored at 274 and 320 nm.2 To evaluate the effect on glucose uptake, Caco-2 cells 
were incubated (37°C, 24h) with different extract concentrations (0.01, 0.1, and 1 mg/mL). Then, glucose 
uptake was measured by incubating the cells (37 °C, 6 min) with 10 nM 3H-deoxy-D-glucose (3H-DG).4 
Furthermore, the mRNA levels of the intestinal glucose transporters (SGLT1 and GLUT2) were quantified 
by RT-qPCR after cell treatment (24 h) with CS extract at 1 mg/mL.5 
The nutritional analysis showed that the coffee silverskin sample was especially rich in insoluble fibre 
(~51%), protein (16%), and minerals (9%), with previous work highlighting potassium, magnesium, and 
calcium as major macroelements.6 Moreover, it presented a low amount of fat (1.9%) and available 
carbohydrates (6%), being a very interesting nutritional profile. Regarding the extract, caffeine was the 
main compound detected (32.81 mg/g), and 5-caffeoylquinic acid (5-CQA) the main CGA (3.45 mg/g). 
Moreover, 5-feruloylquinic acid (5-FQA) was found in moderate amounts (2.56 mg/g), while other CGA 
were detected in minor amounts (3-CQA: 0.70 mg/g; 4-CQA: 0.74 mg/g; and 4-FQA: 0.64 mg/g).  
The extract was able to significantly reduce 3H-DG uptake by Caco-2 cells at the three concentrations 
tested (12-28%, p<0.05). These inhibitory effects were not related to a cytotoxic effect, as confirmed by 
the lactate dehydrogenase (LDH) assay. Finally, the mRNA levels of GLUT2 transporter were very 
significantly reduced (~64%, p<0.05) by the extract at 1 mg/mL, while a lower and not significant 
reduction was found for the mRNA levels of the SGLT1 transporter (~30%, p>0.05).  
These results evidence how CS can be a good source of nutritional components and bioactive compounds 
that may prevent metabolic disorders such as type 2 diabetes. The significant inhibition of intestinal 
glucose uptake apparently related to reduction of the mRNA expression levels of the GLUT2 transporter  
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is quite encouraging since GLUT2 has been appointed as the most important pathway for the intestinal 
absorption of sugar when high glucose concentrations reach the intestinal lumen (e.g., after a meal).5 
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Macroalgae are increasingly being integrated into food, where their incorporation has contributed to an 
increase in mineral values and fibre1. Azores is one of the Portuguese places where its consumption is 
common and its impact on human health is being studied2. This increased interest in their consumption 
is related to the health benefits they provide, resulting from the high number of bioactive compounds 
present in its composition, as well as high content in polysaccharides and protein1-2. They have great 
potential to be used as ingredients in different type of food products, despite some concerns related do 
their sensorial impact, namely flavour, odor and colour.  
 
The present study aimed to develop an innovative gelled snack, in the form of energy and nutritious 
balls, incorporating three macroalgae from the Portuguese coast: Porphyra dioica, Gracilaria gracilis (red 
macroalgae) and Ulva rigida (green macroalgal), at different concentrations (1%, 3%, 5% and 10% w/w). 
The impact of the addition of macroalgae on the rheology, nutrition, bioactivity and sensory properties 
of the nutritious balls was studied, as well as the maximum level of incorporation, to understand up to 
what algae content the consumer accepts the product.  
 
The energy balls were based on chestnut and apple flours, obtained from by-products of the fruit 
industry. These flours are obtained from small calibre fruits which do not comply all quality standards to 
be market as a fruit. The chestnut flour, the tap water and psyllium powder were heated to 80° C, to 
promote the starch gelatinization. After the mixture has cooled, the apple flour, maple syrup, cinnamon, 
cardamom powder, and orange peel are added. After cooling, the gel was placed in 15 mm semispheres 
moulds and stored in the refrigerator. For the formulations enriched with macroalgae, these were added 
along with the chestnut flour, psyllium, and water. Psyllium fibre was used as a gelling agent to improve 
texture and stability, and maple syrup as a natural sweetener, together with apple flour. Besides adding 
sweetness and being a source of fructose, apple flour contains bioactive compounds such as vitamin C, 
vitamin E, organic acids (tartaric, malic and citric acids), phenolic compounds (flavonoids), minerals and 
fibres (pectins, celluloses, hemicelluloses and lignin). Bravo variety is among the apples with the highest 
antioxidant capacity, leading to a reduction in the risk of developing tumour cells and other diseases3. 
The chestnut is rich in aminoacids (lysine, threonine, aspartic acid and glutamic acid), fibre, vitamin B 
and E. According to some authors, its addition increases the stability and strength of the gel4. 
 
The texture was analysed by Texture Profile Analysis (TPA) and small amplitude oscillatory shear (SAOS) 
measurements carried out in a controlled stress rheometer, to determine the impact of different 
macroalgae levels in the gel structure.  The nutritional and chemical composition was evaluated based 
on the AOAC methods (lipids, carbohydrates, ash, moisture), and protein content by DUMAs 
methodology. Bioactivity was accessed by the determination of the total phenolic compounds (Folin-
Ciocalteu), antioxidant activity (DPPH and FRAP assays), and mineral profile using an ICP-OES equipment. 
Colour was instrumentally measured using a colorimeter (CIELAB* system) and sensory attributes 
(colour, smell, taste, texture and general acceptance) of the different snacks were compared using an 
untrained panel of consumers. 
 
The developed gelled snacks enriched in macroalgae (Figure 1) do not have any additive, assuming a 
clean label positioning, presenting an appealing green colour and a structure compatible with 
consumption on the go. In general, the texture results showed a decrease in the firmness of the gelled 
snack when macroalgae are added. However, only for 10% incorporation there was a significant (p <  
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0.05) decrease in firmness for Porphyra Dioica and Ulva Rigida algae, when compared to 1% to 5% levels. 
This was not observed for Gracilaria gracilis, attributed to its content in agar gelling agent5. 
The obtained results showed that all the three macroalgae studied can be used as natural innovative and 
sustainable ingredients to nutritionally enrich snacks using high incorporation levels, reaching high 
sensory scores in terms of global appreciation and buying intention. An improvement of the nutritional 
profile resulting from the macroalgae incorporation was achieved, namely in terms of mineral profile 
and antioxidant activity. 
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Figure 4: Snacks – Energy and nutritious balls developed with different types of macroalgae (0%, 1%, 3%, 5% and 10% w/w). 
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Segundo a FAO e Organização Mundial de Saúde o consumo de peixe deve ser cada vez mais recomendado 

numa alimentação equilibrada, não só pela diversidade de espécies, mas também pelos importantes benefícios 

para a saúde dos consumidores. O pescado é uma fonte importante de nutrientes para o organismo, uma vez 

que contém baixo teor de gordura e alto nível de proteínas, vitaminas e minerais1. Nas últimas décadas, o 

consumo deste grupo de alimentos aumentou e passou a ser disponibilizado, para os consumidores, distantes 

das áreas costeiras. No entanto, o peixe fresco está entre os mais perecíveis alimentos devido a vários fatores 

intrínsecos, como alta capacidade de retenção de água, valores de pH neutros, enzimas de tecido, baixo teor de 

tecido conjuntivo e contaminação microbiana natural. Assim, a otimização das técnicas de conservação de 

alimentos, a fim de transportar o peixe com segurança até os consumidores e manter as suas características 

organoléticas, é uma grande preocupação da indústria do pescado2. A utilização de revestimentos comestíveis 

é um método promissor que permite proteger a qualidade dos produtos da pesca, aumentando o tempo de 

prateleira, sem comprometer a frescura 1,2,3. Este trabalho teve como objetivo estudar a aplicação de 

revestimentos à base de proteína, por imersão, em filetes frescos de peixe Sarrajão (Sarda sarda). Desta forma 

realizaram-se diversos ensaios com dois tipos de proteínas, uma de origem animal e outra de origem vegetal: 

proteína do soro de leite (PSL) e proteína de ervilha (PE). Numa primeira bateria de ensaios testaram-se soluções 

com quatro percentagens de proteína de soro de leite (PSL) (1%, 2.5%, 5% e 10%), e com três soluções de 

proteína de soro de leite (PSL) em sinergia com a proteína de ervilha (PE), 1%, 2.5%, 5%, com tempos de imersão 

de 2, 10, 15 e 20 minutos, para ambos os ensaios. Numa segunda bateria de ensaios testaram-se duas 

concentrações de proteínas, 5% de PSL e 5% de PE, com tempos de imersão de 1, 3 e 5 horas. Os filetes foram 

posteriormente embalados a vácuo parcial (50%) e mantidas em refrigeração (4°C) para posterior análise. Foram 

realizadas análises ao teor de proteína (AOAC método 955:04, 1995), ao teor de humidade e atividade da água 

dos filetes frescos e após 2 dias da aplicação do revestimento à base de proteína. Através da análise dos 

resultados, da primeira bateria de ensaios, foi possível verificar que não houve aumento do teor de proteína 

após a aplicação do revestimento à base de proteína, independentemente da concentração utilizada (p>0,05). 

O teor de proteína nos filetes frescos era de 23,19% (±2,06) e o valor máximo obtido foi 25,25% (±0,904), de no 

caso da solução de 2,5%PSL+2,5%PE com 20 minutos de imersão. A fixação de proteína nos filetes foi muito 

reduzida, não revelando diferenças significativas no teor de proteína nos diversos ensaios. Da mesma forma o 

tempo de imersão também não influenciou significativamente na fixação de proteína aos filetes (p>0,05). Após 

a análise dos resultados, da segunda bateria de ensaios, foi possível verificar que o teor de proteína não 

aumentou após a aplicação dos revestimentos (p>0,05), independentemente do tempo de imersão. Com este 

trabalho foi possível concluir que o método por imersão pode não ser o método mais adequado para ser 

utilizado no processo de revestimento para enriquecimento dos filetes de Sarrajão com proteína.  
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In Portugal, the tomato industry is focused on obtaining a single high value-added product - tomato 

concentrate, produced only from ripe tomato. Consequently, high quantities of unripe tomato (green 

tomato) are discarded, per year, at field level (on average 9 tons/ha, but can reach 25 tons/ha). The 

valorisation of this biomass as a source of raw material for lactic acid fermentation can provide a valuable 

strategy to support circular economy-oriented innovation.  

In this study, two pure culture strains of lactic acid bacteria (LAB) from INIAV collection that previously 

have shown in vitro probiotic potentiality and were identified (by 16S DNA sequencing) as 

Lactiplantibacillus plantarum (C244) and Weissella paramesenteroides (C1090) were used. Both strains 

were tested as single starter cultures in immature-tomato pulp (cv. H1015) with and without 2,5% NaCl 

(w/w) and compared with spontaneous fermentation (without LAB inoculum). Fermentation was 

undertaken at room temperature (≈ 28 ᵒC) and low orbital stirring (100 rpm) for 14 days. Changes in pH, 

titratable acidity (g lactic acid / 100 g FW), solids soluble content (ᵒ Brix), LAB count (CFU/mL), CIELab 

parameters, total phenolic content (mg GAE / 100 g FW) and antioxidant activity (µmol TE /100 g FW) at 

0, 24, 48, 72 h, 7 and 14 days were assessed.  

A sensory panel evaluation on the 14th day of storage was also carried out. Both tested LAB strains were 

found capable of rapidly using immature-tomato as a subtract for cell synthesis and acid production, 

regardless of salt content, reaching LAB counts higher than 7 log10 CFU/mL upon the end of the assessed 

period. Values of pH, titratable acidity and solids soluble content did not significantly change during 

storage depending on salt addition.  

The evolution patterns of the samples' total phenolic content and antioxidant activity during the tested 

period were also not affected by the salt content, and the final values remained without significant 

differences from the initial ones. Furthermore, immature-tomato pulp fermented by LAB strains showed 

faster acidification of the medium than spontaneous fermentation, and the inoculated pulps exhibited 

more appealing sensory attributes than non-inoculated pulps (aroma) which resulted in its better 

acceptance. Thereby, the use of the C244 and C1090 strains as starter cultures proved valuable to 

promote a food ingredient based on the lactic acid fermentation of green tomato, introducing an 

additional differentiation to the functional food sector. 
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Fermentation has been used for centuries as a traditional method for preservation, improving products 
shelf life. It is also a technology widely used due to its numerous benefits, such as safety, quality, stability, 
health and improvement of organoleptic properties and nutritional content in food products1. In the 
food industry, fermentation continues to be one of the most common biotechnological tools used, since 
it has relatively simple and economic procedures. 
In recent years, the consumer’s lifestyles has changed, influenced by globalization, economic growth, 
rapid advances in food science and technology and religious and health restrictions2, along with the 
increased awareness on the importance of healthy nutrition.  These were the driving factors for the 
growth of the market for fermented foods and beverages, that is steadily increasing all over the world3.  
Amazake is a traditional fermented Japanese product made from rice, mostly consumed as a sweet 
comforting beverage. There are several methods for amazake production, the traditional method uses 
rice koji (rice malt) and water together with cereals. Rice koji is produced at room temperature by 
inoculation of Aspergillus oryzae in steamed rice, which is stimulated to produce amylolytic enzymes. 
The enzymes secreted by the mould were then used to breakdown the starch of cooked cereal, 
generating glucose and other simple carbohydrates, and resulting in the typical sweet taste of the 
amazake. Some studies support the beneficial effects of amazake in the human health, such as innate 
immune stimulating activity, antihypertensive effects, cholesterol lowering effects, and tyrosinase-
inhibiting activity. Besides that, amazake is known as “drinkable drip”, due to its high nutritional and 
energetic value and the presence of healthy ingredients, such as amino acids, complex B vitamins and 
other bioactive substances4. 
The present study aimed to develop a new, high quality Asian derivative fermented product (Amazake), 
from a Portuguese ingredient, sweet potato (Ipomoea batatas L.), under standard and controlled 
conditions. This amazake will be used to create an innovative dessert, without gluten or lactose, apt for 
vegan and non-vegan consumers.  
Two sources of amylolytic enzymes were tested for their optimal concentration and temperature based 
on the enzymatic activity on pure starch, amylases from A. oryzae/rice koji and amylases from crude 
sweet potato aqueous extract. The best hydrolytic performance was obtained using a proportion of 10% 
(w/w), at 50°C (for A. oryzae/koji) or 60°C (for sweet potato extract). 
Two amazakes were then developed, testing the effect of rice koji (RKAm) and sweet potato extract 
(SPAm) as the source of hydrolytic enzymes. Fermentation was followed by °Brix and pH measurements, 
until stabilization of these parameters. The evolution of microorganisms was also monitored through 
colony forming units (CFU/ml). In terms of chemical analysis, Amazake evolution was followed for both 
products and compared in terms of chemical composition (nutritional evaluation, using general AOAC 
methods, HPLC for sugar and organic acids quantification and Bradford method for free protein). Texture 
(Texture Profile Analysis – TPA) and linear viscoelastic behaviour (small amplitude oscillatory shear 
measurements - SAOS) will also be evaluated. 
Over the first 6-8 hours, both amazakes presented a steady decrease in pH and increase in °Brix, milder 
for sweet potato extract amazake (from XX to YY in SPAm and to ZZ in RKAm) (Figure 1). After 6h for the 
amazake with sweet potato extract and 8h for amazake with rice koji, both parameters stabilized. The 
microbiologic analyses revealed the presence of viable fungi spores in RKAm and yeasts from the raw 
material, which decreased after a few hours. 
The two products will be evaluated for their sensory properties and consumer’s acceptance and for their 
best aptitudes to produce an innovative sweet product (as sweetener, as ingredient in a dessert or just  
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as a base for a sweet drink or smoothie) more natural and healthier than common desserts using refined 
sugars. In alternative to rice amazake, sweet potato can represent an interesting substitute, with 
promising nutritional characteristics, creating different forms of consumption of a traditional raw 
material. 
 
 

 
Figure 1- Values of pH (A) and °Brix (B) at time 0h and after 6h (for SPAm) or 8h (for RKAm). SPAm – blue bars; 
RKAm – Orange bars.    
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In recent years, the interest of consumers and the demand for innovative, diverse, and flavourful 

products such as fermented and functional foods and beverages has been increasing1. One example of 

these products is kombucha, a tea-based drink fermented with a symbiotic consortium of bacteria and 

yeasts (SCOBY)2. Kombucha is particularly seeked for its high antioxidant capacity and antimicrobial 

properties3 and is often consumed as a replacement for soft drinks. 

This work aims to develop and characterize an innovative kombucha-based beverage where traditional 

tea was partially replaced by grape juice. The juice from red grapes was subjected to maceration for two 

days, in presence of grape skins and seeds, allowing to increase tannins and the yeast count of the juices, 

and to obtain a more differentiated colour and taste, before the inoculation with the kombucha SCOBY. 

Kombuchas were developed, using a ratio of 50:50 green tea/grape juice fermented with the pomace 

(KMCP). Traditional kombucha made using solely green tea (KCV) was used for comparison. 

 After the first fermentation, the beverages were bottled for a second fermentation and gasification. 

Samples of all kombuchas were regularly plated onto solid Yeast Peptone Dextrose (YPD) medium with 

chloramphenicol (25mg/ml) and Glucose Yeast Calcium-Carbonate (GYC) solid medium with natamycin 

(1g/L), for yeast and bacteria quantification (CFU/mL). Additionally, the dominating yeast and bacteria 

were isolated and sequenced through molecular biology techniques for strains species identification. 

Sugars, ethanol, and organic acids concentrations were analysed along the fermentation by HPLC. °Brix, 

pH, titratable acidity, and colour were monitored daily until the end of fermentation. Antioxidant 

capacity was estimated through the 2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenging ability and Ferric 

Reducing Antioxidant Power (FRAP) methods. Total phenol content was measured using the Folin 

Ciocalteu method. For the beverages in presence of 50% macerated grape juice, KMCP, the fermentation 

time was only 3 to 4 days, while for the green tea beverage, KCV, the process continued for around 18 

days. 

 A decrease in the pH value during the first 4 days of fermentation was observed, going from 3.82 to 3.19 

in KMCP. As for the control assay, KCV, the variation followed a similar downward trend (Figure 1A). °Brix 

values of KMCP, dropped sharply from 8.55 to 4.85 throughout the 4 days of fermentation, while in the 

control, KCV, no relevant changes were observed. The fermentation process affected the chemical 

composition of the kombuchas, leading to changes in the microbiological profile between the start and 

the end of fermentation4. Finally, sensory analysis of the kombuchas (Figure 1B) was performed to 

understand which characteristics of the beverages are the most appreciated by consumers. Kombucha 

presents itself as a high potential product that follows consumer trends, and its market is expected to 

grow in the upcoming years. The addition of fruit juices to kombucha not only allows for the 

development of innovative products but it may also enhance the functional properties of kombucha 

beverages, such as its antioxidant capacity. 
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Figure 5: pH evolution for KCV and KMCP kombuchas throughout fermentation (A). Photo of Green Tea (left) 
and Grape Juice Kombuchas (two on the right) (B).  
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According to the expected population growth and the scarcity of protein, it is urgent to introduce new 
sources of nutrition into the human diet. Chlorella vulgaris is an organism capable of suppressing these 
nutritional needs since its dry matter can have between 48 to 52% protein, 12 to 55% carbohydrates, 
and 5 to 58% lipids1. In addition, when incorporated into foods and consumed daily, it can be an excellent 
long-term strategy from a health perspective2. 

 
Simultaneously, it is fundamental to provide consumers appealing, tasty, and convenient products. To 
improve the sensory characteristics of products enriched with Chlorella vulgaris, alternative strategies 
have been developed such as random mutagenesis, where cells are exposed to chemical or physical 
mutagens generating strains with different characteristics3-4. The advantage of this technique is that no 
external genetic material is introduced and therefore no genetically modified organisms (GMOs) are 
created5. 

 
Another advantage of using microalgae biomass results from their sustainable way of production, being 
a non-land crop food ingredient. Other advantages, in terms of production, are related to the high 
biomass yield per unit area and the ability to be cultivated on non-arable land, using non-potable water 
or even saltwater 6. These organisms, besides having a great capacity for carbon fixation and high oxygen 
production, use less water than traditional crops and reduce the impacts of desertification and soil 
deforestation2. 
 
Therefore, the aim of this work was the development of nutritious vegan bars based on fruit, gluten-free 
cereal, and oilseeds, with the incorporation of different strains of heterotrophic Chlorella vulgaris in 
white, yellow and lime green colours. Initially, three ingredient bases were selected, to which each 
microalga was associated, testing two incorporation levels (4% and 8% w/w). A consumer panel was 
consulted to evaluate the formulated bars. 4% was the most appreciated level of incorporation and the 
formulation based on sesame and rice was selected as the base for development. Using that formulation, 
the impact of adding 4% of each microalgae (Figure 1) on sensorial attributes and purchase intention 
was studied. Honey Chlorella vulgaris (the yellow one) bar was the most appreciated, achieving a high 
score. 

 
Figure 1: Energetic bars with different types of Chlorella vulgaris (white, yellow and lime green). 

 

mailto:anabraymundo@isa.ulisboa.pt


 

244 
 

 
 
 
 
 
 
 
 
 
The nutritional composition was evaluated through AOAC methods and bioactivity was evaluated by the 
determination of the total phenolic content (Folin Ciocalteu method) and antioxidant activity (DPPH and 
FRAP assays). The impact of the addition of each microalga on the texture was analysed through a cutting 
test using a texturometer TA-XTplus (Stable MicroSystems, UK). Instrumental colour measurement of 
the bars was performed using a Minolta CR350 colorimeter and the results were expressed according to 
CIELAB* system. The water activity was determined at 20 ± 1ºC, using a Hygropalm equipment and the 
measurements in each bar were performed in triplicate over three weeks of storage. 
 
Nutritionally, the samples did not differ substantially among them, being possible to associate several 
claims such as “high fiber” and “source of protein, potassium, calcium, phosphorus, magnesium, iron, 
vitamin B6 and B12”. The enrichment with microalgae allowed a considerable improvement of the 
nutritional profile, comparing to the control formulation, which would only have the claim “source of 
phosphorus”.  Texture tests showed a positive impact resulting from the incorporation of microalgae, 
since the control bar showed less resistance to shear force, ie., the control bar is softer. 
 
Chlorella vulgaris was found to be a versatile source of nutrients that can be used as a functional and 
sustainable ingredient, giving a new flavour, texture, and colour to the final product. This project allowed 
the successful development of a product in line with food sector trends: gluten-free, plant origin, 
consumption on the go and with health benefits. 
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In food production and processing industries, large volumes of wastes are generated from the 

production and preparation of food products1. Beside the environmental problem (around 75% of the 

whole greenhouse gases are associated to the food production chain2), this represents a loss of economic 

value and nutrients1, and a major concern of modern consumers. 

With the increasing demand for more sustainable production processes, food industry is urged to add 

more value to its by-products, while reducing waste pollution. The bio-transformation of food industry 

by-products contributes, not only to reduce the amount of waste produced annually in the food industry 

and minimize waste disposal and pollution problems, but also to create circular economy approaches, 

providing commercially valuable and environmentally sustainable products3. 

In Azores, pineapple is an economically important crop. However, about 25% of pineapple weight is 

wasted in the processing4, making it imperative to think of ways to exploit these discarded residues to 

generate added value products.  

Tepache (a pre-Hispanic beverage5), is made from the spontaneous fermentation of pineapple peels and 

core, usually under non-standard conditions. In this work, we aimed to produce Tepache using Azores 

pineapple residues through the traditional processing methods, under controlled conditions, in order to 

obtain a safe, sustainable and tasty beverage, adding value to pineapple by-products.  

Three different concentrations of raw sugar, 5%, 10% and 15% (w/v) were tested, at a controlled 

fermentation temperature of 25°C (Figure 1A). Fermentation process was performed in two sequential 

stages, the first fermentation stage, in contact with pineapple residues and when most of the alcoholic 

fermentation takes place, and a second fermentations stage, after removing pineapple residues and 

when fermentation occurs in closed bottles and CO2 is retained. 

Samples were taken along the first fermentation stage and at the end of the second fermentations stage. 

Several parameters were evaluated to monitor the process evolution, such as pH and °brix, and different 

chemical analysis were performed (nutritional analysis - general AOAC methods and HPLC for sugars, 

ethanol and organic acids quantification). The microbial growth of different yeast and bacteria was also 

monitored (in CFU/ml).  

Results obtained so far revealed, a decrease in pH (Figure 1B) and increase in total acidity after the first 

fermentation stage. A decrease of total soluble solids, more pronounced in the first stage of the process, 

was observed for fermentations with 5 and 15% (w/v) sugar. Curiously, an increase of 3.12 on °brix was 

observed in 10% raw sugar fermentation after 24h, suggesting the hydrolysis of some sugars and 

proteins and indicating a more efficient use of the natural pineapple sugar by yeast, when compared to 

the other conditions. In the first fermentation stage, an increase in CFU/mL was also observed, more 

evident for 5 and 10% raw sugar than for 15%, probably caused by the osmotic stress effect due to the 

highest raw sugar concentration. A predominance of non-Saccharomyces yeasts, prevenient from the 

pineapple peels spontaneous fermentation, was observed in the Tepache. However, the number of  
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viable cells decreased significantly during the second stage of fermentation for 10% and 15%, probably 

due to the higher ethanol content of the beverage. The colonies with morphological differences were 

isolated for further identification using molecular biology techniques, and possible use as starters in 

future Tepache fermentations.  

 

 

 

 

 

 

 

 

 

 
Figure 2 – Pineapple’s Tepache photo, from left to right initial sugar concentration of 5, 10 and 15% (w/v) (A). 
Evolution of pH values for tepache with 5 (blue bars), 10 (red bars) and 15% (green bars) (w/v) of brown sugar 
(B).   

A sensory evaluation was performed, showing the preference for the 10% (w/v) of raw sugar Tepache, 

followed by the 15% sugar fermentation, although in the last case, some consumers pointed as negative 

characteristic the extreme sweetness of the beverage.  

In the end, we obtained an interesting, refreshing and appealing sustainable beverage, with pH 3.73, 

which is considered safe from spoilage by pathogenic microorganisms and apt for consumption. This 

process allows the production of an alternative pleasant beverage, while contributing to the reduction 

of waste problems and to add value to pineapple by-products agroindustry. 
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The modern food consumption trends represent one drive leading the demand for innovative, 
sustainable, diverse, healthy and flavourful products, that also complement specific market segments 
(such as vegan and vegetarian).1 Awareness regarding cultural, economic and environmental issues is 
leading to approaches where sustainability through food waste reduction and the use of natural capital 
and the story-telling gastronomic experiences are the focus. Seaweeds are alternative marine resources, 
highly nutritive4 and a source of umami taste compounds, being ideal for the production of new 
vegetable based fermented foods, in line with the more recent food trends. Functional foods, such as 
the fermented products, represent one important trend of consumption 
(https://www.innovamarketinsights.com). Several fermented foods can be associated with ethnic and 
cultural identity, such as the dairy products in Europe and pulses in Asia.2  
In the Roman occupancy of the current Portuguese territory, two fermented fish products, the Garum 
and Allec, were widely produced and traded.3 This work aims to develop new sauce (garum) products, 
with seaweeds from the Portuguese coast, suitable for vegan and non-vegan consumers. This approach 
will allow to combine the benefits of the seaweeds with those from fermentation to obtain flavourful 
and healthy products.  
Based on the composition in minerals, vitamins and protein content, two macroalgae, from the 
Portuguese cost, were selected for this work, one green (Ulva rigida, common name sea lettuce) and 
one Red (Palmaria palmata, common name Dulse). While in traditional garum and allec the fish and 
viscera were placed in cement tanks with up to 25% (w/w) of salt, providing enzymes from fish gut, in 
the present work, macroalgae were fermented with addition of rice koji (rice inoculated with Aspergillus 
oryzae), to provide amylases and proteases for the enzymatic hydrolysis process. Previous to 
fermentation, seaweeds were soaked, combined with rice koji and 5% of sea salt (w/w), and crushed. 
Two different assays were performed, comparing the action of koji enzymes, for active or inactive A. 
oryzae, in both seaweeds, while also using the natural microbiome of the algae.  
The vegan garum-like products evolution was followed for 14 days and compared in terms of chemical 
composition (nutritional evaluation, using general AOAC methods; soluble solids - °Brix; Bradford 
method - total soluble protein; sugars and organic acid – HPLC) and pH. The total titratable acidity was 
also measured for the final fermented products.  
The results obtained showed an increase in the concentration of soluble solids (°Brix) for both algae, 
possibly due to the activity of A. oryzae enzymes from koji, followed by a decrease (Figure 1). The 
variation is more evident for Palmaria palmata, with a 1 °Brix increase after 3 days, while for Ulva rigida 
only a 0.4 increase is observed. These results can be related to the higher concentration of 66.25% (dry 
weight) carbohydrates in Palmaria palmata, in comparison to the 44-49% in Ulva rigida.4    
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Figure 1: °Brix and pH evolution in vegan garum-like produced from Ulva Rigida (blue lines) and Palmaria Palmata 
(green lines) macroalgae, using rice koji with inactive A. oryzae as source of enzymes.  
 

In terms of pH values, similar profiles of variation were observed for both algae, with a decrease from 

initial values of 5.6 - 6.0 to values below 4.5 after 14 days. Along the fermentation was also observed a 

variation in the products colour, from fresh to less vivid colours. Curiously, the products sea aroma was 

improved overtime, becoming softer and more appealing, also revealing an umami flavour that may be 

further improved over time.  

At the end, we obtained two high-acidic and tasty fermented pastes, safe for human consumption and 

well accepted by the consumers, showing that seaweeds can be an innovative alternative to the 

fermented products based on fish, being suitable for vegan and non-vegan consumers, presenting 

healthy promising characteristics and contributing to the promotion of macroalgae consumption. These 

products can be used as sauces to condiment and enhance other foods flavour, or incorporated in 

products such as salty snacks, pasta and dough.  
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Cancer is a major cause of death in both developed and developing countries. According to the 
GLOBOCAN 2020, the average number of newly diagnosed cases of cancer worldwide overcomes 19.3 
million and almost 10.0 million cancer deaths occurred in 2020.1 On the other hand, the growing interest 
for dietary polyphenols arose from epidemiological studies that support a positive relationship between 
a high dietary intake of polyphenols and a reduced risk of cancer.2 Coffee silverskin (CS) is the major by-
product of coffee roasting companies and it emerges as a natural source of several polyphenols, of which 
chlorogenic acid is the most relevant bioactive compound.3 Additionally, the recycling of food wastes 
(such as CS) into health promoting products is of great importance worldwide, and it has a great 
socioeconomic and environmental impact.3,4  
Therefore, the aim of this work was to understand if CS presents anticarcinogenic properties. For this, a 
CS extract was prepared by a green method of extraction using an ultrasound probe and only water as a 
solvent, and then was freeze-dried (-80 °C, 0.015 mbar). Three distinct cancer cell lines were used to 
study the effects of the extract: a breast cell line (MCF-7, an estrogen receptor (ER)-positive human 
breast epithelial adenocarcinoma cell line), a pancreatic cell line (AsPC-1, a human pancreatic cell line 
with high metastatic rate), and a colorectal cell line (HT-29, a human colorectal adenocarcinoma cell 
line). AsPC-1, MCF-7, and HT-29 cells were exposed to the extract (1 mg/mL) or to its vehicle, for 24 h. 
Cell viability was determined by measuring cellular leakage of lactate dehydrogenase (LDH) to the 
extracellular culture medium.5,6 Cell proliferation rates were determined by a 3H-thymidine 
incorporation assay.7 Culture growth was determined by the sulforhodamine B (SRB) assay, which 
reports on intracellular protein content. 7 Angiogenesis and oxidative stress were also determined using 
commercial kits, where VEGF-A and malondialdehyde (MDA) levels, respectively, were quantified. 
The results (Figure 1) showed that the CS extract (1 mg/mL) was cytotoxic (LDH) only to colorectal cancer 
line (HT-29). Moreover, culture growth (SRB) and angiogenesis (VEGF-A) were not disturbed by the 
extract in any of the cell lines. Interestingly, these 3 cell lines had their proliferation rates (3H-thymidine 
incorporation) significantly reduced by the extract (to 52%, 77% and 62% of control - AsPC-1, MCF-7, and 
HT-29, respectively). Furthermore, in all types of cancer cell tested herein, the level of oxidative stress 
(MDA) was diminished by the extract treatment (to 80%, 84% and 89% of control - AsPC-1, MCF-7, and 
HT-29, respectively).  
Globally, these results show that the CS extract is able to exert antiproliferative and antioxidative effects 
in AsPC-1, MCF-7, and HT-29, but presented cytotoxic effects only in colorectal cancer cells (HT-29). 
Therefore, coffee silverskin showed appealing potential effects and, as a by-product of coffee 
manufacturing, it should be further explored as a cheap alternative anticancer agent.   
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Figure 1: CS extract activity on pancreatic cancer cells (AsPC-1), breast cancer cells (MCF-7) and colorectal cancer 

cells (HT-29), respectively. Effects of CS extract – 1 mg/mL (24h) on cell viability (extracellular LDH activity), culture 

growth (SRB assay), proliferation (3H-Thymidine incorporation) rates, angiogenesis (VEGF-A) and oxidative stress 

(MDA) levels in different cancer cell lines (n = 5–9). Data show arithmetic means ± S.E.M. *p < 0.05 vs control, by 

Student’s t-test.  
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The valorisation and efficient use of waste products constitute an increasingly challenge for economically 
sustainable and environmentally friendly industrial processes. Olive oil is the major oil produced and 
consumed in Mediterranean countries, generating large amounts of solid residues called olive pomace. 
Olive pomace is a combination of olive husk and pulp, crushed olive stone and olive mill wastewater with 
a moisture content of c.a. 65%1,2. These solid residues are mostly lignocellulosic materials composed by 
cellulose, hemicelluloses, and lignin, but they also contain residual oil, proteins, and other compounds. 
After extracting olive oil by mechanical processes, the residual oil (olive pomace oil) can be extracted 
from the pomace by solvent (usually n-hexane). After refining, it is used for edible purposes. The solid 
residues have been currently used for energy purposes. However, they presented the potential to be an 
excellent source of lignin, glucose and functional sugars3. The present study aimed to evaluate the 
potential utilization of the extracted olive pomaces from fruits at different ripening stages and from 
different cultivars to produce oligosaccharides (e.g., xylo-oligosaccharides) with prebiotic activity.  
Olive oil from fruits with different ripening indices (RI) from ‘Cobrançosa’ (RI: 2.51; 3.34 and 4.66) and 
‘Galega Vulgar’ cultivars (RI: 1.85; 2.89 and 4.82) were extracted in a laboratory oil-mill (Abencor 
analyser; MC2 Ingenieria y Sistemas S.L., Seville, Spain). The residual olive pomaces were dried at 60 ℃ 
for 48 h and chemically characterized. The extractives content was determined by extraction in a Soxhlet 
system successively with n-hexane (6 h), ethanol (16 h) and water (16 h). The olive pomaces had a similar 
composition. The total extractive fraction of Cobrançosa and Galega olive pomaces was approximately 
constant along fruit ripening and equal to 58 and 69.4% on a dry basis, respectively. The residual oil 
varied from 22 to 32% (d.w.) in Cobrançosa pomaces, and from 25.2 to 40.6% (d.w.). Regarding the 
structural features, Cobrançosa olive pomace had on average: 2.2% cutin, 15.3% lignin and 19.5% 
polysaccharides. Galega olive pomace had on average: 2.6% cutin, 10.9% lignin and 18% polysaccharides. 
The ripening stage did not affect the structural composition (lignin and polysaccharides content).  
After extractives removal, the pomaces were submitted to a hydrothermal treatment (auto-hydrolysis) 
in pressurized stainless-steel reactors, to produce hemicelluloses derived compounds. The experiments 
were carried out following a central composite rotatable design (CCRD), as a function of temperature (T: 
142-198°C) and time (t: 48-132 min). The amounts of soluble sugars were expressed as glucose. For both 
cultivars and different RI, the production of sugars by auto-hydrolysis increased with reaction 
temperature and time, described by second-order polynomial models. For Cobrançosa pomaces, sugar 
yield increased with RI: the highest amounts (136 g Glu/kg dry pomace) were obtained at RI=4.66, at 
198°C/90 min. For Galega pomaces, higher sugar yields were obtained, for T higher than 170°C and t 
higher than 90 min. Maximum yields were 151 (RI=1.85), 166 (RI=2.82) and 131 g Glu/kg dry pomace 
(RI=4.82). The production of sugars with prebiotic activity from olive pomaces showed to vary with olive 
cultivar and maturation stage of the fruits and with hydrothermal conditions. 
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Exopolysaccharides (EPS) are metabolites produced by lactic acid bacteria (LAB) that can be secreted to 

the environment in two forms, slime or ropy EPS. EPS produced by LAB have been used in the food 

industry as natural thickeners to improve the texture of foods1. In addition, some EPS may be used as 

fermentable substrates by intestinal microbiota and act as prebiotics. EPS differ greatly in composition 

and structure and, therefore, can show a multitude of health effects, such as reducing cholesterol levels, 

improving glycaemic control, improving calcium and magnesium absorption, increasing production of 

fatty acids from short chain (SCFA) and modulating host immune function. The aim of this study was to 

screen lactic acid bacteria (LAB) isolated from dairy foods and milk of various species, for their ability to 

produce EPS. Fourteen isolates were obtained from cheese, goat and donkey milks. All the cultures were 

grown for 48 h in modified MRS broth where glucose was replaced by 10% (w/v) of one of the following 

sugars: lactose, sucrose, glucose or fructose3. After the incubation period, the tubes were centrifuged 

(4000 x g, 20 min, 4°C). The presence of EPS was determined by insertion of an inoculation loop into the 

pellet. After visual inspection of filamentous or loopy formation the cultures were assessed as producers 

of EPS5. When the result was positive (RP+), the EPS was extracted from the supernatant with two 

volumes of 95% (v/v) cold ethanol. The precipitation step was repeated twice, before EPS precipitates 

were dissolved in warm ddH2O. The total sugar content of EPS was evaluated by the phenol sulfuric acid 

method, using glucose as standard. Six isolates tested positive for ropy EPS (RP+). One Lactobacillus 

paracasei isolated from cheese and two Streptocuccus themophilus isolated from goat milk showed RP+ 

in all sugar substrates tested. This result indicates that the sugar source is not a critical determinant for 

induction the ropy phenotype in these isolates. Two S. themophilus did not produce EPS in the presence 

of frutose, showing that EPS production is negatively affected when fructose is the only sugar source in 

the growth medium. In addition, L. brevis only tested positive in the presence of sucrose. The highest 

ropy-exopolysaccharide producers were the S. thermophilus isolates. These isolates produced the 

highest amount of EPS (29,31 mg/ml) in 10% glucose. EPS production ranged 10,64 – 20,91 mg/ml, 11,71 

– 15,174 mg/ml and 7,440 – 12,106 mg/ml, in the presence of 10% lactose, sucrose and frutose, 

respectively. The present work has identified several S. themophilus isolates/strains showing high 

potential to be use as starter cultures in yogurt or fermented milk production. Further work will be 

conducted to investigate the composition/structure of EPS, its effects on rheological properties of 

fermented milk and the potential to be used as prebiotics. 
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Kiwi is the best-known fruit of the genus Actinidia (family Actinidiaceae), it has become a very popular 
product throughout the world due to its nutritional and organoleptic properties, as well as its health 
benefits 1,2. Originally from China, this genus has a wide distribution, from regions with a tropical climate 
to areas with temperate-cold climates 2. The kiwi industry has grown and is currently a well-known crop 
grown in different countries such as the United States, New Zealand, China, Japan, Chile and in European 
countries such as France, Spain, Belgium, Switzerland, Austria, Italy. or Poland. The latest data shows 
that kiwi world production is around 4 million tons per year, with Asia being the main producer. With 
respect to Europe, Spain is the fifth largest producing country in this area and specifically Galicia 
contributes half of this production. In general, this fruit is mostly consumed raw. However, it is also used 
to make juices, wines, jams or ice creams, among other products 3. This industrialization generates 
various waste with biological capacities that could be of interest to the food, cosmetic and 
pharmaceutical industry 4. In this sense, kiwi residues, especially seeds and skin, have gained importance 
these last years and arisen as an interesting source of bioactive compounds: high content of carotenoids, 
triterpenes, polyphenols, minerals, vitamins, carbohydrates, and even volatile substances. Therefore, 
these residues have great potential to be used in nutraceuticals, as they contain bioactive molecules 
with recognized health-promoting properties. In this sense, residues from the cultivation and processing 
of kiwi could be revalued, used and transformed for its incorporation into new products, and, therefore, 
in the market, favouring a circular economy model that contributes to the reduction of the 
environmental impact at the same time it generates additional economical profits.  
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Currently, the demand for natural food additives with antioxidant and antimicrobial properties by the 

food industry has increased because today’s consumers are more prone to choose natural products, 

which are expected to be safe and health-promoting. Lavandula pedunculata is an aromatic plant native 

to the Iberian Peninsula traditionally used in Portuguese folk medicine. Their extracts have a wide range 

of biological activities, including great antioxidant potential and antimicrobial activity, due to the 

presence of bioactive compounds, namely phenolic compounds1.   

The aim of this work was to compare different techniques to produce a novel natural antioxidant extract 

rich in polyphenols from dry Lavandula pedunculata (LP) leaves and steams. LP extracts were prepared 

with a mixture of ethanol/water (50:50, v/v) using a conventional extraction method (CE) and two green 

extraction technologies: microwaves (MAE) and ultrasound (UAE) assisted extraction. To understand 

the potential of these extracts and guarantee their safe application in the food industry, an evaluation 

of their phenolic content (by the Folin-Ciocalteu method and by HPLC–DAD), bioactivity (antioxidant 

activity (ABTS, DPPH and ORAC) and antibacterial activity, and safety (geno and citoxicity) were attained.   

The highest value of TPC (183.7 ± 17.8 mg GAE/g DE) was obtained by CET, although the differences 

between the extraction methods were not statistically significant (p <0.05). Fifteen polyphenols were 

identified in LP extracts, being rosmarinic acid, salvianolic acid B and caffeoylquinic acids the main 

compounds present. The phenolic profile was similar in all extracts, but the highest content was 

observed for CET. Besides that, with CET it was possible to obtain an extract with high antioxidant 

capacity (ABTS: 165.4 ± 10.7 mg AAE/g DE; DPPH: 170.5 ± 12.1 mg TE/g DE; ORAC: 1765.5 ± 214.3 mg 

TE/g DE), which could be related to its higher concentration in phenolic compounds. Regarding the 

antibacterial activity, the least resistant microorganisms against LP extracts were Bacillus cereus and 

Pseudomonas aeruginosa, while E.coli was the most resistant.    

Based on this research, it is possible to conclude that the extraction technique affects the recovery of 

phenolic compounds. The results reveal that L. pedunculata extracts are a potential source of phenolic 

compounds that could be used as natural antioxidant or preservative in food products with a positive 

effect on human health.  
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Today's growing interest in nutrition interventions to improve health has led to an increased interest and 

demand for functional food in the markets mainly in developed countries. In this context food is not only 

intended to provide the necessary nutrients, but also to have a beneficial effect on consumers health1. 

Fermented food may contain important levels of viable microbes, mainly Lactic Acid Bacteria (LAB), that 

can exert beneficial influence on human health2. The beneficial effects of BAL can be associated with 

their development and/or with the production of certain metabolites, in the gut or in foods, which can 

be affected by different conditions. One factor that affect the growth of LAB is the presence of prebiotics 

which are defined as “non-digestible food ingredients that beneficially affects the host by selectively 

stimulating the growth and/or activity of bacteria in the colon and thus improves host health”3. Thus, 

growth in prebiotics is considered a positive feature for LAB. The end-products of carbohydrate 

metabolism, including fermentation of non-digestible carbohydrates with prebiotic function by LAB, are 

organic acids, ethanol, and gases. Among these, short-chain fatty acids (SCFA) display distinct positive 

physiological effects on the host. Butyric acid has been the most widely studied for its anti-carcinogenic 

and anti-inflammatory effects, although acetic and propionic acid also exhibit health-promoting 

effects4,5.   

 Whereas the food matrix of some fermented products is an excellent environment for the survival of 

beneficial microorganisms, fermented artisanal foods are gaining popularity and have even been 

proposed as part of dietary recommendations6. Fermented dairy products have been by far the most 

investigated as a source of benefit microorganisms and how to carry them efficiently through gastro-

intestinal tract7. Among them, cheese is an excellent matrix that favour the survival of LAB through 

gastrointestinal transit due to its specific physical and chemical characteristics such as pH, high fat 

content, nutrient availability and low oxygen content8. In this context, this study aimed to evaluate 

prebiotic metabolism and its influence on the production of SCFA of pre-selected autochthonous LAB 

isolated from artisanal Serpa cheese, for potential application during manufacturing process. Serpa is a 

Protected Designation of Origin (PDO)9 soft cheese produced within the Alentejo province, in the south 

of Portugal. It is made from raw ewe’s milk using vegetable coagulant obtained from the infusion of dried 

flowers from Cynara cardunculus L. and without the addition of starter cultures. Its quality and specific 

characteristic arises mainly from the endogenous microbiota coming from the raw materials and cheese 

dairy environment. In our previous research, the microbial community of this artisanal cheese have been 

described10,11. LAB were clearly the main microbial group with viable counts around 108 cfu/g at the end 

of the ripening process.   

To assess the in vitro growth on prebiotic of 12 pre-selected LAB of the Lactobacillus genus isolated from 

Serpa cheese, a suspension of each strain was inoculated in semi-solid culture medium (MRS) devoid of 

glucose, and supplemented with each of three commercial prebiotics, lactulose (Sigma), short chain  
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fructo-oligosaccharide (FOS, Orafti® P95 with a degree of polymerisation (DP) 2–8, Beneo-Orafti, 

Belgium) and long-chain inulin (Orafti® GR with DP 2-60 and average ≥10, Beneo-Orafti), or positive 

substrate controls (glucose and lactose). Growth was evaluated in an automated turbidimeter BioscreeC 

Microbiology for 96 h at 37ºC by reading the OD at 600 nm at regular intervals. The assessment of the 

production capacity of SCFA began with the growth in modified MRS broth (with the carbohydrate source 

- glucose, lactose, lactulose, FOS or inulin), in anaerobiosis at 37ºC, until stationary phase. The 

concentration of lactic acid (D-lactic and L-lactic) was evaluated in the previously centrifuged culture 

supernatant, by the enzymatic method K-DLATE (Megazyme, Bray, Ireland). The amount of the remaining 

SCFA was determined in a gas chromatograph (model 4890 Series II; Hewlett-Packard, Palo Alto, CA, 

USA) equipped with a split/splitless injector and a flame ionisation detector12.  

In this study, lactulose was the most effective prebiotic for supporting bacterial growth followed by inulin 

and FOS. The fermentation of prebiotics showed that lactulose supported better growth of lactobacilli 

and induced the production of shortchain fatty acids (SCFA).   
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The Mediterranean Diet, recognized by UNESCO as an intangible cultural heritage of humanity in 20131, is 
globally seen as one of the healthiest and most sustainable food systems, impacting public health and nutrition, 
especially in the Mediterranean basin. In the Mediterranean Diet lifestyle, the consumption of vegetables is 
privileged over other foodstuffs due to the positive effects on cardiovascular health, prevention of type 2 
diabetes, reduction of LDL cholesterol, lower incidence of diseases such as Parkinson's and Alzheimer's, some 
types of tumours, such as bowel and breast, as well as on the longevity of populations. Among vegetable crops, 
the numerous Brassicaceae family (formerly Cruciferae) holds great socioeconomic relevance in Portugal, 
showing large genetic variability and botanical diversity, contributing to its enormous versatility regarding 
commercial presentation and culinary preparation. In recent years, a rising tendency in brassicas crop 
production and consumption is observed, with broccoli (for fresh consumption and processing) occupying the 
largest brassica crop area (3 238 ha) with an upward trend for the last two years2. The growing trend is 
supported by Brassica vegetables excellent nutritional traits, including vitamins, minerals and fibre, and by its 
classification as functional foods, as Brassicaceae plants are a rich source of antioxidants, e.g., glucosinolates 
and polyphenols (plants secondary metabolites), which biological activities actively contribute to improving 
human health as identified in several publications (3,4). The objective of this study is the physical-chemical, 
bioactive and antioxidant characterization of five cultivated brassica species with the highest consumption 
representativeness in Portugal: Broccoli (Brassica oleracea L. var. italica), Repolho cabbage (Brassica oleracea L. 
var. capitata ssp. alba), Galega cabbage (Brassica oleracea L. var. acephala), Coração cabbage (Brassica Oleracea 
L. var. capitata) and Roxa cabbage (Brassica oleracea L. var. capitata f. Rubra), as well as the characterization of 
different plant tissues (leaf and stem) and of mixtures of leaves: stems (50:50) of each species. The 
characterization included determination of pH, titratable acidity (g lactic acid / 100 g FW), moisture (%), total 
phenolic compounds (mg GAE / 100 g FW) and HPLC profile, determination of antioxidants activity by ferric 
reducing antioxidant power assay (FRAP) and free radical scavenging (DPPH radical) methods (µmol TE /100 g 
FW). The comprehensive characterization of the different brassicas and tissues chemical profile revealed 
important and unexpected results. Red cabbage stands out for its high antioxidant content and phenolic 
content. However, the distinction between tissues (leaf and stem) is dependent on the type of brassica. The 
retrieved data allows identifying differential uses for the evaluated brassicas as nutraceuticals for possible 
incorporation in the human diet as natural food supplements and possible use of their residues, as extraction 
matrixes for bioactives recovery. However, further studies must be carried out to evaluate the effect of 
processing and storage on the nutritional and bioactive quality of these vegetables as well as the stability and 
digestibility of relevant compounds in the human digestive tract. 
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The prospect of global warming and freshwater reduction leads to an increase of saline and dry 

conditions of the land and leads to an enhanced need for salt-tolerant crops. Halimione portulacoides 

(sea purslane) is a halophyte plant found on coastlines and salt marches around the coasts of North 

Africa, South-West Asia and Europe. In Europe is one of the most productive and abundant species in 

salt marshes. H. portulacoides (sea purslane, “gramata branca” or “beldroega do mar” in Portuguese) is 

dispersed along the coast of the Iberian Peninsula. In this study, the leaves of sea purslane, collected in 

salt marshes of Figueira da Foz (Portugal) were characterized at nutritional and mineral composition. 

Total phenolic compounds (Folin Ciocalteu method) and antioxidant activity ( -carotene/linoleic acid, 

metal chelating ability, FRAP and CUPRAC method) were also assessed in methanolic extracts obtained 

from the leaves.  Moreover, was developed an enriched food (butter) with sea purslane powdered dried 

leaves and the sensorial evaluation (colour, flavour, scent, texture and overall acceptance) of the novel 

food was performed by a consumer panel. The butter was prepared according to standard procedure, 

controlling butter´s moisture content up to 16%.  A portion of butter was salty with NaCl (1.0%) and the 

other with 0.8 % of dried leaves of sea purslane. After salting, the butter was worked vigorously to 

ensure even distribution of the salt or sea purslane powder. The butter enriched with sea purslane (H. 

portulacoides) is presented in Figure 1.  

  

  
 

 

 

 

 

 

Figure 1: Butter enriched with H. portulacoides.  

From a nutritional point of view, sea purslane leaves may be considered as a good source of dietary 

fibre, protein, natural minerals such as sodium, calcium, magnesium and manganese. The intake of 100 

g of fresh leaves sea purslane provides 24%, 28%, 74% and 78%, respectively, of the daily value 

recommended for calcium, magnesium, manganese and sodium.  Due to their content in sodium, sea 

purslane can be viewed as a good candidate to be a food ingredient to replace salt (NaCl). On the other 

hand, leaves showed a high level of total phenolic compounds and a considerable antioxidant. 

Concerning the food sensory evaluation, butter with the incorporation of H. portulacoides had the 

higher scores in all organoleptic characteristics.  Thus, it was verified that the use of H. portulacoides 

can be considered a promising salt substitute in butter and a good alternative to enhance the nutritional 

and sensorial characteristics of products, with additional health benefits.  
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The growing concern for a healthy lifestyle and food enrichment can be a strategy for addressing 
nutritional deficiencies or reducing ingestion of food supplements.  Considering this, vitamins and 
minerals play and important role, and Vitamin C is one of the most popular and important for the 
regulation of some vital functions. Vitamin C can be found in supplements or naturally in fruits or 
vegetables but nowadays researchers and industry are exploring new sources also high potential for 
ascorbic acid supply. Recently, the camu camu fruit (Myrciaria dubia), which is better known in the 
Amazonian region, has been considered of special subject of study even being considered a superfood, 
with a high content in vitamin C, compared to other foods.1,2 
This work aims at studying the enrichment of dark chocolate, greatly appreciated by the consumer, with 
vitamin C through food additive E300 and camu camu. Using camu camu, is though aligned with 
consumer trend to prefer natural and nutritionally rich sources.3 
 Firstly, it was studied the influence of the process on the degradation of different sources of vitamin C 
(where ascorbic acid content was determined) and secondly the incorporation of different sources and 
content of vitamin C in dark chocolate paste (Figura 1). Vitamin C incorporation on the chocolate varied 
from 12 mg/ 100 g to 80 mg/100 g covering all minimum requirements for the label health claims (F for 
“Source of” mention, R for “Rich in” and D for “Recommended Dietary Allowances”). Chocolate 
physicochemical parameters were monitored, namely: colour, water activity, antioxidant activity 
(DPPH), texture (hardness), apparent viscosity and consumers’ acceptability and preference tests were 
carried out.4  
It was detected that occurred vitamin C content degradation within the refrigeration steps of the 
chocolate producing process. Formulation was optimized through manipulation of the E300 and camu 
camu content during mixing steps assuring that minimum levels for label claims were satisfactory. 
Final products were analysed, and results revealed increase in antioxidant activity, as expected, followed 
by viscosity (Figura 2) and hardness decrease with increasing vitamin C content. It was observed that the 
greater the addition of camu camu or E300 the greater the decrease in hardness. Values ranged from 26 
to 40 N (significantly different p>0.05). This decrease is more intensely observed with the addition of 
camu camu. Generally, Tukey's HSD test reveals that chocolate with added camu camu, for claiming to 
be a “Source of”, “Rich in” or “RDA” of vitamin C, is different from the control (dark chocolate 72% cocoa) 
and from E300 chocolate samples, presenting higher values of antioxidant activity and at the same time, 
softer in terms of hardness and apparent viscosity when comparing to other values at a shear stress ( ) 
of 21.0 1/s. 
The colour parameters and water activity of the samples do not present significant differences.  
The consumer study through acceptability test revealed an overall positive appreciation of the enriched 
chocolates. However, results show that consumers do not significantly differentiate formulations. 
Nevertheless, preference ranking test revealed that 41 % of the respondents preferred the chocolate 
with added camu camu.  
With this work, it can be concluded that camu camu stands out as a great source of vitamin C for 
incorporation in chocolate. Also, the chocolate industry is constantly evolving and growing focused on 
good nutritional development practices and therefore social concerns. 
 
Keywords: Chocolate, Vitamin C, Superfood, Camu camu. 
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Figure 1. Vitamin C content (from E300 and camu camu) before (blue) and after (yellow) chocolate processing. 
Legend: EF, ER and ED - “E” for chocolate enriched with E300 and CF, CR and CD - “C” for camu camu enrichment 
where F is  for “source” mention, R for “rich” and D for “recommended daily allowance”, respectively. 

 

 

Figure 2. Viscosity evaluation of the studied chocolate paste. Legend: C72 control dark chocolate (72% cocoa); EF, 

ER and ED - “E” for chocolate enriched with E300 and CF, CR and CD - “C” for camu camu enrichment where F is for 

“source” mention, R for “rich” and D for “recommended daily allowance”, respectively. In red dots is defined shear 

stress (γ) of 21 1/s. 

 

 

References: 

1. E.C.E. Cunha-Santos, J. Viganó, D.A. Neves. Food Research International, 115 (2018), 160–166.  

2. O.S. Toker, N. Konar, H. R. Pirouzian, S. Oba, D. G. Polat, I. Palabiyik, et al. LWT - Food Science and Technology, 87, (2018) 177–185.  

UTZ. (2019).  

3. H.Vannucchi, M. Rocha. Vitamina C ( ácido ascórbico ). ILSI Brasil - International Life Sciences Insyitute Do Brasil, 21(Vitamina C), (2012)1–12.  

4. E.O. Afoakwa, A. Paterson, M. Fowler, J. Vieira. International Journal of Food Science and Technology, 44(1), (2009) 162–167. 

  



 

261 
 

 

 

  

 

 

Comunicações em Painel 

B: Compostos bioativos 



 

262 
 

 

 

  



 

263 
 

 
Comunicações em Painel 

PC-B: Compostos bioativos 

 

   

PC-B01 Characterization of Bioactive Molecules in Pulp of Cassia grandis by HPLC-ESI-TOF-MS 
Ismael Montero Fernández, Jhunior Abraham Marcia Fuentes, Selvin Antonio Saravia Maldonado, Sergio 
Barquilla Ávla 

267 

PC-B02 Influence of agricultural practices, conventional vs. organic, in the phenolic profile of 
blackberries and raspberries 
Fernanda Cosme, Rosário Anjos, Andreia Gonçalves, Andreia Pinto, Fernando M. Nunes, Alice Vilela, Teresa 
Pinto 

268 

PC-B03 Bioactivity, safety and in vitro intestinal permeability of phenolic compounds extracted 
from Castanea sativa shells by an environmentally friendly technique – An optimizing study 
using response surface methodology  
Diana Pinto, María de la Luz Cádiz-Gurrea, Stefania Sut, Francisco Javier Leyva-Jimenez, Stefano Dall'Acqua, 
Antonio Segura-Carretero, Victor Freitas, Bruno Sarmento, Anna Vallverdú-Queralt , Cristina Delerue-Matos , 
Francisca Rodrigues 

269 

PC-B04 Phenolic and bioactive profile of Impatiens genus flowers in the search for a promising 
natural colourant with applicability in the food industry 
Eleomar de O. Pires Jr, Eliana Pereira, Maria Inês Dias, Ricardo Calhelha, Ana Ćirić, Marina Sokovic, Carolina C. 
Garcia, Miguel Prieto, I.C.F.R Ferreira, Lillian Barros, Cristina Caleja 

271 

PC-B05 Plants from Lamiaceae family as a source of essential oils with bioactive properties 
Rafael Mascoloti Sprea, Liege Aguiar Pascoalino, Cristina Caleja, Eliana Pereira, Rui Abreu, Tânia C. S. P. Pires, 
Joana Amaral, Miguel Ángel Prieto Lage, Lillian Barros 

273 

PC-B06 Pine nut skin valorisation: towards a functional food ingredient 
Soraia P. Silva, Guido R. Lopes, Manuel A. Coimbra, Elisabete Coelho 

275 

PC-B07 Role of coffee caffeine and chlorogenic acids adsorption to polysaccharides with impact on 
brew immunomodulation effects 
Passos CP, Costa RM, Ferreira SS, Lopes GR, Cruz MT, Coimbra MA 

276 

PC-B08 In vitro evaluation of biological properties of the traditional plant chamaemelum nobile 
P. Garcia-Oliveira, M. Barral-Martinez, A. Silva, T. C. Finimundy, R. Calhelha, T. C. S. P. Pires, F. Barroso, Paz 
Otero, J. Simal-Gandara, L. Barros, M. A. Prieto 

277 

PC-B09 Characterization and profiling of fish waste oils from viscera by chromatography and 
spectroscopy methodology 
Rui Ferreira, Pedro Ideia, Marijana Petkoviç, Paula C. Castilho 

278 

PC-B10 Optimization of the ultrasound-assisted extraction of bioactive compounds from kiwi peel 
bio-waste: a path towards sustainable agri-food systems 
Eleomar de Oliveira Pires Júnior, Miguel Giordano, José Pinela, Maria Inês Dias, Ricardo Calhelha, Marina 
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Carao (Cassia grandis) is a native plant of Central America, also found in the Caribbean region and in 
northern South America. It is a plant used to combat certain diseases such as anemia due to its high iron 
content, as well as laxative properties and increased milk secretion in women. In the present research 
work we proceed to characterize bioactive molecules in the pulp of the bean by means of HPLC-ESI-TOF-
MS. Overall, 43 compounds were identified, including sucrose, Galloyl glucoside, Quercetin rhamnoside, 
Aloe-emodin diglucoside, Cassanidin A, Theaflavin, Physalin A, and Bilagrewin. These results pointed out 
that Carao tree pulp can be a potential source of bioactive compounds. 
 

 

 

Figure 1: Chromatogram obtained by HPLC-ESI-TOF-MS for carao seed sample. 
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Berries are among the richest sources of phenolic compounds with high antioxidant activity in usually 
consumed fruits, such as raspberries and blackberries but the impact of agricultural practices organic 
versus conventional on their phytochemical composition is not well known. Also, the consumer demand 
for organic products is growing continually in the national and international markets, as they are 
perceived by the consumers to be safer, better tasting, nutritious, healthier as well as environmentally 
friendly compared to products obtained by conventional agriculture practices [1]. According to the 
European Union regulation CEE/2092/91 and CEE/1840/99, organic agricultural practices are defined as 
an organic production management system that promotes and enhances biodiversity, biological cycles, 
and soil biological activity [2], being recognised as a sustainable agricultural practice [3]. Additionally, 
the development of sustainable food systems is an increasing concern among diverse intergovernmental 
organisations [4]. However, insufficient evidence has been obtained to claim that organic foods are 
nutritional enhanced [5]. Thus, this study aimed to analyse and compare the phenolic profile in 
blackberries and raspberries grown under both agricultural practices in the same edaphoclimatic 
conditions. Two blackberry cultivars ‘Loch Ness’ and ‘Chester Thornless’ and two raspberry cultivars 
‘Kweli’ and ‘Tulameen’ were selected. In the case of blackberries, ‘Loch Ness’ variety showed a higher 
concentration of phenolic compounds and antioxidant activity when compared to the ‘Chester 
Thornless’ variety. Under organic agricultural practices, the levels of phenolic compounds were higher 
for ‘Loch Ness’ and lesser for ‘Chester Thornless’ cultivar [6]. For the raspberries was observed that under 
organic agricultural practices, the concentration of the phenolic compounds was higher for the ‘Kweli’ 
cultivar but lower for the ‘Tulameen’ cultivar. When grown under conventional agricultural practices 
‘Tulameen’ cultivar presented a higher level of anthocyanin’s compared to the ‘Tulameen’ raspberry 
cultivar grown under organic agricultural practices while for the other cultivar no significant differences 
were observed between the two agricultural practices. Also, under both agricultural practices, the ‘Kweli’ 
cultivar showed a significantly higher level of ellagitannins and ellagic acid derivatives compared to the 
‘Tulameen’ cultivar [7]. Therefore, the effect of the agricultural practices on the phenolic profile of the 
two cultivars of blackberries and raspberries was dependent on the cultivar and cannot be generalised.  
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The valorisation of agro-residues as valuable sources of bioactive compounds with promising 
applications in nutraceutical field arises as an interesting alternative for food waste. Castanea sativa 
shells (CSS) is an abundant and underexploited by-product generated during chestnut processing. 
Although some innovative applications have already been described for shells (e.g., heavy metal 
adsorbent, phenol substitutes and leather tanning)1, these applications did not deplete the byproducts 
generated. Therefore, ongoing research have focused on new alternatives for the valorisation of CSS as 
a promising substrate of antioxidants that could be employed as functional ingredients in food and 
nutraceutical products2,3. Previous studies described the richness of CSS in vitamin E, amino acids, and 
phenolic compounds (e.g., phenolic acids and tannins)2,4. Thus, the design of added value products using 
chestnut shells embraces a novel challenge for food and nutraceutical industries. Nevertheless, the 
implementation of green extraction technologies, such as Supercritical Fluids Extraction (SFE), for the 
recovery of phenolic compounds from natural sources has emerged as a priority for agro-companies due 
to sustainability concerns. To the best of our knowledge, the applicability of SFE to recover bioactive 
compounds from CSS has not yet been investigated. 
The aim of this study was to recover antioxidant compounds from CSS by SFE employing a response 
surface methodology (RSM) as experimental design tool to optimize the extraction conditions. After 
dehydrated, the outer shells were separated from the inner shells and grinded to a particle size of 1 mm. 
The SFE extraction was performed for 90 min at constant flow rate (30 g/min) using CO2 and ethanol as 
solvent and co-solvent, respectively. The effects of temperature, pressure, and co-solvent percentage 
on the antioxidant activity (evaluated by FRAP, DPPH and ABTS assays) were screened by a central 
composite design (CCD). Considering a potential nutraceutical application, the optimal extract was 
characterized regarding the phenolic composition, radicals scavenging ability, intestinal cells viability 
(Caco-2 and HT9-MTX) and inhibitory activities on acetylcholinesterase, amylase, and lipase. The 
intestinal permeability studies were performed using a co-culture model with Caco-2 and HT29-MTX cell 
lines cultivated for 21 days prior to the experiments. Transepithelial electrical resistance (TEER) was 
monitored during this period to assess the cells monolayer integrity. At 21st day, cells were exposed to 
the extract (100 µg/mL) and samples were withdrawn from the basolateral compartment at 15, 30, 60, 
90, 120, 150 and 180 min to determine the phenolic compounds that were transported across the 
monolayer by LC-MS analysis.  
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The optimal extractions conditions were 60 °C, 350 bar and 15% of co-solvent. Notwithstanding the low 
extraction yield (≈1%), the optimal extract revealed interesting antioxidant properties (ABTS: 124.84 mg 
AAE/g dw; DPPH: 53.04% inhibition; FRAP: IC50=204.79 µg/mL). A good adequacy of RSM model was 
attested by high R2 values (>79.1%) and non-significant lack-of-fit (p>0.05). The SFE optimal extract was 
an effective scavenger of reactive oxygen species, particularly NO● (IC50=0.76 μg/mL) and HOCl (IC50=1.57 
μg/mL). The phenolic profile was characterized by the presence of phenolic acids (ellagic acid and caffeic 
acid derivative) and flavonoids (epigallocatechin and catechin/epicatechin). A moderate anti-
acetylcholinesterase activity was achieved for SFE optimal extract (31.2% at 50 µg/mL), while mild 
inhibitory effects were observed on lipase (17.6% at 300 µg/mL) and amylase (8.8% at 300 µg/mL). In 
addition, the IC50 determined for Caco-2 and HT29-MTX were, respectively, 477.94 μg/mL and 3.71 
μg/mL. Concerning to permeability studies, the major phenolic compounds present in CSS extract were 
able to permeate the intestinal cells monolayer with a rate higher than 25%. 
Overall, the findings support the industrial valorisation of chestnut shells extracted by SFE as a promising 
nutraceutical ingredient based on its bioactivity and safety. Noteworthy, this is the first study that 
provides a comprehensive evaluation of the intestinal transport of a polyphenols-enriched chestnut shell 
extract. 
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Flowers of the genus Impatiens are widely used for ornamental purposes in landscaping and decorative 
projects. Despite being edible matrices, their use in food applications is not yet a common practice1. The 
attractive colours of their petals are characteristic of these flowers, which have attracted significant 
interest from the food industry due to their colouring properties2. The association of adverse effects with 
inappropriate and excessive consumption of some artificial additives tends to affect the choices of 
consumers, which frequently demand for healthier and more natural products3. Thus, the scientific 
community has been striving to search for vegetable colourant matrices, promoting more attractive 
colours, auspicious in terms of yield, stability, cost, and safety4,5. 
In this sense, this work aimed to assess the phenolic profile and bioactive properties of the 
hydroethanolic extract (80:20, v/v) obtained from the petals of two different species of the genus 
Impatiens (Figure 1). Firstly, the flowers were botanically identified as belonging to the species Impatiens 
balsamina L. and Impatiens walleriana Hook.f. Then, the individual phenolic profile was determined by 
high-performance liquid chromatography coupled with a diode array detector and mass spectrometry 
(HPLC-DAD-ESI/MS). The antioxidant potential was analysed through the oxidative haemolysis inhibition 
assay (OxHLIA); the antiproliferative capacity was tested in four human tumour cell lines (Hela, cervical 
carcinoma; HepG2, hepatocarcinoma; MCF-7, breast adenocarcinoma; and NCI-H460, non-small cell lung 
carcinoma) by the sulforhodamine B method; hepatotoxic potential was determined using a freshly 
harvested porcine liver cell culture, designated as PLP2; the anti-inflammatory activity using RAW 264.7 
macrophage cells; and the antimicrobial activity was determined using the microdilution method in 
Gram-positive and Gram-negative bacteria, and in fungi. 
All studied samples showed significant amounts of phenolic compounds, mainly phenolic acids and 
flavonoids. The species I. balsamina presented a greater variety of compounds, presenting nine non-
anthocyanin compounds and twelve anthocyanin derivatives, in comparison with I. walleriana, which 
presented a lower variety of compounds, with four non-anthocyanin compounds and four anthocyanins. 
Both extracts demonstrated antiproliferative capacity for tumour cell-lines, without toxicity for non-
tumour cell lines, and anti-inflammatory capacity. The extracts also revealed remarkable antimicrobial 
and antioxidant potential. 
These results are in line with what was expected, with emphasis on I. balsamina as the extract with the 
most promising bioactive potential, a factor that may be directly related to the diversity of its 
compounds. In this way, I. balsamina and I. walleriana meet the expectations of the food market, due 
to their colouring capacity added to their functional properties, highlighting their notorious antioxidant 
and antimicrobial activities. It is worth mentioning that the addition of these extracts in food 
formulations constitute a natural, healthy, and beneficial alternative for consumers. 
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Figure 1: Schematic representation of the research objective. 
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Aromatic and medicinal plants have been used worldwide for culinary purposes aiming to modify, 
enhance or improve the flavour of foods. In addition, several aromatic plants are also recognized for 
their empiric use in folk medicine due to their beneficial health effects1. The secondary metabolites of 
aromatic plants could have diverse applications in industry, and several essential oils have a Generally 
Recognized as Safe (GRAS) status attributed by the Food and Drug Administration (FDA). In this sense, 
presently, the possibility of replacing synthetic additives, which can cause adverse effects on consumer 
health over time, with natural compounds, is attracting the attention of the food industry2. Species of 
the Lamiaceae family are known to contain antioxidant active components such as phenolic acids and 
flavonoids. These compounds reveal important information about the quality of food and have potential 
benefits in the human health3. Therefore, plants of this family have been screened for their potential use 
as alternative remedies mainly due to their bioactive compounds and antimicrobial properties4. In 
addition, studies focusing on different aromatic plants have suggest the use of their essential oils and 
some constituents as promising alternatives to obtain natural preservatives. 
The present work reports a study on the bioactivity of essential oils obtained from several aromatic 
plants, namely Origanum vulgare subsp. virens (oregano), Rosmarius officinalis L. (rosemary), Salvia 
officinalis L. (salvia) and Thymus vulgaris L. (thyme), which are strong flavour aromatic plants belonging 
to the Lamiaceae family that have long been used in culinary and food industry. The essential oil was 
obtained by hydrodistillation using a Clevenger apparatus and volatile compounds were analysed by GC-
MS equipped with DB-5MS fused-silica column. The antimicrobial activity was determined by broth 
microdilution assay against several Gram-positive and Gram-negative ATCC bacterial strains and 2 fungi4. 
The bioactive potential was evaluated through several in vitro assays, namely antioxidant activity using 
two different in vitro assays: DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging activity and 
reducing power; cytotoxic activity using three tumour cell-lines: CaCo (colorectal adenocarcinoma), 
MCF-7 (breast adenocarcinoma) and NCI-H460 (non-small cell lung carcinoma) and a non-tumour cell 
line of monkey kidney (VERO), by applying the sulforhodamine B assay; anti-inflammatory activity was 
assessed using RAW 264.7 macrophage cells.  
The results revealed the bioactive potential of all studied extracts. In particular, all essential oils tested 
in this study were capable of inhibiting the growing of A. brasiliensis and A. fumigatus fungus, presenting 
minimum inhibitory concentration (MIC) values under 0.3% (v/v) and minimum fungicidal concentration 
(MFC) under 0.6% (v/v); results highlighted the sample of O. vulgare essential oil which showed the best 
results against gram-positive and negative bacteria. In the antioxidant activity O. vulgare subsp. virens 
and T. vulgaris presented values of EC50 for DPPH assay between 9.23 and 10.69 mg/ml respectively, 
while the other species showed EC50 above 39 mg/mL; for reducing power, T. vulgaris presented the best 
results with EC50 of 1.69 mg/mL, followed by O. vulgare subsp. virens, R. officinalis and S. officinalis, with 
values of 1.69 mg/mL, 2.80 mg/mL and 6.50 mg/mL, respectively. In the cytotoxic activity O. vulgare 
subsp. virens presented the best results with GI50 values of 45 𝜇g/mL against CaCo and MCF-7 cell lines; 
in the anti-inflammatory assay the lowest GI50 value was observed with the essential oil extracted from 
T. vulgaris L. (8 𝜇g/mL). 
In general, the results revealed a high antimicrobial potential of the essential oils against the tested 
strains, as well as a very promising antioxidant and anti-inflammatory activities. In addition, it was also 
possible to verify the absence of toxicity of both extracts. Therefore, essential oils extracted from the 
studied plants of the Lamiaceae family can be appealing alternatives to the currently used synthetic  
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additives, with potential application in the food and pharmaceutical industries for their relevant 
bioactive properties. 
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Nuts are nutrient-dense foods, and their regular consumption is associated with health benefits due to 

their lipid profile (polyunsaturated fatty acids, phytosterols, and tocopherols), protein content, and 

polyphenols.1 Stone pine (Pinus pinea L.), native and widely present in the Mediterranean region, is 

economically important due to its high-valued edible seeds, pine nuts, the most expensive nut 

worldwide. During nuts processing, tons of byproducts are generated, including skins. Nut skins have 

been demonstrated as valuable sources of phytochemicals with antioxidant, anti-carcinogenic, anti-

mutagenic activities, and anti-proliferative potential.1 Moreover, extracts or whole skins from hazelnut, 

peanut and almond were already incorporated into food formulations as preservatives, colouring agents, 

and as sources of dietary fibre and/or polyphenols.2–4 The traditional consumption of pine nut includes 

both kernel and skin, while in industrial production only the kernel is marketable. Pine nut skin (PNS) is 

a by-product with an annual volume of approximately 550 metric tons worldwide 5, considering that PNS 

is 2.4 % of pine nut. Currently, PNS is used for heat production, however, its chemical characterization 

can bring an added value to this byproduct. PNS was easily recovered at the nut processing mill, had low 

moisture content and low density, reducing the costs associated with drying, transportation and storage. 

Its chemical profile is comparable to other nut skins (e.g., almonds, hazelnuts), and includes kernel 

compounds. Pine nut kernel is mainly composed of oil (approximately 50%) that contains lipophilic 

bioactives, such as mono- and polyunsaturated fatty acids, phytosterols (e.g., β-sitosterol, campesterol) 

and tocopherols.6 Within this work, pine nut skin bioactive potential was evaluated, allowing to propose 

it as a functional food ingredient. 
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Coffee brews have High Molecular Weight (HMW) compounds with described immunostimulatory 
activity, namely polysaccharides and melanoidins. Melanoidins are formed during roasting and are 
modified during brews technological processing. In addition, brews have Low Molecular Weight (LMW) 
compounds, namely free chlorogenic acids and caffeine, with well-known anti-inflammatory properties. 
However, this study shows that both espresso and instant coffee brews did not present 
immunostimulatory neither anti-inflammatory in vitro activities. It is possible that the simultaneous 
existence of compounds with antagonistic effects can mitigate their individual effects. To test this 
hypothesis, an ultrafiltration separation process was applied, studying the behaviour of coffee brews’ 
HMW on retention of LMW compounds. Several ultrafiltration sequential cycles were required to 
separate retentates from LMW compounds, suggesting their retention. This effect was higher in instant 
coffee, attributed to its initial higher carbohydrate content when compared to espresso. Separation of 
HMW and LMW compounds boosted their immunostimulatory (6.2-7.8 µM nitrites) and anti-
inflammatory (LPS induced nitrite production decrease by 36-31%) in vitro activities, respectively. As 
coffee anti-inflammatory compounds are expected to be first absorbed during digestion, a potential in 
vivo fractionation of LMW and HMW compounds can promote health relevant effects after coffee 
intake.1 

 

 
Figure 1: Coffee and coffee-derived High and Low molecular weight material effect on macrophages in vitro immunostimulatory 

and anti-inflammatory potential.  
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Since ancient times, humankind has search in the nature for therapies of their diseases. In this context, 

numerous plant species have been employed in traditional remedies due to their beneficial properties 

on health [1]. One example of these plants is Chamaemelum nobile (L.) All. (C. nobile), belonging to 

Asteraceae family, which has been used to treat insomnia, pain, inflammation, and other disorders. 

Nowadays, several studies have demonstrated this plant contains bioactive compounds, responsible of 

their biological properties. Among them, phenolic compounds could be highlighted [2]. In the recent 

years, plants used in traditional remedies have been proposed as a source of bioactive compounds for 

industrial purposes, due to the consumers’ demands for more natural products. The aim of this study 

was to determinate the phenolic composition of C. nobile and to determine its antioxidant, antitumor, 

antimicrobial, and neuroprotective in vitro activities. The results showed a total phenolic content of 100 

mg/mL of extract. On antioxidant ABTS, β-carotene and TBARS assays, this plant displayed positive 

results. Regarding antitumor activity, C. nobile exerted significantly cytotoxic effects against the tumour 

cell lines AGS, CaCo, MCF-7 and NCI-H460. Regarding antimicrobial assays, the extracts from this plant 

inhibited the growth of several bacterial and fungi. Finally, in the neuroprotective enzymatic assay, C. 

nobile inhibited the activity of acetylcholinesterase and butyrylcholinesterase, two enzymes involved in 

several neurodegenerative disorders. Considering these results, the use of this plant to obtain extract 

with biological properties could be interesting for developing new applications in nutraceutical, cosmetic 

or pharmaceutical industries.  
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In lipidomic, the standard approach of gas chromatography (GC) for analysis of fatty acid methyl esters 
(FAMEs) has been the method of choice for characterization of food oils, since FA profile is a valuable 
indicator for evaluation of functional qualities of food byproducts.1 Fatty acid quantification requires a 
derivatization step to perform the esterification of FA to a volatile derivative FAME. 2,3 Due to the 
chemical reaction and matrix polarity, this methodology may not be representative of all lipid classes 
presented in oils. 
In this study, fish waste oils from three selected species present on the Macaronesia ecosystem were 
extracted with organic solvents and subjected to TLC with silica gel for lipid class separation before GC-
FID quantification of FA. FTIR-ATR spectroscopy, high-resolution 1H, 13C and 31P NMR spectroscopy and 
MALDI-TOF/TOF spectrometry were also used for characterization of extracts.4,5 

The spectroscopic methodology applied provides a fast and easy insight in the molecular structure of 
lipid oils and relative qualification of ω-3 FA and MUFA:PUFA ratio, using very small amounts of matrix 
and little sample preparation. These data are in direct correlation with FA profiles characterized by GC-
FID. Furthermore, MALDI-TOF/TOF spectrometry and 31P NMR offers additional information about the 
co-extracted phospholipids, which the other techniques cannot provide. 
The highest oil yield was recovered from L. nasus, whereas the lowest amount was from A. carbo. FA 
profile showed prevalence for ω-3 among PUFA in all species. ω-3/ω-6 ratio, a useful index for nutritional 
value of fish oils, ranged from 2,19 (B. capriscus) to 8,75 (L. nasus) (Figure 1). FTIR data reveal the 
prevalence of MUFA among FA, whereas the 1H and 13C NMR show a high yield of ω-3 FA, which confirms 
the results of GC-FID analysis (Figure 2). Results confirm the abundant availability of ω-3 FA in 
perivisceral organs, which can be further exploited in food industry. 
 

 

                  Figure 1: FA composition of marine oils.                                      Figure 2: 400 MHz 13C spectra of extracts 
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The study of fruit and vegetable bio-waste has aroused great interest, not only in the agri-food industry, 
for sustainability and economic reasons, but also among the scientific community, which has been 
highlighting this type of bio-waste material as an underutilized cheap source of bioactive compounds, 
namely phenolic compounds.1 Kiwifruit is widely consumed worldwide and recognized for its beneficial 
characteristics for the consumer's nutrition and health.2 However, the peel of this fruit is discarded as a 
worthless residue, although several studies report a very promising nutritional, phytochemical and 
bioactive composition.3 Therefore, this study was carried out to optimize the ultrasound-assisted 
extraction (UAE) of phenolic compounds from kiwi peel. 
The processing time (1–45 min), ultrasonic power (5–500 W) and ethanol concentration (0–100%, v/v) 
were the independent variables combined in a five-level central composite design coupled with the 
response surface methodology (RSM) for process optimization. The levels of the phenolic compounds 
identified by HPLC-DAD-ESI/MSn and the extraction yield of the obtained residue (or extract) were used 
as response criteria. The chromatographic analysis allowed identifying four phenolic compounds, namely 
two quercetin glycosides, one catechin isomer and one B-type (epi)catechin dimer. The constructed 
polynomial models were successfully fitted to the experimental data, statistically validated, and used to 
determine the optimal UAE conditions. The sonication of the kiwi peel sample for 15 min at 94 W (20 
kHz), using 68% ethanol, resulted in 1.51 ± 0.04 mg of flavonoids per g of extract. These optimal 
processing conditions were applied to obtain a new extract, which allowed experimentally validating the 
predictive model. The kiwi peel extract obtained under optimized UAE conditions showed somehow 
promising bioactive properties, including antioxidant and antimicrobial effects, and no toxicity to Vero 
cells. Overall, this study contributes to the valorisation of kiwi peel as a low-cost raw material for the 
development of natural ingredients and also to the resource-use efficiency and circular bioeconomy. 
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Fruit and vegetables consumption has been associated with chronic diseases prevention, including cardiovascular diseases, 
diabetes, cancer, and others involving inflammatory processes. Berries are rich in polyphenols, which antioxidant properties 
contribute to the maintenance of human health1. The aim of this work was the study of the morphologic parts (berries and 
leaves) of berries-producing species, including Elaeagnus umbellata, Rubus grandofolius, Sambucus lancolata, Vaccinium 
padifolium and Vaccinium cylindraceum. The impact of simulated gastrointestinal digestion on the stability of phenolic 
compounds and changes on their potential bioactivities was also investigated. 
The analysis of the phenolic profile by HPLC-DAD-ESI/MSn, in the negative mode, of the methanolic extracts showed that leaves 
have a higher content of polyphenols, compared to berries. Hydroxycinnamic acids (caffeic, coumaric and ferulic acid 
derivatives), caffeoylquinic acids and O-glycosilated flavonols (derivatives of quercetin and kaempferol) are predominant in 
these species 1-4.  
Furthermore, the positive mode analysis allowed the identification of glycosylated anthocyanins (delphinidin, cyanidin, 
petunidin, peonidin and malvidin). The in vitro gastrointestinal digestion (Figure 1) allowed to understand its influence on the 
antioxidant activity of the extracts. After digestion, leaves still showed higher antioxidant capacity than the berries. Additionally, 
it was found that the enzymes present in this process have less influence than the pH and ionic strength of the digestive juice. 
The in vitro inhibitory effects of the extracts on digestive enzymes responsible for the metabolism of carbohydrates, showed 
that the extracts were more active inhibitors of α-glucosidase than of α-amylase activity 3,4. 
 

 

 

 

 

 

 

 

 

 

 

Figure 1: Schematic diagram of the in vitro gastrointestinal digestion conditions 5.  
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Broccolis are a source of bioactive compounds, including glucosinolates, pigments, phenolic compounds 
and polysaccharides. Moreover, broccoli by-products account for 45% of the broccoli heads used by 
frozen-food industry, sharing their nutritional value and bioactive compounds1,2. Therefore, the 
extraction of these bioactive compounds is a promising strategy for broccoli by-products valorisation as 
food ingredients.  
In this study, pectic polysaccharides were obtained from broccoli by-products after preparation of 
alcohol insoluble residue (AIR), boiling water extraction, and 80% ethanol precipitation (BB_Et80). Their 
immunostimulatory activity was evaluated by in vitro incubation with BALB/c splenocytes and flow 
cytometry. BB_Et80 were further fractionated and treated with enzymes to establish structure-function 
relationships. 
BB_Et80 represented 8% dry weight of broccoli by-products and had 66% of sugars, mainly uronic acids, 
Ara, Glc, and Gal, characteristic of pectic polysaccharides. BB_Et80 induced the expression of the early 
activation marker CD69 on the surface of B lymphocytes, in a concentration-dependent manner. Higher 
Ara:Gal ratio were the main contributors to the immunostimulatory activity, independently of molecular 
weight (12-400 kDa), charge fractionation, and removal of terminal Ara residues.  
These results show that broccoli heads and broccoli by-products can be valorised as source of pectic 
polysaccharides with potential as functional food ingredients to improve immune function and promote 
health by nutrition. 
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During pomegranate (Punica grantum L.) juice production, an insoluble residue that accounts up to 78% 
of the fruit is generated 1,2. This residue encompasses the pomegranate skins that are generally discarded 
by industries despite their relevant source of the cell wall components 3. These include polysaccharides 
that are essential compounds for the establishment of valuation strategies, but their properties and 
structure remain to be explored. This work aims to disclose the main polysaccharides present in 
pomegranate skins and their water extractability. To achieve this, pomegranate skins were subject to 
three sequential hot-water extractions (1% acetic acid) and the obtained extracts were assessed to their 
sugar composition. The co-extraction of other compounds, such as phenolic compounds was also 
addressed by tracing the UV-Vis spectrum of each extract. 
Carbohydrates represent 56% of pomegranate skins, encompassing free sugars and polysaccharides at a 
ratio of 1:1. Free sugars account on Ara (43 mol%), Fru (36 mol%) and Glc (21 mol%), while 
polysaccharides were mostly composed of Glc (42 mol%) and GalA (40 mol%). The sequential hot-water 
extractions show that most of pomegranate free sugars (55%) can be extracted in the 1st extraction cycle 
(44% yield), decreasing to 22% in the 2nd extraction (17% yield). The remaining free sugars were obtained 
in the 3rd extraction, with a yield of 4%. Of the total polysaccharides present in pomegranate, only 37% 
were shown to be soluble in hot water, being mainly obtained in the extraction cycles 1 (30%), followed 
by cycles 2 (6%) and 3 (1%). These contained mostly pectic polysaccharides as shown by the high 
prevalence of GalA (>50%) for all fractions. The remaining 63% of the pomegranate skin polysaccharides 
were composed of Glc (52 mol%) and Xyl (32 mol%). The additional occurrence of GalA (15 mol%) also 
showed that some pectic polysaccharides remained to be extracted. The brownish colour of this 
insoluble material, alongside with soluble material peak at 360 nm in the UV-VIS spectrum suggested 
that it may outcome from oxidized phenolic compounds. These results pave the way for the 
development of new strategies and novel applications of pomegranate skin polysaccharides for the 
mitigation of pomegranate skins as an industrial by-product. 
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The drink tea, made from Camellia sinensis (L.) tea leaves, is one of the oldest and most widely consumed 
non-alcoholic beverages worldwide following water, owing to its stimulant properties, low retail price, 
pleasant sensory characteristics, and scientifically proven beneficial effects on human health.1,2 During 
black tea processing, the primary polyphenols from tea leaves, referred as flavan-3-ols, are oxidized by 
endogenous polyphenol oxidase or peroxidase, during the fermentation process, and are converted into 
secondary polyphenols that include theaflavins (TFs), theaflagallins, and theasinensins (TSA).3 In recent 
years, TFs have attracted considerable interest in the scientific community, as they have been shown 
various physiological actions including antioxidant4, anticancer5, as well as anti-viral6-8 as a prevention of 
lifestyle-related diseases. On the other hand, the virally encoded 3CL-like protease (3CLPro), also stated 
Mpro (main protease), in SARS-CoV-2 genome has been referred as the most important and critical 
enzyme for its viral replication in infected host cells.9 Several known components of C. sinensis tea were 
evaluated for their inhibition against 3CLPro, but only (-)-epigallocatechin gallate (EGCG) and theaflavin-
3,3′-digallate (TF 3,3’-DG) were found to be the strongest inhibitors.9,10 According to Ohgitani et al.10, 
virus treated with TSA and TF 3,3´-DG significantly inhibited interaction between recombinant ACE2 and 
the receptor-binding domain of “S” protein resulting inactivation of SARS-CoV-2 virus. The objective of 
this study was to compare the contents of the catechins, TFs, and particularly, the TF 3,3’-DG of different 
samples from different tea plantation zones and at two different seasons (Spring and Summer) following 
the Matsubara e Rodriguez-Amaya11 methodology using High Performance Liquid Chromatography 
(HPLC). 
 

Table 1: Catechins, caffeine (mg/g DE), and theaflavins contents (mg/g DW) in samples of Azorean Camellia 
sinensis from different zones and from different seasonsa.  

Parameter Compound 
Zone 1 
Spring 

Zone 1 
Summer 

Zone 3  
Spring 

Zone 3 
Summer 

Zone 8 
Spring 

Zone 8  
Summer 

Catechins 

EGC 8.13 ± 0.70 nd 1.08 ± 0.32 6.87 ± 0.09 
10.24 ± 

0.89 
7.63 ± 0.16 

C 5.75 ± 0.79 6.07 ± 0.63 4.14 ± 0.45 1.41 ± 0.13 3.93 ± 0.39 1.11 ± 0.17 

EGCG 
67.01 ± 

2.57 

54.03 ± 

1.89 

92.91 ± 

1.26 

70.81 ± 

0.14 

94.71 ± 

0.65 

69.69 ± 

0.91 

ECG 73.47 ± 3.9 
105.69 ± 

2.31 

74.32 ± 

2.89 

95.00 ± 

0.69 

73.63 ± 

0.76 

106.00 ± 

0.87 

Total 
154.35 ± 

2.83 

165.79 ± 

1.92 

172.45 ± 

2.41 

174.08 ± 

0.61 

182.50 ± 

1.92 

184.42 ± 

1.77 

 TF 1.15 ± 0.13 3.41 ± 0.49 1.37 ± 0.12 3.84 ± 0.26 1.75 ± 0.07 1.90 ± 0.06 

 TF3-G 1.35 ± 0.15 4.22 ± 0.23 1.39 ± 0.08 3.67 ± 0.21 2.10 ± 0.05 1.99 ± 0.12 

Theaflavins TF3’-G 0.98 ± 0.02 3.45 ± 0.08 1.11 ± 0.06 3.20 ± 0.32 1.56 ± 0.03 2.10 ± 0.13 

 TF3,3’-DG 1.14 ± 0.09 3.78 ± 0.11 0.88 ± 0.03 3.47 ± 0.29 1.13 ± 0.03 2.06 ± 0.08 

 Total 4.62 ± 0.08 
14.86 ± 

0.22 
4.75 ± 0.10 

14.78 ± 

0.16 
6.54 ± 0.09 8.05 ± 0.10 

aValues are the means ± SD (n = 3); nd, not detected; DE, dry extract; DW, dry weight; Zone 1, 2, 3 are zones in the 
same tea plantation; EGC, epigallocatechin, C, catechin; EGCG, epigallocatechin-3-gallate; ECG, epicatechin-3-

gallate; TF, theaflavin; TF3-G, theaflavin-3-gallate; TF3’-G, theaflavin 3´-gallate; TF3,3’-DG, theaflavin-3,3’-digallate. 
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The Table 1 shows clearly differences in the catechins and theaflavins contents in different plantation 
zones, and in different seasons. Higher contents of total catechins and theaflavins were observed in 
summer in all plantation zones that can be explained by the effect of sunlight intensity. Several 
differences among zones revealed the effect of several factors such as: geological location, climate 
conditions that induced changes in the dynamics of catechins and theaflavins formation. This study 
shows the variability of the TFs, and particularly TF 3,3’-DG, and the possibility to select the best zones 
in the plantation, in order to maximize the biological activity of antiviral tea samples, to use as an 
inhibitor of 3CLPRO proteolytic enzyme, and therefore to reduce/eliminate the SARS-CoV-2 replication, 
and consequently its infectivity and the awful pandemic effect. 
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In recent years, synthetic antifungals have been mainly applied to control diseases in cultivated fields, 
preventing production losses. However, recent pollutions warnings and their problematic effects on 
ecosystems and climatic changes have induced consumers to prefer organically sourced foods without 
synthetic and hazardous products. The high potential of bioactive compounds as antifungal agents 
reveals the likely application in the field of post-harvest crops. Due to the diversity of chemical 
compounds, essential oils have proved to be candidates for replacing synthetic products.1 In Portugal, 
numerous plant species grow spontaneously with the production of essential oil of high biological value, 
one of which is the Lamiaceae family, including the Lavandula genus. In the Beira Interior region endemic 
species of Lavandula belonging to the Stoechas section, such as L. pedunculata and L. stoechas subsp. 
luisieri.2 Due to their production of essential oils both species are considered aromatic and medicinal 
plants. L. stoechas subsp. luisieri deserves special attention due to the production of necrodane 
derivative compounds in its essential oil, which have shown high biological activities.3,4,5,6  
The chemical profile and antifungal activity of L. pedunculata and L. stoechas subsp. luisieri essential oils, 
harvested at flowering in Beira Interior region, Portugal, were studied. The essential oil of aerial parts of 
each plant was isolated by hydrodistillation and analysed by GC-MS. The minimum inhibitory 
concentration (MIC) and the minimum fungicide concentration (MFC) of both essential oils were 
determined to verify the antifungal activity against different strains of fungi isolated from Arbutus unedo 
fruits. Chitosan-based coatings were formulated with and without the incorporation of L. stoechas subsp. 
luisieri essential oil and the antifungal activity of coatings were also evaluated by inhibition halos (mm). 
Nine strains were previously isolated from Arbutus unedo L. fruits and molecularly identified.  
Through phylogenetic analysis, the fungi were identified as Alternaria section Alternaria (ESA.M.11), 
Penicillium simile (ESA.M.13), Aspergillus tubingensis (ESA.M.38), Aspergillus niger (ESA.M.45), 
Meyerozyma guilliermondii (ESA.M.47), Penicillium crustosum (ESA.M.48), Penicillium glabrum 
(ESA.M.54), Aureobasidium sp. (ESA.M.57) and Hanseniaspora sp. (ESA.M.99). Also, two standard 
cultures the Saccharomyces cerevisiae ATCC 9763 and Aspergillus brasiliensis ATCC 16404 were studied. 
The essential oils were characterized by a high percentage of oxygenated monoterpenes, for L. 
pedunculata the major compounds were fenchone (60%), bornyl acetate (8%), camphor, and linalool 
(both at 7%), while the main compounds of L. stoechas subsp. luisieri were trans-α-necrodyl acetate 
(38%), followed by trans-α-necrodol (10%) and lavandulyl acetate (6%). The antifungal activity of 
essential oils was observed, the MIC values were recorded against all strains ranged from 1.2 to 18.7 
µL/mL. Between species, a low or equal value of MIC and MFC was observed for L. stoechas subsp. 
luisieri, revealing greater efficacy in the antifungal activity of this species. The antifungal activity of the 
coatings revealed that the coatings with essential oil have a strong antifungal activity compared to the 
chitosan coating. 
 

Palavras-chave: L. pedunculata; L. stoechas subsp. luisieri; essential oil; coatings; minimum inhibitory 
concentration; minimum fungicide concentration. 
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Recently, special attention has been given to the addition of phenolic compounds to food products, due to 
their known antioxidant properties1. In addition to the antioxidant properties, these bioactive compounds 
have a wide range of physiological properties, such as antibacterial, antiviral, anti-carcinogenic, anti-
inflammatory and the prevention of cardiovascular diseases2,3.  Pine bark is a residue from the timber industry 
and a great source of phenolic compounds, having a great potential for application in foods4,5. The reuse of 
agro-residues, like pine bark, by its addition to food products, using environmentally clean processes, will play 
a central role within this purpose. The effect of different solvents on microwave-assisted extraction (MAE) of 
maritime pine bark (Pinus pinaster Aiton subsp. atlantica) was assessed. Pine bark samples (Periderm, outer 
bark) whole and manually separated into two layers: internal- Phellogen and external- Phellem, were studied. 
Samples were extracted with ethanol, ethanol:water (50:50 v/v) and water, using 20 mLg-1 solvent to dry 
material during 30 min. at 110 oC. The extraction yield (g dry extract/g dry bark), total phenolics (by Folin–
Cicalteau method), condensed tannins (proanthocyanidins), anti-radical capacity DPPH 
(diphenylpicrylhydrazyl) were performed on the extracted materials. The extraction yield for ethanolic and 
water solvents, in all types of bark samples were 9.9 ± 0.0 to 7.0 ± 0.2 % (w/w) and 5.6 ± 0.3 to 3.5 ± 0.1 % 
(w/w), respectively. The total phenolic content (TPC) varied from 55.2 ± 1.7 to 68.5 ± 3.5 and from 18.7 ± 0.7 
to 34.0 ± 1.1 mg GAE/g (Gallic acid equivalent), respectively for ethanolic and water solvents, in all types of 
bark samples. Ethanolic samples of Phellogen layer showed the highest antioxidant activity (416.0 ± 25.1), of 
all tested samples, followed by hydroethanolic whole Periderm bark samples (412.1 ± 11.2), but differences 
between these samples were not significant.  Phellem bark layer extracts, either water or ethanolic, showed 
always significant lower antioxidant activities. No significant differences were found between Phellem 
hydroethanolic samples compared to whole Periderme bark ethanolic samples, 335.8 ± 4.8 and 359.1 ± 19.7, 
respectively. The water extracts presented significantly lower antioxidant activities, respectively of 117.9 ± 
1.9, 211.7 ± 0.2 and 255.1 ± 0.7 µmol trolox/g, for Phellem, whole Periderm and Phellogen pine bark layers. 
The best solvents for the extraction of condensed tannins were ethanol and ethanol:water, extracting 190.8 
± 5.6 to 153.7 ± 1.3% (Phellogen layer), 167.6 ± 4.1 to 145.3 ± 3.1% (whole Periderm) and 140.4 ± 9.8 to 104.3 
± 1.4% (Phellem layer), respectively. Results showed that ethanolic and hidroethanolic extracts, either from 
the Phellogen layer or whole Periderm bark, presented higher total phenolic content (TPC), higher condensed 
tannins and higher antioxidant activity. The extracts obtained from Phellem bark layers, independently of the 
type of solvent, showed lower TPC, condensed tannins and antioxidant activities. 
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Health-conscious consumers are increasingly aware of healthy eating, focusing on natural bioactive 
compounds of foods and its impact on mental health. This brings new opportunities for the study of 
artisanal cheeses as bio-functional foods, thus contributing to the preservation of a secular tradition in 
the elaboration of these dairy products. Gamma-aminobutyric acid (GABA) results from the 
decarboxylation of glutamic acid by lactic acid bacteria (LAB) and is normally associated with the 
presence of these bacteria in fermented dairy products, such as yogurts and cheeses. GABA is a 
neurotransmitter that plays an important role in the regulation of neuronal excitability, as well as the 
regulation of blood pressure. Thus, GABA has the potential to serve as a bioactive ingredient in 
functional foods due to its anti-hypertensive, anti-anxiety, and anti-stress properties. Obtaining of this 
bioactive compound through natural food matrices will increase its acceptability by the consumer. The 
present work analysed the GABA content of eleven samples belonging to seven different varieties of 
Portuguese cheeses, produced with unpasteurized cow, sheep and goat milk, and granted with 
Protected Designation of Origin (PDO) status. Two cheeses produced in the Azores using pasteurized 
cow's milk were also included: Graciosa and S. Miguel cheeses. PDO cheeses made with cow's milk 
analysed in this study were São Jorge with 3, 4, 7, 12 and 24 months of maturation and Pico cheese. 
PDO cheeses made with sheep's milk were Serra da Estrela, Serpa, Nisa and Azeitão. Yellow cheese from 
Beira Baixa resulting from the mix of sheep and goat milk was also included. A batch of each cheese was 
analysed in triplicate. The content of GABA in the Azores PDO cheeses ranged between 1.23 and 2.26 g 
kg-1 of cheese. The lowest value of GABA was found in Pico cheese (1.23 ± 0.24 g kg-1), as this cheese 
had the lowest maturation time (approx. 22 days). In contrast, the higher amount of GABA was found 
in 4-month matured São Jorge cheese (2.26 ± 0.40 g kg-1). The greater variation in GABA content was 
observed in cheeses made with sheep and goat's milk (0.73 – 2.31 g kg-1). The lowest GABA content was 
found in Nisa cheese (0.73 ± 0.04 g kg-1) and the highest GABA values were found in Serpa cheese (2.21 
± 0.21 g kg-1) and yellow cheese from Beira Baixa (2.31 ± 0,30 g kg-1). The average GABA content in two 
cheeses made with pasteurized cow’s milk was 1.18 ± 0.2 g kg-1, which indicates that starter and adjunct 
cultures are capable of producing GABA in matured cheese. Overall, these results agree with other 
authors showing that hard or semi-hard matured cheeses constitute a suitable matrix for the GABA 
production by LAB1. The high GABA values obtained in the analysed cheeses are due to the more 
extensive maturation process and proteolysis occurring in these cheeses, along with the presence of 
GABA-producing strains and the inhibition of GABA-decomposing enzymes. In this study, cheeses 
presented GABA values ranged 21.8 – 69.2 mg per portion (30 g), showing a GABA content per serving 
greater than 16 mg indicated as the minimum value to exert a physiological effect in reducing blood 
pressure in mildly hypertensive individuals2. Thus, the daily consumption of a 30 g serving portion of 
Portuguese PDO cheese provides an amount of GABA that can be associated with health benefits.  
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Porphyra sp. are one of the most important seaweed species in the world.1 The life cycle of these species 
involves two distinct phases: the microscopic filamentous sporophyte (or diploid phase), called the 
conchocelis stage, and the gametophyte (or haploid phase) which corresponds to the macroscopic leafy 
blades phase.2 Blades are of great interest in the food, feed, nutraceutics and cosmetic fields, but little 
is known about the potential value of conchocelis, especially in what concerns to their contribution as a 
source of proteinaceous bioactive compounds. 
The aim of this study was to generate P. dioica conchocelis hydrolysates by direct hydrolysis of the algal 
biomass, using a combination of food-grade proteases consisting of Prolyve® 1000 (H-Prolyve) and 
Prolyve® 1000 plus Flavourzyme® (H-ProFla). A control sample was incubated under the same conditions, 
without enzymes added. The total amino acids profile of the algal biomass was analysed by RP-HPLC-FLD 
after chemical hydrolysis and pre-column derivatization with OPA/3-MPA and FMOC. Enzymatic 
hydrolysates were characterised by GP-HPLC and RP-HPLC, and their antioxidant activity was assessed 
by different mechanisms.3 No significant differences (p=0.2916) were found between the protein value 
given by the sum of amino acid residues (24.5±0.9% dry weight) and that estimated as crude protein 
(25.7±0.4% dry weight) by the Kjeldahl method, using the conversion factor of 5.0 proposed for seaweed. 
Within the essential amino acids (EAA) the highest values were found for Leu>Lys>Val (18.42±0.69, 
17.91±0.37 and 14.52±0.51 mg/g freeze-dried biomass, respectively), while the most abundant non-
essential amino acids (NEAA) were Asp>Glu>Ala>Arg>Gly>Ser (28.74±0.98, 27.55±1.08, 24.98±0.96, 
18.84±0.63, 18.04±0.58 and 14.08±0.5 mg/g freeze-dried sample, respectively). Overall, the sequential 
enzymatic treatment generated a higher amount of low molecular weight peptides (<1 kDa). Compared 
to the control sample, the enzymatic treatment significantly enhanced the antioxidant activity of P. 

dioica conchocelis (FRAP, ORAC, and ABTS+• scavenging capacity assays), potentially due to the 
generation of low molecular weight peptides and/or amino acid residues with reducing properties. The 
highest antioxidant activity was observed for the H-Prolyve hydrolysate in the ORAC assay (2995±160 
μmol TE/g freeze-dried sample), 2.5-fold higher than control. The results presented herein show that 
these hydrolysates might be a potential source of novel antioxidant ingredients, namely peptides, with 
effective reactive oxygen species scavenging capacity, useful in food, cosmetic and health care 
industries. 
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The marine environment contains a vast array of organisms with unique biological properties and algae 

are well documented in literature as a source of bioactive compounds. Various extraction techniques 

can be used to obtain these compounds from algal biomass. Novel extraction methods including enzyme-

assisted extraction and mills-assisted extraction are alternatives to conventional solvent extraction 

methods and allow to obtained compounds without loss of biological activity. Furthermore, these 

methods are more environmentally friendly. Thus, the objective of this work was to evaluate the 

biological activities (antioxidant, anti-diabetic, anti-hypertensive and anti-microbial) of red (Porphyra 

sp.) and brown (Alaria esculenta and Saccharina latissima) seaweeds extracts, prepared by enzymatic, 

physical and chemical methods. Hot water (50 0C, stirring 24h), beads milling/water (30Hz, 1h) extraction 

and enzymatic assisted extraction using Alcalase, Viscozyme and Cellulase were used. 

Enzymes had a significant enhancing effect on the extraction yield, being this influence particularly 
notorious in Porphyra sp. extracts. Overall, the total phenolic content was very similar among the 
different seaweed extracts except the case of the extract prepared using Alcalase which presented the 
highest phenolic content. Conversely, extracts prepared with hot water and using beads milling 
presented the highest total flavonoid content. Some differences were observed in the antioxidant 
activities evaluated by DPPH and ABTS radical scavenging activity, reducing power and iron and copper 
ion-chelating activities, but a clear trend was not observed. The extracts obtained from different 

seaweeds by enzymatic methods exhibited the highest -amylase and -glucosidase inhibition activities. 
All extracts presented angiotensin converting enzyme inhibitory activity and the highest activity was 
obtained with those prepared with Alcalase. The seaweed extracts were also tested against gram 
positive and gram-negative bacteria in an attempt to assess its use as an alternative to commonly used 
antibiotics. 
The results suggest that red and brown seaweeds enzymatic extracts exhibited the highest biological 

activities, making them potentially useful ingredient in functional foods and/or nutraceuticals.  
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Nephelium lappaceum L., popularly known as rambutan, is a tropical fruit belonging to the Sapidaceae 

family. It is native to Asia, but widely distributed in other tropical regions, such as Latin America, 

Australia, and some African countries [1,2]. This fruit is very appreciated for its exotic appearance and 

pleasant taste, and its commercialization and processing has been growing all over the world [1-3]. 

However, only a small portion of this fruit is edible/processed, with up to 67% corresponding to its 

inedible epicarp, which can generate a high volume of bioresidues and economic losses [2,3]. In order to 

propose a valorisation of rambutan epicarp as a source of bioactive molecules, the present study aimed 

to identify its anthocyanin and non-anthocyanin phenolic compounds by High-Performance Liquid 

Chromatography coupled to a diode-array detector and a mass spectrometer functioning by electrospray 

ionization (HPLC-DAD/ESI-MS), and determine the antioxidant activity of its hydroethanolic extract by 

two in vitro assays: thiobarbituric acid reactive substances assay (TBARS) and oxidative haemolysis 

inhibition assay (OxHLIA).  

The rambutan epicarp extract presented seven phenolic compounds, among which two anthocyanin 

compounds (O-glycosylated delphinidin derivatives) and five non-anthocyanin compounds (ellagitannin 

derivatives), in a total concentration of 11.57±0.08 and 31.6±0.5 mg/g of extract, respectively. 

Delphinidin isomers, geraniin isomers, and ellagic acid were the compounds detected in higher 

concentrations. In terms of antioxidant activity, rambutan extract was able to inhibit the lipid 

peroxidation in a low concentration (EC50 value of 2.79 ± 0.03 µg/mL), and a moderate amount of extract 

was required to exert oxidative haemolysis inhibition (EC50 value of 72 ± 2 µg/mL). 

The results obtained allow to conclude that rambutan epicarp could be an interesting matrix to be used 

as source of bioactive compounds for further application in food/pharmaceutical fields.  
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A pineapple peel hydroalcoholic extract rich in phenolic compounds was stabilized by 
microencapsulation using spray drying technology, with maltodextrin, inulin, and Arabic gum as wall 
materials. The influence of the type of wall material and drying temperature (150 and 190 °C) on the 
particles properties was studied.  
The particles presented a spherical shape with a diameter ranging from approximately 1.3 to 18.2 μm, 
the exception being the ones with inulin that showed a large degree of agglomeration. Results showed 
that pineapple peel extract was successfully encapsulated in all wall materials, showing a particles’ 
loading ranging from 3.42 to 4.82 mg GAE/mg dry particles, with the highest value observed for 
maltodextrin particles obtained at 190 °C followed by the ones of Arabic gum produced at the same 
drying temperature1.  
The wall materials and drying temperatures tested enabled to obtain powders with intermediate 
cohesiveness and fair to good flowability, indicating suitable handling properties at an industrial scale. 
Although particles with encapsulated pineapple peel extract showed differences in their morphology 
when the wall material was changed, the antioxidant activity of the extract was maintained after 
encapsulation in all cases. From the results obtained, the encapsulation conditions using maltodextrin 
and Arabic gum at a drying temperature of 150 °C could be the ones with more potential to produce 
bioactive powders for the development of food products with improved functional properties. Beyond 
adequate physical properties and solubility in water, these conditions enabled the antioxidant activity 
of the original extract after encapsulation to be maintained and did not change significantly after six 
months of storage1.  
However, taking into account the release studies, the encapsulation with Arabic gum is only adequate 
for applications where a total release is important, such as in food products before consumption to 
improve shelf life. It is envisaged the application of these microcapsules (along the maltodextrin ones) 
in the production of active edible films and coatings for use as oxygen barriers (e.g., for meat products)2. 
On the other hand, inulin has shown to be the most suitable wall material to produce microencapsulates 
with potential for oral delivery in food or as a supplement, aiming at controlled release after ingestion, 
as it enables phenolics release in simulated intestinal fluid, after being exposed to simulated gastric 
conditions. 
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Grape pomace and grape stems are, in addition to lees, the main by-products of winemaking. They 

represent waste disposal, or they are used for wine alcohol production, a source of grapeseed oil, used 

as fertilizer, or for animal feed 1,2. However, these by-products are also important sources of 

nutraceutical molecules with functional properties, including polyphenols with antioxidant activity, in 

addition to other potential uses1. This study aimed to valorise these residual waste cellulosic materials 

from winemaking to produce added-value compounds, namely oligosaccharides with recognized 

prebiotic activity, under the biorefinery concept. Grapes from Touriga Nacional and Marselan red 

varieties (Vitis vinifera L.) were used for conventional red winemaking (alcoholic fermentation of must 

in the presence of the solid parts of the berry) in the winery pilot plant of the Instituto Superior de 

Agronomia. The grape pomace (skins and seeds) and grape stems of both varieties were used as raw 

materials to produce oligosaccharides. The summative analysis of grape pomace and stems were carried 

out to determine the chemical composition: the inorganic content as ash, the organic content as 

extractives (by extraction in Soxhlet using solvents with different polarities - dichloromethane, ethanol, 

and water), the lignin fraction (as Klason lignin + soluble lignin), and structural polysaccharides (as 

holocellulose). The amount of extractives was high and around 54.3% (d.w.) for both Marselan and 

Touriga Nacional pomaces. The main contribution came from polar compounds solubilized by ethanol 

and water, representing 82% of the total extractives. Marselan and Touriga Nacional pomaces showed 

similar degrees of lignification (18.5% and 17.6%, respectively). As estimated from the total neutral 

monomeric sugar content, the polysaccharides of the pomace of both varieties were similar 

(approximately 20% of the dry pomace). After extractives removal, the pomaces and stems were 

submitted to a hydrothermal treatment (autohydrolysis) in a stainless-steel reactor to get 

oligosaccharides from crude hemicelluloses. The hydrothermal treatments were carried out following a 

central composite rotatable design (CCRD) as a function of temperature (T: 142-198°C) and time (t: 48-

132 min). The amounts of soluble sugars released were expressed as glucose. For the pomaces and stems 

of both grape varieties, the production of sugars by autohydrolysis showed to increase with reaction 

temperature and time. Response surfaces described by second-order polynomial models were fitted to 

the obtained results. The highest sugar yields varied from 79.4 to 99.8 g/kg dry biomass. The 

autohydrolysis, an environmentally friendly process, showed to be a feasible approach to obtain added-

value oligosaccharides from hemicelluloses, with important uses for food and pharmaceutical industries, 

from grape pomaces and stems. 
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Anthracnose is the most destructive disease of olive (Olea europaea L.) fruit, leading to significant fruit rot and consequently to 
the downgrading of the oil final category from “extra virgin olive oil” (EVOO) to “lampante olive oil”. Diverse species of the 
genus Colletotrichum may incite anthracnose symptoms in olive trees. In the Mediterranean Basin, C. godetiae is one of the 
most frequent species, but it seems to be in the process of being replaced by the highly virulent C. acutatum (Talhinhas et al., 
2018). In Portugal, the equally highly virulent C. nymphaeae is the most frequent species, corresponding to a large extent with 
the distribution area of ‘Galega Vulgar’, highly susceptible to the disease. Hydrophilic phenols are the most abundant natural 
antioxidants of virgin olive oil. Moreover, lipophilic phenols as tocopherols are also present.  
In the present study, the effect of the most common olive anthracnose pathogens in Portugal, Colletotrichum nymphaeae, C. 
godetiae and C. acutatum, on olive oils from ‘Galega Vulgar’ fruits concerning lipophilic and hydrophilic phenols was studied. 
Fruits were inoculated by spraying conidial suspensions (106 spores/mL) and incubated at 20°C and 100 % RH. Samples were 
collected at 3-, 7-, 11- and 14-days post inoculation (d.p.i.) for symptom assessment (% of fruits with symptoms) and olive oil 
extraction by Abencor system. Olive oils were characterized by several quality and purity criteria. At the end of the experiments, 
84-93% reduction in total phenols were observed (Peres et al., 2021). Tocopherols resist more to fungal degradation (Figure 1) 
because of the contribution of seed composition to these compounds. All the fungi showed to lower the content of bioactive 
compounds resulting in the depreciation of the oil from the sensory, health and stability points of view. 
 

  

Figure 1: Alpha-tocopherol contents of Galega olive oils obtained from fruits, after 3-, 7-, 11-, and 14-days post-inoculation 

(d.p.i.) with Colletotrichum acutatum, C. nymphaeae and C. godetiae. 
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Meat represents a very important food item consumed worldwide, being recognized as having high 

nutritional value, namely essential amino acids and other nutritive factors of high quality and 

availability, but also as a source of bioactive compounds of relevance for human health. National 

meat was not so far deeply evaluated in their nutraceutical quality status in relation to the composition 

and variability of multiple relevant components1. In order to improve the acceptability of beef in people’s 

diet, a deep knowledge of bioactive compounds composition could be a relevant issue to achieve that 

target and increase the demand of such important food. Conjugated linoleic acid (CLA) and 

antioxidants such as carnosine, anserine, L-carnitine, glutathione, taurine, coenzyme Q10 and 

creatine are bioactive compounds that can be present in beef composition. CLA represents a group 

of relevant functional fatty acids (anti-carcinogenic anti-arteriosclerotic, antioxidative and 

immunomodulative) in ruminants, being the c9.t11-octadecadienoic acid the most common isomer, 

whose content is affected by several factors, such as genetics, age at slaughter and diet composition. 

Meat from grass-fed animals has 3–5 times more CLA than that from counterparts fed on the typical of 

hay and silage diet2. Carnosine and anserine (histidyl dipeptides) are the most abundant antioxidants 

in meat and have been reported to play a role in recovery from fatigue and prevention of human 

diseases caused by oxidative stress. L-Carnitine is involved in the transport of activated long-chain fatty 

acids from the cytoplasm to the mitochondrial matrix, where -oxidation takes place. Aside this function, 

carnitine has an antioxidant activity, protecting cells against oxidative injury3. Coenzyme Q10 is localized 

on the hydrophobic side of phospholipid double layer of cell membrane and acts as a key component of 

cellular respiration chain. The functions of coenzyme Q10 in antioxidant protection and cellular energy 

production are based on the ability to exchange electrons. Creatine has a critical role in muscle energy 

metabolism.  

The aim of the present study is to quantify the most important biologically active compounds found in 

Ld and Bf muscles from ninety Frisia Holstein x Limousine or Charolais F2 crossbred young bulls reared 

at distinct farms under similar feeding conditions, with ages and carcass weight ranging from 9 to 22 

months and 121 to 466 kg, respectively. Carnosine, anserine, creatine, a-tocopherol, and coenzyme Q10 

were determined by high performance liquid chromatography1. After saponification, hydrolysis and 

methylation of the fatty acids, CLA was determined by gas chromatography with a flame ionization 

detector. 

Beef from Charolais crossbreds had overall mean carnosine contents lower than those of Limousine 

counterparts, with the Bf muscle presenting significantly (P=0.0239) lower values than the Ld muscle 

(Table 1). Regarding the anserine dipeptide, genetics influenced its concentration (P<0.0001) and, 

contrary to what was observed for carnosine, the mean value found in the Bf muscle was considerably 

higher than in the Ld muscle (P=0.0213).  

The creatine content did not differ significantly between the genetics tested in the present study. 

However, the Limousine crossbreeds presented a slightly higher value than the Charolais crossbred 

(904.0 mg/100g vs 849.6 mg/100g). Meat from the Bf muscle showed a lower mean value than that 

produced from the Ld muscle (806.8 mg/100g vs 946.8 mg/100g). The content of CoQ10 in meat 

obtained from Limousine crossbreeds was slightly lower than that from Charolais counterparts (2.3 

mg/100g vs 2.0 mg/100g). Regardless of genetics analysed, the CoQ10 level in the Bf muscle was 

significantly higher than in the Ld muscle (P=0.0142). 
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Table 1 - Mean values of carnosine. anserine. creatine. CoQ10. a-tocopherol and CLA present in meat from 
Azores according to breed and muscle. 

  F1* x Charolais F1**x Limousine          

  Bf Ld Bf Ld  Breed 
(B) 

Muscle 
(M) 

BxM SEM 

Carnosine 397.2 436 448.2 474.9  0.1616 0.0239 0.8654 68.89 

Anserine 87b 75.8b 109.1a 87.9b  <0.0001 0.0213 0.047 10.81 

Creatine 779.3 919.9 834.3 973.7  0.0813 0.1031 0.2712 31.07 

CoQ10 2.7a 1.9b 2.2ab 1.8b  0.0711 0.0142 0.0407 0.29 

a-Tocopherol 1.963 2.324 1.43 1.82  0.0749 0.1927 0.9608 0.23 

CLA 1.138 1.224 0.686 0.714  0.0007 0.9729 0.993 0.15 

* Holstein Frisia x Charolais; ** Holstein Frisia x Limousine 

In the same row, means with different letters are significantly different. 
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Aromatic plants and plants agrifood by-products are recognized for their composition in natural 

bioactive compounds. However, its full potential has yet to be exploited. The first group is used primarily 

as a food flavouring or to prepare infusions, and the second is usually discarded without any specific 

value-added application. This work aimed to screen the bioactive composition of two aromatic plants 

(rosemary and mint) and an agro-industrial by-product of the coffee industry (silverskin). Rosemary 

(Salvia rosmarinus) and mint (Mentha spicata) are aromatic plants rich in phenolic terpenes such as 

carnosic acid and carnosol; flavonoids such as apigenin and luteolin; and phenolic acids, rosmarinic acid, 

caffeic acid, coumaric acid1, among others. Due to its ability to preserve products from oxidation and 

simultaneously enhance their biopotential, some of its uses are food additives, flavour enhancers, 

cosmetic lotions, perfumes, etc. The presence of polyphenols like tannins and flavonoids makes them a 

good source for the production of body and facial creams due to their hydration, protection and 

antioxidant action; cosmetics; and food additives, not only for the health benefits they provide, but also 

for their ability to preserve the products. Coffee silverskin is a thin tegument that directly covers the 

coffee seed. During the roasting process, coffee beans expand, and this thin layer is detached, becoming 

the main by-product of coffee roasting industries. However, no methods have been developed for the 

effective use of the coffee silverskin, which is currently used as fuel and soil fertilizer. There are studies 

reporting it as a good source of bioactive compounds2, which can be extracted and applied in various 

fields, meeting the growing demand for natural and environmentally friendly products. In order to fully 

understand and value these three agrifood products, this study was divided into two phases with the 

aim of evaluating the bioactive potential of the matrices for future cosmetic applications. Firstly, the 

matrices were physicochemical characterized in terms of moisture, total and volatile solids, ash and 

protein content, elementary composition (C, N and S), pH and electrical conductivity. Second, a 

conventional solid/liquid extraction system (50 ˚C, 4 h, 200 rpm) was applied to the whole and grounded 

matrices. Three ethanol:water mixtures were used as solvents (25%EtOH, 50%EtOH and 75%EtOH). The 

liquid extracts obtained (Figure 1) were then submitted to a phytochemical screening3 to determine the 

presence of total phenolics (TP), total flavonoids (TF), tannins (Tan), saponins (Sap), free and combined 

anthraquinones (FA and CA, respectively), alkaloids (Alk), polysteroids (Pol), triterpenoids (Terp) and 

cardiac glycosides (CG). Regarding the physicochemical characterization, the results showed that mint 

has the highest moisture content (9.29%), followed by rosemary (7.41%) and silverskin (4.08%). All 

matrices tend to have a neutral pH, with rosemary being the most acidic (6.18), followed by mint (6.34) 

and silverskin (6.44). Regarding conductivity, rosemary had the lowest value (4.37 mS/cm) and mint the 

highest (9.90 mS/cm). With respect to the elemental composition, mint was found to have higher carbon 

(47.39%) and nitrogen (3.79%) contents compared to rosemary (44.89% C, 1.68% N) and silverskin 

(45.85% C, 0.37% N). For protein, mint and silverskin had similar values (23.68 and 23.19%, respectively) 

and rosemary had much lower protein content (10.47%). The results of the phytochemical screening in 

Table 1 showed that all extracts are rich in phenolic compounds, flavonoids and tannins, with mint being 

the richest in these bioactive compounds, followed by rosemary and silverskin. Saponins appear in all 

mint extracts, but mostly when the solvent was 50%EtOH, which was also effective in silverskin. 

Polysteroids and cardiac glycosides were found in small concentrations in rosemary and mint extracts 

with 75%EtOH. All extracts obtained from 75%EtOH and 50%EtOH showed the presence of triterpenoids. 
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There was no presence of free or combined anthraquinones or alkaloids in all the studied matrices. The 

impact of grounded matrices is also evident in the extractions, particularly in rosemary rather than mint 

or silverskin, probably because the shape of these latter materials before and after grounding is very 

similar. 
 

 

 

 

 

 

 

Figure 1: Ethanolic 

extracts from whole and 

grounded matrices of 

rosemary, mint and 

silverskin according to 

the solvent used. 

 

The extracts obtained from 75%EtOH provided the highest phytochemical content, except for saponins, 

which seem to have more affinity to 50% EtOH. The qualitative screening of rosemary, mint and 

silverskin, showed positive results, allowing more targeted studies to quantify the compounds that are 

present in these matrices, which can become promising raw materials when applied in food, 

pharmaceutical or cosmetic industry4. 
 

Table 1: Phytochemical screening of rosemary, mint and silverskin, according to the extract solvent applied and the size of the matrices. 

Product Solvent Matrix TP TF Tan Sap FA CA Alk Pol Terp CG 

R
o

se
m

ar
y 

25% 
Whole ++ ++ + - - - - - - - 

Ground +++ +++ ++ ++ - - - - - - 

50% 
Whole +++ ++ ++ - - - - - + - 

Ground +++ +++ +++ - - - - - ++ - 

75% 
Whole ++ ++ ++ - - - - - +++ - 

Ground +++ +++ +++ - - - - + +++ + 

M
in

t 

25% 
Whole +++ +++ ++ + - - - - - - 

Ground +++ +++ +++ + - - - - - - 

50% 
Whole +++ ++ +++ ++ - - - - + - 

Ground +++ +++ +++ +++ - - - - + - 

75% 
Whole +++ +++ +++ + - - - ++ +++ + 

Ground +++ +++ +++ + - - - + +++ + 

Si
lv

e
rs

ki
n

 25% 
Whole +++ + + - - - - - - - 

Ground +++ + + - - - - - - - 

50% 
Whole ++ + + +++ - - - - ++ - 

Ground ++ + + ++ - - - - + - 

75% 
Whole + + + + - - - - + - 

Ground ++ + + ++ - - - - + - 

+++ large response; ++ moderate response; + minor response; - no response in the assay.  
TP – total phenolics, TF – total flavonoids, Tan – tannins, Sap – saponins, FA – free anthraquinones, CA – combined 
anthraquinones, Alk – alkaloids, Pol – polysteroids, Terp – triterpenoids, CG – cardiac glycosides. 
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Aquaponics is a method that combines plant production in hydroponics with fish farming in aquaculture, 
in a closed water recirculation system. It is a system designed to raise a significant amount of fish in small 
volumes of water, in which the plants will grow, consuming nutrients from the fish. This is a production 
method that has shown enormous potential for plant and aquaculture production throughout the world. 
Brassicaceae plants are a rich source of natural antioxidants, both hydrophilic (ascorbic acid, 
polyphenols) and hydrophobic (carotenoids, vitamin E), which can reduce free radicals and neutralize 
reactive oxygen species (ROS). Antioxidant availability is largely influenced by several factors such as 
environmental conditions, the degree of plant maturity, crop variety and cultivation techniques.  
Thus, the present work aimed to evaluate the effect of different cultivation methods (aquaponics, 
hydroponics, and the conventional method, inside and outside the greenhouse) on the antioxidant 
capacity of cabbage (Brassica oleracea var. Gloria Enkhuizen). Since cabbages are rarely eaten raw, the 
effect of cooking was also evaluated. In both boiled and fresh plant extracts, the polyphenol content was 
evaluated by the colorimetric method of Folin-Ciocalteu. The antioxidant activity was evaluated by two 
methods: free radical scavenging ability, measured by the capacity of reducing the free radical 1,1-
difenif-2- picrylhydrazyl (DPPH) and total antioxidant activity measured by the β-carotene bleaching 
method. The cultivation method, but not the use of greenhouse, significantly (P<0.001) affected the 
weight, the polyphenol content, and the antioxidant activity of cabbages. Larger and heavier specimens 
were produced by the conventional method, followed by those cultivated in aquaponics and 
hydroponics. However, the concentration of total polyphenols was significantly higher (P<0.05) in 
cabbages grown in hydroponics. A highly significant reduction (p<0.001) of total polyphenols was 
observed on cooked cabbages, ranged from 61.47 – 142.10 μg GAE/mg and 21.37 – 58.60 μg GAE/mg in 
raw and cooked cabbages, respectively. Total antioxidant activity was higher (p<0.05) in cabbages 
produced by aquaponics and hydroponics when compared to the conventional method. However, a 
small increase in the capacity to capture free radicals was observed in cabbages produced by aquaponic 
and conventional methods (p<0.05) when compared to hydroponics. While reducing polyphenol content 
to about half, the cooking of the cabbages in water did not significantly affect (p>0.05) the antioxidant 
activity of these vegetables. Moreover, the total antioxidant activity was not directly related to the 
content of total polyphenols in raw vegetable extracts (P>0.05). However, we observed a significant 
positive correlation (p<0,05; R=0,633) between the polyphenol content and the antioxidant activity of 
cooked cabbages. This result may indicate that some of the compounds that contribute to antioxidant 
activity (e.g., ascorbic acid) may be lost during cooking by heating, oxidation or dilution in the cooking 
water. Likewise, other pro-oxidant elements/compounds were also eliminated by cooking (diluted in the 
water), making the antioxidant activity of vegetables more dependent on the polyphenol content. 
In conclusion, the aquaponic culture produces cabbages with higher polyphenol content and an 
antioxidant activity similar to conventional culture. However, the aquaponic culture should be preferred, 
as it does not have pesticide residues or artificial fertilizers, as commonly used in conventional and 
hydroponic cultures. 
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Since the beginning of the 21st century, food products have been subjected to numerous tests to check 

their quality and presence of harmful agents. Nowadays, consumers awareness about food quality has 

increased dramatically, paying much attention to the identification of artificial additives, which are 

normally included as preservative ingredients, among others. This change is also represented in the food 

industry, where the use of natural food texturizers and preservatives has been replacing some commonly 

used artificial additives, thus motivating the search for new bioactive compounds from natural sources. 

Among such bioactive compounds, plant secondary metabolites, in special phenolic compounds, have 

been largely reported for their health-enhancing properties and preservative effect. In this study, a 

phytochemical and nutritional characterization of three species from the Amaranthaceae family 

(Alternanthera sessilis (L.) R., Dicliptera chinensis (L.) Juss. and Dysphania ambrosioides (L.) Mosyakin & 

Clemants) was performed. The antioxidant and antimicrobial activities and cytotoxicity to tumour and 

non-tumour cell lines were also evaluated using different methodologies. The results showed a high 

content of flavonoids in the ethanolic extract of the three species, ranging 11.4 – 15.1 mg/g extract, with 

apigenin, luteolin and isorhamnetin derivatives being the most abundant compounds. On the other 

hand, the results from nutritional analysis showed a high protein content in the species studied (13.9-

16.9 ± 0.1 g/100 g of dry weight, dw), together with the presence of organic acids, such as oxalic and 

succinic acids. Concerning the reported bioactivities of the plant extracts, the results for cytotoxic activity 

showed GI50 values ranging from 263 ± 12 µg/mL to 188 ± 14 µg/mL towards different tumour cell lines 

(colon carcinoma, Caco-2; breast adenocarcinoma, MCF-7; and non-small cell lung, NCI-H460) and no 

cytotoxic activity in the control cell line (Vero). Moreover, with respect to antimicrobial activity, the A. 

sessilis extract showed minimal inhibitory concentrations (MIC) of 5 mg/mL against Morganella 

morganii, as well as the D. abrosioides extract against methicillin-resistant Staphylococcus aureus 

(MRSA). For the antioxidant activity determined by the oxidative haemolysis assay (OxHLIA), the D. 

abrosioides extract showed an IC50 of 66 ± 10 µg/mL. Overall, these results suggest that ethanolic extracts 

from the characterized Amaranthaceae species, exhibiting a high bioactive potential, can be considered 

as promising natural ingredients or additives in the food industry. 
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Currently, a great part of the grapes cultivated worldwide are being directed to wine production, which 
involves the deposition of huge amount of vegetal biomass from the wine production process causing 
environmental pollution. Stems, seeds, dried pulp and skins are currently considered low-value by-
products from the grape that could be valorized1 and transformed into value-added products using 
environmentally friendly processes.2 Grape stems are known to present an elevated content of minerals, 
being also a cheap source of phenolic compounds with antioxidant properties3 while grape seeds can be 
used to obtain vegetable oil and are also rich sources of polyphenols.4 These compounds are currently 
very appreciated in the food and pharmaceutical industries due to their nutraceutical and bioactive 
properties. Therefore, the present study aimed at the evaluation of the extraction process of natural 
value-added compounds, using green technologies such as ultrasound assisted extraction (UAE), 
microwave assisted extraction (MAE) and autohydrolysis. The selected approach followed the 
philosophy of biorefineries to valorise different bioactive fractions from grape seeds and stems obtained 
as a residue after wine production. Grape wastes from Touriga Nacional variety were kindly supplied by 
Adega Cooperativa de Silgueiros, Portugal. After manually separating the seeds and stems, the seeds 
were ground and submitted to oil extraction using a Soxhlet apparatus for 6 hours and to UAE using a 
frequency of 20 KHz and a potency of 150 W, at 30 ºC for 15, 30, 60, and 90 min. In both cases hexane 
was used as the extraction solvent with a ratio 1:40 (w/v) in Soxhlet and 1:8 (w/v) in UAE. The best results 
(4.3% extracted oil) were obtained with 90 min UAE extraction with no significant differences being 
observed compared with Soxhlet extraction. Subsequently, the obtained seeds’ residue was dried 
overnight at ambient temperature and protected from light, to eliminate hexane residues. After that, 
MAE was used to extract bioactive compounds from the obtained residues. To this aim, different 
conditions were assayed, namely different solvents (water, ethanol:water (40:60, v/v) and ethanol:water 
(80:20, v/v)), extraction time (2 min and 5 min) and temperatures (80 ºC, 100 ºC, and 120 ºC). All 
experiments were performed using a solid to liquid ratio of 1:10. The obtained extracts were filtered, 
diluted, and submitted to total phenolic compounds determination using the Folin-Ciocalteau reagent 
and antioxidant activity evaluation using the DPPH method. Moreover, the extracts composition in 
phenolic compounds and anthocyanins was determined by LC-DAD-ESI-MS/MS allowing the 
identification of (+)-catechin, (-) epicatechin, type B (epi)catechin dimer, malvidin-O-hexoside, and 
malvidin-O-deoxyhexoside-hexoside. In general, water extracts showed the lowest values of bioactive 
compounds and the worst antioxidant activity while best results were obtained using MAE extraction 
with 40% hydroethanolic solution at 120 ºC for 5 min. In addition, the grape stems were submitted to 
autohydrolysis (AH) and MAE extraction, with both methods being carried out at 120 ºC, 150 ºC, 180 ºC, 
and 210 ºC. For AH treatment, distilled water and ground sample were processed in a 0.6 L stirred 
pressure reactor (Parr instruments series 4842) equipped with temperature controller and heater. MAE 
extraction was carried out in an Anton Parr, Monowave 450 reactor, with the equipment being set to 
reach the selected temperature in 2 min, after which the temperature was maintained for 5 min and 
then decreased to 55 ºC. Both obtained liquors were analysed by HPLC-RI for oligomeric carbohydrates 
and other derived groups allowing to detect the presence of glucose, xylose, arabinose and acetic acid. 
The highest content of sugars was obtained with MAE at 210 ºC. The obtained soluble extracts were used 
to formulate gelatin-based hydrogels and characterized by rheology. To conclude, the obtained results 
indicate that the use of MAE technology is a fast and efficient approach to recover natural and bioactive  
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compounds from wine industry wastes. Moreover, the obtained extracts showed adequate potential for 
the preparation of gelling matrices with potential food or cosmetic applications. 
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Since ancient times, traditional plants have been used for therapeutic purposes, but nowadays they are 
also applied in the food, cosmetic and pharmaceutical industries, presenting several beneficial 
properties such as antioxidant, anti-inflammatory and antimicrobial properties, among others, as 
reported by different scientific studies. Nevertheless, in the recent years medicinal plants consumption 
is decreasing. Specially, Calendula officinalis L. (Asteraceae) stands out as a well-known medicinal plant 
for its traditional uses, including the elaboration of food, dyes, cosmetics and therapeutic remedies 1.  
This work focuses on the phytochemical analysis of C. officinalis, including the determination of its 
phenolic determination and bioactivity assessment. Thus, after an initial screening, a heat-assisted 
extraction was performed to obtain extracts rich in phenolic compounds and the results indicated a total 

phenolic content of 45.06 µg of gallic acid equivalents (GAE)/mg, and a lower amount of flavonoids: 5.96 

µg epicatechin equivalents (EPE)/mg, together with an antioxidant activity of 2.21×10-2 µmol DPPH/mg. 
Concerning antimicrobial activity, extracts showed inhibitory effects against three of the five bacterial 
strains tested  
(P. aeruginosa, E. coli and B. cereus), with inhibition halos of 7.34, 7.29 and 7.73 mm, respectively. 
Finally, extracts were subjected to enzyme assays, reporting the inhibition of acetylcholinesterase 
(AChE) and butyrylcholinesterase (BuChE), two enzymes implicated in the development of Alzheimer's 
disease. Overall, our results provide scientific evidence for the development of new products for the 
industry, based on medicinal plants, as it is the case of C. officinalis.  
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Carica papaya is a predominant plant in tropical Africa and Central America with high importance for farmer 
incomes. It is known as “the fruit of angels”, due to it nutritional value and low cost. It ranks second as a 

source of -carotene, containing also natural sugars, vitamins C and E, B complex vitamins, and minerals, with 
fair amounts of calcium and phosphorus.1 Low in calories, this exotic fruit promotes the health of the 
cardiovascular system and provide protection against colon cancer. In addition, papaya contains papain 
(digestive enzyme), which is used to treat sports injuries, other causes of trauma, and allergies.2 Nowadays, 
papaya is the third most consumed tropical fruit in Europe. Therefore, the fruit processing industries generate 
a high volume of by-products (seeds and peels). These by-products hold nutrients and phytochemicals that 
can be used as value added ingredients for food and pharmaceutical applications. Therefore, the objective of 
the current study was to evaluate the nutritional composition and antioxidants content of seeds and peels of 
two papaya varieties marketed in Portugal (aliança and formosa). Ash, total fat, protein and dietary fibre, 
expressed as g/100 g of dry weight, were determined following the AOAC methods3. The free sugars were 
evaluated by chromatographic analysis using an HPLC-ELSD system.4 Fatty acids methyl esters (FAME) were 
prepared, in triplicate, according to ISO (12966-2:2011) and their profile determined by GC-FID.5 Total vitamin 
E was analysed by HPLC-DAD-FLD.6 The content of total phenolics, flavonoids and antioxidant activity (DPPH• 
and FRAP inhibition) were determined by spectrophotometric methods.7 The seeds of aliança and formosa 
fruit varieties are a rich source of proteins (29.03% and 27.14%), lipids (25.30%) and inorganic matter (8.62% 
and 9.50%). Sugars in the free form (glucose and frutose) were detected in low amounts, contrarily to the 
fibre content. Regarding the fatty acid profile, both seed fruit varieties are rich in oleic acid (18:1) (72.60 and 
73.60% for aliança and formosa, respectively), a monounsaturated fatty acid linked to health benefits. 

Vitamin E (mainly -tocopherol) ranged between 32.3-37.3 mg/kg for aliança and formosa seeds, 
respectively. Regarding fruit peels, both varieties also present high content of proteins (26.56% and 19.79%), 
significantly lower content of total fat (2.8% and 3.4%) but higher mineral content (15.8% and 13.8%, 
respectively). Formosa peels displays the highest content of free sugars (173.6 mg/g and 151.8 mg/g for 
frutose and glicose, respectively). Like seeds, the two fruit varieties peels also show considerable fibre 
content. The fatty acid profile in fruit peels was quite different from that described in seeds, being α-Linolenic 
acid (C18:3n3) the most representative one (28.1% and 30.3% for aliança and formosa, respectively). Vitamin 
E was significantly superior in fruit peels (615.9- 939.3 mg/kg, aliança and formosa, respectively). These high 
values for proximate composition make these by-products rich natural sources of nutrients. Regarding the 
antioxidant content, total phenolics and flavonoids were higher in the fruit peels, with no significant 

differences between the two studied varieties (p0.05). Despite the difference in the total content of 

bioactive compounds, the antioxidant activity was identical in both seeds and peels fruit varieties (28% for 

DPPH• and 78mol FSE/g of dw). Moreover, the individual profile of bioactive compounds should be 
considered in a future study, but these results confirm the great potential for industrial recovery and related 
applications, such as formulation of new food ingredients.  
 

References:  
1. W. Joymak, S. Ngamukote, P. Chantarasinlapin, S. Adisakwattana, Foods. 10 (2021) 615. 
2. L.F. Santana, A.C. Inada, B.L.S. Espirito-Santo, W.F.O. Filiú, A. Pott, F.M. Alves, R.C.A. Guimarães, K.C. Freitas, P.A. Hiane, Nutrients. 11 (2019) 
1608. 
3. AOAC International, Official Methods of Analysis, USA, 2019. 
4. D. Montesano, L. Cossignani, L. Giua, E. Urbani, M.S. Simonetti, F. Blasi, J. Chem. 2016 (2016) 6271808.   
5. M.A. Nunes, A.S.G. Costa, S. Bessada, J. Santos, H. Puga, R.C. Alves, V. Freitas, M.B.P.P. Oliveira, Sci. Total Environ. 644 (2018) 229-236. 
6. R.C. Alves, S. Casal, M.B.P.P. Oliveira, Food Sci. Technol. Int. 15 (2009) 57-63. 
7. A.S.G. Costa, R.C. Alves, A.F. Vinha, S.V.P. Barreira, M.A. Nunes, L.M. Cunha, M.B.P.P. Oliveira, Ind. Crops Prod. 53 (2014) 350-357. 

mailto:beatoliv@ff.up.pt


 

305 
 

PC-B31: Effect of the application of bioactive extracts on the storage time of smoked 

horse mackerel (Trachurus trachurus) with reduced salt 

Barros D.,1,2 Nova P.,4 Cunha S.,4 Barbosa C.,2,3 Pintado M.,4 Gomes A.,4 Vaz-Velho M.2  

1 EDIUS – International PhD School of the USC, University of Santiago de Compostela, 15705 Santiago de Compostela, Spain 
2 CISAS - Centre for Research and Development in Agrifood Systems and Sustainability, Instituto Politécnico de Viana do Castelo, 
4900-347 Viana do Castelo, Portugal 
3 LAQV-REQUIMTE, Associate Laboratory for Green Chemistry, Faculdade de Farmácia da Universidade do Porto, 4050-313, 
Porto, Portugal 
4 CBQF - Center for Biotechnology and Fine Chemistry, Escola Superior de Biotecnologia da Universidade Católica do Portuguesa, 
4169-005, Porto, Portugal 
Email: dib@ipvc.pt 

Smoking of food is one of the oldest preservation methods and quite popular among fish and meat 

preservation strategies. The process combines salting, drying, heating and smoking steps. Salting and 

smoking, besides their preserving effects, are important to add flavour so appreciated by traditional 

foods consumers1-3. However, reducing salt intake is an important public health issue. Thus, both food 

industry and food services are interested in reducing the salt content of products4. Moreover, today's 

consumer is also looking for more natural foods with high nutritional value and functionality 5,6. Special 

attention has been given to the addition of bioactive compounds mainly with antioxidant and 

antimicrobial activities7-9. The general objective of the present study was the valorisation of low 

commercial value and abundant fish species such as horse mackerel (Trachurus trachurus) by developing 

smoked products with reduced salt content and fortified with natural bioactive compounds extracted 

from seafood and forest by-products. The fish, obtained in the local auction market, was smoked in a 

semi-industrial smoking oven for 4 h at 70 °C with a final thermal shock step of 1 h at 90 °C. Smoked 

fillets were divided into four groups and sprayed with one of four bioactive extract solution (100 mg/ml): 

two different solutions of mussel extract with peptides <3kDa, one solution of microalgae extract, 

Tetraselmis sp. with peptides <3KDa and a pine bark extract (Pinus pinaster Aiton subsp. atlantica) 

solution. A control sample without any spraying completed the set of five samples. Smoked fillets were 

vacuum-packed and stored at 4-6 °C, over 30 d. Quality changes, over the 30 days of storage, were 

studied by monitoring microbiological and physicochemical properties at weekly intervals. For microbial 

enumeration a pack was opened weekly, and 30 g of smoked fish was taken aseptically, from different 

sites, and homogenised for 90 s in a stomacher and subsequently decimally diluted. Total viable counts 

were performed on pour plates according to EN ISO 4833-1:2013; psycrotrophic microorganisms 

according to ISO 17410:2001; Enterobacteriaceae counts according to ISO 21528-2:2017 and yeasts and 

molds according to NP 3277-1:1987. Detection of Salmonella and Listeria monocytogenes was done 

according to ISO 6579-1: 2017 and ISO 11290-1:2017, respectively. Physicochemical properties analysed 

included: salt (NaCl) content, aw, moisture, pH, peroxide value index (PV) and thiobarbituric acid index 

(TBA), antioxidant activity (DPPH and ABTS methods), colour and firmness. Sensory evaluation by 

quantitative descriptive analysis (11 attributes) was performed by four trained panellists. Average total 

viable cell numbers were similar among all samples (including control) except for mussel extract MuE 

(CPC) that maintained levels above 8 log CFU, form 2 wk of storage onwards; the remaining samples 

demonstrated a steady increase in total viable cell numbers (30 ºC) only from 21 d onwards and reached 

final numbers between 6-7 log CFU. Enterobacteriaceae were reported constantly between 1-2 log CFU, 

molds were undetectable and yeasts reached higher viable numbers (3 log CFU) in smoked fillets with 

mussel extracts. Salmonella and Listeria were not detected throughout storage. In terms of antioxidant 

activity samples were quite stable over time. Concerning degradation indicators, such as TBA and PV, no 

tendency was noticeable. TBA index after 7 d of storage was low and stable and PV was unstable. 

Nevertheless, panellists found some off-flavours during their evaluation especially in the samples with 

mussel extract and microalgae extract that was more intense after 15 d of storage (Figure 1). The pine 
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bark-treated samples presented more similarity with the control samples throughout storage. Texture 

and firmness were generally stable over time and with small differences between treatments, control 

samples showing higher values. Principle component analysis applied to physicochemical data (Figure 2) 

showed that antioxidant activity and pH, moisture and water activity discriminate samples over time 

(PC1) and, sample treatment with mussel extract MuE(ESB) as well. In this output, samples with higher 

values are projected towards the left side and this was also clear in pine bark (PBE) treated samples. 

Samples with mussel extract (MuE(ESB)) are quite stable (PC1) except for those with 7 d of storage. 

Overall, these results indicate the potential of these treatments to extend shelf-life of fish products and 

contribute to reintroduce sea and forest by-products into the food chain along adding value to abundant 

and undervalued fish products. 
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Figure 1: Principal component analysis of sensory parameters (CP1 vs CP2 
– 45.93% vs 13.53%). C (blue) – Control formulation; MuE (ESB) (red) – 
formulation with application of mussel extract (ESB); MuE (CPC) (green) 
– formulation with application of mussel extract (CPC); MiE (purple) – 
formulation with application of seaweed extract; PBE (black) – 
formulation with application of pine bark extract, for sampling times 0, 7, 
15, 23 and 30 days. 

Figure 2: Principal component analysis of physicochemical parameters 
(CP1 vs CP2 – 32.90% vs 22.60%). C (blue) – Control formulation; MuE 
(ESB) (red) – formulation with application of mussel extract (ESB); MuE 
(CPC) (green) – formulation with application of mussel extract (CPC); 
MiE (purple) – formulation with application of seaweed extract; PBE 
(black) – formulation with application of pine bark extract, for 
sampling times 0, 7, 15, 23 and 30 days. 
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Annually one third of all the food produced is wasted leading to costs and negative environmental impact 
[1]. To mitigate these impacts, according to the circular economy concept, the reuse of the residues is 
suggested [2]. Some of the alternatives are the recovery of valuable compounds with beneficial 
properties from the residues and the bioproduction of new added value products [2]. Phenolic 
compounds can be recovered from food by-products and were shown to possess antimicrobial and 
antioxidant capacities, being natural alternatives to food preservatives and helping reduce the risk of 
some chronic diseases [3]. 
 
Forty-two agri-food by-products were analysed by four different assays. The total phenolic content (TPC) 
was assessed using an adaptation from the Folin-Ciocalteu method [3]. Flavonoid content (FC) assay was 
evaluated according to Alothman et al [4]. Antioxidant activity was assessed using two different 
methods: the radical ABTS+• inhibition and the DPPH• free radical scavenging analysis [5,6]. 
 
The by-products evaluated were chosen according with their availability and quantities generated by the 
farmer. These by-products were distributed by 3 groups with equal number of samples: leafs (resulting 
from the vegetable “cleaning” and sorting process), “fleshy” (dense and bulky by-products), and 
aromatic herbs (small plants or its constituents that have pleasant smell and are used to give flavour 
dishes). For each by-product, three extracts were accessed. 
 
It is worth mentioning Laurus nobilis that registered the highest values in all the analysed parameters 
and also Mentha piperita, Origanum majorana and Origanum vulgare (Table 1). 

 

Table 1: TPC, FC, ABTS+• and DPPH• values for the by-products with the highest values. 

 
TPC 

(mg GAE/g FW) 
FC (mg epicatechin 
equivalents/g FW) 

ABTS+• 
(mg trolox equivalents/g FW) 

DPPH• (mg ascorbic 
acid equivalents/g FW) 

Laurus nobilis 21.16 ± 0.83 12.91 ± 1.37 113.49 ± 18.47 13.05 ± 0.82 

Mentha piperita 7.35 ± 0.34 5.05 ± 0.24 23.45 ± 1.74 9.35 ± 0.58 

Origanum majorana 9.23 ± 1.47 3.32 ± 0.79 43.16 ± 7.69 5.73 ± 3.13 

Origanum vulgare 8.66 ± 0.62 4.36 ± 0.64 24.11 ± 2.70 9.10 ± 1.07 

 

The agglomerative hierarchical clustering was used to group by-products in clusters based on their 
similarity, using the complete linkage method for computing distance between clusters and Euclidean 
distance for measuring the similarity between objects. The number of clusters was chosen based in the 
evaluation of the dendrogram and the silhouette analysis. Clustering was performed with all four 
parameters and individually for each one. In any of the analysis was considered for each by-product the 
mean of the values of the three extractions. In the analysis for all parameters and for flavonoids, as there 
were no results for tomato and potato for this parameter, forty by-products were considered. The 
software used was the R 4.1.0. 
 
In the analysis with the four parameters, the by-products were grouped into three clusters. One with the 
bay laurel (Laurus nobilis), other includes rosemary (Salvia rosmarinus), oregano (Origanum vulgare),  
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peppermint (Mentha piperita), lemon balm (Melissa oficinalis) and marjoram (Origanum majorana) and 
a third cluster included all the other by-products considered for this analysis. 
 
From cluster analysis using only the TPC assay, four clusters were obtained, and the FC analysis suggested 
the establishment of three different clusters. For the antioxidant activity assays, the by-products were 
grouped into three cluster for the ABTS+• assay and two clusters for the DPPH• method. 
 

It was possible to assess that the grouping initially performed based on the agricultural characteristics 
of the by-products was different from the clusters obtained. It should be noted that only part of the 
aromatic herbs constituted their own cluster regardless of the parameters of TPC, FC and antioxidant 
activity evaluated in any of the analysis performed. 
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Citrus is the most abundant crop of fruit trees in the world, with an annual production of approximately 
124.2 million tons. Among the different type of citrus, lemons and limes are responsible for 15.9 million 
tons [1]. Processing of citrus fruits results in a significant amount of waste (peels, pulps and seeds), which 
represent about 50% of the raw processed fruits. The Citrus limon peels are composed by relevant 
amounts of bioactive compounds, such as polyphenols, carotenoids, terpenoids, vitamins, essential oils 
and dietary fibre, which grant them nutritional value and health benefits with antioxidant properties. 
These lemon processing by-products, which are normally discarded as a waste in the environment, can 
be explored to produce new functional ingredients/additives/products, also desirable from a circular 
economy perspective [2]. In order to understand the potential valorisation of the lemon peels it is 
important to perform the nutritional characterization. The Table 1 shows the average composition of a 
lot of lemon peels, collected in February 2021. The results show a high and main concentration of 
carbohydrates (89.23 g/100g DM) including a relevant content of dietary fibre (41.16 g/100g DM). 
Phenolic compounds, commonly known as polyphenols, are the most important group of bioactive 
compounds in both Citrus fruit and its juice, determining their biological activity. These compounds offer 
potential health benefits, including antimicrobial, anti-inflammatory, and antioxidant activities [3]. Table 
2 shows the total phenolic compounds, the antioxidant activity (ABTS, DPPH and ORAC assay) and the 
quantification of hesperidin and eriocitrin, for lemon peels. Lemon peels showed a polyphenol content 
of 2.30 mg GAE/g. This higher value could be attributed to the presence of more lipophilic compounds, 
and also had a good scavenging effect on DPPH and ABTS radicals, representing 0.85 mg AAE/g and 2.33 
mg TE/g.  Hesperidin and eriocitrin were found in lemon peels at concentrations of 1.39 mg/g FW and 
0.57 mg/g FW, respectively. According to these results, it can be concluded that lemon peels by-
products, contain interesting compounds (mainly dietary fibre and phenolic compounds), and their 
concentrations are significant justifying their valorisation in different food applications.  
  

   

Table 1 – Lemon peels by-product nutritional characterization.  

  COMPONENT  RESULTS  

MOISTURE (%W/W)  82.71 ± 0.19  

EXPRESSED IN DRY BASIS (%W/W)  

ASH  4.38 ± 0.02  

PROTEIN  5.35 ± 0.08  

LIPIDS  1.04 ± 0.07  

CARBOHYDRATES  89.23*  

TOTAL DIETARY FIBRE  41.16**  

Results are expressed in % dry matter basis (g/100g 
DM) * Total carbohydrates content obtained by 
difference.  
**Only two analytical replicas.  
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 Table 2 – Antioxidant capacity (ABTS, DPPH and ORAC assay), and total phenolics (Folin-Ciocalteu), for lemon peels.  

  PARAMETER  CONCENTRATION  

Folin-Ciocalteu (mg GAE/G FW)  2.30 ± 0.26  

ABTS Assay (mg AAE/G FW)  2.33 ± 0.08  

DPPH Assay (mg TE/G FW)  0.85 ± 0.10  

Hesperidin (mg/g FW)  1.39 ± 0.02  

Eriocitrin (mg/g FW)  0.57 ± 0.02  

Abb.: gallic acid equivalent, GAE; Ascorbic acid equivalent, AAE; Trolox 
equivalent, TE; Fresh weight, FW.  
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Currently, a great part of the grapes cultivated worldwide are being directed to wine production, which 
involves the deposition of huge amount of vegetal biomass from the wine production process causing 
environmental pollution. Stems, seeds, dried pulp and skins are currently considered low-value by-
products from the grape that could be valorized1 and transformed into value-added products using 
environmentally friendly processes.2 Grape stems are known to present an elevated content of minerals, 
being also a cheap source of phenolic compounds with antioxidant properties3 while grape seeds can be 
used to obtain vegetable oil and are also rich sources of polyphenols.4 These compounds are currently 
very appreciated in the food and pharmaceutical industries due to their nutraceutical and bioactive 
properties. Therefore, the present study aimed at the evaluation of the extraction process of natural 
value-added compounds, using green technologies such as ultrasound assisted extraction (UAE), 
microwave assisted extraction (MAE) and autohydrolysis. The selected approach followed the 
philosophy of biorefineries to valorise different bioactive fractions from grape seeds and stems obtained 
as a residue after wine production.  
Grape wastes from Touriga Nacional variety were kindly supplied by Adega Cooperativa de Silgueiros, 
Portugal. After manually separating the seeds and stems, the seeds were ground and submitted to oil 
extraction using a Soxhlet apparatus for 6 hours and to UAE using a frequency of 20 KHz and a potency 
of 150 W, at 30 ºC for 15, 30, 60, and 90 min. In both cases hexane was used as the extraction solvent 
with a ratio 1:40 (w/v) in Soxhlet and 1:8 (w/v) in UAE. The best results (4.3% extracted oil) were obtained 
with 90 min UAE extraction with no significant differences being observed compared with Soxhlet 
extraction. Subsequently, the obtained seeds’ residue was dried overnight at ambient temperature and 
protected from light, to eliminate hexane residues. After that, MAE was used to extract bioactive 
compounds from the obtained residues. To this aim, different conditions were assayed, namely different 
solvents (water, ethanol:water (40:60, v/v) and ethanol:water (80:20, v/v)), extraction time (2 min and 
5 min) and temperatures (80 ºC, 100 ºC, and 120 ºC). All experiments were performed using a solid to 
liquid ratio of 1:10. The obtained extracts were filtered, diluted, and submitted to total phenolic 
compounds determination using the Folin-Ciocalteau reagent and antioxidant activity evaluation using 
the DPPH method. Moreover, the extracts composition in phenolic compounds and anthocyanins was 
determined by LC-DAD-ESI-MS/MS allowing the identification of (+)-catechin, (-) epicatechin, type B 
(epi)catechin dimer, malvidin-O-hexoside, and malvidin-O-deoxyhexoside-hexoside. In general, water 
extracts showed the lowest values of bioactive compounds and the worst antioxidant activity while best 
results were obtained using MAE extraction with 40% hydroethanolic solution at 120 ºC for 5 min. In 
addition, the grape stems were submitted to autohydrolysis (AH) and MAE extraction, with both 
methods being carried out at 120 ºC, 150 ºC, 180 ºC, and 210 ºC. For AH treatment, distilled water and 
ground sample were processed in a 0.6 L stirred pressure reactor (Parr instruments series 4842) 
equipped with temperature controller and heater. MAE extraction was carried out in an Anton Parr, 
Monowave 450 reactor, with the equipment being set to reach the selected temperature in 2 min,  
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after which the temperature was maintained for 5 min and then decreased to 55 ºC. Both obtained 
liquors were analysed by HPLC-RI for oligomeric carbohydrates and other derived groups allowing to 
detect the presence of glucose, xylose, arabinose and acetic acid. The highest content of sugars was 
obtained with MAE at 210 ºC. The obtained soluble extracts were used to formulate gelatin-based 
hydrogels and characterized by rheology. To conclude, the obtained results indicate that the use of MAE 
technology is a fast and efficient approach to recover natural and bioactive compounds from wine 
industry wastes. Moreover, the obtained extracts showed adequate potential for the preparation of 
gelling matrices with potential food or cosmetic applications. 
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Prediabetes, also referred as intermediate hyperglycemia, is a risk factor for the development of type 2 
diabetes (T2D) and a privileged state to implement strategies for preventing the progression of disease 
and reducing the risk of subsequent complications. Recently, accumulated evidence has suggested that 
a dysfunctional gut barrier associated with dysbiosis contributes to glucose and lipid dysregulation in 
T2D and obesity 1,2. However, the precise molecular mechanisms remain to be elucidated, particularly in 
prediabetes. 
Blueberries (BB) contain a wide array of bioactive compounds, including polyphenols, which contributes 
to the health-promoting properties 3. However, the beneficial effects of blueberry juice (BJ) against 
progression from prediabetes to diabetes and its underlying mechanisms are still not completely 
elucidated. This study aimed to assess the impact of BJ on gut microbiota (GM) composition, intestinal 
barrier integrity and metabolic endotoxemia as well as on damage of hepatic tissue in an animal model 
of prediabetes induced by a hypercaloric diet. 
Male Wistar rats were randomly divided into 3 groups: Control (CTL; n=8): animals received tap water 
and standard chow; Prediabetic group (HSuHF; n=10): animals were maintained with sucrose solution 
(35% in water) for a period of 9 weeks, adding to this a high fat diet (60% calories from fat) for further 
14 weeks, in order to aggravate the prediabetic state; and Prediabetic treated with BJ (HSuHF+BJ; n=10): 
rats submitted to the same dietary regimen but received 25 g/kg BW/day of BJ (in 35% sucrose solution) 
between weeks 9 and 23. Blueberries (Vaccinium corymbosum L., cultivar “Liberty”) were supplied from 
the same variety and in the same maturation stage by COAPE (Farming Cooperative of Mangualde, 
Portugal). BJ was daily prepared from fresh fruit, assuring that whole parts (peel, pulp, and seeds) were 
consumed. All experiments were conducted according to the National and European Directives on 
Animal Care and approved by the Animal Welfare Body (ORBEA) of iCBR-FMUC (09/2018). Food and 
drink intakes and body weight (BW) were recorded weekly. Phytochemical composition of BJ was 
analysed by HPLC/PDA. Glycemic, insulinemic and lipidic profiles were assessed; at the intestinal level, 
gut barrier permeability was evaluated by an in vivo assay using a fluorescent probe, metabolic 
endotoxemia by quantification of serum LPS levels and redox status by determination of GSH contents. 
Morphological characterization of liver damage was assessed by ultrasonography, scanning electron 
microscopy (SEM) and by histochemical staining techniques (H&E and Oil-Red-O). Values are means ± 
S.E.M. (One-way or two-way ANOVA, followed by Bonferroni post hoc test was used as appropriate). 
The main classes of phenolic compounds detected in BJ were hydroxycinnamic acids and anthocyanins. 
The prediabetic model induced by 23 weeks of hypercaloric diet displayed metabolic dysregulation, with 
an elevated postprandial glucose and insulin levels, which was accompanied by insulin resistance and 
hypertriglyceridemia (p<0.05). In addition, changes on the liver tissue, including the presence of focal 
steatosis and increased triglycerides (TGs) contents, were found in HSuHF rats. BJ treatment was able to 
prevent diet-evoked aggravation of glucose intolerance, insulin resistance and hypertriglyceridemia  
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(p<0.05 or p<0.01). Nevertheless, no significant changes were detected concerning gut microbiota and 
SCFAs composition, intestinal barrier permeability and serum LPS. Notably, BJ attenuated the hepatic 
changes, as viewed by reduced steatosis, TGs accumulation and GSH levels. 
In conclusion, this work provides novel evidence on BJ ability to prevent the aggravation of prediabetes 
induced by hypercaloric diet with notable benefits on hepatic tissue. Hence, BB is a promising functional 
food to be used in prevention of prediabetes progression.  
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At the current stage of algal development, the production of biofuel from microalgal fatty acids is still 
costly [1]. Thus, the current focus of algae biotechnology is the production of high-value lipids for 
pharmaceutics, cosmetics, and dietary supplements [1]. Haptophyta Pavlova pinguis and Cryptophyta 
Hemiselmis cf. andersenii have been shown to be great natural sources of high-value lipids, namely 
omega-3 fatty acids, phytosterols, and long-chain aliphatic alcohols (often called polycosanols) [2, 3]. 
With the aim to enhance P. pinguis and H. cf. andersenii on high-value lipids for nutraceutical purposes, 
and evaluate its robustness for further large-scale production, they were submitted to different 
phosphorus regimes, and its growth dynamics, pigments content, lipid and monosaccharide profiles 
were evaluated. For all the parameters studied significant changes were observed (p <0.05). P. pinguis 
increased its carotenoid content in response to phosphorus-induced changes, in contrast to H. cf. 
andersenii. The greatest lipid contents were verified for the microalgae grown under phosphorus-replete 
media. The detailed lipid profile of both microalgae after and before hydrolysis allowed to evaluate the 
co-production of fatty acids, sterols, alcohols, and esterified lipids under different phosphorus regimes. 
P. pinguis and H. cf. andersenii growth dynamics and chemoplasticity highlighted their ability to readily 
adapt to changes in their growth conditions showing its robustness for microalgae-based industries. 
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Microalgae are nutritious and sustainable food sources with great potential in the context of climate 
change and food scarcity, being already considered a superfood and the food of the future. The biomass 
of these microalgae is one of the richest sources of protein, in addition to polysaccharides and 
polyunsaturated fatty acids, and various bioactive compounds such as carotenoids, chlorophyll, vitamins, 
minerals and sterols, that can meet the population's nutrient needs and have a very positive impact on 
human health1.  
However, the incorporation of microalgae can lead to sensory changes (colour, flavour, taste, structure) 
of the food products, as it has been observed by our working group for several food matrices2-3, that are 
not easily accepted by the consumer. Chlorella vulgaris smooth is grown heterotrophically by 
AllMicroalgae company4, using only organic compounds as the carbon source5. Heterotrophic production 
of microalgae leads to a softer sensory profile of the biomass (colour, taste) that can improve the 
acceptance of the product near the consumers. 
This work is part of the project AlgaeGreenCheese, developed with Santiago Portuguese cheese 
company, and the main goal is to evaluate the impact of the incorporation of Chlorella vulgaris smooth 
(from 2 to 5% w/w) on the structure, nutrition composition, bioactivity and sensory profile of quark cow 
cheese and cured cheese made from cow, goat, and sheep milks. 
The cheeses were prepared based on the processing diagram used at the company Santiago. The effect 
of microalgae on pH, syneresis, aw, colour, and structure of the cheeses was evaluated. Empirical 
rheological methods (Texture Profile Analysis and Cut Test) and rheology measurements (oscillatory and 
stationary tests) were performed to evaluate the impact of C. vulgaris on the cheeses´ mechanical 
properties. The nutritional composition was evaluated using AOAC methods (protein, lipids, 
carbohydrates, minerals, caloric value) and bioactivity through the determination of total phenolic 
compounds and antioxidant capacity (FRAP and DPPH assays). The level of incorporation was selected 
using a sensory panel of untrained consumers. 
Cheeses produced with the incorporation of Chlorella vulgaris smooth had a good acceptability, better 
nutritional profile and bioactivity, comparing with the control cheeses. It was concluded that the 
enrichment with microalgae in traditional foods such as cheese represents an interesting strategy to 
develop hybrid products, based on animal protein and enriched with ingredients of vegetable origin, 
obtaining innovative, more sustainable, and more nutritious products. 
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Nowadays, the functional foods include some type of products, mainly beverages because they meet 
consumer demands, they have ease distribution and better storage, and they allow to incorporate 
desirable nutrients and bioactive compounds in the diet. Between these commercially available products 
the following groups can be found dairy-based beverages including probiotics and minerals/ω-3 enriched 
drinks, vegetable and fruit beverages, and sports and energy drinks.1 
Smoothie word comes from English term smooth (creamy, soft). Smoothies are fruit preparations with 
a more viscous texture than shakes. These products include various ingredients accompanying fruits: 
honey, milks, vegetables, herbs, cereals, flours, algae, and in occasions minced ice. This preparations 
search attracts the consumers by their different colors2 and get innovative foods with unusual 
ingredients in a fruit juice (algae, herbs).3 Moreover, they are adequate for persons with chewing 
difficulties (babies, elderly people) or to avoid the operations that suppose their preparation at home 
(peel, cut and crush). Even though, they can be used to spread on bread slices.4 
In this study, 29 smoothies (coded F-1 to F-29) based in fruits as main ingredient were selected in local 
supermarkets and analysed to find out several physico-chemical properties and to compare the 
differences between all of them: pH, colour (by CIELab method), sugars (HPLC-DAD), total phenols (Folin-
Ciocalteu method), total flavonoids (colorimetric assay based on the formation of flavonoide-aluminum 
compound) and antioxidant activity (DPPH and TEAC methods). The two first parameters were analysed 
directly in the original sample. The chemical parameters were assayed in the supernatant obtained after 
the following sample treatment (previously optimised by experimental design): Each smoothie (∼20 g) 
was mixed with 20 g of methanol/water (1:1, v/v) during 20 min at 700 rpm, then sonicated at 20 °C for 
10 min and centrifuged (20 min at 20,000 rpm); finally, the supernatant was filtered through a 0.45 μm 
membrane. All analyses were performed in triplicate and in less than 36 hours. 
The pH values of the 29 smoothies ranged from 2.51 to 4.10, with an average and median values of 3.69 
and 3.83, respectively. The two more acid smoothies (pH= 2.51 and 2.53) contained apple, banana and 
lemon and orange juices both, and the three less acids contained banana, apple and lemon juice; banana, 
apple and orange juice; and banana, apple, strawberry and lemon and grape juices; therefore, no 
correlations were found between the pH value and the presence of certain fruits or fruit juices, due 
probably that the variety and/or percentage is usually not indicated in the label. 
With respect to the colour, all samples showed a medium lightness (L), whit an average value of 61.55 
ranged from 28.92 to 73.21. The two smoothies with bilberry in the composition (15% and 4%) were the 
brightest samples. The values of a* (green-red) and b* (blue-yellow) coordinates were positive in all 
samples in the intervals: 0.31–38.08 and 2.87–65.19, respectively. The highest a* values (red colour) was 
found in the smoothies with a 44% of strawberry, and the yellow colour (b* coordinate) was more 
intense in the sample with mango fruit (37%). 
Average sugar content was 11.98 mg/100 g. Principal Component Analysis (PCA) shows the correlation 
between this content and different ingredients used in the smoothies samples. Total sugar content was 
highly correlated with the addition of banana (present in 75% of samples), grape juice or mango fruit as 
ingredients (Figure 1.a). Apple is another fruit rich in sugars (medium-high levels),5 but probably due to 
its presence in 28 samples was not a defining parameter. 
Total phenols and total flavonoids showed medium-high values (1.55 g gallic acid/L and 3.21 g rutin/L, 
respectively). As can be seen in Figure 1.b, when the PCA was carried out with these two parameters 
and the two antioxidant assays applied, it is possible to divide the samples into three groups, but no- 
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correlation was found between the groups, the chemical variables and the fruits used in the elaboration 
of the smoothies. Only the two furthest apart samples (F-17 and F-24) have as the main ingredient the 
same fruit (peach), unlike the other samples in which apple or banana are always predominant: F-17 
smoothie is composed by 55% peach, 35% apple, 10% banana and lemon juice, and F-24 smoothie 
contains 34% peach, 33.5% banana, 31% apple, 1.20% grape juice and 1% lemon juice. 
 

a)                                                                                                
Factor Loadings, Factor 1 vs. Factor 2

Extraction: Principal components

Banana

Apple Mango

Lime juice

Orange juice

Grape juice

Passion fruit juice

Pear juicePineapple juice

Strawberry

Peach

Lemon juice

Apricot

Bliberry SUGARS

-0,8 -0,6 -0,4 -0,2 0,0 0,2 0,4 0,6 0,8 1,0 1,2

Factor 1 (57.70%)

-1,2

-1,0

-0,8

-0,6

-0,4

-0,2

0,0

0,2

0,4

0,6

F
ac

to
r 

2
 (

2
6
.7

7
%

)

Banana

Apple Mango

Lime juice

Orange juice

Grape juice

Passion fruit juice

Pear juicePineapple juice

Strawberry

Peach

Lemon juice

Apricot

Bliberry SUGARS

 

b) 

Factor Loadings, Factor 1 vs. Factor 2

Extraction: Principal components
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Figure 1: a) Principal Component Analysis (PCA) of fruit ingredients and total sugar content; b) PCA of smoothies 

samples according to the total phenolic content, total flavonoid content, DPPH and TEAC values. 
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According to the expected population growth and the scarcity of protein, it is urgent to introduce new 
sources of nutrition into the human diet. Chlorella vulgaris is an organism capable of suppressing these 
nutritional needs since its dry matter can have between 48 to 52% protein, 12 to 55% carbohydrates, 
and 5 to 58% lipids1. In addition, when incorporated into foods and consumed daily, it can be an excellent 
long-term strategy from a health perspective2. 

 
Simultaneously, it is fundamental to provide consumers appealing, tasty, and convenient products. To 
improve the sensory characteristics of products enriched with Chlorella vulgaris, alternative strategies 
have been developed such as random mutagenesis, where cells are exposed to chemical or physical 
mutagens generating strains with different characteristics3-4. The advantage of this technique is that no 
external genetic material is introduced and therefore no genetically modified organisms (GMOs) are 
created5. 

 
Another advantage of using microalgae biomass results from their sustainable way of production, being 
a non-land crop food ingredient. Other advantages, in terms of production, are related to the high 
biomass yield per unit area and the ability to be cultivated on non-arable land, using non-potable water 
or even saltwater 6. These organisms, besides having a great capacity for carbon fixation and high oxygen 
production, use less water than traditional crops and reduce the impacts of desertification and soil 
deforestation2. 
 
Therefore, the aim of this work was the development of nutritious vegan bars based on fruit, gluten-free 
cereal, and oilseeds, with the incorporation of different strains of heterotrophic Chlorella vulgaris in 
white, yellow and lime green colours. Initially, three ingredient bases were selected, to which each 
microalga was associated, testing two incorporation levels (4% and 8% w/w). A consumer panel was 
consulted to evaluate the formulated bars. 4% was the most appreciated level of incorporation and the 
formulation based on sesame and rice was selected as the base for development. Using that formulation, 
the impact of adding 4% of each microalgae (Figure 1) on sensorial attributes and purchase intention 
was studied. Honey Chlorella vulgaris (the yellow one) bar was the most appreciated, achieving a high 
score. 

 
Figure 1: Energetic bars with different types of Chlorella vulgaris (white, yellow and lime green). 
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The nutritional composition was evaluated through AOAC methods and bioactivity was evaluated by the 
determination of the total phenolic content (Folin Ciocalteu method) and antioxidant activity (DPPH and 
FRAP assays). The impact of the addition of each microalga on the texture was analysed through a cutting 
test using a texturometer TA-XTplus (Stable MicroSystems, UK). Instrumental colour measurement of 
the bars was performed using a Minolta CR350 colorimeter and the results were expressed according to 
CIELAB* system. The water activity was determined at 20 ± 1ºC, using a Hygropalm equipment and the 
measurements in each bar were performed in triplicate over three weeks of storage. 
 
Nutritionally, the samples did not differ substantially among them, being possible to associate several 
claims such as “high fibre” and “source of protein, potassium, calcium, phosphorus, magnesium, iron, 
vitamin B6 and B12”. The enrichment with microalgae allowed a considerable improvement of the 
nutritional profile, comparing to the control formulation, which would only have the claim “source of 
phosphorus”.  Texture tests showed a positive impact resulting from the incorporation of microalgae, 
since the control bar showed less resistance to shear force, ie., the control bar is softer. 
 
Chlorella vulgaris was found to be a versatile source of nutrients that can be used as a functional and 
sustainable ingredient, giving a new flavour, texture, and colour to the final product. This project allowed 
the successful development of a product in line with food sector trends: gluten-free, plant origin, 
consumption on the go and with health benefits. 
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Entomophagy is still a widespread practice in Africa, Asia and South Africa, although it is declining due 

to the westernization of diets1. In Westernized countries, it has been gradually abandoned in favour of 

livestock farming, mainly for profitability reasons2. Today, the issue of its rehabilitation is underway; 

indeed, the nutritional economic and ecological stakes of this consumption are strategic. Food and 

Agricultural Organization (FAO) published a report on entomophagy in 2013. It considers insects as a 

sustainable protein source as an alternative to animal protein and it can be considered an important way 

to face of the scarcity of natural resources, environmental pressures increasing world population and 

demand for protein1. 

This Tenebrio Molitor larvae flour was recently approved by EFSA as a food ingredient3, considering that: 

i) “insects are regularly eaten in many parts of the world”; ii) EFSA concluded that yellow mealworm is 

safe under the uses and use levels proposed by the applicant. In addition, it is important to note the, at 

the moment, there are 11 more applications for insects which are subject to a safety evaluation by EFSA. 

This reveals the high impact that insect consumption will have in the near future. EFSA considers that 

the consumption of insects contributes positively to the environment and to health and livelihoods, 

being an important issue for the farm to fork strategy: insects as food emerge as an especially relevant 

issue in the twenty-first century due to the rising cost of animal protein, food insecurity, environmental 

pressures, population growth and increasing demand for protein among the middle classes. The aim of 

this study is to create protein-rich healthy from insect flour with the claim "rich in protein", with a target 

market focused on the healthy products for consumption on the go. The insect flour from T. molitor 

larvae was produced and kindly provided by Entogreen, a Portuguese company pioneer in the production 

of insects for human consumption. Contents of T. molitor flour from 2 to 20% (w/w) were tested in a 

previously optimized formulation and the comparison in terms of nutritional, physical and sensory 

properties with a standard formulation were performed. Nutritional composition of the T. molitor flour 

and snacks was performed based on the AOAC procedures. Protein was evaluated using the DUMAS 

method, fat was calculated according to the procedure used for cereals and derived products described 

by the Portuguese standard method NP4168. Total phenolic compounds were determined by the Folin 

Ciocalteu4. For the antioxidant activity, two methods were used: FRAP5 and DPPH6. Snack’s water activity 

(aw) was determined using HygroPalm HP23-AW. Texture analysis was carried out using a single test 

penetration; hardness and crispiness were evaluated. The colour was evaluated with a colorimeter, 

considering the CIELAB parameters. Snacks with 6%, 15% and the control were subjected to a sensory 

evaluation, by an untrained panel with 46 panelists. In general terms, T. molitor incorporation allowed 

an improvement in the nutritional profile of snacks, namely an increase in protein content and an 

enrichment in minerals (namely, magnesium and iron). In terms of texture, the hardness decreases with 

the percentage of T. molitor incorporated (Fig.1), however, this is accompanied by an increase in 

crispness, resulting from the impact of the protein on the structure. This aspect has a positive impact in 

terms of the acceptance of snacks. 
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Figure 1. Evolution of hardness (N) of the snacks with different contents of T. molitor flour incorporation and 

comparison with a standard formulation with no insect flour addition. 

 

In terms of colour evaluation, a decreasing trend was observed with respect to lightness parameter (L*), 

which translates into a darkening of the samples with the increase in the incorporation of Tenebrio flour. 

This could result from the brownish colour of the flour, but it may also be a consequence of a greater 

extent of Maillard reactions, for samples with a higher protein content. Globally, it was observed that 

crackers containing a 6% of insect flour were the most appreciated by the panellists, 30% of them 

identified these crackers as their favourite, compared to 8% for the high insect flour content. From the 

presented results it is possible to state that the incorporation of T.molitor flour can be considered a good 

sustainable alternative source of protein, contributing to a nutritional improvement of the product 

profile. Globally, insect protein can play an important role in redesigning food diets, making them more 

sustainable, with less environmental impact and equally balanced. 
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Introduction 
Due to the increasing number of vegetarian consumers and striking concerns about environmental 
sustainability, legumes play a relevant role as a source of protein of plant origin. Thus, broad beans, peas, 
chickpeas and beans, which are legumes traditionally consumed in Portugal (Fig. 1), were evaluated as 
sources of four B group vitamins: thiamine (B1), riboflavin (B2), niacin (B5) and pyridoxine (B6).  
Method 
Data, for vitamin content, was collected from several of the food composition tables included in EuroFIR 
databases list. The mean value for each vitamin was calculated for each legume their contribution to 
ingestion of the Population Reference Intakes (PRI) for adults, was estimated in percentage terms. 
Average energetic needs for moderate physical activity were considered. 
Results 
The average content in thiamin was above 30% of PRI, for all legumes, with particular relevance for black 
beans where 100 g may contribute to the ingestion of 87% of the PRI for men and 107% for woman. 
White beans are the cultivar with the lower values for niacin, being black beans those with the higher 
content; 31% of the PRI for women. For riboflavin and pyridoxine, peas are the only with values below 
10% of the PRI, in 100g. All the other legumes have mean contributions between 10% and 16% for 
riboflavin. As for pyridoxine, the contributions range from 14% to 31%. 
Conclusion 
Data indicates that the reported legumes may be good sources those B group vitamins, with particular 
relevance for thiamine. 
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In East Asia, macroalgae are considered a healthy food due to their nutritional composition and content in bioactive 
molecules, such as pigments, polysaccharides, phenolics, minerals or dietary fibre 1. In recent years, their demand has 
also increased in Europe as their bioactive and culinary properties have become gradually more well-recognized. 
Some of these widely consumed seaweeds are sea lettuce (Ulva rigida), velvet horn (Codium tomentosum), dulse 
(Palmaria palmata) and laver/nori (Porphyra purpurea). In parallel, there   is   a   growing   population   of   
vegetarian/vegan   individuals   that   demand additional nutrient supplementation of natural origin. In this context, 
macroalgae could constitute a source of said necessary nutrients 2. In this work, nutritional composition of two green 
(U. rigida, C. tomentosum) and two red (P. palmata, P. purpurea) edible seaweed species widely distributed in Atlantic 
shores was determined. Total lipids were measured gravimetrically as evaporated mass after petroleum-ether 
Soxhlet extraction of samples. In addition, fatty acid profile was determined by gas chromatography coupled to a 
flame ionization detector (GC-FID). Results showed that all studied species were accounted for very low levels of lipids 
(<1% DW), but levels of unsaturated fatty acids oleic, linoleic and linolenic acids were present at high concentrations, 
with P. palmata displaying the greatest quantities (>200 mg C18:1 /g lipid extract). Proteins were quantified following 
the macro-Kjedahl method, determining total nitrogen content and applying a factor of 6.25 to obtain the total 
protein levels in algae species 3. In this analysis, red algae and specially P. purpurea, showed a significantly high protein 
content, up to 30% DW. Organic acids were determined in all species by ultra-filtration liquid-chromatography 
coupled to an amperometric detector (UFLC-PAD) after an acid extraction. P. purpurea accounted for the higher 
organic acid content (10.61 % DW), half of which was determined as citrate. In addition, minerals were identified and 
quantified by inductively coupled plasma atomic emission spectroscopy (ICP-OES) showing that both algae groups 
are very rich in K and Mg (>150 mg/100 g) and besides U. rigida displayed a remarkable iron content (>100 mg Fe/100 
g). Finally, hydrocarbons were determined as the difference of the rest of components, following AOAC guidelines 
and dietary fibre. Dietary fibre content was around 40% DW in green seaweed species whereas red ones showed 
slightly higher content, about 45% DW. As expected, results indicate that these edible algae are a good source of 
nutrients and specially minerals3,4. Considering their mineral and protein content along with their aminoacid 
composition, these seaweed species could be considered as suitable raw materials for nutritional supplements.  
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The rockrose Cistus ladanifer L. is a vast and underexploited resource mainly throughout the Iberian Peninsula. 

In addition to biomass, labdanum resin and essential oil, this plant produces capsulated seeds (Figure 1), after 

flowering, in late spring till summer. Ethnobotanical studies and surveys report the use of such seeds eaten 

whole or grounded into flour for bakery. During the summer of 2019, capsules were harvested at three different 

times from a 5-year-old Cistus ladanifer subsp. ladanifer shrubland divided in experimental fields. After 

harvesting, seeds were removed from the capsules and grounded into flour. C. ladanifer seed’s flour was 

analysed for nutritional value and antioxidant activity (Folin-Ciocalteu, DPPH and FRAP). The sample was 

characterized by 5.56 ± 0.27 % moisture, 15.30 ± 0.37 % protein, 13.15 ± 0.25 % fat, 19.04 ± 1.35 % fibre, 43.40 

± 1.91 % carbohydrate, 3.56 ± 0.04 % ash, and an energetic value of 391.21 ± 3.06 kcal.100 g-1. Hydro-methanolic 

extracts (70% (v/v) resulted in 19.03 ± 2.91 % extract yield in relation to seed powder and those dried extracts 

showed an antioxidant activity between one tenth to one fifth of the reference trolox activity. The nutritional 

value allied to the potential antioxidant properties justifies the revival of the use of such sustainable resource. 

 

 

 

 

 Figure 1: C. ladanifer seeds visualized under a 

magnifying glass. 
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Our immune system consists of a complex collection of cells, processes, and chemicals that constantly 
defends our body against invading pathogens, including viruses, toxins, and bacteria. Since the end of 
2019, we are facing the global pandemic of COVID-19. During this time, an increase in the consumption 
of supplements that can enhance the immune system has occurred worldwide. These types of 
ingredients are quite heterogeneous, they can go from vitamins and minerals to even plant extracts. 
Thereby, in this project, we studied ten of the best ingredients in supplementation for the immune 
system, including Vitamin B complex, Vitamins C and D, Selenium, Zinc, Aloe vera, Echinacea spp., 
Sambucus nigra, Uncaria tomentosa and Manuka honey (Figure 1), in terms of their availability in the 
market, course of action and beneficial properties. 
In general, these compounds can suppress or stimulate the immune system, increasing the proliferation 
of anti-inflammatory cytokines or increasing the production of pro-inflammatory cytokines, respectively, 
for example 1. 
In addition to their immunomodulatory properties, these compounds are assigned biological activities 
such as antioxidant, anti-inflammatory, anti-bacterial, anti-viral, and anti-carcinogenic 2,3,4,5,6,7,8,9. They 
can also interfere with the secretion of insulin 1, gastric acid 8 and with the absorption of some minerals 
1, and much more. 
The deficiency in some of these minerals and vitamins can lead to an increase of bacterial or viral 
infections 1, deficient immune response 10, scurvy 7, thymus atrophy, and lymphopenia 6,10, and some 
types of anaemia 10. On the other hand, the excessive consumption of these products can cause general 
malaise 1,4 and hypercalcemia 1, for example. 
With all, it´s important to have a balanced diet that can provide us everything we need to keep and 
maintain a healthy immune system. However, if this is not possible, and to avoid deficiencies, 
supplements can be used being always aware of the problems that excessive consumption can cause.  
In summary, we would like to highlight the importance of good pharmaceutical and medical advice to 
always have a balanced diet while taking supplements complying with time, form, and dosage. 
 
 

 
Figure 1 - Schematic representation of the ingredients studied in this work. 
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A growing trend in the food industry has been the continuous search for healthy and added-value 

innovations in the foods we consume. A big example of this phenomenon is the continuous effort to 

reduce or replace the fat contents of such products. Some vegetable dietary fibres have been rising in 

popularity and being used in many different foods as their benefits [1] allow for their usage in clean label 

products [2], for example as fat replacers, as seen already in meat products, frozen desserts and dairy 

[3].  This work is part of the project cLabel+ and the main goal of this study was to develop a healthy, 

vegan, and clean label mayonnaise, using pea protein to replace egg yolk as an emulsifier and vegetable 

dietary fibres as a fat substitute, while still maintaining a stable and pleasing emulsion. The main 

objective is to obtain a low-fat mayonnaise with around 3% of oil content. In order to evaluate the 

physical viability of the emulsions produced the following measurements were performed: i) flow curves 

and small oscillatory shear measurements (SAOS), using a controlled stress rheometer; ii) texture profile 

analysis – TPA (firmness, adhesiveness, cohesiveness) by a texturometer; iii) pH; iv) colour using the 

colorimeter (CIELAB system). A commercial mayonnaise with 25% (w/w) oil content was considered as 

the standard. This is already classified as a low-fat mayonnaise, given what’s available in the market, 

since regular mayonnaises can have up to 80% (w/w) of fat content. All the mayonnaises were developed 

at laboratory-scale, using an Ultra-Turrax for emulsifying, in batches of 100g each. Pea protein was 

selected as emulsifier considering its previously reported functional properties [4, 5], namely the 

capacity to produce stable oil/oil emulsions. A fixed amount of 6% (w/w) of pea protein isolate was 

considered, with no addition of starches and gums. To optimise the replacement of oil by fibres a 

Response Surface Methodology (RSM) [6] was applied (Table 1). For the RSM matrix, the independent 

variables were the amount oil, ranging from 3 to 24g, and the amount of citric fibre [7], ranging from 0 

to 5g. The dependent variables (responses considered) were the values of elastic moduli (G’) at 1Hz, 

plateau modulus (G0
N), zero shear rate limiting viscosity (0), firmness, adhesiveness, cohesiveness. 

When analysing the results obtained from the RSM, it was noted that the ability of the citrus fibre to 

stabilize emulsions was surprisingly good at both high and low concentrations of oil which could be 

attributed to the fibres high water holding and swelling capacity [7]. At higher concentrations of fibre, 

the emulsion behaved more as a thick paste increasing its thickness as the percentage of oil was 

increased, while at smaller concentrations the emulsion started to liquify and easily separate its phases,  
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especially for the samples with low amounts of oil. As for the middle points, acceptable emulsions where 

obtained, with slightly flowing behaviour. It is also important to note that at the lowest oil concentration, 

3% (w/w) and with 2.5 g of fibre, the emulsion was stable, although still less viscous than desired which 

could be easily fixed by increasing the amount of fibre, given the results observed during the RSM at 

higher concentrations. The pH increased from 3.5 observed in the controls to 4.0, as the result of egg 

replacement by pea protein, but was lowered again to values between 3.7 – 3.9, as the result of citrus 

fibre addition, associated with the acidic power of its natural source. 

Regarding colour, due to the high concentrations of pea protein and the lack of oil, the mayonnaises 

presented a brownish colour varying in intensity depending on the amount of oil - more oil content 

resulted in whiter mayonnaises. 

 

Table 1: Response Surface Methodology matrix with Oil and Fibre as independent variables. 
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x1 x2 Oil Fiber
1 -1.000 -1.000 6.08 0.73
2 1.000 -1.000 20.92 0.73
3 -1.000 1.000 6.08 4.27
4 1.000 1.000 20.92 4.27
5 -1.414 0.000 3.00 2.50
6 1.414 0.000 24.00 2.50
7 0.000 -1.414 13.50 0.00
8 0.000 1.414 13.50 5.00

9 (C) 0.000 0.000 13.50 2.50
10 (C) 0.000 0.000 13.50 2.50
11 (C) 0.000 0.000 13.50 2.50
12 (C) 0.000 0.000 13.50 2.50

Decoded MatrixCoded Matrix
Experiment
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To obtain kinetically stable emulsions over a period of time, it is necessary to use emulsifiers [1]. These 
are surface-active molecules capable of adsorbing at the oil-water interface, forming a layer that 
prevents drop aggregation phenomena [1,2].  Proteins, due to their amphiphilic nature, can be used as 
emulsifiers to reduce interfacial tension and stabilize the oil/water interface [3]. Traditionally, food 
emulsions such as mayonnaise and salad dressing are stabilized by egg proteins, namely lipoproteins [4]. 
However, to respond to the current plant-based trend, there has been an effort to identify vegetable 
protein sources that fulfil the desired functionalities, without compromising the sensory properties [5,6]. 
These proteins present some additional advantages such as the absence of cholesterol and a lower 
environmental impact than animal protein sources [7]. 
This work is included in cLabel+ project and it aims to develop a vegan and clean label mayonnaise, by 
replacing egg yolk with vegetable protein, obtaining a product aligned with current food trends: Plant-
forward, Clean label, Tailored to fit, Nutrition hacking and Sustainability.  
The methodologies used to determine the physical characteristics, as well as the stability of the 
emulsions were: small oscillatory shear measurements (SAOS) and flow curves (controlled-stress 
rheometer); Texture Profile Analysis (TPA) to determinate the firmness, adhesiveness and cohesiveness 
(Texturometer); pH; Colour with the CIELB system (Colorimeter); Droplet size distribution (Malvern 
analyser) and Multiple Light Scattering measurement for instability analysis (Turbiscan). 
To achieve the proposed goals, the emulsifying capacity of pea, lupin, faba bean protein and aquafaba 
(liquid and powdered) was studied. The excellent emulsifying capacity of pea protein was previously 
studied [3,8,9]; different contents of pea protein were tested (1%, 1.5%, 2%, 3%, 4% w/w) and then the 
obtained emulsions were compared with a commercial mayonnaise with 65% (w/w) oil content, 
considered as the standard. The emulsion stabilized with 1.5% of pea protein showed a storage modulus 
(G′) and loss modulus (G′′) similar to the standard mayonnaise. Therefore, all the other proteins were 
tested using the same percentage. The results showed that the pea protein (1.5%) and the aquafaba 
powder (1.5%) were the most promising emulsifiers, showing an elastic modulus (G’) at 1Hz, plateau 

modulus (G0
N) and a zero-shear rate limiting viscosity (0) without significant differences (p<0,05), 

compared to the control. These two proteins have a greater ability to adsorb at the oil/water interface 
and to resist changes in the microstructure of the emulsion [10]. 
Mayonnaises stabilized with faba bean (1.5%), and lupin (1.5%) protein showed greater differences in 
terms of rheology behaviour, compared to the standard mayonnaise. Thus, these two proteins were 
tested together in different proportions, with a total protein content of 1.5%: A- 100% Lupin and 0% 
Faba bean; B- 75% Lupin and 25% Faba bean; C- 50% Lupin and 50%Faba bean; D- 25% Lupin and 
75%Faba bean; E-0%Lupin and 100%Faba bean. The lupin protein showed a significant impact on 
mayonnaise structure and consistency, since it was noted a huge decrease in rheological and texture 
parameters as the percentage of lupin decreases (Figure 1). With this methodology was also possible to 
obtain a mayonnaise with rheological properties without significant differences (p<0.05), compared to 
the standard (Sample D) (Figure 1).  
All the obtained emulsions have pH values within the range of variation of the commercial products. 
The ΔE* parameter, indicative of the colour difference between two samples, was calculated to compare 
the colour of vegetable emulsions and the standard one. The results allowed to conclude that 75% 
Lupin;25% Faba bean emulsion was more similar to the standard, with a ΔE* = 1.26. Besides that, 1.5%  
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Pea (ΔE* = 3.58), 100%Lupin;0%Faba bean (ΔE*= 2.75) and 50%Lupin;50%Faba bean (ΔE= 3.50) 
emulsions also showed similar colour parameters to standard mayonnaise, having a ΔE* < 5.  

 

Figure 1: Rheology [A] and texture [B] parameters of vegan mayonnaises from lupin and faba bean mixtures, with 

different proportions. 
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The European Green Deal priorities and the Farm to Fork Strategy for a fair healthy and environment 

friendly food system, reinforces the need for further research related to the increasing use of alternative 

sources of proteins such as plant-based, insect-based and marine-based (fish, algae, invertebrates). 

Regarding to marine-based proteins, seaweeds are promising organisms for providing both novel 

biologically active substances and essential nutrients for human nutrition1,2. Seaweeds are recognised as 

a rich source of proteins with adequate amounts of indispensable amino acids. Furthermore, they are 

also good sources of dietary fibre (due to their high polysaccharide content undigested by humans) and 

minerals, that are present in high concentrations. Seaweeds contain low lipids content providing the 

beneficial of a low-calorie food, even so a considerable level of important n-3 and n-6 polyunsaturated 

fatty acids (PUFA) are present, such as eicosapentaenoic acid (EPA) and arachidonic acid (AA). Thus, 

phycologists, nutritionists and food scientists are focused on the utilisation of seaweeds as a whole food 

and as a versatile functional ingredient in other foodstuffs1,2. Even so, chemical contaminants on 

seaweeds are a concern since these organisms have a high absorption capacity2,3.  Therefore, a 

comprehensive characterization of this alternative protein sources should be addressed, in particular the 

compliance with recommended dietary patterns as well as the safety aspects.  

The purpose of the present work was to characterize the nutritional profile of some species of brown 

and red edible seaweeds that commonly occur on the Portuguese coast. Seaweeds were collected during 

June and September of 2018 and 2019 in Figueira da Foz and Viana do Castelo. The seaweeds were 

cleaned in the beach with seawater and at laboratory were identified, washed again with tap water, 

drained and stored in plastic bags at – 20 ºC.  Analyses were carried out on freeze dried samples 

according to reference methods. Proximates, elemental composition, including the potential toxic 

elements (cadmium (Cd), lead (Pb) and total mercury (Hg)) and fatty acids profile were determined, and 

the results were expressed on dry weight (dw). The protein content ranged from 16.6 to 25.4 and 21.0 

to 37. 2 g/100 g (dw) for brown and red species, respectively. An adequate n-3/n-6 PUFA ratio was also 

reported. Regarding elemental composition, the highest levels of macro elements were reported for 

potassium (27.6 - 91.4 g/kg dw) and sodium (10.4 - 39.7 g/kg dw) whereas levels within the range of 99.7  
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- 173.3 mg/kg (dw) and 13.9 - 48.0 mg/kg (dw) were reported for iron and zinc, respectively.  Regarding 

toxic elements, the highest cadmium content (values around 1 mg/kg dw) was found for the red 

seaweeds Porphyra sp while the lead and total mercury levels were below the CEVA limits4. Further 

studies on other contaminants of seaweeds, in particular the inorganic arsenic and also on iodine are 

needed in order to allow an adequate risk/benefit approach related to the consumption of seaweeds 

and seaweed-based products. 
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Smoothie term was mentioned in USA by the first time in the 60s. Smoothies are a food product with 
several characteristics that appeal to the consumer, such as their different colours or their micronutrient 
content, such as vitamins, minerals, trace elements, phenolic compounds... Its market is increasing in 
the last years as they can include a great variety of ingredients: fruits, fruit purees, honey, milk and 
vegetable milks, vegetables, herbs, cereals, cereal flours, algae, and minced ice. There is no a legal 
definition for smoothie1. Therefore, the label legislation in European Union for these food products to 
check their adequacy level should be the one related to fruit juices2. In this study, 57 smoothies sold in 
Spain were checked to find out their compliance with EU legislation regarding labelling3,4. Smoothies 
were acquired in supermarkets around Ourense city and 8 types were classified considering main 
ingredients (Figure 1): 29 containing fruits (F), 6 fruits and vegetables (FV), 4 fruit and milk (FD), 5 fruit, 
vegetables and milk (FVD), 6 fruit and cereals (FC), 2 fruit, vegetables and cereals (FVC), 2 fruit, cereals 
and milk (FCD) and 3 fruit, vegetables, cereals and milk (FVCD). 
The mentions checked in the labels were 14 (as established in the legal requirements for mandatory food 
information), the nutritional label was also revised and finally logos, signs and pictures. 
 
  

 

Figure 1: Types of studied smoothies considering main ingredients. 

Regarding mandatory food information the number of more incorrections was observed for the legal 
definition of the product (Name of the food), as smoothie is not still specified in EU legislation. Almost 
half of them (47.4%) reported this mention in an incorrect way, being the specified fruits the mention  

Types of Smoothies

Fruit (F) Fruit and vegetables (FV)

Fruit and milk (FD) Fruit, cereals and milk (FCD)

Fruit and cereals (FC) Fruit, vegetables and cereals (FVC)

Fruit, vegetables and milk (FVD) Fruit, vegetables, cereals and milk (FVCD)
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causing more inadequacy (26.3%), some of them have fantasy denominations as FruUutitas, Yogurín, Mi 
jelly... The list of ingredients is corrected mentioned in 91.2% of the smoothies, being the commonest 
errors, the amount specified of certain ingredients (5.3%) and the information related to 
allergies/intolerances (3.5%). The mentions: Date of minimum durability, Net quantity, Storage 
conditions or conditions of use, Country of origin or place of provenance, Instructions for use and 
Producer address are correctly showed in the labels.  
Nutritional information was also analysed and contrasted with European legal requirements5. The 
declaration “without added sugars” appeared correctly in 36 smoothies. The other declarations of no 
addition: “without preservatives” or colorants, palm oil, milk, powder milk, added cream, starch are 
correctly labelled. Only one smoothie (type FCD) is not reporting that contains artificial aromas when it 
is typed in its ingredient list. The nutritional declaration: “natural” is showed in the labels of 3 smoothies 
(type F) and one smoothie type FC. Organic declaration within organic logos, reported in 21 smoothies, 
are correctly written. Nutritional declarations related to addition of vitamins (C and D) and/or minerals 
(Ca) were labelled in 20 smoothies. 16 products had the declaration “with vitamin C”, but half of them 
included this mentions in a wrong way, by not achieving 15% of recommended dietary allowances for 
ascorbic acid. Only one smoothie contained the declarations “low in fat”, expressed in a proper way.  
Regarding the declaration: “source of fibre”, 2 smoothies exposed it incorrectly because do not contain 
more than 3.0 g/100 g or 1.5 g/100 kcal of the product. Antioxidant declarations were appearing as: 
“antioxidant“ or “detox”, these mentions are showed to attract the consumer's attention and there is a 
legal lack regarding these mentions. 56% of the smoothies studied contained the declaration “without 
gluten” and it is exposed in a correct way. The declaration “without lactose” was correctly exposed in 10 
smoothies. Finally, the mention % of fruit was reported in 26 samples in an adequate form. 
Other information: logos, symbols, figures, and so on were correctly exposed except in one smoothie 
where strawberry picture is showed, without containing this ingredient in its ingredients list. 
The main conclusions are most of the smoothies described the food name in an incorrect way, 
considering that word “smoothie” is not appearing as a fruit product in the European legislation. A 
nutritional declaration that is a claim for the consumers is: no added sugars, but this information requires 
the analysis of the real content of sugars measured by HPLC to check if this declaration is or not 
correlated with. The addition of vitamin C was also incorrectly mentioned in a high proportion of the 
samples that contains this nutrient in their ingredients list.  
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Chia seeds (Salvia hispanica L.) are an ancient grain from Mexico, Colombia and Guatemala 

which have been consumed for 5500 years and are currently trending on diets. They were authorised as 
a Novel Food by the European Parliament, in 2013, what promoted their widespread consumption. They 
are a functional food due to their complete nutritional composition and association to health benefits, 
e.g., control of dyslipidaemia and reduced risk of cardiovascular disease 1. 

Chia oil can be obtained by cold pressing chia seeds in a hydraulic press at 4 °C. This is an eco-
friendly process that produces a high-quality oil rich in omega-3 polyunsaturated fatty acids (>60% α-
linolenic acid) 1, which is currently used in food and cosmetic applications. The remaining by-product 
(defatted chia seeds) can be used as a flour and previous works reported their richness in total dietary 
fibre (48%) and total minerals (6.4%)2. 

The aim of this work was to analyse and compare the protein fraction of both chia seeds and 
defatted chia flour, foreseeing this by-product as a protein-enriched food ingredient. The total protein 
content and the total amino acid (AA) profile were analysed, respectively, by the Kjeldahl method (AOAC 
928.08)3, using 6.25 as the nitrogen conversion factor4, and high-performance liquid chromatography 
with fluorescence detection after online pre-column derivatization with OPA/3-MPA and FMOC5. The 
protein quality was also evaluated by calculating the amino acid chemical score (AAS), and the essential 
amino acids index (EAAI), according to FAO/WHO/UNU6 and Oser7. 

As expected, the results revealed that the defatted chia flour was significantly enriched (p<0.05) 
regarding the total protein content (almost 27%) in comparison to the seeds (around 18%) due to the fat 
content decrease. Regarding the AA profile, the flour was significantly richer in total AA in comparison 
to the seeds (269 and 203 mg/g, respectively). The major AA identified in the seeds and flour were, 
respectively, glutamic acid (36 and 49 mg/g), arginine (26 and 34 mg/g) and aspartic acid (18 and 24 
mg/g). All essential AA were present (histidine, threonine, valine, methionine, tryptophan, 
phenylalanine, isoleucine, leucine, lysine), although in different quantities. Chia seeds and flour 
contained the branched-chain amino acids (BCAA): leucine (14 and 18 mg/g, respectively), isoleucine (7 
and 10 mg/g, respectively), and valine (9 and 12 mg/g, respectively). 

In terms of protein quality, the AAS revealed that the limiting amino acid (LAA, the AA with the 
lowest AAS)8 of seeds was valine (125%) and the LAA of flour was methionine (117%). The EAAI was 128% 
for chia seeds and 154% for the flour, revealing that both products present a high-quality protein (EAAI 
>90%)8. 

When comparing the present results with other ancient cereal grains such as amaranth and 
quinoa9, it is noticeable that both present lower total protein contents (around 21% and 16%, 
respectively) and total amino acids (140 and 114 mg/g, respectively) than chia samples. Unlike the 
present results, glutamine, tryptophan, and lysine were not identified in amaranth and quinoa. It should 
also be highlighted that chia protein is gluten-free1 so it can be consumed by coeliac patients and can be 
an alternative to animal protein in plant-based food patterns.  

To conclude, the rediscovery of ancient grains like chia provides new food alternatives. The high-
value by-product from oilseeds processing, the defatted chia flour, presented great potential for novel 
foods formulation as a high-quality protein source. A circular economy will ensure environmental 
sustainability with a zero-waste approach, meeting food security needs and eco-nutrition principles.  
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Fish is widely recognized for its outstanding nutritional attributes, providing important nutrients such as 
essential amino acids, vitamins, minerals, and n-3 polyunsaturated fatty acids (n-3 PUFAs) 1. Its 
consumption has been associated with beneficial effects on health at the cardiovascular, muscular and 
visual and immune systems as well as the cognitive development, among others 2. However, fish 
accumulates heavy metals, especially mercury and its most toxic form, methylmercury, which cause 
negative effects on health 3. For this reason, numerous food safety organizations have carried out 
campaigns settingl recommendations for fish consumption, depending on its mercury content. In 
addtion, the European legislation stipulates the methodology for the determination of these 
environmental pollutants, as well as their acceptable limits in the different species. However, some 
recommendations from certain media and stakeholders have generated a series of controversies 
regarding if the consumption of fish has more positive or negative effects for human health. From these 
considerations, it seems appropriate to evaluate the relationship between the benefits and risks derived 
from fish consumption.  It has been reported that some compounds present in fish, such as selenium, 
could reduce the availability of mercury, reducing its absorption and its harmful effects. However, more 
studies are still needed in regards the real effectiveness of mercury sequestration 4. The aim of this 
systematic research is to address the protective effects of some nutrients of fish such as PUFAs and the 
interaction of these nutrients and mercury, with special attention to physiological risk factors, molecular 
pathways and bioactive metabolite biosynthesis. As a result, the consumption of omega-3 provides 
cardiovascular protection, manages to reduce plasma levels of triglycerides and cholesterol, and 
improves vascular function, which translates into a decrease in mortality from cardiovascular diseases, 
being of importance for public health. 
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Alentejo, in the south of Portugal, is a national level one of the main producing regions of small ruminants 
(sheep and goats)1, originating a wide range of high-quality products (meat and dairy products), some of them 
with Protected Designation of Origin (PDO) or Protected Geographical Indication (PGI), such as lamb and kid 
meat and various types of cheese. Food products from Alentejo region enjoy a good image among consumers, 
who associate them with traditional and environmentally sustainable production systems, where is promoted 
animal welfare. However, most of the sheep and goat products from Alentejo are marketed without any 
differentiation that adds value to them, and often without identification of the production place – Alentejo. 
It is also evident the limited incorporation of innovation in production systems and products of sheep and 
goat in Portugal. 
Currently, the consumers are more conscious on the impact of food on health, with a growing demand for 
foods with less risk and/or that can provide health benefits. In general, ruminant products (meat, milk and 
dairy products) are associated with a higher risk of cardiovascular disease, and their consumption is often 
inadvisable. This image of ruminant products is largely due to their fatty acid profile. Ruminant fat is 
generically characterized by its high amounts of saturated fatty acids (SFA), variable amounts of trans fatty 
acids, and low levels of polyunsaturated fatty acids (PUFA). However, ruminant products can also be a source 
of fatty acids with beneficial effects, particularly in n-3 PUFA and conjugated linoleic acid (CLA) isomers. 
Associated with the good image that Alentejo products already have, the improvement of the fatty acid 
profile of sheep and goat products could be a way to differentiate and valorize these products and, thus, 
contribute to the sector competitiveness. 
Research work has been showing that there is an opportunity to improve the fatty acid profile of small 
ruminant products through changes in diet. Thus, the project “Val+Alentejo - Valorisation of small ruminant 
products from Alentejo” (https://valmaisalentejo.pt/) aims to transfer scientific knowledge to the productive 
sector in the scope of improvement of the fatty acid profile of the products of small ruminants, through the 
application of adequate nutritional strategies. This project consists of several tasks, including: i) the diagnosis 
of the nutritional value of the lipid fraction of meat, milk and cheese from sheep and goats produced in 
Alentejo, through a wide sampling of these products and characterization of their fatty acid composition; ii) 
dissemination of the scientific knowledge on nutritional strategies applied to small ruminants to improve the 
fatty acid composition of their products and on nutritional value of the lipid fraction of ruminant fat; and iii) 
experimental actions in commercial farms of the most promising nutritional solutions.  
With these actions, it is our aim to promote the valorisation of small ruminant products from Alentejo based 
on their lipid profile, and to contribute to the incorporation of innovation in the sheep and goat production 
sector and to the creation of food products with better value nutritional and with distinctive characteristics, 
as a way to promote the sustainability and competitiveness of sheep and goat sectors in Alentejo. 
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Despite being an ancient method for food preservation, drying is still nowadays one of the most 
widely used techniques to extend shelf life of food products. There are numerous methods for 
drying, either isolated or in combination.1 In the case of microwave drying, the microwave energy 
penetrates the food and has the capacity to generate heat inside the sample. This quick energy can 
easily penetrate the inside layers, causing water elimination through an exterior flux of rapidly 
escaping vapour. Hence, microwave drying method can be faster and produce a higher quality final 
product, as compared, for example, with conventional hot air drying. 2 

In this study, the drying time, effective moisture diffusivity, specific energy consumption, shrinkage, 
and colour properties of the pomegranate arils were compared when dried by convective drying 
(CVD) and microwave drying (MW). The experiments were conducted at air temperatures of 50, 60 
and 70°C and air velocities of 1 m/s for the convective dryer and at power levels of 270, 450 and 630 
W for the microwave dryer. The results showed that increasing air temperature and microwave 
power increased the effective moisture diffusivity. The calculations demonstrate that the maximum 
effective moisture diffusivity value for pomegranate arils was achieved under microwave drying 
(630 W). Additionally, the analysis specifies that maximum specific energy consumption for 
pomegranate arils in the convective dryer was 145.12 kWh/kg whereas it was found to be 35.42 
(kWh/kg) when using the microwave dryer. The lowest values for total colour change and shrinkage 
observed were 14.77 and 66.5%, respectively, and they occurred for microwave drying. 
Comprehensive comparison of the various dryers (microwave and convective) revealed that 
microwave drying performed best for the drying of pomegranate arils, taking into consideration the 
drying time, effective moisture diffusion, specific energy consumption, colour and shrinkage. 
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The Macaxeira (Manihot esculenta), also known as manioc, is a distributed mainly in the American 
continent from where it originates, commonly found in Brazilian cuisine, being a major source of 
supply of sugars, vitamins and minerals plant. The aim of this work is to study the fatty acid profile 
of the seed obtained by GC-MS, being about ten different fatty acids (FA), being the majority among 
unsaturated fatty acids (AGI) linoleic acid (52.13%) and oleic acid (21.56%). Among the saturated 
fatty acids (SFA) include palmitic acid (14.36%) and stearic (5.92%) acid as major AGS. Interestingly, 
the presence of behenic (0.12%) acid, whose presence is a minority, but is one of the components 
that contribute to increased levels of blood cholesterol. Biological assays showed bioactivity seed 
oil against inhibition of acetylcholinesterase. 

 
 

 

 

 

Figure 1: Chromatogram obtained by GC-MS 

for Manihot esculenta sample. 
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Rosmarinus officinalis L. (Ro) is native to the Mediterranean basin and belongs to Lamiaceae family, 

being an emblematic natural source of phytochemicals with bioactive (e.g., antioxidant and 

antimicrobial agents) and pleasant organoleptic properties (e.g., flavour and fragrances agents) [1, 

2]. In this regard, Ro extracts have showed abundancy in volatiles such as monoterpenoids, 

sesquiterpenoids, carbonyl compounds, ketones, aldehydes and alcohols [3, 4], the source for the 

typical rosemary aroma, which have been used as ingredients by the cosmetic, pharmaceutical and 

food industries in order to improve the organoleptic profile of different products by enhancing their 

flavours and/or fragrances profile [1, 3]. Aromas are obtained in the form of essential oil (EO) and, 

not only the EO but also several of their natural components are accepted as food flavourings and 

generally recognized as safe (GRAS) by European Commission and Food and Drug Administration 

(FDA) [5]. These extracts are usually obtained by hydro distillation, steam distillation (SD) or using 

organic solvents (e.g., ethanol and acetone) [5, 6]. However, the loss of some aromatic compounds 

is the main bottleneck of these conventional methodologies as they are time-consuming, which lead 

to the degradation of unsaturated or esterified molecules by thermal or hydrolytic effects [1, 2]. 

Therefore, producing EO of better quality, lower cost and good performance, in a sustainable and 

environmentally friendly way, represents a challenge for the scientific community and private 

companies [2]. In this sense, the application of other methodologies of extraction, such as 

supercritical extraction (SFE), works in favour of preventing the oxidation of heat-labile compounds 

[5], in which the use of SFE technology with carbon dioxide (CO2) as a solvent stands out as a 

promising green methodology to apply in the natural food products field [7, 8]. In this work, Ro 

samples (fresh and dehydrated) were submitted to different extraction methodologies to recover 

volatiles. Both conventional (SD) and alternative (SFE-CO2) techniques of extraction were 

considered. The samples were characterized by GC-MS and the obtained extraction yields and 

relative chemical composition were compared. 

Higher extraction yields were achieved by applying the SFE-CO2 technology to the fresh samples 

(4.10%) than using SD (0.43%). On the other hand, similar results were achieved for its dehydrated 

form: 1.95% using SFE-CO2 and 2.11% for SD essential oil. This could be explained by tree main 

factors: (i) the dissolution of water in the supercritical solvent increased the solubility of the Ro 

compounds; (ii) the hydration of the samples decreased the mass transfer resistance by the diffusion 

mechanism of intracellular compounds to the particle surface of the Ro; and (iii) the significant loss 

of matter during the drying process [9]. Regarding the phytochemical composition, 35 different 

volatiles were identified, among the studied extracts: 28 monoterpenes, 3 sesquiterpenes, 2 

methylated organic acids and 1 phenylpropanoid. Figure 1 depicts the volatile composition of 

rosemary extract samples: α-pinene, D-limonene, eucalyptol, β-linalool, camphor and l-verbenone. 

Nevertheless, and as expected, their relative composition is quite variable. In this context, α-pinene  
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was the most abundant volatile of the resulting EO from fresh samples (36.76 %) and dehydrated 

extract of SFE-CO2 (35.88 %), followed by eucalyptol (12.97 % and 17,87 %, respectively). In the case 

of the resulting EO from dehydrated samples, the two most abundant compounds were found with 

similar percentages (25.11 % and 25.08 %, respectively for eucalyptol and α-pinene). Finally, the 

extract obtained by SFE-CO2 of fresh samples was mostly composed by three main biomolecules: 

eucalyptol (17.89 %), D-limonene (16.87 %) and α-pinene (16.21 %). In addition, this extract 

presented relevant amounts of I-verbenone (15.28%) and in β-linalool (9.53%). Finally, the extracts 

obtained by SFE-CO2 presented a higher number of different molecules comparing to the EO. 

Quantitative evaluation of both SFE-CO2 and SD extraction samples is underway.  
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Figure 1: Chromatogram of the main volatile compounds identified in fresh R. officinalis samples. 

Acknowledgements: The authors are grateful to the European Regional Development Fund (ERDF) through the Regional 
Operational Program North 2020 for the Júlia C. Kessler, Vanessa Vieira and Isabel Martins contracts under the project 
ValorNatural®. The authors also thanks to Deifil Technology Lda. for the provision of plant sample. 
Funding: This work was funded by the European Regional Development Fund (ERDF) through the Regional Operational 
Program North 2020, within the scope of Project Mobilizador Norte-01-0247-FEDER-024479: ValorNatural®. This work was 
developed within the scope of the Associate Laboratory LSRE-LCM, UIDB/50020/2020, financed by national funds through 
the Portuguese Foundation for Science and Technology (FCT)/MCTES (PIDDAC). 
 
References: 
1. O. O. Okoh, A. P. Sadimenko, A. J. Afolayan. Food Chem. 120 (2010) 308-312. 
2. M. Elyemni, B. Louaste, I. Nechad, T. Elkamli, A. Bouia, M. Taleb, M. Chaouch, N. Eloutassi. Sci. World. J. (2019) 1-6. 
3. R. Perestrelo, C. L. Silva, F. Rodrigues, M. Caldeira, J. S. Câmara. J. Food Sci. Technol. 53 (2015) 132-144. 
4. M. B. Abada, S. H. Hamdi, C. Masseound, H. Jroud, E. Bousshih, J. M. B. Jemâa. S. Afr. J. Bot. 128 (2020) 18-27. 
5. L. A. Conde-Hernández, J. R. Espinosa-Victoria, A. Trejo. J. Food Eng. 200 (2017) 81-86. 
6. R. S. Borges, B. L. S. Ortiz, A. C. M. Pereira, H. Keita, J. C. T. Carvalho. J. Ethnopharmacol. 229 (2019) 29-45. 
7. N. Babovic, S. Djilas, M. Jadranin, V. Vajs, J. Ivanovic, S. Petrovic, I. Zizovic, Innov. Food Sci. Emerg. 11 (2010) 98-107. 
8. F. Chemat, M. A. Viani, H. K. Ravi, B. Khadraoui, S. Hilali, S. Perino, A. S. F. Tixier. Molecules. 24 (2019) 3007-3034. 
9. S. Balachandran, S. E. Kentish, R. Mawson. Sep. Purif. Technol. 48 (2006) 94-105. 

 

  

  



 

355 
 

PC-D04: Effect of cyclodextrins on the stabilization of pyranoanthocyanins for 

food applications  

Alexandra Borges1, Paula Araújo1, Nuno Basílio2, Victor Freitas1, Iva Fernandes1, Joana Oliveira1  

1 LAQV – REQUIMTE, Departamento de Química e Bioquímica, Faculdade de Ciências, Universidade do Porto, Rua do 
Campo Alegre, 687, 4169007 Porto, Portugal  

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

Email: alexandra.borges@fc.up.pt  
  

One of the most well-known classes of polyphenols are anthocyanins, which contribute to the red, purple 

and blue colours found in plants, especially flowers, fruits, and tubers [1]. Furthermore, these molecules 

present a wide variety of biological properties namely antioxidant activity [2], metal chelation [3] and anti-

carcinogenic effects on different cell lines namely colon [4], endothelial [5] and keratinocytes [6]. Such 

features are of particular interest to the food industry since functional foods and nutraceuticals are rapidly 

being integrated into the industrial mainstream and increasingly being accepted by the consumers due to a 

steady demand for healthier products [7]. However, the application of this pigments is still a challenge since 

in aqueous solutions anthocyanins are very instable, and their colour is depending on the pH of the medium. 

During wine fermentation, yeasts produce small molecules, such as pyruvic acid, acetaldehyde, acetoacetic 

acid, diacetyl, among other compounds that can react with anthocyanins yielding to the formation of 

pyranoanthocyanins. Such molecules have a fourth ring in their structure that is thought to be responsible 

for the higher stability towards pH changes of these compounds in comparison with anthocyanins [8, 9].  

Cyclodextrins (CDs) are oligosaccharides widely applied in different industrial matrices (food and 

pharmaceutical) and the formation of molecular inclusion complexes between these molecules and 

anthocyanins are known to affect important properties of the pigments, namely water solubility and 

equilibrium and rate constants [10, 11]. CDs have been widely applied in the cosmetics, toiletry, and food 

industries with the main goal of stabilizing flavours and colorants and were demonstrated to be fit for human 

consumption [12, 13]. The overall improvement of pyranoanthocyanins solubility and stability could reinforce 

the application of these molecules in food products, thus, the aim of this work was to study the influence of 

molecular inclusion complexes of different pyranoanthocynins with CDs on their acid-base equilibrium and 

solubility. The systems were characterized by 1H NMR, UV-Vis and circular dichroism.   

 

  

 

 

 

 

 

 

 

 

Figure 1: Different colours displayed by a pyranoanthocyanin-cyclodextrin system at different values of pH.  
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Rising sea levels and salinisation of groundwater as a consequence of global climate change are leading to an 
alarming decline in freshwater resources and quality, especially in the Mediterranean region. In addition, 
salinisation and nutrient depletion of the soils, as well as the rapid dissemination of plagues and pests, pose 
major challenges to the agricultural sector. That said, there is a pressing need to find solutions that meet the 
food security needs of a growing population. Halophytes, being plants perfectly adapted to salt stress, can 
thrive in environments unsuitable for most crop plants, which are typically glycophytic, i.e., salt sensitive. 
Among them, Salicornioideae members are the most promising halophytic crops, owing to their extreme 
tolerance to salinity and the multiplicity of potential applications.1 Salicornia ramosissima J. Woods is the only 
Salicornioideae that can be naturally found in Portuguese territory and blooms abundantly in intertidal areas 
flooded by sea or brackish water. It is a fast-growing salt accumulator of leaves resembling minor scales and 
succulent articulated stems. S. ramosissima develops from seeds every spring, reaching a height of about 30 
cm by the end of the summer. At the peak of vitality, it presents an intense green colour that changes to a 
reddish-yellow tone in autumn. Finally, in winter, the plant turns into a woody stem, when it dies. Halophytic 
plants such as Salicornia play a crucial role in the salt marsh ecosystem, namely, in the stabilisation of 
sediments and as a source of feed for the animals of these habitats. Furthermore, S. ramosissima is often 
consumed by local communities and gourmet lovers alike, but data on its nutrient composition is still scarce.1,2 

This work aims to assess the nutritional potential of wild-growing S. ramosissima collected from a salt marsh 
on the Mondego estuary, in Portugal. Proximate analysis was conducted using the AOAC methods. Overall, S. 
ramosissima exhibited high levels of fibre and especially of ash, namely 10.36% and 47.38% on a dry weight 
basis. Salt-accumulating plants, such as S. ramosissima, characteristically withstand salinity through uptake 
and compartmentalisation of mineral ions into cell vacuoles, where they play a crucial role in osmotic 
adjustment, an essential mechanism for their survival. For this reason, these plants display a high 
concentration of ions in their aerial parts, which may be even higher than that in seawater. Therefore, its ash 
content may represent half of its dry weight and knowing the composition of the mineral content of S. 
ramosissima is of the essence. Thus, and in line with the sustainable use of natural resources, a “green” water-
based ultrasound assisted extraction was employed in the sample treatment to determine the Na, K, Cl, Fe, 
Ca, P, and Mg content. The quantification of these minerals was performed with an automatic chemistry 
analyser via indirect potentiometry or photometry, depending on the target analyte. The method exhibited 
excellent linearity (r2 > 0.999). The low quantification limits calculated for Na (13.12 mmol/L), K (0.64 mmol/L), 
Cl (17.48 mmol/L), Fe (15.50 µg/dL), Ca (0.15 mmol/L), P (0.13 mmol/L), and Mg (0.75 mg/dL), attest to the 
sensitivity of the method. The relative standard deviations for the intra-day repeatability were ≤ 4.81%, a 
precision within the recommended limits. The recovery rates between 80.46% and 108.29% demonstrate the 
accuracy of the adopted method. Being reliable, simple, and sustainable, the methodology proved to be 
suitable for routine analysis. Finally, the high content of Mg, K, and Ca found, make it plain that S. ramosissima 
can be an excellent salt replacer. 
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Bread is world widely consumed as a traditional staple food in many countries. Globally, in 
2021, the average bread consumption was 26.6 kg per person per year, and the annual sales revenue 
was USD 437.2 billion1. In general, white bread has a high glycaemic index (GI) and is also a major 
source of salt in the diet. Thus, due to the increasing public health concerns, it becomes imperative 
to develop nutritionally fortified breads with both lower glycaemic index capacity and desirable 
textural attributes, as well as health-promoting compounds and properties. Having this in mind, this 
work aimed to use a subproduct of prickly pear juice production, its peel, as an additive to produce 
fortified bread. For that, the addition of 25% of prickly pear peel flour (from three different cultivars) 
or 25% of oat flour in wheat breads was investigated, since the supplementation of bread with of 
prickly pear nopal as already been associated with reducing the glycaemic index2,3.  After baking in 
a convention oven (Eletronia AF-28-33), the breads were milled and the contents of fibre, ash and 
protein were determined following the AOAC 20204 procedures. Additionally, ABTS*● 5, NO●, SO● 6, 
FRAP7 and DPPH8 scavenging methods and total phenolic compounds (TPC)9 and total flavonoid 
concentration (TFC)10 and were used to determine the antioxidant activity and polyphenolic 
concentration, respectively. 

With the addition of prickly pear flour, both the fibre and ash content increased considerably, 
while the percentage of protein decreased approximately 1.5%. Furthermore, for the antioxidant 
capacity and polyphenolic concentration of the “bread extracts” results (Table 1), it can be observed 
that all the values were higher when prickly pear peel flour was used. Additionally, one can observe 
a better overall result for both orange and white cultivars, since they have a higher fibre and protein 
content, as well as greater antioxidant capacity and TPC. 
 

Table 1 Nutritional and chemical properties of the five different breads produced (wheat and oat as control groups).  
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Spectroscopic techniques namely Fourier transform infrared spectroscopic with attenuated total 

reflectance (FTIR-ATR) and FT-RAMAN can be powerful tools to assess the quality of many different 

foods and beverages.1,2 

The aim of this work was to evaluate the performance of FTIR -ATR, FT-RAMAN and GC-FID to 

discriminate wine spirits aged with chestnut wood during one year in 250 L wooden barrels and in 

50 L demijohns with staves combined with different micro-oxygenation levels. 

Different approaches were used to evaluate the differences between the wine spirits resulting from 

the ageing modalities studied. The first one was the application of GC-FID for the quantification of 

odorant compounds in the wine spirits.3 The second one was the evaluation by spectroscopy 

techniques, specifically FTIR-ATR and FT-RAMAN. 

GC-FID analysis was performed in a chromatograph (Agilent Technologies 6890N) equipped with 

fused silica capillary column of polyethylene glycol (HP-INNOWax, Agilent Technologies, Palo Alto, 

CA, USA), 30 m, 0.32 mm i.d., 0.25 μm film thickness, under the chromatographic conditions 

described by Caldeira et al. (2021).3 

FTIR-ATR spectra were acquired in a Bruker FTIR spectrometer (Alpha) with a resolution of 4 cm-1 in 

the wavelength region 4000-400 cm-1, using a diamond single reflection attenuated total reflectance 

(ATR). All spectra were obtained with 32 scans. The FT-RAMAN spectra were acquired using a FT-

RAMAN spectrometer (BRUKER, MultiRAM) with a spectral resolution of 4 cm-1, scanner velocity of 

5 KHZ and 100 scans per sample. All spectra (from FTIR-ATR and FT-RAMAN) were collected at a 

constant room temperature of 20 C.  

ANOVA results showed a significant effect of the ageing modality on the contents of volatile 

compounds, namely linalool, acetic acid, syringol and ethyl acetate. Regarding the principal 

component analyses performed with the results from the three methodologies, it was found a clear 

separation of the aged spirit samples based on the technology used in the ageing process (Figure 1). 
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Figure 1: Principal component analysis of GC-FID, FTIR-ATR and FT-RAMAN of wine spirits samples from 

different ageing modalities 

 

Great differentiation of the volatile composition between samples from alternative ageing 

processes and those from the traditional process in wooden barrels was observed. This 

differentiation was also found by the spectroscopy techniques applied, with more accurate results 

observed for RAMAN. These outcomes show that FTIR–ATR and FT-RAMAN are powerful techniques 

for the quality control of wine spirits, since they allow a quick discrimination between samples 

produced with different methodologies. 
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According to INE [1], the tomato crop’s yield has been rising over the past few years in Portugal, one 

of the largest producers of industrial tomato and tomato paste, an important ingredient used in 

many added-value products [1, 2]. The weather conditions are favourable for the fruits to grow and 

ripe, nevertheless, this industry is very selective about colour, as only perfectly red tomatoes are 

used in the production of tomato paste [3]. CCTI (Centro de Competências para o Tomate de 

Indústria) data shows that, in 2015, 112 kT of non-red tomatoes were left on the fields, after the 

harvest for industry. This represents a huge waste of resources and a major by-product that might 

have value if correctly processed and can be used for different products.   

Unripe tomatoes can present glycoalkaloids (α-solanine and α-tomatine) that can be toxic and 

degrade over time with maturation [4–6]. The consumption of products with high tomatine and 

solanine content may be hazardous for humans and other animals. However, processing unripe 

tomatoes, specially through fermentation, has enabled consumption by humans with no apparent 

negative effect [5, 7].  

The initial goal of this work was to add value to green and intermediately ripe tomato, through lactic 

acid bacteria (LAB) and yeast fermentation of the pulp, developing a fermented raw material that 

could be further enhanced and presented as a salad dressing. During the fermentation optimization, 

the microorganisms Lactobacillus plantarum, Leuconostoc mesenteroides and Kluyveromyces 

marxianus were selected. The fermentation process lasted 4 days, after which this consortium 

produced an acidic paste, with olive-like flavours and great sensorial acceptance. Regarding food 

safety, UHPLCMS/MS analysis was used to monitor if the levels of toxic glycoalkaloids were safe. The 

results obtained were promising, as the pulp contains safe levels of both α-tomatine (48.40±5.10 

mg/100 g of wet weight) and α-solanine (neglectable), presenting no hazard to the consumer. HPLC 

analysis also revealed the production of lactic and glutamic acids which can contribute for the pulp’s 

preservation and flavour.  

Concerning new product development, the main goals were to obtain a product that flows evenly 

through a tube, and to prevent syneresis of pulp, as tomato products tend to release exudate due 

to the action of natural pectinases present in the tomato pulp. Mixtures of xanthan gum and k-

carrageenan with different concentrations (0,1 % to 1,5 %) and proportions were used. Texture 

(namely adhesiveness and firmness), viscoelastic behaviour (SAOS) and other characteristics like 

colour stability (CIELAB method) were evaluated for the obtained products. Nutritional and chemical 

composition were also assessed: pH, ºBrix, glucose and fructose contents, titratable acidity, soluble 

and crude protein, ascorbic acid, total and soluble phenolic compounds, and antioxidants (DPPH). 

Interesting increase in the level of antioxidant activity (19.43 ± 0.57 mg/100 g of dry weight) and 

water-soluble phenolic compounds (2877.68 ± 65.21 mg/100 g of dry weight) was achieved, 

resulting in a paste with great interest for further product development.  
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The thickened tomato pulp was seasoned with condiments and spices, and submitted to sensory 

analysis, having great acceptance by a consumers panel. Finally, shelf-life tests were performed, 

showing that the developed product has good storage potential at refrigeration conditions.  
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The volatile compounds formed during pre-fermentative, fermentative, and post-fermentative 
steps of winemaking can be modulated by several additives, namely the use of SO2.1 SO2 has been 
well-accepted on winemaking as a preservative agent. However, some drawbacks associated with 
SO2 wine application either by the legal limits, health concerns, off-flavours that can be generated, 
formation of sulfuric acid, led to the need to replace or reduce the use of SO2. Ascorbic acid is one 
of the several alternatives reported, but the fact that it acts only as an antioxidant makes less 
versatile as SO2.2,3 Therefore, wine producers have been reducing SO2 in the process.3 In this work, 
we studied the volatile organic compound (VOC) profile by HS-SPME-GC/MS after fermentation and 
maturation of monovarietal wines fermented and maturated on different antioxidant condition. 
Also, the application of bentonite on fermentation was evaluated. The variety applied on the study 
were Arinto and Síria, two Portuguese autochthonous white grape varieties. Both varieties integrate 
the list of mandatory varieties to produce wine products entitled to protected designation of origin 
(PDO) “Alentejo”. 
Two monovarietal musts, Arinto and Síria, were fermented in different antioxidant condition and 
the presence or absence of bentonite. To Arinto must 0, 50 and 100 mg/L of SO2 and to Síria must 
0, 15, 30 and 45 mg/L of SO2 were added, through a solution of commercial 6 % aqueous solution of 
sodium bissulphite. After fermentation were added a second dose of SO2 through the same solution. 
To Arinto wines 0 and 60 mg/L of SO2 and to Síria wines 30 and 60 mg/L of SO2 were added. The 
wines were maturated three months on lees and then bottled for three months. After fermentation 
and maturation VOCs were analysed by HS-SPME-GC/MS. All samples were performed in duplicate. 
The oenological parameters analysis allows to conclude that replacing SO2 treatment by addition of 
ascorbic acid, does not change the oenological parameters for both varieties. The same was 
observed for samples treated with and without bentonite for both varieties. PCA of the VOC 
analysed, where data were normalized considering as reference the must fermented without 
bentonite and without antioxidant (Figure 1a), differences were observed between varieties and 
among the same variety, when fermentation conditions were changed. the impact of bentonite 
finning on both wines is clear since a good separation is obtained between wines with and without 
bentonite. The influence of SO2 was also possible to observe since its impact on VOCs profile changes 
according to the SO2 doses used during vinification. Ascorbic acid addition to musts during 
fermentation, although resulting in different VOCs profiles, seem to influence more in Arinto then 
in Síria wines.4 The resulting wines were maturated 3 months on lees and 3 months on bottle under 
different antioxidant conditions. To Arinto wines 0 and 60 mg/L of SO2 and to Síria wines 30 and 60 
mg/L of SO2 were added through a commercial 6 % aqueous solution of sodium bissulphite. After 
maturation, the free and total SO2 content were analyse and the evolution was not affected by the 
conditions applied. The analysis of VOCs profile considering the PCA analysis with the initial wines 
profile as reference (Figure 1b and 1c), differences were observed regarding the second antioxidant 
conditions. However, the fermentation conditions presented mainly the presence or absence of 
bentonite are the ones that influenced more the VOCs profile of wines. 
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Figure 1: (a) 2D PCA illustrating the simultaneous projection of the wines Arinto and Síria in relation to the conditions 
without addition of SO2, AA and bentonite and volatile compounds. (b) 2D PCA illustrating the simultaneous projection of 
the wines Arinto and Síria in relation to the antioxidant condition and bentonite and volatile compounds. Black squares – 
wines fermented with bentonite; Black triangle – wines fermented without bentonite; Dark blue dots – esters; Dark green 
dots – ethers; Yellow dots – ketones; Orange dots – alcohols; Red dots – aldehydes; Grey dots – carboxylic acids; Light blue 
– miscellaneous; Light green – unknowns. (c) 3D PCA illustrating the simultaneous projection of the wines Arinto and Síria 
in relation to the antioxidant condition and bentonite. Black dots – Arinto wines fermented with bentonite; Red dots – 
Arinto wines fermented without bentonite; Green dots – Síria wines fermented with bentonite; Blue dots – Síria wines 
fermented without bentonite. 
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The spent yeast from the brewing process is one of the largest by-products of the brewing industry. 
In response to the concept of circular economy, there is a need to value it as a co-product. Yeast cell 
wall polysaccharides are mainly composed of mannoproteins and glucans, which have a wide variety 
of applications, making them products with a high added value. In the food industry, one of their 
applications include the use as bio-emulsifiers1,2 which have the advantages of biodegradability, low 
toxicity, selectivity and environmental compatibility over artificial products.3 In order to evaluate 
these polymers’ potential as emulsifiers, brewer’s spent yeast (BSY) polysaccharides were tested by 
measuring the emulsifying capacity of each sample for one month. The emulsifying capacity was 
measured by adding the different samples to 4 mL of water and 6 mL of vegetable oil and shaking 
(30 s, hand shaking or by Ultraturrax), resulting in a water in oil emulsion. During the one month, 
the volume of the emulsion, and the volume of the water and oil phases that had already been 
separated from the emulsion were measured, enabling the calculation of the emulsifying capacity 
percentage. The BSY soluble extracts were obtained by alkali extraction with 1M and 4M KOH 
(recovering two different fractions in each alkali extraction: the supernatant and the precipitate 
after 12-14 kDa dialysis) and microwave assisted extraction (1:6 ratio w/w, 180°C, 6 min). The effect 
of sample concentration (3 - 22 mg/mL), pH (2 - 12) and NaCl concentration (0.2 – 2.8 %) on 
emulsifying capacity was also studied by response surface methodology (RSM).  The results showed 
that the different soluble extracts have different performances: some have no emulsifying capacity; 
others have a good performance when applying low energy (hand shaking), while others needed 
high energy (Ultraturrax) to have emulsifying capacity. The emulsions with high emulsifying capacity 
showed small water bubbles size in the oil emulsion (Figure 1). The RSM studies indicate that pH is 
the variable that most affects the emulsion capacity of the samples followed by sample 
concentration. Nevertheless, the precipitate from the 4M alkali extraction, which contained 
mannoproteins with lower amount of carbohydrates, when used in a 2.0% (w/v) concentration at 
pH=11 (pH emulsion=5.23) and 0.5% of NaCl, when applying low energy, has the best emulsifying 
capacity (85%). After one month, the emulsifying capacity remains at 85%, similar to the emulsifying 
capacity (83%) of the commercial emulsifier (Xanthan Gum), at the same conditions of 2.0% (w/v) 
concentration at pH=11 (pH emulsion=6.63) and 0.5% of NaCl. However, this occurs when applying high 
energy, since low energy is not an option for Xanthan Gum. In view of these results, brewer’s spent 
yeast polysaccharides seem to be a competitive alternative to the commercial emulsifiers, with 
promising uses in different foodstuffs, in addition to the low price of the raw material, valorising this 
by-product as food ingredients. 
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Figure 1: Microscopy images of the supernatant from the 4M alkali extraction (a) with 68% emulsifying capacity (1.3% concentration, 

pH=12, 1.5% of NaCl) and (b) respective bubbles size distribution, (c) with 28% emulsifying capacity (0.5% concentration, pH=11, 2.0% of 

NaCl) and (d) respective bubbles size distribution. 
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Just a few reports can be found in the literature concerning the influence of the droplet size on the 

chemical stability of emulsified systems, in spite its importance in the shelf-life of emulsified 

products.1 This lack of studies concerning the droplet size may be due to the fact that there is a 

temptation to extrapolate the results obtained in bulk oils for emulsified systems and it is often 

considered for granted that an increase in the interfacial area will result in greater expose of the oil 

phase to the oxygen and other pro-oxidant compounds diffusing through the aqueous phase, which 

would lead to an increase in the lipid oxidation. However, literature reports are frequently 

contradictory 1, as in some cases a decrease in droplet sizes resulted in a decrease in the oxidative 

stability and in other cases, the increase in the oil droplet size led to a better oxidative stability of 

the emulsified system.2,3 The distribution of AOs in emulsified systems has been determined in the 

last decade by the application of a kinetic model grounds on the pseudophase model.4 However, 

the application of this pseudophase model implies that its application is independent of the droplet 

size of the emulsified system. In agreement with this hypothesis, it has always been observed a good 

fit of the experimental data to the equations derived from the pseudophase model.4 The droplet 

size would only be important if the rate of the reactions were affected by the area of transfer of 

reactants what is not applicable to lipid oxidation or inhibition reactions by AOs in emulsions. Several 

experiments were performed in order to demonstrate experimentally that the distribution or 

effectiveness of AOs does not depend on the droplets surface area but on the concentration of 

reactants, both Aos and radicals, in the interfacial region of the emulsion. The results will be 

presented. 

Funding: This work was financially supported by the following institutions: UIDB/QUI/50006/2020 with funding from 

FCT/MCTES through national funds and by PTDC/OCE-ETA/32492/2017 – POCI-01-0145-FEDER-032492 – PHENOLIVA. 
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FOS (Fructo-oligosaccharides) are oligosaccharides with β-(2→1) fructosyl-fructose glycosidic bonds 
and degree of polymerization ranging between 2 and 10. The presence of this glycosidic linkage 
gives FOS unique properties, such as hydrolysis resistance in the upper gastrointestinal tract. 
Therefore, FOS are classified as nondigestible oligosaccharides and are among the most widely 
employed prebiotic compounds, due to their beneficial effects towards the gastrointestinal flora, 
selectively stimulating the growth and activity of beneficial bacteria1. They also promote the 
inhibition of the growth of undesirable bacteria, reduction of intestinal disturbances, stimulation of 
minerals retention and absorption, and are also referred to help reduce the risk of colon cancer2.  
FOS can be naturally obtained by extraction using natural matrices or synthetically produced by 
transfructosylation reactions, with the aid of fructosyltransferases, or by inulin hydrolysis, catalysed 
by endo-inulinases. However, these FOS production reactions requires specific conditions, that can 
be difficult to maintain and may affect the stability and the activity of the enzymes used as 
biocatalysts3. Enzyme immobilization has emerged as an approach to assure a cost-effective FOS 
production with the promotion of the enzyme’s stability and activity and also allowing for an easy 
recovery and re-usability of the immobilized enzymatic system, resulting in a reduction of the 
production costs4. 
In this study, we aimed for the extraction of FOS and inulin from Yacon (Smallanthus sonchifolius) 
roots, using eco-friendly methods, with water as solvent. Yacon is an herbaceous plant of the 
Asteraceae family that contrary to most edible roots stores its carbohydrates as oligofructans 
instead of starch. We also studied the optimization of the obtained FOS through the hydrolysis of 
the extracted inulin using endo-inulinase (from Aspergillus niger) immobilized in calcium-alginate 
beads (Figure 1). Endo-inulinase successfully immobilized with 97% immobilization yield was used 
to hydrolyse the inulin in the Yacon extract. The hydrolysis process proved effective with total 
consumption of inulin and consequent FOS production (detected by TLC and HPLC-RI) with DP 
ranging from 2 and 7. No enzymatic leakage was detected by Bradford method. 
 

 
 

Figure 6 – Scheme of FOS production from extracted Inulin of Yacon with endo-inulinase immobilized in 
calcium-alginate beads. 
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A major trend in the food industry is the development of food products using naturally sourced and 

healthy ingredients. Anthocyanins, one of the largest group of water-soluble pigments are 

responsible for the bright colours of several plants.1 Due to their colour features and beneficial 

health effects 2, there has been a growing industrial interest in these pigments, particularly as food 

colourants. Thus, their application in foodstuffs is currently encouraged to fulfill consumers’ request 

However, anthocyanin typically degrades during processing and storage with this affecting their 

content in the final food products, their colour features and health properties. The formation of 

polyelectrolyte complexes with charged polysaccharides is a potential approach to stabilize 

anthocyanins 3. The aim of this work is to develop nano/microcomplexes of anthocyanins, using 

carrageenans as building blocks. Furthermore, it is intended to understand anthocyanins-

polysaccharides binding mechanisms and to perform a characterization of the complexes. 

Interaction was studied by UV-Vis and ITC at different pH values, ratios and concentrations, while 

incorporation yield was determined by HPLC. Size, zeta potential and morphology were studied by 

DLS and CRYO-SEM. The chromatic and antioxidant properties of soluble complexes were assessed. 

Complexes’ bioavailability was evaluated based on their stability on in vitro digestions and their 

ability to cross intestinal barriers. With this approach, it will be tempted to develop innovative 

strategies to produce nanostructured anthocyanins with polysaccharides in food products, with 

proper sensorial and health properties.  

 

Figure 1: CRYO-SEM image of anthocyanin-carrageenan complexes. 
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Pomegranate (Punica granatum L.) is a unique fruit with medicinal and nutritional benefits in the human diet, mainly due 

to the considerable high content of bioactive compounds. In last years, pomegranate orchards have emerged in the new 

irrigation areas of Alentejo, Portugal. The climate of this region, as in other Mediterranean areas, is characterized by warm 

to hot dry summers and mild wet winters.  In these regions water has become a progressively more limited resource, 

increasing the demands for more efficient water saving strategies. Regulated deficit irrigation (RDI) is a water saving 

strategy, which consists in irrigation below the maximum crop evapotranspiration (ETc) during a specific stage of crop 

cycle. The aim of this work was to evaluate the effect of two RDI strategies in a Wonderful orchard, installed in Baixo 

Alentejo Region, on fruit yield and physicochemical and nutritional properties at harvest and during cold storage. Three 

irrigation strategies were tested along 2019 campaign: control strategy using farmer irrigation with 100 % ETc (C), and two 

RDI strategies where 25% of ETc was applied at flowering stage-initial stage of fruit formation (RDI 1) or applied at ripening 

stage (RDI 2). In RDI 1, the 25% of ETc was applied throughout the period of water restriction, while in RDI 2 the water 

supply was gradually reduced for 1 week until reaching 25% of ETc, remaining so for 23 days, returning gradually over a 

week at 100% of ETc. Nine trees per treatment distributed in 3 blocks were monitored. At harvest (Oct 2019) the yield 

parameters were quantified (total yield, number of produced fruits and yield of fruit size less and greater than 85 mm). 

Five fruits (80–100 mm) per tree were collected and analysed for physicochemical (weight, transverse and longitudinal 

diameter of fruit, weight of edible (arils) and non-edible fractions, colour of fruit and arils, and firmness, total soluble 

solids, pH and total titratable acidity of arils) and nutritional properties (total phenols and antioxidant activity of arils). 

Moreover, 20 fruits from each block were evaluated during cold storage. These fruits were kept at 5.5°C and 85–88% RH 

during 15, 30, 45 and 64 days. Irrigation strategies did not affect the total yield, number of produced fruits and yield of 

fruit size less than 85 mm (P>0.05). However, RDI 1 reduced the yield of fruits greater than 85 mm (P<0.05; 12.3 kg/tree) 

compared to C (18.7 kg/tree), while RDI 2 did not differ from the C and RDI 1. When considering the fruits with 80–100 

mm, the RDI 2 strategy resulted in fruits with lower individual weight (P=0.016, 376.5 g) than C treatment (469.4 g), while 

fruits from RDI 1 did not differ from the C and RDI 2. Higher soluble solids content was found in fruits from RDI 2 (P<0.001; 

14.1°Brix) compared to other treatments (12.5 °Brix). The peel of fruits from RDI 2 showed the lowest values of b*(P=0.021, 

27.8 vs 29.2 in RDI 2 and C/RDI 1, respectively). At harvest, the other physicochemical and nutritional parameters were 

not affected by irrigation strategies. Independently of the irrigation strategy, the fruit weight and size decreased during 

cold storage (P<0.001; weight: 434.8 vs 342.8 g; diameter: 94.4 vs 88.1 mm; height: 91.8 vs 73.0 mm, in days 0 and 64, 

respectively), while aril percentage increased (P=0.005, 49.4 in day 0 vs 54.9% in day 64). The pH of arils decreased over 

storage time (P<0.001, 2.91 in day 0 vs 2.81 in day 64), while for the soluble solids content, titratable acidity, and firmness 

no differences was found between day 0 and 64. In arils, the values of a* and b* decreased over storage time (P<0.05, a*: 

9.2 vs 8.01; b*: 5.21 vs 4.2 in days 0 and 64, respectively). Total phenolic content decreased over storage time (P<0.001, 

197 vs 175 mg gallic acid equivalents/100 mL juice, in days 0 and 64, respectively), but the antioxidant activity determined 

by FRAP assay remained similar between days 0 and 64. The irrigation treatment affected the total soluble solids (P=0.005), 

which was higher in RDI 2 fruits. Despite the specific effects of the two RDI strategies on fruit production and quality, the 

RDI strategies seem to be a good water-saving approach to apply in the pomegranate orchards in the Mediterranean 

region.  
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In Portugal, maize has been used for a long time to produce a traditional bread called broa. Bread 
odour is considered one of the main requirements for its acceptance by consumers, 1 however, the 
volatile composition of maize-based sourdough breads, as broas, has never been studied. In this 
work, twelve broas were prepared from twelve maize varieties (one commercial hybrid and eleven 
Portuguese traditional varieties), following a traditional recipe, and their volatile composition was 
evaluated by HS-SPME-GC-MS (headspace solid phase microextraction combined with gas 
chromatography coupled to mass spectrometry). All broas were sensory evaluated by a consumer 
panel of 52 assessors using a hedonic quantitative response scale for characteristics as ‘taste and 
aroma’, ‘texture’, and ‘global appreciation’. The volatile composition of broas was correlated to the 
scores obtained in the sensory analysis, in order to identify the volatile compounds which may 
contribute for broas appreciation. The volatiles identified in broas were mainly aldehydes, alcohols, 
furans, furanones and pyranones, mostly derived from lipid oxidation reactions, yeast and bacteria 
activity during fermentation and the Maillard and caramelization reactions during baking. Samples 
with lower amounts in lipid oxidation products, as 2-octenal (E) and other aldehydes, showed lower 
‘taste and aroma’ scores. Conversely, samples with higher amounts in pyranones, namely maltol 
and 3-hydroxy-2,3-dihydromaltol, showed higher scores. Broas with lower contents in aldehydes 
and higher contents in pyranones were also associated to better ‘texture’ characteristics. Indeed, 
the reactions involved in the formation of pleasant volatile compounds during the breadmaking 
process can equally improve breads’ texture. 2 Results suggested that ‘taste and aroma’ and ‘texture’ 
properties greatly contributed for broas ‘global appreciation’. The characteristic and distinctive 
sensory characteristics of broas may be explained by their particular volatile composition, since 
most of the volatiles commonly described as greatly contributors for the flavour of other breads, as 
2-acetylpyrroline, 2-(methylimino)-3-butanone, and 3-butanedione, 1 were not detected in broas. 
The commercial broa showed higher amounts in lipid oxidation volatiles and lower amounts in 
pyranones and was less appreciated by the sensory panel. These results corroborate the general 
knowledge that broas prepared with traditional maize varieties are softer, sweeter and can be 
preserved for longer periods than broas produced with hybrids. 3 Indeed, higher contents in 
pyranones might contribute for traditional broas sweeter taste and lower contents in volatiles from 
lipid oxidation can not only contribute for their pleasanter flavour, but also explain their longer 
preservation. 
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Broa is a Portuguese ethnic maize bread, usually prepared with traditional Portuguese open-
pollinated maize varieties. However, local maize landraces are in risk of disappearing due to the 
progressive adoption of hybrid varieties less suitable for bread production. 1 Bread odour is 
considered one of the main requirements for its acceptance by consumers, 2 who have shown 
increasing demands related to food health awareness. 3 Recently, broas have been described as an 
interesting source of health-promoting phenolic compounds, especially when prepared from 
traditional maize varieties. 4 The phenolic composition of breads influences their volatile 
composition, 5 which consequently affects consumers’ acceptance. 
In this work, twelve broas were prepared from eleven traditional maize varieties and one 
commercial hybrid variety, following a traditional recipe. Their volatile and phenolic composition 
was evaluated by HS-SPME-GC-MS (headspace solid phase microextraction combined with gas 
chromatography coupled to mass spectrometry) and HPLC-DAD (high performance liquid 
chromatography with diode array detection). 
The major soluble phenolic compounds detected in maize flours and broas were free ferulic and p-
coumaric acids and their derivatives, as diferuloyl and coumaroyl feruloyl putrescines. The volatiles 
identified in maize flours and broas were mainly aldehydes and alcohols derived from lipid oxidation 
reactions, as hexanal, 1-octen-3-ol, 2-octenal and benzaldehyde. Other major volatiles detected in 
broas were ethyl hexanoate, ethyl octanoate and phenylethyl alcohol, derived from the 
fermentation process, and 5-methylfurfural, furfural, methylpyrazine and maltol, derived from 
browning reactions which occur during baking. Results showed that the phenolic compounds 
present in maize flours may increase browning reactions and decrease lipid oxidation reactions, 
contributing for the pleasanter aroma of broas prepared with traditional Portuguese maize varieties. 
Therefore, maize flours richer in phenolic compounds contribute for the production of broas more 
appreciated by the consumers. 
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Red wine is one of the most consumed beverages worldwide. The main macromolecules of wine are 
polyphenols, polysaccharides and proteins which are important for wine technological and sensory 
properties1. Among polyphenols, tannins are usually associated with flavour and particularly with 
astringency sensation2. Astringency is defined as complex group of sensations including dryness, 
puckering and tightening of the oral cavity. Several mechanisms have been proposed to explain the 
astringency onset. The most accepted one relies on the interaction between salivary proteins, 
namely proline-rich proteins, and tannins resulting in the formation of complexes that can 
precipitate, leading to the disruption of saliva film and consequently to the loss of lubrication3,4. 
Astringency is often perceived as a negative attribute of tannin-rich products. However, in some 
beverages like red wine, a balanced level of astringency is desirable for its quality. Polysaccharides 
have been an emerging natural and sustainable option to be used on taste properties modulation1,5. 
In fact, polysaccharides can influence salivary protein-tannin interactions as they could be used to 
modulate astringency. The aim of this work was to obtain molecular insights on the evolution of red 
wine astringency during nine months after incorporation of different polysaccharides (pectic 
polysaccharide fractions and commercial polysaccharides). This work was divided into different 
parts: a) isolation and characterization of pectic polysaccharide fractions from grape skins (imidazole 
(ISP) and carbonate (CSP) soluble pectic polysaccharides); b) addition of pectic polysaccharide 
fractions (ISP and CSP) or commercial polysaccharides (arabic gum and pectin) to red wine; c) 
analysis of several wine quality parameters (e.g. total phenolic content (Folin-Ciocalteu), tannin-
specific activity, total proanthocyanidins; d) Analysis of protein and phenolic HPLC profile before 
and after the interaction of salivary proteins with supplemented and non-supplemented wines. 
These analyses were performed at three, six and nine months after the polysaccharide addition to 
wine. The addition of polysaccharides to red wine resulted in the decrease of the interaction 
between wine polyphenols (tannins and phenolic acids) and salivary proteins, namely acidic proline-
rich proteins, and statherin/P-B peptide. The CSP polysaccharide fraction seemed to be the most 
efficient to interact with polyphenols and, consequently, reduce or inhibit polyphenol interactions 
with salivary proteins. These results were particularly evident at six months after the incorporation 
of polysaccharides into wine.  
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Hypercholesterolemia is a risk factor for the development of cardiovascular diseases, which is the 
main cause of death in developed countries. One of the main ways to prevent the increase in blood 
cholesterol levels is the diet. Consequently, consumers are aware of the high amounts of cholesterol 
in foods and tend to choose foods with lower cholesterol content. Several studies have shown the 
ability of some strains of lactobacilli to assimilate cholesterol1 and reduce its availability for 
absorption in the intestine2. However, studies using bacteria to reduce the amount of cholesterol in 
foods are scarce. Therefore, this work aims to evaluate the ability of three strains of Lactobacillus 
paracasei to reduce cholesterol during the fermentation of cream and produce a butter with low 
cholesterol content. Previously, several lactobacilli strains isolated from artisanal cheeses were 
shown to reduce cholesterol in culture medium1. In the present work, selected strains were applied 
directly in cream fermentation, or entrapped in calcium alginate beads and incubated in cream for 
15h, at 30°C. No reduction of cholesterol was obtained in cream fermented by the cells, but a 23% 
reduction in cholesterol (P<0.05) was obtained by the immobilization of lactobacilli cultures in 
calcium alginate beads. In a second experiment, the fermentation of the cream with the strain 
L2A21K5 immobilized in calcium alginate resulted in a butter with 68 mg/100 g of cholesterol (44% 
reduction compared to control butter). This butter had a fatty acid profile equivalent to the cream 
before fermentation (P>0.05), with the exception of omega-3 fatty acids that show a slight increase 
(P<0.05) in reduced cholesterol butter. Moreover, the atherogenic and thrombogenicity indexes 
were also significantly reduced (P<0.05) in the butter with low cholesterol content. This low 
cholesterol butter showed good appearance, consistency, flavour and aroma and was rated as good 
(rating of 4 on a scale of 1-5) by an untrained panel of tasters. Thus, the butter produced by the 
immobilization of lactobacilli strains in calcium alginate beads showed good acceptability by the 
consumers and presented a reduced cholesterol content and a beneficial composition of 
atherogenic and thrombogenicity fatty acids.  
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Volatile compounds are an important component of the aged wine spirit (WS) owing to their close 
relationship with the aroma of this beverage. They result from the grapes, fermentation,1 

distillation,2 and ageing process.3 Among them, acetaldehyde, ethyl acetate, methanol and fusel 
alcohols, existing in the aged WS in higher concentrations, are called major volatiles. During the 
ageing process, some of them are involved in several reactions, in which the oxygen seems to play 

a central role.4 Ageing is traditionally made in wooden barrels, which allow obtaining high-quality 
WS but it is a time-consuming and costly process, requiring large amounts of wood which is a 

natural resource with limited availability.5 These drawbacks led to search alternatives towards 

sustainability of wood-based technology for the production of high-quality and differentiated WS.4,6 
In recent research projects conducted by our team, micro-oxygenation combined with wood staves 
has been investigated as a possible way to reproduce the oxygen supply and the source of 

extractable compounds ensured by the wooden barrel. Therefore, in the Project CENTRO-04-3928-

FEDER-000001, the same Lourinhã distillate was aged in 1000 L stainless steel tanks with wood 

staves inside (Limousin oak or chestnut) and micro-oxygenation, and in 250 L wooden barrels 
manufactured with the same kinds of wood, in duplicate. The second phase of investigation is 

currently made under the Project CENTRO-04-3928FEDER-000028. For this purpose, the one-year 
aged WSs used were firstly characterised through a broader analytical strategy. The main objective 
of this work is to characterise these spirit beverages based on the major volatile compounds 

obtained by GC, and NIR spectral information.   
The outcomes revealed that the ageing technology had more influence than the wood botanical 

species on the WS volatile composition while a different behaviour was found for the NIR spectral 

data (Figure 1). Indeed, NIR data made the splitting of WS according to the wood through PC1 
(Figure 1a). Higher concentrations of major volatiles were observed in WSs produced by the 

alternative technology than by the traditional one, which were separated according to PC1, 

regardless of the wood used (Figure 1b,c).   
Regarding the spectroscopic data, regions around 6859 cm-1 and from 5200 cm-1 to 4200 cm-1 were 
the most discriminating for the studied WSs.7  
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 Figure 1: Projection of one-year aged WSs, scores of NIR spectral information (a), scores of volatiles (b), and 

scores and standardized loadings of volatiles (c) in the space defined by the two first principal components. 

WSs are coded according to the ageing technology (T–wooden barrels; A– alternative) and the kind of wood 

(L – Limousin oak; C – chestnut). Ac – Acetaldehyde; 1B – butan-1-ol; EtAc –Ethyl acetate; 2M1P – 

2methylpropan-1-ol; 23M1B – 2+3-methylbutan-1-ol; MtOH – Methanol; 1P – propan-1-ol.  
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The mineral composition of wine spirit (WS) is of relevant interest due to its potential effect on 

physicochemical stability, sensory characteristics, safety, and legal limits.1 In particular, iron (Fe) and 

copper (Cu) are of primary importance for WS quality and seem to play an important catalytic role 

on oxidation reactions involving the phenolic compounds extracted from the wood and other 

substrates for oxidation in WS, e.g., ethanol. Fe content in WS is normally lower than 1 mg/L, while 

Cu concentrations often range between 1 and 3 mg/L in WS obtained from distillation systems made 

of copper.1,2,3  

The ageing of wine spirits is traditionally performed in oak barrels. In spite of the high quality 

achieved by the WS, this is a time-consuming and costly ageing technology, requiring a high demand 

for wood, among other drawbacks. For these reasons, in recent years, special attention has been 

dedicated to alternative ageing technologies, e.g., by using wood fragments, to meet the 

sustainability criteria.3  

Having in mind that wood ash contains Fe and Cu besides other elements, the release of these metals 

to the WS during ageing is expected. However, in spite of substantial understanding of the organic 

extractive compounds, little has been published on metal extraction from wood to WS and even to 

wine.4,5 The main aim of this study was to uncover the effect of wood ageing by chestnut staves 

combined with micro-oxygenation (MOX) on WS Cu and Fe contents.    

A wine distillate produced by Adega Cooperativa da Lourinhã (Lourinhã, Portugal), was aged with 

Portuguese chestnut wood (Castanea sativa Mill.) staves, in 50 L demijohns, comprising different 

MOX modalities (O15, O30 and O60) and one modality with nitrogen application (N; control), with 

two replicates, during 12 months.3 The WSs were sampled at 0, 8, 21, 60, 180, 270 and 365 days of 

ageing and assessed in terms of their Cu and Fe contents by flame atomic absorption spectrometry 

methods.6 A Perkin-Elmer Analyst 100, equipped with an air-acetylene burner and appropriate 

hollow cathode lamps, was used. One-way ANOVA was applied to assess wood ageing and time 

effect on both metals concentrations.  

The concentrations of total Fe found in WS were quite low, varying between 0.086 and 0.28 mg/L. 

At each sampling time, the Fe content of the WS was not significantly affected by the ageing 

modality. Time had a significant effect on its concentration, with slight and progressive increases 

until 270 days of ageing, most probably explained by Fe release from the wood to the WS.  In respect 

to Cu, the concentration varied between 0.939 and 0.320 mg/L, with the highest values being 

observed in the WS obtained with higher supply of oxygen, likely due to the different oxidation-

reduction potential of the medium, governing the balance between of Cu oxidation forms. The  
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ageing time had a significant influence on Cu concentrations in WS but, unlike Fe, progressive 

decrease was observed until 180 days, probably assigned to the insolubilisation and precipitation of 

Cu. At last, the depletion of this metal is positive from the WS quality perspective, given its potential 

participation in physicochemical instability phenomena and risk to WS safety.   
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The ageing of wine spirits (WS) is traditionally made in wooden barrels, during which the beverage 
undergoes remarkable chemical and sensory changes that contribute to the enhancement of its 
overall quality.1 However, the drawbacks of this technology led to search alternatives towards 
sustainability of wood-based technology for the production of high-quality and differentiated WS.2 
In recent research projects conducted by our team, micro-oxygenation combined with wood staves 

has been investigated as a possible way to reproduce the oxygen supply and the source of 
extractable compounds ensured by the wooden barrel. Thus, in the Project CENTRO-04-3928-
FEDER-000001, the same Lourinhã distillate was aged in 1000 L stainless steel tanks with wood 

staves inside (Limousin oak or chestnut) and micro-oxygenation, and in 250 L wooden barrels 
manufactured with the same kinds of wood, in duplicate. The second phase of investigation is 

currently made under the Project CENTRO-04-3928-FEDER-000028. For this purpose, the one-year 
aged WSs used were firstly characterized through a broader analytical strategy. The main objective 

of this work is to present the results of basic chemical parameters and FT-RAMAN spectroscopy of 
these spirit beverages. The results attained showed that the alcoholic strength was only significantly 
influenced by the ageing technology, while the dry extract, pH and acidity (total, fixed and volatile) 

of the aged WS were significantly affected by the ageing technology and the kind of wood used. 
Accordingly, FT-Raman spectra allowed differentiating the WS based on these two ageing factors 
(Figure 1). Differences between WSs were mainly observed in the spectral regions from 3000 to 

2600 cm-1 and from 1570 to 790 cm-1.3  
  

 

  
Figure 1: Plot of the two principal 

components resulting from Raman 

spectral data obtained for the WSs 

according to the ageing technology 

(T – wooden barrels; A – 

alternative) and the kind of wood.  
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Despite the concept of craft beer was introduced in the beer industry recently, it has been growing very 
quickly. 1,2 Although there is no exact definition, a beer is considered a craft beer when it is produced using 
traditional practices and using traditional or innovative raw materials, and generally it does not undergo 
filtration or pasteurization.1,3 Beers are a source of phenolics compounds, which have great importance, 
due to their influence in the beverage’s sensory characteristics and antioxidant properties.4,5 In this study 
we analysed 24 Portuguese craft beers from different brands, produced with different raw materials and 
through different types of fermentation, sold in national super and hypermarkets. For each type of craft 
beer, the goal was to evaluate the phenolic composition and antioxidant capacity, and for that we 
performed the determination of the total polyphenolic, ortho-diphenols and flavonoids contents, as well 
as an accurate quantitative and qualitative determination of phenolic compounds by HPLC-DAD. The 
determination of antioxidant capacity was also carried out through in vitro screening assays. Furthermore, 
a statistical analysis was performed with a Principal Component Analysis and Pearson correlation. The 
results showed that there were significant differences in the content of phenolic compounds and in the 
antioxidant capacity of the analysed beers. The results of total phenolic content ranged from 0.303 ± 0.006 
to 1.614 ± 0.280 g GA/L, the ortho-diphenols values ranged between 0.106 ± 0.004 and 2.216 ± 0.040 g 
GA/L, and the flavonoids content ranged from 0.054 ± 0.000 to 0.750 ± 0.000 g CAT/L. For the antioxidant 
capacity, using the ABTS•+ methodology, the results ranged from 1.142 ± 0.025 and 10.913 ± 0.305 mmol 
trolox/L, and using the DPPH• methodology the values obtained ranged from 0.850 ± 0.052 to 12.109 ± 
0.126 mmol trolox/L. Regarding the quantification of phenolic compounds by HPLC, the compounds 
present in almost all the beers and at high concentrations were gallic acid and catechin, with concentrations 
ranging from 4.20 ± 0.43 to 61.57 ± 0.59 μg/mL and from 7.50 ± 0.28 to 147.99 ± 3.83 μg/mL, respectively 
(Figure 1). The statistical analysis performed by a Principal Component Analysis and Pearson correlation 
allowed to explain the variance of the beer samples. 

 
 

 

 

 

Figure 1. Chromatogram obtained by HPLC-DAD from the analysis of craft beer 
sample, detected at 280 nm. 
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The demand for proteins is rising and alternatives to animal-based proteins are necessary, either for 
nutritional or environmental reasons. Plant-based proteins appear as an attractive alternative; 
however, their techno-functional properties need improvement. High-pressure processing (HPP) is 
a non-thermal technology that allows modifying the structure of proteins, hence allowing to change 
several of their properties. Enzymes, such as microbial transglutaminase (MTG), can also modify the 
techno-functional properties of proteins, however, many globular proteins show low susceptibility 
to the action of this enzyme. HPP, being able to change protein conformation, may be a useful tool 
to increase the accessibility of proteins to the action of MTG. Nevertheless, HPP conditions need to 
be carefully optimized to avoid the expected decrease in enzymatic activity when subjected to 
pressure. The effects of high-pressure processing (HPP: 200 – 600 MPa; 5 – 15 min) and 
transglutaminase (MTG: 0 – 30 U·g-1), individually or combined, on pea proteins’ solubility, free 
sulfhydryl groups (SH), surface hydrophobicity (H0), and solution viscosity, within protein 
concentrations between 1 and 11 % (w/v), were evaluated. Response surface methodology was 
used to analyse those effects considering 1 % pea protein dispersions. The protein’s concentration 
influence was evaluated for selected conditions (600 MPa, 15 min; 30 U·g-1). MTG slightly reduced 
the solubility of the proteins, whereas the effect of HPP was clearly dependent on protein 
concentration: solubility significantly increased (~110 %) for lower concentrations (1-3 %), but 
decreased with increasing concentration, reaching a maximum ~40 % decrease at a 9 % protein 
concentration. HPP+MTG combined effect followed a similar profile as the HPP effect. MTG had no 
significant effects on SH for 1 % protein concentration but increased it ~40 % for a protein 
concentration of 3 %, with no further increase for higher concentrations. Pressure decreased SH ~25 
% for protein concentrations ≤5 %. HPP+MTG resulted in a similar effect on SH as MTG. MTG and 
HPP effects on H0 were dependent on protein concentration: worth to note that, contrarily to the 
individual treatments, the combined HPP+MTG treatments led to a significant decrease in H0 over 
the whole protein concentration analysed. While MTG only affected viscosity at a protein 
concentration of 11 %, the HPP+MTG led to a more significant increase in viscosity than HPP alone 
at protein concentrations ≥7 %.  Overall, the effects of MTG and HPP on the studied properties are 
dependent on the selected processing conditions and on the concentration of the protein. A series 
of synergistic and antagonistic effects between HPP and MTG were observed throughout this work, 
particularly at higher protein concentrations. For instance, on one hand, the addition of MTG seems 
to counter the increase of solubility promoted by HPP. On the other hand, for higher protein 
concentrations, the combined application of HPP and MTG resulted in a higher apparent viscosity 
than when these treatments were applied individually. The possible dissociation of aggregates and 
protein conformational expansion promoted by HPP made the proteins more accessible to MTG, 
which further modified these proteins’ properties. These findings would be useful for understanding 
how combined HPP and MTG treatments may help modify the structure of proteins and 
consequently tailor their techno-functional properties, both by the synergistic and antagonistic 
effects of HPP and MTG. 
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Champagne is an alcoholic beverage consumed worldwide in celebrations and festivities and it is 
stored in bottles using cork stoppers. Cork is a natural vegetable tissue with superior characteristics 
such as impermeability to liquids and air, compressibility, resilience and chemical inertness.1 When 
converted into stoppers it contributes to an improved protection and preservation of sparkling wine 
against temperature variations, contaminations, and possible negative effects due to storage and 
transport conditions.2 Several types of champagne corks exist nowadays made from 
microagglomerate (1-3 mm particles), agglomerate corks (3-7 mm diameter particles), and corks 
with and agglomerate body plus one, two or three natural cork disks obtained from thin cork planks.3 
The differences between these corks are striking: while agglomerate and particularly 
microagglomerate stoppers use up to 50% of glue in their composition, corks with natural disks have 
a higher percentage of natural cork and, importantly, the fraction of cork in contact with wine is 
composed of high-quality natural cork, allowing an extended contact with this type of material.3 
The role of the champagne cork is to act as a container of his flavour complexity, and to preserve 
and retain in the best possible way the quality of these wines.4 Therefore, it is very interesting to 
know how wines develop under different cork stoppers. Several samples of champagne bottled with 
different types of stoppers were analysed to study the differences resulting from different bottling 
stoppers (one agglomerate + 2 discs stopper and two different microagglomerate stoppers). The 
samples were extracted by HS-SPME, and the separation was carried by GC/MS using a polar and 
nonpolar capillary column. The results (Figure 1) revealed differences in the volatile composition of 
the champagnes when closed with different stoppers. The compounds that differ between bottling 
are VOCs such as esters and alcohols. 

 

 

 

Figure 1: Differences in the volatile 
composition of the sparkling wine when closed 
with different stoppers. In red is represented 
the samples bottled with two discs stoppers 
and in blue and yellow are represented two 
different types of microagglomerated 
stoppers. 
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Fish is recognized as a healthy food due to its rich nutritional profile characterized by protein and 

lipids of high quality and essential micronutrients [1,2]. Fatty fish species are particularly rich in n-3 

long-chain polyunsaturated fatty acids (PUFA), including eicosapentaenoic acid (EPA) and 

docosahexaenoic acid (DHA), which are essential fatty acids (FA) with well-documented health 

benefits, namely for preventing cardiovascular diseases [3,4].  

Mackerel (Scomber scombrus), a fatty fish abundant in North Atlantic, stands out as the most caught 

species in Portugal in the last years. According to PorData [5], 23 666 ton of mackerel were captured 

in 2020, clearly above the values registered for sardine (14 526 ton) and horse mackerel (14 609 

ton). However, despite its nutritional qualities, mackerel remains undervalued by consumers, with 

scarce application in Portuguese gastronomy. Therefore, it is of huge importance to promote the 

valorisation of this marine resource and widespread his consumption. Taking this into account, the 

present study aimed to evaluate the influence of different cooking techniques on the nutritional 

profile of mackerel from Portuguese coast.  

Three distinct techniques were used: sous-vide (cooking under vacuum at 55 °C, for 17 minutes), 

steam-cook (for 5 minutes), and boiled (at 100 °C for 5 minutes).  The composition of raw fish fillets 

was compared with those of cooked mackerel fillets. Samples were analysed concerning: (i) protein 

by the Kjeldahl procedure, (ii) lipids by the Folch method, (iii) ash by incineration in an oven at 500 

°C for 24h (iv) mineral content (Na, Ca; Mg; Fe and K) using atomic absorption spectrophotometry 

and (v) fatty acid profile by gas chromatography with flame ionization detector.  

Boiled mackerel presented the highest amount of protein (21.6 ± 0.5 %) and the minor ash content 

(1.59 ± 0.07 %). In contrast, sous-vide fillets showed the highest amount of fat (3.8 ± 0.3 %), being 

more than twice the values obtained for raw and steamed samples. Concerning mineral content, 

similar amounts (mg/100 g) of Fe (from 1.3 ± 0.4 in sous-vide to 1.9 ± 0.3 in boiled fillets), Mg (from 

29.7 ± 3.3 in steamed to 34.3 ± 1.6 in sous-vide fish) and Ca (from 19.7 ± 5.1 in raw to 28.9 ± 7.2 in 

steamed fillets) were attained in all the samples. Nevertheless, statistically significant differences 

were observed in Na and K contents. Steamed fillets had significantly lower amounts of Na (88.3 ± 

8.5 mg/100g) when compared with the remaining samples (with values around 200 mg/100 g). The 

minor contents of K were registered in boiled fish (229 ± 13), significantly lower than those of sous- 
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vide (301 ± 13), raw (320 ± 48) and steamed fillets (366 ± 42 mg/100 g). The cooking techniques 

under study also influenced the fatty acid profile of mackerel samples. Boiled fillets showed the 

lowest percentage of saturated FA (23.2 ± 0.3%), contrasting with the highest content (31.2 ± 0.2%) 

of steamed samples. Concerning PUFA, sous-vide mackerel exhibited the lowest value (40.2 ± 1.0 

%), although being particularly rich in the essential fatty acids EPA and DHA, reaching values of 662 

± 48 and 366 ± 31 mg/100 g, respectively. However, all samples exhibited low thrombogenicity (IT) 

and atherogenicity (IA) indexes and a high n-3/n-6 PUFA ratio, which demonstrates the relevance of 

mackerel as source of high-quality lipids.  

In conclusion, mackerel highlights as an accessible and nutrient-rich marine resource whose 

consumption should be encouraged. In a broadly sense, none of the used cooking techniques 

compromised the nutritional quality of this fish.  
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In the last 20 years the consumption of fish has increased exponentially around the world, due to health 

benefits to humans, in providing n-3 long chain polyunsaturated fatty acids (n-3 LC- PUFA) and high protein 

quality1. The increase consumption linked with the decrease of wild fish species captures, conditioned the 

increase of aquaculture especially the production of freshwater fish species. While the protein composition 

is generally very stable in fish, the fatty acid (FA) composition is greatly influenced by the diet, therefore 

depends on food source quality, which has raised the question about the nutritional profile between 

aquaculture freshwater fish and naturally caught freshwater species. The main source of n-3 LC- PUFA for 

aquaculture feeding is mixtures based on fish meal and oil fish. These products are used in different 

production sectors, so their accessibility is increasingly limited. Therefore, this industry tries to supplement 

diets with plants components, which in many cases decrease the proportion of n-3 LC- PUFA typical of 

fishes. On the contrary, the wild freshwater fish diet is based on phytoplankton and zooplankton and on 

algae producing essential LC-PUFA and being the freshwater fish able to biosynthesize n-3 LC-PUFA from 

their 18-carbon precursor2. The wild largemouth bass is one of the most used species in sports fishing in 

the world. In Portugal, especially in the innermost regions of the country, is considered a delicacy, and in 

some places, it is described as a regional cultural landmark3. This freshwater species has highly variable 

diets throughout its life cycle and therefore, the lipid composition of their fillet and its gastronomic interest 

can value it as a potential food and marketing item. GC/MS is one of the most used techniques to quantify 

or qualify fatty acids profiles4. Nevertheless, the separation between FA geometrical isomers is in most 

cases very difficult because they have similar polarity and boiling point, occurring in several cases coelution 

between isomers. To resolve these issues, an optimized method was applied to the separation, 

identification and semiquantitative determination of individual fatty acid contents in muscle matrix5. 
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Population ageing is a phenomenon that affects almost every developed country in the world, with both 

the number and proportion of older people growing across the globe. Due to the recent emergence of this 

phenomenon the requirements for food and nutrition by the elderly, particularly the very old and frail, are 

demanding urgent attention. The food enrichment with nutrients can be a strategy to deal with generalized 

nutritional deficiencies1. By enriching foods with Brassica flour, such as soups that are familiar to the elderly, 

in particular those with constrained eating habits or having special nutritional needs, they can increase their 

nutrients consumption without changing their eating habits or increasing their portion sizes. Also, the 

consumption of Brassica species is associated to the preventive effect against some chronic diseases, such 

as cancer, atherosclerosis and diabetes. These beneficial effects have been attributed to the presence of 

bioactive compounds like glucosinolates, phenolics compounds, carotenoids and flavonoids compounds, 

vitamins and minerals2,3. The objective of this work was to study the effect of Brassica flour enrichment to 

a soup based on Atlantic Diet ingredients, including consumer perception. The developed soup formulation 

with added Brassica flour (0.8% w/w) provide 28, 48 and 27 % of daily requirements of protein, 

carbohydrates and fibre, respectively (according to the recommended Dietary Reference Intakes for >70 

years), and significantly increased total phenolics (Folin-Ciocalteu method) and antioxidant activities 

measured by ABTS and DPPH methodologies. The consumer´s test was conducted on 83 elderly people (53 

female, 30 male) from Portugal and Galiza of aged between 56 and 98 years old residents in aged-care 

institutions. The participants were informed and asked to evaluate their preference for the enriched soup 

with 0.8% of Brassica flour. The selection criteria were based on their interest to participate, taste/odour 

and texture perception, consumption frequency and intention to buy the product. Results from the 

consumer´s test showed that approximately 66% of the Portuguese elderly positively evaluated the soup 

as extremely pleasant (2.9%), very pleasant (17.1%), pleasant (37.1%), slightly pleasant (8.6%) and, 40% of 

the Galiza elderly also positively evaluated as extremely pleasant (4.2%), very pleasant (8.3%), pleasant 

(27.1%), slightly pleasant (12.5%). Additionally, 97% of Portuguese elderly regularly consume soup and 57% 

would buy this product. On the other hand, in Spain, as soup is not a common meal component, only 29% 

of the elderly state they usually consume soup and 33% report interest in buying this product. From the 

results obtained in this work it was concluded that the enrichment of soup with Brassica flour revealed a 

positive acceptance, meaning that this meal component could bring several health benefits meeting the 

nutritional needs of elderly residents in aged-care.  
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The chicken egg is a food of animal origin with proteins of high biological value. 1 Egg white is a natural source of lysozyme 
(Lys, EC 3.2.1.17), which constitutes about 3 to 4% of the total of its proteins. Lys is a globular, ubiquitous and thermolabile 
protein, with high enzymatic and bacteriostatic activities and highly conserved structure. 2 Lys has a low molecular weight 
(14.3 kDa) and high isoelectric point (pI = 11.16). 3  
Phenolic acids are a class of phenolic compounds widely distributed in the plant kingdom. 4 The interactions between 
phenolic compounds and proteins can form soluble or insoluble complexes, changing the native structure and its 
properties. 5  Thus, in this work the effect of the interactions of egg lysozyme with phenolic compounds was evaluated in 
the protein tertiary structure as a conceivable way to promoting changes at lysozyme functional properties. The binding 
mechanism between Lys and phenolic acids (ferulic and gallic) was investigated by fluorescence spectroscopy with the 
emission spectrum recorded from 295 nm to 450 nm at an excitation wavelength of 280 nm.  The concentration of Lys 
was fixed at 2 μM, while the solutions of phenolic acids ranged from 10 to 72.5 μM, in 50 mM phosphate buffer and pH 
7.40, as they were incubated for 10 minutes at 310 K. The fluorescence extinction constant (KSV) was obtained using Stern-
Volmer equation and the binding constant (Kb) was given by Lineweaver-Burk equation. 6 
The fluorescence spectra (Figure 1) show an increase in suppression of tryptophan fluorescence in Lys, with the increase 
of the concentrations of ferulic (FA) and gallic acids (GA) respectively. Thus, occurred a change in the tertiary structure of 
Lys that led to extinguish tryptophan residues fluorescence. Indeed, fluorescence-derived data (Table 1) show a higher Kb 
value for Lys-FA complex (4.57x104 M-1). Thus, strong interactions occur with FA than with GA. Furthermore, GA has more 
OH groups and can establish more hydrogen bonds, but FA should establish stronger interactions such as hydrophobic. Kq 
for FA and GA are higher than the maximum scatter collision quenching constant of the biomolecule (Kq = 2.0 x 1010 M-1 
s-1), which indicate that a static quenching mechanism is the main responsible of Lys fluorescence quenching, leading to 
formation of a complex. Moreover, KSV values show that the fluorescence decrease is proportional to the phenolic acid 
concentration.  
In conclusion, the interactions of Lys with GA and FA, occur by a static mechanism forming complexes through different 
dominant interactions: Hydrogen bonds and hydrophobic in GA and FA cases, respectively. The interactions of Lys with 
phenolic compounds give rise to changes in the conformational tertiary structure of the protein with consequences at the 
protein properties. 
 

    
Figure 1: Fluorescence spectra of LYS (2μM) with ferulic acid (A) and gallic acid (B) solutions. 

 

 

Table 1: The binding (Kb), quenching (Kq) and Stern-Volmer (Ksv) between Lys and the phenolic acids. 
 

 
T (310 K) 

Phenolic Acids Kb (M-1) Kq (M-1 s-1) Ksv (M-1) 

  Ferulic Acid 4.57x104 4.26x1012 4.26x104 

Gallic Acid 2.62x104 3.60x1012 3.60x104 
 

 

A 

B 
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Milk proteins are of great interest due to its nutritional value and functional properties.1 Sodium 
caseinate (SC) is a soluble form of caseins obtained after a heated reaction with dilute alkaline 
solutions. The addition of SC to processed foods increases the protein content. Quercetin (Que) is a 
flavonoid that showed biological action on cell cycle progression and cellular signal transduction 
pathway regulation with anticancer, anti-inflammatory and antioxidant activity.2 In this study, 
spectroscopic techniques were used to evaluate the effect of the interactions between CS and Que  
on the protein structure. Thus, fluorescence emission spectra were recorded (295 nm to 450 nm 
with excitation at 280 nm) at room 2temperature using a constant concentration of caseinate  (5 
μM), with quercetin concentrations varying between 10 μM and 72.5 μM in 50 μM phosphate 
buffer, pH 7.40 and incubated 10 minutes at 310K prior to spectra recording. The fluorescence 
spectra of Que solution and Que-CS solutions (Figure 1) indicate that tryptophan fluorescence in SC 
decrease with the increase of Que concentration, which acts as quencher. Therefore, there was a 
change in the tertiary structure of the protein, with the formation of SC-Que complexes. To clarify 
the fluorescence quenching mechanism, the Stern-Volmer quenching constant (Ksv) was calculated. 
In addition, the binding constant, Kb, for SC-Que was obtained from the Lineweaver-Burk equation 
(Table 1). Kq is higher than the maximum scatter collision quenching constant of the biomolecule 
(Kq = 2.0 x 1010 M-1 s-1), which indicate that a static quenching mechanism is the main responsible of 
SC fluorescence quenching resulting in the formation of a complex with a Kb value of the order of 
magnitude of other complexes between proteins and phenolic compounds. Circular dichroism (CD), 
spectra (Figure 2) were recorded at 310K,  at a constant SC concentration (5 μM), while two different 
concentrations (0.86 mM and 1.85 mM) were used for quercetin in  50 μM phosphate buffer, pH 
7.40 as in the fluorescence experiments. The results were analysed with the CDSSTR program. 3 CD 
provide evidence of change in the secondary structure of SC (Figure 2 and Table 2) in result of the 
interactions with Que. The presence of Que, regardless of its concentration, influences the 
secondary structure of the protein, mainly through the conversion of β-sheets and β-turns into α-
helices. Thus, the structure of the SC becomes more compact as result of Que-SC complex. In 
conclusion, quercetin can bind to sodium caseinate resulting in changes at the secondary and 
tertiary structures of the protein. 

 
 

 

 

 

 

 

 

 

 

 

 
 

Figure 1: Fluorescence spectra of SC (5μM) with different 
quercetin concentrations. 
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Table 1: The Stern-Volmer (Ksv), quenching (Kq) and binding (Kb) constants between sodium caseinate (5 μM) 
and quercetin. (Kq = Ksv/10-8). 
 

Quercetin Ksv (M-1) Kq (M-1 s-1) Kb (M-1) 

3.80x104 3.81x1012 6.42x104 
 

 

 

  

 

 

 

 

Figure 2: CD spectra of sodium caseinate (5μM) with quercetin. 
 
 

Table 2: The secondary structure content of sodium caseinate (5 μM) upon interaction with quercetin. 
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Concentration of quercetin (mM) α-helix (%) β-sheet (%) β-turns (%) Random coil (%) 

0 38 33 7 23 
0.86 47 26 4 23 
1.85 46 27 4 22 
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Beer is the most consumed alcoholic beverage in Europe, and its aroma characteristics are 
essentially associated with its volatile components, which have different origins, namely they can 
result from the metabolism of yeast, from raw materials, or they can be (bio)transformed during 
beer production and storage. In the current situation of the SARS-CoV-2 pandemic, several sectors 
have been affected, being one of them the beer market. During the lockdown period, brewers had 
to destroy beer, since it was not possible to dispose of all production within the period of validity 
defined for these products (commonly defined as an expiration date of 12 months). Thus, a forced 
ageing experiment was performed on lager beers (pilsner style) for an estimated time of 16 months, 
i.e., greater than the storage time indicated for these beers. To achieve this objective, the beer 
volatile composition was monitored using a highly sensitive methodology that consisted of the 
combination of solid phase microextraction (HS-SPME) with comprehensive two-dimensional gas 
chromatography with mass spectrometry detection and time-of-flight analyser (GC×GC-ToFMS). In 
addition, the total polyphenol content (TPC) and colour properties was also evaluated. 
For the dataset of 21 compounds under analysis, reported as ageing, thermal abuse and/or 
oxidation markers1, only 12 analytes showed increments over the time, namely methional, diethyl 
succinate, phenylacetaldehyde and 5-ethyldihydro-2(3H)-furanone that increased from the 
estimated 12 to 16 months. Methional and phenylacetaldehyde, which derived from amino acids 
degradation (methionine and phenylalanine, respectively), may contribute with negative notes to 
the beer aroma characteristics: methional presents a cooked potato-like, bread, and aged beer-like 
notes, and phenylacetaldehyde exhibits sweet-honey notes. As these compounds increased over 
the time of the experiment, specially from 12 to 16 estimated months, it represents some concerns 
to expand the shelf-life of beer. 
In summary, chromatographic analysis unveiled that occurred changes in the beer volatile profile 
over the time of forced aging, and the fact that there was an increase in compounds that can 
negatively contribute to the aroma, raises some concerns regarding the possibility of extending the 
lifetime of these lager beers beyond 12 months. Nevertheless, these results must be supported by 
sensory analysis to confirm the impact of storage periods, beyond their expiration date, on their 
sensory characteristics. 
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Brewer’s spent yeast (BSY) is an abundant, recyclable and inexpensive by-product of the brewing 
industry, being a source of many valuable compounds, which include glucans and mannoproteins. 
These compounds have been reported to have promising applications in the cosmetic, 
pharmaceutical and food industries due to their antioxidant, antimicrobial, antitumoral, cholesterol 
inhibition, immunomodulator, emulsifying, gelling, and prebiotic properties1. These polysaccharides 
may be solubilized from BSY by different extraction techniques leading to extracts with different 
glucans and mannoproteins composition which rules their possible applications. This work aims to 
evaluate the production of biofilms with potential application as food packaging, using soluble 
extracts from different extraction methodologies. BSY extracts were successful used to produce 
films, namely hot water and alkaline BSY extracts, with glycerol as plasticizer and genipin as 
crosslinker, by the solvent casting method (oven dried at 25 °C during 24 h). The hot water extract, 
composed of 34% total sugars with 23 mol% Glc and 59 mol% Man residues, allowed to successfully 
produce a film when using 20 mg sample/cm2, 25% (w/w) glycerol and 0.05% (w/v) genipin (Figure 
1A). The film was obtained by heating the solution at 95 °C during 30 min for homogenization. This 
film was opaque and had a dark blue colour and the wettability test performed indicates a 
hydrophilic nature since the average water contact angle was 49°. It could be useful for fatty foods 
or oils packaging, protecting the food from light. The alkaline extract (0.1M KOH), composed of 26% 
total sugars with 46 mol% Rib, 19 mol% Glc and 37 mol% Man residues, was successfully produced 
as a film when using 20 mg sample/cm2 with 50% (w/w) glycerol and 0.05% (w/v) genipin (Figure 
1B). This film was transparent, had a brownish tint and the wettability test with an average water 
contact angle of 86°, indicated that this biofilm had a more hydrophobic behavior. Mechanical tests 
were also performed, revealing a Young’s Modulus of 67.3 MPa, a tensile strength of 2.3 MPa, and 
an elongation at break of 24%, indicating that the biofilm was rather fragile and needs mechanical 
improvement. These results showed that films with different characteristics may be produced using 
different BSY extracts, allowing the production of films that meet the requirements for a specific 
food packaging application. 

 

 

 

Figure 1: Films produced with BSY (A) hot water extract and (B) 
alkaline extract (0.1M KOH). 
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Ageing in wood is a key stage of the wine spirit (WS) production process since it encompasses several 

physicochemical phenomena involving the distillate and the wood.1 It contributes to the beverage’s 

enrichment in wood phenolic compounds, which are positively correlated with its sensorial 

properties, such as colour, some aroma attributes and bitterness.2 Such phenomena are 

fundamental for the quality of the aged WS and depend on the technology applied and the kind of 

wood used.2,3 Ageing technologies have been studied, namely the application of wood fragments 

combined with micro-oxygenation (MOX) in an attempt to simulate the physical and chemical 

changes occurring in a wooden barrel; the results attained by this alternative technology showed 

that it is possible to accelerate the ageing process in comparison with traditional process, enabling 

to obtain higher quality aged WS.4,5 The main wood species used for manufacture of barrels is oak, 

but in particular cases the chestnut wood has gained prominence.2,6,7   

Phenolic composition in aged WS has been identified and quantified using HPLC method, being the 

phenolic acids and phenolic aldehydes the most abundant compounds, and coumarins are 

minority.2,3,4 In addition, to the best of our knowledge, few works reported the coumarins content 

in aged WS by the traditional technology8,9 and none addressed their presence in aged WS by the 

alternative one. Coumarins are secondary metabolites originating from the phenylpropanoid 

pathway via t-cinnamic acid, and their presence in the aged WS have been associated with increase 

of bitterness perception.9 Thus, the main aim of the present study was to quantify umbelliferone 

and scopoletin in WS aged with chestnut wood using different ageing technologies (MOX combined 

with wood staves vs wooden barrels).   

For this purpose, a wine distillate produced by Adega Cooperativa da Lourinhã (Lourinhã, Portugal) 

was aged with Portuguese chestnut wood (Castanea sativa Mill.) staves, in 50 L demijohns, 

comprising different MOX modalities (O15, O30 and O60) and one modality with nitrogen 

application (N; control), and by the traditional technology using chestnut barrels (T), with two 

replicates, during 12 months.4 The aged WSs were sampled at 8, 21, 60, 180, 270 and 365 days of 

ageing,4 and assessed in terms of umbelliferone and scopoletin contents by HPLC-UV-VIS coupled to 

a fluorescence detector.8 Two-way ANOVA was performed to examine the technology and ageing 

time effects on both coumarins’ contents.   
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Overall, the results revealed that ageing time had a significant influence on umbelliferone and 

scopoletin contents in the aged WS. The umbelliferone content increased gradual and significantly 

from 8 to 365 days; a non-significant difference was only found between 180 and 270 days. The 

scopoletin content also increased over time but in a less significant way. Concerning the ageing 

technologies, the aged WS resulting from MOX had significantly higher content of umbelliferone 

[4.07 µg/L (O15); 3.64 µg/L (O30) and 3.92 µg/L (O60)] than those aged in wooden barrels [2.95 µg/L 

(T)] and the control [3.13 µg/L (N)]. In contrast, the scopoletin content was significantly higher in T 

(28.05 µg/L) and N (23.37 µg/L) than in O15 (9.58 µg/L), O60 (12.83 µg/L) and O30 (19.18 µg/L). The 

higher level of oxygen applied (O60) seems to have favoured the balance between additive 

phenomena and subtractive phenomena involving umbelliferone, but in the case of scopoletin, it 

may have contributed to the displacement of this balance to the subtractive ones. Besides, the lower 

level of scopoletin induced by the O15 technology may be positive from the aged WS quality 

perspective, given the potential contribution of this coumarin to bitterness perception.  
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Wine spirits (WS) are usually aged in wooden barrels, but using wood pieces instead of barrels, with 

or without micro-oxygenation, is a technological alternative that our team has been investigated.1,2 

The current research was focused on identifying ellagitannins, their derived species, and the 

evolution of degradation pathways. For this propose, in this study the behaviour of hydroxyzable 

tannins in a wine spirit aged was examined in 250 L chestnut barrel, and in 50 L demijohns with 

chestnut wood staves with three levels of micro-oxygenation or nitrogen. Ellagitannins and 

correlated species in samples collected over different ageing times were identified using liquid 

chromatography coupled with quadrupole time-of-flight high resolution tandem mass spectrometry 

(LC-QTOF-HRMS/MS). These compounds are originated from wood constituents and revealed an 

important sensory impact in aged wine spirits due to their association with the sensation of 

astringency, which have a close relationship with quality of these beverages.3 The isolation of the 

fragment ion at m/z 300.9979, from the tandem mass chromatogram, allowed the identification of 

four hydroxyzable tannins of chestnut wood origin: HHDP-glucose (m/z 481.0648), pedunculagin 

(m/z 783.0714) and the two stereoisomers, vescalagin and castalagin (m/z 933.0649 and 933.0653), 

that displayed identical tandem mass spectra, and showing the additional expected fragmentation 

pattern (Figure 1). At m/z 977.0933 and 675.0828, two additional products were assigned to 

products resulting from ethanol-promoted oxidation of castalagin/vescalagin and 

castalin/vescalagin4, respectively. These derivatives not only displayed a m/z compatible with the 

deprotonated molecules of ethanol-promoted degradation products reported by Fujieda et al.5, but 

also displayed the three diagnostic ions 300.9979/275.0186/249.0394, which are characteristic of 

ellagitannins, in the tandem mass spectra. The goal of this study was to obtain a greater 

comprehension of ellagitannin derivatives and determine their presence in aged WSs, which are 

associated to an increase in gallic and ellagic acids concentrations with ageing.   
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Figure 1: Extracted ion chromatogram of ion m/z 933.0649 of: A. sample CO30-180d; B. Castalagin standard; 

and C. Vescalagin standard. Also shown are the tandem mass spectra of vescalagin and castalagin found in WS 

samples (a1 and a2, respectively) and of castalagin standard (b) and of vescalagin standard (c).  

Acknowledgements: The authors thank Adega Cooperativa da Lourinhã, Tanoaria J.M. Gonçalves, and AZ3Oeno Portugal.   
Funding: The authors thank the financial support of the Project POCI-01-0145-FEDER-027819. This work was also 

supported by National Funds through FCT—Foundation for Science and Technology under the Projects; UIDB/05183/2020 

[MED], PTDC/QUI-QAN/32242/2017 and UIDP/00100/2020 [CQE], and contracts CEECIND/02725/2018 (to T.A.F.) and 

CEECIND/02001/2017 (to A.M.M.A). Joint funding from FCT and the COMPETE Program through grant RNEM-LISBOA-01-

0145-FEDER-022125 funding are also gratefully acknowledged.  

   
References:  
1. S. Canas, F. Danalache, O. Anjos, T.A. Fernandes, I. Caldeira, N. Santos, L. Fargeton, B.Boissier, S. Catarino, Molecules 

25 (2020) 5266.  

2. Caldeira, C. Vitória, O. Anjos, T.A. Fernandes, E. Gallardo, L. Fargeton, B. Boissier, S. Catarino, S. Canas, Applied Sciences 

11 (2021) 3991.  
3. S. Canas, Beverages 3(4) (2017) 55.  
4. D. Fridrich, A. Glabasnia, J. Fritz, M. Esselen, G. Pahlke, T. Hofmann, D. Marko, J. Agric. Food Chem. 56(9) (2008) 3010-

3015.  

5. M. Fujieda, T. Tanaka, Y. Suwa, S. Koshimizu, I. Kouno, J. Agric. Food Chem. 56(16) (2008) 7305-7310.  
  

  

  



 

397 
 

PC-D34 FTIR-chemometric analytical methodology as a tool for clustering oils 

from centenarian olive trees grown in the Côa Valley region 

Pascoal-Ferreira P, Peres AM, Silva K, Santamaria-Echar A, Barreiro F, Pereira JA, Baptista P, 

Rodrigues N 

Centro de Investigação de Montanha (CIMO), ESA, Instituto Politécnico de Bragança, Campus de Santa Apolónia, 5300-253 Bragança, 

Portugal 

Email: nunorodrigues@ipb.pt  

The centenarian olive trees are part of the historical and cultural heritage of the Côa Valley 
region where a significant number of these specimens can be found. They have high importance in 
olive grove heritage; however, their genetic and phenotypic diversity is still poorly studied. The 
identification of olive tree varieties is not an easy task, being required a morphological 
characterisation complemented with genetics, making this identification a time-consuming and 
expensive procedure. Recently, Fourier Transform Infrared (FTIR) spectroscopy start to be widely 
used in several studies in the food field, becoming a powerful analytical tool for the analysis of edible 
oils and fats1. This technique has numerous advantages, allowing a fast and non-destructive analysis, 
and requiring minimal sample preparation. In this context, FTIR has been applied to classify and 
identify different fats2, detection of virgin olive oils adulteration3, determination of trans fatty acids4 
and evaluation of oil mixtures' composition in foods5, all this based on the spectral profiles 6. 
Considering that there is a great diversity of centenarian olive trees in which the varieties are 
unknown, the objective of this work was to use the FTIR technique to identify groups of olive oils 
with similar chemical characteristics, thus reducing the time and required amount of samples for 
analysis. Therefore, FTIR was applied to 99 olive oils from centenarian olive trees in the Côa Valley 
region. FTIR analysis was carried out using an MB300 FTIR from ABB (Zurich, Switzerland) operating 
in attenuated total reflectance (ATR) mode using a horizontal cell equipped with a diamond crystal. 
The spectra acquisition was done using 32 scans/min at a resolution of 4 cm-1, being the reading 
range comprised between 4000 and 500 cm-1. Spectra were acquired and treated using the software 
Horizon MB version 3.4. The background was acquired every two consecutive assays. Finally, raw 
transmittance data (in %) of the different olive oils were used for the statistical analysis. A 
hierarchical clustering dendogram was applied to evaluate the possibility of grouping the 99 olive 
oils studied according to the full FTIR spectra by computing the distance (dissimilarity) among the 
olive oils, using the Euclidean distance Ward method for matrix computation. The dendogram 
(Figure 1) allowed identifying dissimilarities based on the olive oils’ FTIR spectra, enabling to 
establish 4 main clusters, for a 2nd node cut establishing responding to a distance around 35. Since 
FTIR spectroscopy is sensitive to different aspects including the olive variety and considering that all 
the olive oils were extracted under similar conditions and from olives harvested in the same 
geographical regions, the observed variations can be tentatively attributed to the olive variety or to 
a similarity of the oils’ chemical composition. The clustering analysis allowed partitioning a large 
dataset of olive oils into smaller groups based on similar spectra characteristics, enabling the future 
practical and feasible evaluation of selected oils belonging to each of the 4 established clusters, 
avoiding the need to evaluate each one of the 99 olive oils. 
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Figure 1: Hierarchical clustering dendogram (using Euclidean distances and Ward method), based on the FTIR 

spectra (4000 – 500 cm-1) recorded during the analysis of 99 olive oils extracted from olives harvested from 

centenarian olive trees located in the Côa Valley region. 
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The unique agricultural rum produced in Europe, Agricultural Rum of Madeira, is obtained from 
alcoholic fermentation and distillation of sugar cane juice, followed by cask ageing for a minimum 
period of three years1-3. For the first time, we studied the impact of underwater bottle ageing on 
the maturation of this type of spirit. Herein, we compared the physicochemical properties of 
samples of Agricultural Rum of Madeira bottle-aged in a cellar and after 7 and 14 months on the 
seafloor.   
The results revealed significant and positive changes in the organoleptic properties of the rum after 
14 months of ageing on the seafloor. The high liquid chromatography (HPLC) method4 applied 
allowed us to find that underwater-ageing does not lead to the loss of the specific polyphenols of 
the cask-ageing stage (non-flavonoids, 43.53 mg/L after 14 months on the seafloor) and increases 
the flavonoids composition (6.88 to 21.09 mg/L after 14 months) (Figure 1). The volatile organic 
compounds determined by headspace solid-phase microextraction (HS-SPME) method coupled with 
gas chromatography-mass spectrometry (GC-MS)5, showed that while the acidity increased slightly, 
the volatile composition of the primary aromas resulting from sugar cane (terpenoids) was 
unchanged. Esters represented about 85% of the volatile compounds in the bottled sugar cane spirit 
after ageing in casks and higher concentration (increase of about 23%) were detected after 
underwater ageing. This study also revealed that 14-months of underwater ageing promoted a 
colour change to darker tones, with values close to those detected by the human eye (ΔE of 2.47). 
The principal components analysis highlighted the meaningful changes after 14-months on seafloor 
conditions, without any chemical family standing out as the most important.  
The present study shows noticeable changes in the physicochemical composition of bottled 
Agricultural Rum of Madeira after 14 months underwater and suggests that an extended period can 
be used. The changes observed after 14 months of ageing on the seafloor were positive in terms of 
organoleptic features of Agricultural Rum of Madeira. 
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Figure 1: Evolution of the two groups of polyphenols identified over the ageing stages. 

mailto:dayana.aguiar@staff.uma.pt


 

400 
 

 

 

 

 

 

 

 

 

Acknowledgements: The authors acknowledge J. Faria & Filhos for kindly supplying the samples used in the present study. 

Ana C. Pereira is thankful to ARDITI (Agência Regional para o Desenvolvimento da Investigação Tecnologia e Inovação) for 

the funding of the research grant under project M1420-09-5369-FSE.  

Funding: Not applicable.  

 

References:  

1. Franitza, L., Nicolotti, L., Granvogl, M., and Schieberle, P. (2018) Differentiation of Rums Produced from Sugar Cane Juice 

(Rhum Agricole) from Rums Manufactured from Sugar Cane Molasses by a Metabolomics Approach, J Agric Food Chem 

66, 3038-3045. 

2. European-Commission. (2019) Regulation (EU) 2019/787 of the European Parliament and of the Council, In L130 (Union, 

E. P. a. C. o. t. E., Ed.), Official Journal of the European Union. 

3. Legislativa, R. A. d. M. A. (2011) Decreto Legislativo Regional. Confirma a indicação geográfica protegida «Rum da 

Madeira» e regula a sua produção e comércio, pp 1453 - 1456, Diário da República. 

4. Pereira, A. C., Carvalho, M. J., Miranda, A., Leça, J. M., Pereira, V., Albuquerque, F., Marques, J. C., and Reis, M. S. (2016) 

Modelling the ageing process: A novel strategy to analyse the wine evolution towards the expected features, Chemometr 

Intell Lab Syst 154, 176-184. 

5. Zacaroni, L. M., de Sales, P. F., Cardoso, M. d. G., Santiago, W. D., and Nelson, D. L. (2017) Response surface optimization 

of SPME extraction conditions for the analysis of volatile compounds in Brazilian sugar cane spirits by HS-SPME-GC–MS, J 

Inst Brew 123, 226-231. 

 

 

  



 

401 
 

PC-D36: Moderate electric fields – just an efficient and sustainable way of 

heating? 

Pereira R.N., Rodrigues R.M. and Vicente A. 

Centro de Engenharia Biológica, Universidade do Minho, Campus de Gualtar, 4710-057, Braga, Portugal  

Email: avicente@deb.uminho.pt  

Moderate electric fields (MEF) in food processing - also known as electro-conductive heating, ohmic 
heating or joule heating – is based on the application of electric fields through a certain food product 
which acts as an electrical semi-conductor. Through this principle internal heat can be generated 
volumetrically in a fast and efficient way, once heat distribution is not restricted by conduction 
and/or convection acting as heat transfer resistances, as in regular thermal processes. This natural 
synergism between electrical and thermal effects brings competitive advantages which include high 
levels of process efficiency (> 95 % of energy is converted into heat), discard the use of boilers or 
steam generation systems, thus contributing to reduce water and energy consumption. Currently, 
electricity can be easily generated by an environmentally clean, renewable energy source and this 
also contributes to lessen the environmental footprint thus highlighting the interest of this 
technology. The application of MEF to a given food material can be done in a very flexible way by 
combining thermal and electrical effects towards different (bio)technological purposes, such as 
cooking, microbiological safety, extraction and functionalization of biomolecules. It is then crucial 
to understand about how to control physical and chemical events resulting from the interaction 
between electrical fields and biomolecules envisaging novel applications. MEF can be used to 
control protein denaturation and aggregation resulting in development of 3-D microstructures for 
food encapsulation1 or even for cell adhesion (production of scaffolds) for biomedical purposes2. 
Electroheating is recognized as tool to induce an efficient permeabilization of cellular membranes, 
thus enhancing extraction of important bioactive molecules from biological matrices and 
microorganisms (such as microalgae)3,4. More recently, thermal, electrical and electrochemical 
effects can be combined contributing to change tertiary structure of important food proteins such 
as β-lactoglobulin5,6. Depending on the electrical conditions applied, trace metals such as iron (Fe), 
nickel (Ni) and chromium (Cr) can be released from the electrodes’ surface (see Figure 1) and 
interact with unfolded proteins, thus contributing to change they dynamic behavior. These are some 
of the most recent state of the art case studies of MEF technology in food biotechnology that this 
work intends to address. MEF is establishing a solid foothold towards innovative processes, bringing 
an opportunity to redefine traditional thermal processing and providing competitive advantages 
regarding the development of functional solutions.  

 

Figure 1: Release of trace metals from electrodes during conventional heating (0 Hz) OH at 50 Hz and 20 kHz. 
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Beer is the most consumed alcoholic beverage all over the world and its flavour stability can be 
considered the most critical quality challenge that all brewers face 1. Due to globalization, strategies 
to ensure and extend the beer shelf life have been largely studied, namely the impact of the 
production process and the packaging conditions2-5. In the last five years, a few studies have shown 
that regarding transport and storage, not only the temperature is responsible for the evolution of 
ageing compounds but also the vibrations that beer faces during transport3, 6, 7. Therefore, we 
evaluate the impact of vibration and temperature on the evolution of specific oxidation markers of 
bottled lager beer. Herein, we present and compare the evolution of one of these compounds during 
transport and storage.  
The oxidation compounds were determined by headspace solid-phase microextraction (HS-SPME) 
method8 coupled with gas chromatography-mass spectrometry (GC-MS). The results revealed 
changes in the concentration of oxidation compounds after simulation of maritime transportation. 
In particular, the phenylacetaldehyde in the fresh beers presented a concentration of 97.12 ± 5.50 
µg/L and after transport simulation, an increase of up to 20% was observed (Figure 1). An additional 
period after transport was also considered, to simulate the storage period until reaching the final 
consumer. During this period, an increase of 45%, approximately, in the phenylacetaldehyde 
content was observed when compared with the transported ones. 
The analysis of reaming oxidation markers reveals similar trends and reinforces the idea that the 
vibrations that beer faces during transport and in association with temperature, promote noticeable 
evolution of the staling aldehydes and consequently a perceptible change on beer organoleptic 
properties.   
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Figure 1: Evolution of Phenylacetaldehyde during transport and storage of lager beer. 
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Mannans are polysaccharides composed essentially of mannose residues, which may originate from 
plants or microorganisms. They can be used either as a hardener ingredient or emulsion stabilizer 1, 
as well as antibiotic replacers in animal feed, the later due to their capacity of inhibiting pathogen 
adherence and improvement of the immune response2,3. One source of mannans is the cell wall of 
Saccharomyces cerevisiae, which is also a waste product of many fermentation processes in the 
brewing and winemaking industries. The extraction of valuable components from spent yeast, such 
as glucans and mannans, allows its reintroduction in the production chain, thereby minimizing its 
environmental impact. In addition to the extraction methods employed, drying technologies may 
also affect several properties of the final extract and may ultimately affect its functional properties. 
In this work, mannans were extracted from the yeast cell wall and dried by two different 
technologies: freeze drying (FD) and spray drying (SD). The SD technology is a common technique to 
increase the stability and shelf life of extracts, being a simple process with a high processing rate 
and scalable. The FD technology requires expensive equipment; it is a time-consuming method and 
may require additional processing; however, it also increases the stability of the extracts, and the 
lyophilized product presents much higher resistance to microorganism propagation 4. The resulting 
powders were chemically characterized in terms of their neutral sugar, protein, mineral and water 
content. Additionally, morphology was characterized by scanning electron microscopy (SEM) (Figure 
1), and antioxidant activities were evaluated by measuring DPPH and ABTS free radicals5,6,7. An 
evaluation of the thermal stability was performed by differential scanning calorimetry (DSC), 
whereas powder X-Ray diffraction analysis was performed to assess the crystallinity. 

 

  

 

Figure 1: SEM microphotographs 

depicting the morphology of the same 

mannan extract dried by different 

methods, namely via FD (on the left) and 

SD (on the right), under a magnitude of 

1500X. 

Summing up the results obtained, SD presents itself as the preferred drying method for mannans 
extracts since it presented processual advantages and no detrimental effect on the biological 
activities measured. 
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The present work aimed to develop active edible coatings with the incorporation of extracts from 
macroalgae and their application in mackerel (Scomber colias) fillets, with the purpose of creating a 
barrier that would minimize the exchange of lipid compounds between the fish and the oil during 
the frying process.  
Firstly, aqueous extracts of five macroalgae were prepared and characterized in terms carbohydrate 
content, total phenolic compounds and antioxidant activity. Dried aqueous extracts from Codium 
tomentosum and Fucus spirulis were selected based on their antioxidant activity. These extracts 
have not shown the ability of forming dense and continuous film structures, which is essential to 
produce edible coatings. As such, alginate and fish gelatin, two commercial biopolymers recovered 
from marine resources, were used as structure forming agents.  
Filmogenic solutions composed of alginate (1%wt) or fish gelatin (5%wt), containing each one 30%wt 
(biopolymer basis) of glycerol as plasticizer and 30%wt (biopolymer basis) of algae extract, were 
prepared. These formulations produced dense stand-alone films, by solution casting and drying, 
showing antioxidant activity and suitable mechanical properties. 
Afterwards, edible coatings were applied by immersion of mackerel fillets (3x2 cm) in the filmogenic 
solutions and subjected to frying process with sunflower and rapeseed oil, at a temperature of 180 
ºC during 2.5 min. The results have shown a lower lipid content (8-10%wt) for the samples fried with 
the fish gelatin based coatings, compared to the ones with alginate coatings (around 18%wt) and to 
the ones fried without edible coatings (around 15%). However, according to thiobarbituric acid test, 
the samples coated with alginate-based coatings were the ones showing a lower lipid oxidation. It 
was also observed that the protective effect of the coatings was mainly due to the polymeric matrix 
itself, being negligible the effect of the incorporated algae extracts.  
The results have shown that edible coatings based on fish gelatin have potential to decrease oil 
uptake during frying process of mackerel fillets under the conditions tested. Moreover, the 
combination of gelatin and alginate is envisaged to decrease, not only the oil uptake, but also lipids 
oxidation.  
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One of the major trends in the food sector is the replacement of artificial additives by natural sourced 
ones. Anthocyanins are responsible for wide range of colours in fruits, from blue to red, being 
elderberry one of the richest source of these compounds [1,2]. Elderberry is commonly transformed 
into juices and concentrates, generating by-products that still contain higher amounts of anthocyanins 
[3]. In the logic of a circular economy, in this work, retentate, a sludgy residue that results from the 
clarification of the juice through the ultrafiltration process, was used as a natural colourant for a 
potential beverage industry application. Retentate was centrifuged to separate the water-soluble from 
the insoluble compounds. Dialysis of the water-soluble material was performed to obtain the 
polymeric compounds. The high molecular weight material was submitted to solid-phase extraction 
(SPE), with sequentially elution with water and acidic methanol. The retentate water soluble material 
and the isolated hydrophobic fraction were added to a tonic water in three different concentrations, 
1.0 mg.mL-1, 0.25 mg.mL-1 and 0.10 mg.mL-1. Colour parameters were measured during 72 days of 
storage. The water-soluble material had 15% of high molecular weight compounds, containing 53% of 
sugars, mainly galacturonic acid (47%), galactose (13%) and arabinose (12%), which is consistent with 
the presence of pectic polysaccharides. The presence of glucose, xylose and rhamnose are diagnostic 
of polymeric anthocyanins, which were separated by SPE in the hydrophobic fraction. The colour 
stability was evaluated separately in the two fractions, the isolated anthocyanins and anthocyanins in 
the presence of pectic polysaccharides (Figure 1). Comparing both fractions used as tonic water 
colourant, the hydrophobic material corresponding to the isolated anthocyanins resulted in a coloured 
tonic water with higher absorbance values, lower L*, a* and b* values, corresponding to a more purple 
bluish red tone. Regarding the stability over time, it was retained during at least 22 days. When the 
water-soluble fraction was added (anthocyanins tighter with pectic polysaccharides), variations were 
noticed only after more than 2 months, turning darker, and a* and b* values started to increase, from 
an initial shade of purple bluish red to a more orange tone, while absorbance decreases. When 
hydrophobic material was used, main differences were observed early in the first 22 days. Colour 
stability observed in the water-soluble material could be explained by a chemical stabilisation of 
anthocyanins forming complexes with pectic polysaccharides, as well as the acidic pH of the solution. 

 
 
 
 
 
 

 
Figure 1: Tonic water with addiction of retentate water soluble material as a 
natural colorant, (i) 1.0 mg.mL-1, (ii) 0.25 mg.mL-1 e (iii) 0.1 mg.mL-1. 
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The olive tree (Olea europaea L.), is a plant with a large presence in the national territory. In Trás-os-Montes, the 
second Portuguese olive oil producing region, cv. Verdeal Transmontana is one of the main cultivars used for 
olive oil extraction. In this region, it is common to find olive groves with plants of this cultivar with different ages, 
some of them with specimens older than 100 years. In this sense, the present work aimed to study the influence 
of plant age at the level of morphological parameters of the fruit and endocarp and at the physical-chemical level 
of the fruits. For this purpose, three olive groves from cv Verdeal Trasmontana, Mirandela region (Suçães) with 
similar edaphic-climatic characteristics were selected. In each olive grove, 10 trees were selected for each of the 
selected ages, namely ˂20 years old, between 20 and 70 years old, and over 100 years old. Approximately 3 kg 
of fruit were harvested from each plant, where in 40 fruits the biometric and morphological parameters of the 
fruits and endocarps were evaluated1. Moisture content was also evaluated following the method described by 
the AOAC2 and the total fat content extracted in a Soxhlet apparatus according to the AOAC3 method, using 
petroleum ether as a solvent with a minimum extraction time of 24 hours. Fruits extracts were obtained, and 
the antioxidant activity was evaluated by two chemical methods namely: evaluation of the free radical blocking 
effect of DPPH (2,2-diphenyl-1-picrylhydrazyl) described by Hatano et al.4 and by ABTS (2.2 '-azinobis-(3-
ethylbenzothiazoline-6-sulfonic acid)), described by Re et al.5, based on the ability of a sample to inhibit the ABTS 
radical (ABTS•+). The content of total phenols was determined according to Singleton & Rossi6. Regarding the 
obtained results, in the evaluation of the morphological characteristics of the fruits, it was verified that those that 
came from old olive trees are the ones with smaller length, larger diameter, weight and spherical shape. Fruits 
from young and middle-aged olive trees showed a lanceolate shape. In the endocarp there were no differences 
according to the age of the plant. In the moisture content, there was a variation from 42.5 to 72.7%, with no 
differences according to age. The total fat content varied between 10.3 and 26.6%, as it had been observed in 
the moisture, in the fat no significant differences were observed according to the age of the plant. In the 
antioxidant activity, the percentage of inhibition of the DPPH free radical ranged from 27.7 to 59.4% where the 
fruits of the middle-aged olive trees were those with the highest percentage of inhibition (47.4%), the 
percentage of inhibition in the fruits of young and old olive trees was 35.3 and 38.3%, respectively. The 
percentage of inhibition measured by the ABTS method, there was a variation of 19.6 and 41.5% where the 
middle-aged olive trees presented an inhibition percentage of 32.9% and the young and old olive trees 
presented 26 and 26.7%, respectively. For total phenols content, there was a variation of 670.4 and 787.9 mg 
gallic acid/g extract. These results showed that the fruits of the old olive trees are the ones with the lowest 
content, followed by the fruits of the young ones, and those from the middle-aged olive trees are the ones with 
the highest content in total phenols (787.9 mg gallic acid/g extract). In conclusion, it appears that fruits from 
middle-aged olive trees are those that have a greater presence of antioxidant compounds, which will be related 
to physiological aspects of the plant itself. 
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Olive oil is one of the most consumed vegetable oils in the world, and its production has 

been increasing in recent years. However, in the last decade there has been a demand for new 

products by consumers. Thus, the industries together with the market have been trying to create 

new products or reactivate products with a long tradition to create and revive sensations, as is the 

case with flavoured oils. New products have emerged with the addition of traditional aromas and 

flavours, and also with the inclusion of differentiated aromas as well as different forms of 

incorporation1. Most of the flavouring agents used are aromatic herbs and spices (e.g., chili pepper, 

pepper, lavender, bay leaves, garlic, rosemary, basil, thyme, oregano), fruits (e.g., lemon, orange). 

However, flavoured oils cannot be labelled with the usual commercial grade terminology (i.e., extra 

virgin or virgin olive oil)2. Thus, to avoid the risk of mislabelling, there is a need to develop fast, low-

cost and non-invasive analytical techniques that allow identifying the flavouring agent as well as to 

discriminate unflavoured from flavoured oils. In this context, techniques based on spectroscopy 

have gained great importance as they allow a fast non-destructive analysis using a small volume of 

oil. Indeed, Fourier transform infrared spectroscopy (FTIR) has been used as a tool to track and 

authenticate foods, having served as the basis for detecting adulteration in olive oil3, assessing oil’s 

oxidation level4, identifying the commercial category of the oil5, determining the sensory intensities 

as well as for recognizing the oil’s geographic origin 6. So, this study reports the use of FTIR coupled 

with chemometrics to discriminate unflavoured (control) and flavoured olive oils (with cinnamon 

powder, garlic powder and dried rosemary). Oils were flavoured in a proportion of 1.5% w/v and 

stored at dark and ambient temperature, in amber glass bottles (4 independent bottles for each oil) 

during fifteen days, to promote the flavouring process. After that, the oil of each bottle (16 bottles 

in total) was filtered and spectroscopically analysed in triplicate. The raw spectra were recorded 

between 4000-500 cm-1. Raw transmittance data (in %) as well as the respective 1st and 2nd 

derivatives (Figure 1) were used to establish the most powerful linear discriminant (LD) models, 

based on selected non-redundant wavenumbers (identified using the simulated annealing meta-

heuristic variable selection algorithm, SA) among those belonging to the absorption regions (3150-

2500 and 1700-600 cm-1). The study revealed that both raw and transformed data could be used to 

successfully discriminate the olive oils under study, allowing the LD-SA-FTIR models a correct 

classification (100% sensitivity) of all samples for the original grouped data (Figure 2) as well as for 

the leave-one-out cross-validation procedure. The predictive performance of the classification 

models was further evaluated based on the repeated K-fold cross-validation procedure, in which, 

the initial data matrix was split into 4 folds (K=4 in this study), allowing to use 25% of the data for 

internal validation purposes, being the random split repeated 10 times. The results showed that the 

models could correctly classify 98, 100 and 100% of the samples based on the raw, 1st derivative or 

2nd derivative models, respectively. These results demonstrated the potential use of the FTIR-

chemometric approach as an authentication tool for flavoured and unflavoured olive oils. 
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Figure 1: FTIR spectra (4000 to 500 cm-1) and respective 1st and 2nd derivatives for unflavoured and flavoured olive oils of: (A) Unflavoured 

oil (control); (B) Oil flavoured with cinnamon powder; (C) Oil flavoured with garlic powder; and (D) Oil flavoured with dried rosemary.  

Figure 2: Olive oils supervised discrimination (●: Oil flavoured with cinnamon powder; ▲: Unflavoured oil (control); ■: Oil 

flavoured with garlic powder, : Oil flavoured with dried rosemary): (A) LD-SA-FTIR raw data model based on 5 

wavenumbers (1269, 845, 827, 696, 667 cm-1); (B) LD-SA-1st derivative FTIR model based on 5 wavenumbers (3126, 2953, 

905, 847, 808 cm-1); and, (C) LD-SA-2nd derivative FTIR model based on 5 wavenumbers (2924, 2912, 1695, 839, 744 cm-1).  
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Consumers are considering cow’s milk alternatives for medical reasons like lactose intolerance or as 

a lifestyle choice (1,2). It is reported that these alternatives, known as plant-based milk alternatives 

(PBMA), are healthy alternatives to cow’s milk due to their low saturated fat and cholesterol content 

(3). However, some authors indicate that the nutritional quality of these beverages is variable and 

dependent of some factors like composition of the raw material, processing methodology, and 

fortification process (3,4). Furthermore, the consumption of these beverages may result in risks to 

human health, especially infants, because there is the possibility of some missing nutrients in these 

PBMA (as vitamins). It is therefore important to characterize the nutritional composition of PBMA. 

The current study presents a preliminary comparison between cow’s milk and PBMA on total lipids, 

total cholesterol, vitamin E, and β-carotene contents. 

In this study 15 samples of pasteurized cow’s milk with different fat contents (whole fat, half-

skimmed, and skimmed fat milk) and 20 samples of PBMA (soy, rice, almond, and coconut), all 

bought on the Portuguese market, were analysed and used for comparison. The total lipid content 

in cow’s milk was analysed by Fourier transform infrared spectrometry, whereas the total lipid 

content of PBMA were analysed by Folch et al (1957)(5). Total cholesterol, vitamin E (α-tocopherol, 

β-tocopherol, and ϒ-tocopherol) and β-carotene were analysed as previously described by Prates et 

al (2006) (6). 

The total lipid content differed significantly (P<0.05) between beverages. As expected, cow’s milk 

with different fat content revealed significant differences in their total lipid content, with half-

skimmed and skimmed milk showing a decrease of 51.8% and 96.2%, respectively, to the total lipid 

content of whole fat milk. On the other hand, no statistically significant differences were observed 

between PBMA on total lipid content averaging 1.031 g/100g. 

Regarding total cholesterol, as expected PBMA presented no cholesterol content, whereas cow’s 

milk presented variable amounts of total cholesterol depending on their fat content. The whole-fat 

milk presented the highest total cholesterol content (16.27 mg/100 g), but the skimming process 

contributed to a significant reduction in milk’s total cholesterol content (P>0.05). Half-skimmed and 

skimmed milk showed a reduction of 55.7% and 85.0% of the total cholesterol, (a reduction of 9.07 

and 13.83 mg/100g of milk) respectively, in comparison with whole milk. 

Among vitamin E, the α-tocopherol was detected in cow’s milk and in all PBMA varieties. Almond 

PBMA (2.932 mg/100g) presented a significantly higher (P<0.05) α-tocopherol content, followed by 

coconut PBMA (1.345 mg/100g), oat PBMA (0.273 mg/100g), and soy PBMA (0.251 mg/100g), which 

may be the result of the fortification process during beverages formulation. On the other hand, the  
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skimming process had no significant (P>0.05) influence on milk’s α-tocopherol contents, averaging 

0.073 mg/100g of milk for all types of milk. The present study identified another two 

tocochromanols: β-tocopherol and ϒ-tocopherol, although not all beverages presented them. β-

tocopherol and ϒ-tocopherol was only detected in soy PBMA (0.191 mg/100g 0.376 mg/100g, 

respectively) and oat PBMA (0.065 mg/100g and 0.153 mg/100g, respectively). 

Lastly, β-carotene content presented significant differences (P<0.05) between beverages. Like in 

total lipids and total cholesterol content, the skimming process had a significant effect (P<0.05) on 

β-carotene content with a reduction of 39.6% and 85.5% between whole fat, half-skimmed, and 

skimmed milk, respectively. On the other hand, the β-carotene content was not significantly 

different between PBMA and skimmed milk, averaging 11.40 µg/100g. 

The preliminary results of this study indicate that the replacement of cow’s milk by PBMA can 

decrease the intake of fat and cholesterol, and increase the intake of vitamin E, whereas the intake 

of β-carotene is negatively affected by this substitution.  

 

Acknowledgements: We would like to thank to Fundação para a Ciência e Tecnologia (FCT) for receiving a Ph.D. scholarship -

SFRH/BD/136921/2018. 

Funding: This work was financially supported by Fundação para a Ciência e Tecnologia IP, Grant UIDB/00276/2020; Associação Nacional 

dos Industriais dos Laticínios (ANIL); Associação Portuguesa de Buiatria. 

 

References:  

1.  Jeske S, Zannini E, Arendt EK. Evaluation of Physicochemical and Glycaemic Properties of Commercial Plant-Based Milk Substitutes. 
Plant Foods Hum Nutr. 2017;72(1):26–33.  

2.  Jeske S, Zannini E, Arendt EK. Past, present and future: The strength of plant-based dairy substitutes based on gluten-free raw 
materials. Food Res Int. 2018;110:42–51.  

3.  Thorning TK, Raben A, Tholstrup T, Soedamah-Muthu, Sabita S Givens I, Astrup A. Milk and dairy products: good or bad for human 
health? An assessment of the totality of scientific evidence. Food Nutr Res. 2016;60(1):32527.  

4.  Bridges M. Moo-ove Over, Cow’s Milk: The Rise of Plant-Based Dairy Alternatives. Pract Gastroenterol. 2018;20–7.  
5.  Folch J, Lees M, Stanley GHS. A simple method for isolation and purification of total lipides from animal tissues. J Biol Chem. 

1957;226(1):497–509.  
6.  Prates JAM, Quaresma MAG, Bessa RJB, Fontes CMGA, Alfaia CMPM. Simultaneous HPLC quantification of total cholesterol, 

tocopherols and β-carotene in Barrosã-PDO veal. Food Chem. 2006;94(3):469–77.  
 

 

  



 

413 
 

PC-D44: Chemical Composition and Omega 3 Human Health Benefits of Two 

Sea Cucumber Species of North Atlantic  

Sabrina Sales a,b, Helena Maria Lourenço b, Maria Fernanda Pessoa a, Ana Pombo c, Pedro Miguel 

Félix d, and Narcisa Maria Bandarra b 

 
a GeoBioTec, Department of Earth Sciences, Faculty of Science and Technology, New University of Lisbon, Lisbon, Portugal; 
b Department of Sea and Marine Resources, Portuguese Institute for the Sea and Atmosphere (IPMA), Lisbon, Portugal;  
c MARE – Marine and Environmental Sciences Centre, ESTM, Instituto Politécnico de Leiria, Peniche, Portugal;  
d MARE – Marine and Environmental Sciences Centre, Faculty of Sciences, University of Lisbon, Lisbon, Portugal;  
e CIIMAR, Interdisciplinary Centre of Marine and Environmental Research, University of Porto, Porto, Portugal 

Email: sabrinadesouzasales@gmail.com 

The main goal of this study was to investigate the seasonal chemical changes of two sea cucumber 
species caught from Portugal. The potential contribution to human health of lipids was also 
evaluated. For this, the chemical composition (protein, ash, and fat) and lipids composition of 
Holothuria arguinensis and Holothuria forskali was followed in summer and winter. Both species 
presented adequate levels of protein and ash and low content of total lipids, although their lipid 
profile showed a high proportion of polyunsaturated fatty acid (PUFA). Eicosapentaenoic acid (EPA) 
was abundant in all samples, and a favorable and similar n-3/n-6 ratio was found for both species. 
The atherogenic and thrombogenicity indices and hypocholesterolaemic/hypercholesterolaemic 
ratio suggests a high-quality for H. arguinensis and H. forskali. In general, significant differences 
were observed between species but not between summer and winter. Some significant variations 
were observed between summer and winter in the lipid profile of both species and in the chemical 
composition of H. forskali. Results indicate that these species have adequate nutritional quality for 
human consumption and may be suitable for the development of reliable fatty acid guides in sea 
cucumbers. 
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The growth of agricultural activity in the south of Portugal associated with current and predicted water 
scarcity in the Mediterranean basin has put new challenges in the water resources management. Agro-
industrial wastewaters are rich in organic matter and nutrients and, therefore, are simultaneously 
considered as good sources of water and nutrients for agricultural application and food production. 
The production of crops in soilless systems, such as hydroponics has been growing in recent years for 
food production. The application of agro-industrial wastewater in hydroponic systems can have a 
double advantage, allowing simultaneously the food production and reduce the concentration of 
organic matter and nutrients in these wastewaters   for other utilizations or public discharge. So, the 
main purpose of this study was to evaluate the yield and quality of tomatoes produced using a 
hydroponic system with pre-treated slaughterhouse wastewater. A month after sown, tomato plants 
(Syrine) were transferred for a re-circulating hydroponic system and during the first 13 days were 
maintained with a nutrient solution of fertilizers. Then, control nutrient solution (CNS) was applied in 
three lines, and slaughterhouse wastewater (SWW) pre-treated and diluted was applied in the other 
three lines. Each line had a total of 8 plants. The CNS consisted of a mixture of commercial fertilizers 
to achieve the plant’s needs. Slaughterhouse wastewater solution was previously treated by basic 
calcium precipitation processes, with the addition of hydrated lime (Ca(OH)2) (200 g/L) until a pH = 
12.51 and diluted at 1:5 with water and supplemented with deficit nutrients. When ripe, the tomato 
fruits were harvest and weighed for determination of the production per plant. Fruits greater than 20 
g and without injuries were then selected and analysed for physicochemical (weight, transverse and 
longitudinal diameter of fruit, colour, firmness, dry matter, ash, total soluble solids, total titratable 
acidity, conductivity and pH) and nutritional parameters (total phenols and antioxidant activity). The 
SWW treatment resulted in lower tomato production (P < 0.001, 861.7 g/plant) than CNS treatment 
(1488.6 g/plant). Moreover, fruits from SWW treatment were lighter (P < 0.001, 71.5 vs 93.7 g in SWW 
and CNS, respectively) and smaller than the control (height – P < 0.001, 4.24 vs 4.54 mm; diameter – 
P < 0.01, 5.26 vs 5.71 mm in SWW and CNS, respectively). However, the SWW treated tomatoes had 
brighter, redder, more vivid colours, as well as more soluble solids and acidity when compared with 
the control (P < 0.001, 5.58 vs 4.84 °Brix and 0.71 vs 0.57 % citric acid in SWW and CNS, respectively). 
These traits are often associated with better flavour and consumers’ acceptability. The total phenolic 
content and antioxidant activity of tomato were not affected by nutrient solution applied in the 
hydroponic system. In conclusion, slaughterhouse wastewater could be a promising nutrient source 
to hydroponic production of tomatoes, while water excessive nutrients are removed. However, a few 
adjustments will be necessary to ensure that fruit yield is not compromised.    
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Calcium, iron and zinc are minerals of greatest concern when considering the nutritional value of 
vegetarian diets, since those minerals are mostly present in animal foods.1,2 Calcium plays an 
important role in bone health, muscle contraction, nervous system and blood clotting.3 Iron is 
essential for several vital functions, such as the transport of oxygen (O2) and carbon dioxide (CO2) 
in the blood. 4 Zinc intervention is essential for normal development into adulthood, as well as for 
the proper maintenance of vital functions and the immune system.4 The aim of this study was to 
assess calcium, iron and zinc contents in vegetarian foods. In this study, calcium, iron and zinc 
contents were determined by inductively coupled plasma optical emission spectrometry (ICP-OES) 
in 16 food composite samples (Goji berries, chia seeds, textured soy protein, fresh semi-fat cow 
cheese, fresh low-fat cow cheese, fresh goat cheese, Greek yogurt with fruit, soy “yogurt”, 
unsweetened natural Greek yogurt, buckwheat, wheat bulgur, spelt flour, soy sausage, seitan, soy 
dessert and Brazil nuts) selected based on the responses of vegetarians' food consumption to the 
National Food and Physical Activity Survey (IAN-AF) 2015-2016, and focusing on foods whose 
information was outdated or non-existent in the Portuguese Food Composition Table.5 Iron levels 
ranged between 0,2 mg/100 g (LOQ) in yogurts and cheeses and 8,3 mg/100 g in textured soy 
protein. Zinc levels ranged between 0,2 mg/100 g in soy "yogurt" and 5,7 mg/100 g in textured soy 
protein. Calcium levels ranged between 20 mg/100 g in seitan and 579 mg/100 g in chia seeds 
(Figure 1). Regarding mineral intake recommendations 6, the difficulty in obtaining iron, zinc and 
calcium minerals, strictly through food, is confirmed in this dietary pattern. Thus, the importance of 
careful daily dietary planning, the inclusion of fortified foods and the possibility of resorting to 
supplementation when needed is reinforced, in order to have a nutritionally adequate diet. 
 

 

Figure 1: Iron, zinc and calcium contents in the studied food samples. 
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Canned fish is a food highly appreciated in Europe, with a great tradition in European and 
Mediterranean cuisines. In recent years there has been a growing demand for canned fish (e.g., 
sardines, tuna), either because of its usefulness and ease of use, but above all due to the health 
benefits related with this type of food. There has also been a growing trend in the market for 
providing differentiated products, traditionally called gourmet, with the emergence of new recipes, 
seasonings, and topping liquids. Canned foods are usually commercialized with different coating 
liquids, including natural preserves (water), with vegetable oils or olive oils with different 
commercial grades. This latter strategy is quite popular as a way of valuing and differentiating this 
type of canned food. However, the interaction between the fish and the coating liquid during 
storage, together with the technological processing of the canned food turns the authenticity 
assessment a hard analytical task, which is of major relevance considering the high price and the 
premium market envisaged for commercialization. Thus, this work aimed to evaluate the use of a 
potentiometric electronic tongue to discriminate canned tuna with different coating oils, namely, 
olive oil (extra virgin or virgin olive oil), refined olive oil and sunflower oil. Fifteen tuna samples were 
acquired, including five canned cans from different commercial brands for each studied oil. The 
samples were drained for 2 min, the tuna was removed from each can, extracted with a methanol-
water solution (80:20, v/v) and then analysed with the electronic tongue (E-tongue). In total, for 
each sample, 40 potentiometric signal profiles were recorded by the 40 lipid sensor membranes 
comprised in the lab-made E-tongue (Figure 1)1. The results clearly showed that the acquired E-
tongue profiles together with chemometrics (linear discriminant analysis coupled with the simulated 
annealing variable selection algorithm, LDA-SA), allowed correctly classifying 100% (Figure 2) of the 
original grouped data (training). The LDA-SA-E-tongue model was based on the potentiometric 
signals recorded by 7 of the 40 sensors, leading to a satisfactory predictive performance (internal 
validation), namely 93% and 86% for leave-one-out cross-validation and repeated K-fold cross-
validation (4 folds and 10 random split repeats) procedures. In conclusion, the E-tongue could be 
foreseen as a practical and accurate tool for guaranteeing the label correctness of tuna canned cans 
according to the coating oil used, namely allowing a clear recognition of the type of vegetable oil 
used, i.e., sunflower or olive oil. 

 

Figure 1: Lab-made E-tongue comprising two cylindrical sensor arrays, each with 20 sensors. 
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Figure 2: Supervised discrimination of canned tuna with different coating oils (■: Olive oil (virgin or extra virgin 

olive oil); ●: Refined olive oil; ▲: Sunflower oil) using an LDA-SA-E-tongue model based on potentiometric 

signals acquired by 7 lipid sensor membranes. 
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From centuries, wine has a fundamental role in the culture and habits of different civilizations. 
Amongst numerous wine types that involve specific winemaking processes, fortified wines possess 
an added value and are greatly honoured worldwide. Chemically, wine is a fascinating and very 
complex matrix constituted by several hundreds of chemical compounds/groups – water, ethanol, 
glycerol, organic acids, carbohydrates, and to minor extent terpenoids, pyrazines, higher alcohols, 
ethyl esters, fatty acids, nitrogenous compounds, sulphur compounds, furanic compounds, among 
others [1,2]. The final quality of wine depends on several factors and parameters namely the grape 
varieties, geographical region, terroir and climatological conditions, vinification process, including 
fermentation conditions (must composition, dominant yeasts, pH, temperature) and aging [1,2]. 
Amongst numerous wine types that involve specific winemaking processes, fortified wines possess 
an added value and are greatly honoured worldwide. The description of the most important 
characteristics of the main worldwide fortified wines—Madeira, Port, Sherry, Muscat, and 
Vermouth will be considered. The chemistry of fortified wines flavour, the origin of typical aromas 
(primary, secondary and tertiary), and the influencing parameters during the winemaking process 
will be highlighted in addition to some specificities of worldwide fortified wine, mainly its volatile 
composition with particular emphasis on aroma compounds. The vinification processes, the 
evolution of volatile organic compounds (VOCs) during the aging processes, and the most important 
odor descriptors will be also considered. Given the worldwide popularity and the economic 
relevance of fortified wines, much research should be done to better understand accurately the 
reactions and mechanisms that occur in different stages of winemaking, mainly during the oxidative 
and thermal aging 
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The growing brewing industry1 generates increasing amounts of spent yeast from its fermentation 
processes. To apply a circular economy concept, spent yeast can be used to produce ingredients 
from yeast cell wall such as β-glucans and mannans2 whereas the remaining fractions are further 
processed to recover proteins and peptides. The high protein content of spent yeast (about 45-60%), 
including essential amino acids with high biological value, low cost and safety, are primarily 
responsible for its use in agri-food sector. Meanwhile, cosmeceutical and health sectors have also 
been working on yeast bioactive peptides because of their antihypertensive, antioxidant and 
antimicrobial properties, among others. In fact, peptides have been described as bio-functional 
ingredients in the nutraceutical and functional food market, and due to fewer side-effects when 
compared with synthetic drugs, they are becoming an option in health sector as well. To evaluate 
the potential of the abovementioned peptide fractions as a source of bioactive ingredients for 
nutraceutical market, they were chemically characterized in terms of protein amount, molecular 
weight (MW) distribution (Figure 1) and amino acid content, being their biocompatibility with 
specific colon cell lines evaluated as well. Furthermore, their potential to provide antihypertension, 
antioxidant, antimicrobial and anti-cholesterolemic activities were assessed. Results revealed that 
different yeast peptides fractions showed IC50 values between 0.99 and 1.72 mg/mL in ACE 
inhibition assay, highlighting the peptide fraction under 1 kDa with the greatest antihypertensive 
activity. On the other hand, the same fractions showed a 62 to 71% of inhibition of the enzyme 
HMG-CoA reductase using an HMG-CoA Reductase Activity Assay Kit for testing. Together, both 
results pave the way for their application in nutraceutical products. 
 

 

Figure 1: MW profile of peptides fractions derived from waste streams of yeast mannan extraction processes. 
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Seaweeds (also called marine algae, macroalgae or “sea vegetables”) are aquatic photosynthetic 

organisms that have been worldwide explored mainly for food purposes due to their great 

nutritional profile.1 Within the algae compounds, the polysaccharides, namely agar, carrageenan, 

and alginate have been also used commercially as thickeners, gelling agents, and stabilizers.2 More 

recently, these seaweeds’ polysaccharides have been proposed for food packaging and coating 

materials application.3 Thus, the aim of this study was to develop edible films to be applied in food 

products using the carbohydrates extracted with water from the red seaweeds Gracilaria gracilis 

(Figure 1a) and Chondrus crispus (Figure 1b), and the brown seaweed Bifurcaria bifurcata (Figure 

1c).  

The three algae were washed, dried at 50 °C until constant weight, and milled. An aqueous 

extraction of the powders was performed to obtain carbohydrate-rich extracts. G. gracilis extract 

comprised 64% of carbohydrates, mainly constituted by galactose (45% molar) and 3,6-

anidrogalactose (31%), inferring the presence of agar. The extract of C. crispus contained 44% of 

carbohydrates, mainly galactose (75 %molar) and 3,6-anidrogalactose (16%), confirming the 

presence of carrageenan. On other hand the extract of the brown algae B. bifurcata was composed 

by 62% of carbohydrates, mainly composed by uronic acids, in accordance with the presence of 

alginate.  

To obtain the edible films, the extracts were dissolved in distilled water (1% w/v) and glycerol (0.3% 

w/v) was added into the solutions as plasticizer. The solutions were filtered under vacuum, 

degassed, and transferred into a plexiglass plate. The plates were placed in an oven for 15 h at 35 

°C for film formation by solvent casting. The films produced from B. bifurcata extracts were 

immersed in a calcium chloride solution (2% w/v) for 3 min to increase their water resistance. The 

extracts obtained from the different algae were able to form films with antioxidant properties 

(Figure 1d, e, and f). The B. bifurcata and C. crispus based films revealed an inhibition of 93% and 

81%, respectively, after 8h of reaction (measured by ABTS method), while G. gracilis based films 

presented a lower inhibition of 42%. Nevertheless, all extracts obtained from the different algae 

revealed a great potential to develop edible films with antioxidant capacity to be applied in food 

industry. 
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Figure 1: Seaweeds: a) Gracilaria gracilis, b) Chondrus crispus, and c) Bifurcaria bifurcata. Seaweeds based 
films of d) Gracilaria gracilis, e) Chondrus crispus, and f) Bifurcaria bifurcata. 
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Pico cheese is an artisanal dairy product manufactured in Pico Island (Azores, Portugal) without the 
addition of a starter culture. Traditional raw-milk cheeses would benefit from batch standardization 
and introduction of additional safety hurdles, if the richness of their sensorial properties is not 
affected. Their unique autochthonous microbiotas have been explored for this purpose. 
In this work, autochthonous Lactococcus lactis L1C21M1, Lacticaseibacillus paracasei L1B1E6, and 
Leuconostoc pseudomesenteroides L1B1E6 were used with the aim of enhancing proteolysis and 
controlling microbial contaminants in model cheeses produced using Pico cheese manufacture 
protocol. Model cheeses were prepared either from raw milk, without the addition of a starter 
culture, or from pasteurized milk to which these bacterial strains were added as single cultures and 
in combinations. Artisanal, traditional cheese was also obtained for analysis. Proteolysis was 
evaluated in all cheese samples by assessing water-soluble nitrogen (WSN), as well as nitrogen 
soluble in 2 and 12% trichloroacetic acid (2%TCA-SN and 12%TCA-SN), as described by Macedo & 
Malcata1. Coagulase-positive staphylococci were enumerated in Baird-Parker Agar with egg yolk and 
tellurite. Sensory testing was performed through a unipolar verbal test (5 points, 34 individuals). 
ANOVA was carried out and, whenever significant differences within factors were detected, multiple 
comparisons were performed using either Fisher’s or Tukey’s test. 
It was possible to obtain sensorially acceptable cheeses only with the L1C21M1 strain (data not 
shown). The values of the different proteolysis indexes are given in Table 1. The lowest WSN values 
corresponded to the artisanal cheese. WSN values in cheeses prepared with an experimental starter 
culture composed of more than one LAB did not differ significantly (P<0.05) from those of the 
artisanal cheese. Experimental cheeses manufactured from raw or pasteurized milk with 
autochthonous Lc. lactis, Lb. paracasei, or Ln. pseudomesenteroides had the highest levels of WSN, 
indicating that proteolysis was more extensive in these cheeses, but still lower than the PDO 
specifications of 25.00 – 34.00 g/100 g TN. Similar WSN values were obtained earlier when analyzing 
artisanal cheeses from 3 dairy plants2. As indicated by 2% and 12% TCA-SN values, proteolysis was 
deeper in experimental cheeses made from raw milk without a starter culture and in those made 
with either autochthonous lactococcus or leuconostoc as single-strain starter cultures.  The values 
obtained for 2% TCA-SN were similar to those in Câmara et al.2, but 12% TCA-SN values were higher 
in the present study. Both fractions derive mainly from the activity of bacterial peptidases. Peptidase 
activities have been detected previously in these LAB strains, in culture media3. However, these 
results cannot be easily transposed to the complex cheese matrix.  
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In the artisanal cheese, very high coagulase-positive staphylococci numbers were present, reaching 
levels of 6 log cfu/g (Table 1), which could pose a threat in terms of staphylococcal enterotoxin 
accumulation4. Coagulase-positive staphylococci were found in the raw milk used in the 
manufacture of all experimental cheeses, in numbers that ranged from 2 – 4 log cfu/ml. However, 
no coagulase-positive staphylococci were detected in the curd and mature experimental cheeses 
made with addition of a starter. In the raw milk experimental cheese, a 1 log cycle increase was 
observed from milk to curd, but no coagulase-positive staphylococci were detected in the mature 
cheese. Therefore, addition of a starter seems to be an effective barrier against staphylococci in the 
experimental cheeses, an important finding since coagulase-positive staphylococci have been 
identified as the main safety issue in Pico cheese2.  
In conclusion, using pasteurized milk inoculated with an autochthonous lactococcal or leuconostoc 
culture led to more extensive, deeper proteolysis than in the artisanal cheese. However, the 
obtained values were still too low compared with those in the PDO criteria, indicating the need to 
revise these specifications. Addition of autochthonous LAB afforded early control over coagulase-
positive staphylococci. It could, therefore, be a valuable aid in controlling the risks posed by these 
bacterial contaminants in Pico cheese. 
 
 

Table 1: Proteolysis indexes (g/100 g cheese) and staphylococcal populations (cfu/g or ml) in experimental 

and artisanal Pico cheeses. Values are the average ± standard error of the mean (SEM) (n=3). Cheeses that are 

marked with different superscripts differ significantly (P<0.05) in each line. 
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Food by-products are rich sources of bioactive compounds. Although these can have significant 
potential for therapeutic activities, sometimes, weak bioavailability and low absorption rates can 
limit the functionality of these phytoconstituents. Lipid-based nanoparticles present a substantial 
similarity to cell membranes and a high efficiency on target delivery of active compounds, facilitating 
the permeability of active natural structures through a transdermal cell route.1   Natural polymeric 
coating can modify the reactivity, durability, release time and action mechanisms of 
phytoconstituents, as well as protecting against heat, photosensitivity and reduce the 
agglomeration.2  
The main aim of this work was to formulate and compare coffee silverskin-containing nano-
phytosomes coated by different natural polymers such as pectin (PE), maltodextrin (MA), gum arabic 
(GA), starch (S), and S/GA and S/PE complexes as binary layers. For this purpose, a silverskin extract 
was previously enriched using absorbent resin column chromatography. The enrichment was 
confirmed by chromatographic analysis (HPLC-DAD) and spectrophotometric assays (total phenolics 
and total flavonoids contents). The nano-phytosome and binary layers were produced and 
characterized regarding product yield, particle size, zeta potential, encapsulation efficiency (EE), 
loading capacity (LC), and by Scanning Electron Microscopy (SEM) images. The release kinetics was 
evaluated by zero order, first order and Korsmeyer-Peppas kinetic model to assess the most efficient 
delivery technique. The analysis and comparison of different models was performed based on the 
correlation coefficients R2 values obtained by fitting the mathematical models to the experimental 
results. 
It was possible to enrich the silverskin extract about 3-fold, regarding the caffein content, and about 
6-fold for total phenolics content (expressed in chlorogenic acid equivalents). The obtained ranges 
for product yield, EE and LC were 35.2-72.9%, 90.7-97.3, and 8.8-5.1 %, respectively. Particle size 
and zeta potential were characterized for the nano-phytosome (70.8 nm and -84.24 ± 6.58, 
respectively) and for the nano-phytosome coated by natural polymers (with a binary layer) – from 
707.0 to 298.7 nm and from -61.86 ± 4.48 to -32.77 ± 4.73, respectively. Pectin was shown to 
produce the biggest particle and starch produced the smaller one. The morphology of different 
particles is shown in Figure 1. The zeta potential proved the high stability of the nano-phytosome in 
aqueous media. The gum Arabic loaded by nano-phytosome with a zeta potential value of -61.86 ± 
4.48 was the most stable particle. The release time varied between 100 and 1783 minutes, for GA 
and PE, respectively. The kinetic modelling for drug release studies of the produced particles 
revealed correlation coefficients’ range values of 0.70 – 0.99, 0.66 – 0.98, and 0.84 - 0.97, 
respectively for the zero order, first order and Korsmeyer-Peppas mathematical models. The 
Korsmeyer-Peppas kinetic model showed the best fit in all samples, and the calculated n values 
revealed that all samples followed a Fickian diffusion (case I transport) at acidic media (pH 2.1) and 
at neutral media (pH 7.8), except the PE-based particles at acidic media and the S/PE complex at 
neutral media, which followed an anomalous transport due to a combination of diffusion and 
swelling factor (case II transport). 
In conclusion, the nano-phytosome coated by binary layer proved to be a promising candidate for 
target delivery of a coffee silverskin enriched extract, both for fast and slow release, according to 
the binary layer used. 
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Figure 1:   SEM images of nano-phytosome coated by natural polymers: a) Ph-SEE-GA, b) Ph-SEE-PE, c) Ph-SEE-
MA d) Ph-SEE-S, e) Ph-SEE- S/GA, f) Ph-SEE-S/PE; SEE, silverskin enriched extract.  
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The sea urchin Paracentrotus lividus is a high-value commercial species with increasing importance 
due to its highly appreciated gonads,1 the only edible part. This species is, in general, marketed alive 
and their gonads are mostly consumed raw, thus freshness plays an important role. The freshness 
of seafood is linked to sensory properties and raw appearance mostly determines its commercial 
value. Although sensory evaluation is the most important method for assessing the seafood 
freshness, chemical methods provide important complementary information.23 Among chemical 
parameters, the nucleotides (adenosine triphosphate - ATP; adenosine diphosphate - ADP; 
adenosine monophosphate - AMP and inosine monophosphate - IMP) and their catabolites (inosine 
-HxR and hypoxanthine - Hx) have been widely used as chemical indicator of seafood freshness.45 
In this work we have investigated the quality changes in the gonads during the chill storage (7 °C) of 
live sea urchin P. lividus using sensory and chemical methods, to estimate the shelf-life. This work 
was carried out in the frame of larger study aimed to the development and validation of a quality 
index method (QIM) for live sea urchins/ gonads during chill storage. The QIM is a specific sensory 
method that allows to discriminate different freshness levels.23 
Live sea urchins were harvested from coastal areas of SW of Portugal, from January to March, prior 
spawning season and were kept under wet refrigerated conditions at 7.1±0.8 °C. During the storage 
4 to 6 individuals were regularly sampled over 8 days. After sea urchin’s assessment, the individuals 
were dissected, the gonads carefully removed, washed in cold artificial seawater (4 °C) and divided 
for sensory and nucleotides determination. Raw gonads were sensory evaluated by 4 trained 
assessors that evaluated the gonads from the same sea urchins. Several attributes were rated, 
namely appearance, odour, flavour and texture using a 5-point intensity scale (0-absent, 1-slight, 2-
moderate, 3-strong, 4-extreme).6 The remaining gonads were pooled and stored at -80 °C until 
nucleotides quantification. The extracts were prepared by gonads homogenisation in 0.6 M 
perchloric acid (1:5, m/v). The HPLC conditions were done according to Ryder7 using an Agilent 1100 
series equipment with a reverse phase column (250 x 4.6 mm, 10 µm; VDS Optilab). The extension 
of nucleotide degradation was calculated through the K index (%) = (HxR + Hx) x 100/ 
(ATP+ADP+AMP+IMP+HxR+Hx).4 
Initially, gonads were very fresh and presented a bright yellow-orange colour and firm appearance 
(3.0±0.4; Figure 1a), were almost odourless with slight marine-like notes and evidenced a strong 
sweet flavour (Figure 1b). A gradual decrease of these scores was reported, attaining scores of 
1.0±0.8 and 0.0±0.0, respectively for appearance (soft, irregular and sticky) and odour on the 6th day 
of storage. The typical sweet flavour was rated only as slight at day 4 and 6. Furthermore, slight off 
odours/flavours were perceived on day 4 (Figure 1b). 
Concerning nucleotides, ATP had initial levels around 1 µmol/g and reached considerably lower 
values at days 4, 6 and 8 (Figure 1b). IMP had the highest concentration which remained almost 
constant (3.99±0.97 µmol/g) throughout the storage period. ADP and AMP showed relatively similar 
initial concentrations (0.59±0.14 and 0.56±0.38 µmol/g, respectively). The production of nucleotide 
breakdown products, HxR and Hx, were reported day 6 onwards, with average concentrations of  
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0.12±0.02 and 0.23±0.06 µmol/g, respectively, corresponding to a K value of 4-5%. As a conclusion, 
the gonads presented a borderline freshness at day 4 and the quality was clearly compromised at 
day 6. Thus, the shelf-life of the gonads from live sea urchins stored at 7 °C is estimated up to 4-5 
days. 

 
 

Figure 1: Quality changes of sea urchin gonads during the chill storage: a) appearance; b) Typical sweet flavour, 

and off odours/flavours mean scores (0.4≤standard deviation≤1) and ATP concentration (0.02≤standard 

deviation≤0.14) 
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Introduction 
Rice bran (RB) is a by-product obtained from the outer layer of the rice kernel during milling to 
produce white rice. In commercial rice mills, RB is removed using battery of polishers and different 
fractions of rice bran are produced [1]. RB has great potential as a supplementary source of many 
nutrients, containing 12–17% protein, 13–23% fat, 34–54% carbohydrates, 6–14% fibre and 8–18% 
ash [2]. Despite their large nutritional potential, the rice bran is highly prone to rancidity during 
storage if it is not stabilized. The stabilization reduces peroxidase, lipases, lipoxygenase, and auto-
oxidation enzymatic activities [1]. Heat treatment is the most common method to stabilize RB, as 
high temperatures denature the enzyme responsible for lipid degradation without destroying the 
nutritional value of the RB [3]. It has been stated that the best method to reduce the lipase activity 
and to improve the functional properties of rice bran is microwave heating-based treatment [4]. 
Rice bran oil (RBO) is obtained by extraction of the lipidic phase from the rice bran. RBO is singular 
among edible vegetable oils because of its unique fatty acid composition, ɣ-oryzanol, phenolic 
compounds (e.g., ferulic acid) and vitamin E (tocopherol and tocotrienol) [5]. The crude rice bran oil 
is extracted either by mechanical methods with oil pressers or by chemical methods with solvent 
extraction. At the current scenario, RBO is extracted mostly in Asian countries using food grade 
hexane by keeping bran in contact with excess amount of hexane under hot condition for 2 h [6]. 
Microwave assisted extraction of fats and oils have recently gained popularity due to its reduced 
extraction time, energy, and solvent consumption [6]. It is a relatively new extraction method that 
can be alternatively used for extraction of oils. The system is specially designed to operate at 
elevated temperatures and pressures monitored by a fibre optic temperature probe [7]. The 
objective of this study was to determine the impact of rice bran stabilization by microwave-assisted 
technology on the extracted oils yields from Carolino rice bran. 
Materials and methods 
Portuguese Carolino rice bran of the Ariete variety was obtained from an industrial milling. RB was 
stored at -18°C until analysis. On the day of analysis, it was thawed for 4 hours at room temperature 
and then sieved (710 micrometre mesh). For lipase inactivation, RB was stabilized in batches using 
the procedure of Malekian et al. [8]: moisture content was determined and corrected to 21% by 
adding water and mixing; 100 g of raw RB were placed in a sealed polyethylene bag and exposed to 
microwave heating (2.450 MHz and 550 W) for 3 min. Final heated bran temperature was 103 ⁰C, 
being cooled to room temperature. To obtain crude RBO, samples of 5 g of stabilized rice bran (SRB) 
and non-stabilized rice bran (NSRB) were weighed to Teflon vessels of the Ethos X Microwave 
Extraction System (Milestone, Inc. Monroe, CT), following the procedure based on Zigoneanu et al. 
[7]. Absolute ethanol was used as solvent, and the extractor operated at constant temperature of 
120 ⁰C for 15 minutes. Samples were cooled down and filtered. Crude oil was obtained by removing 
the solvent using a rotary evaporator. 
Results 
Crude oil extraction yield from non-stabilized RB was significantly higher (p=0.001) than stabilized 
rice bran (Table 1). 
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Table 1 – Rice bran oil extraction yield of from non-stabilized and stabilized bran samples. 

Sample Extraction yield (%) Standard deviation p-value 

Non-Stabilized rice bran 15.50 0.29 
0.001 

Stabilized rice bran 14.83 0.37 

 

Available studies [4,9] suggest that stabilization of RB by microwave heating improves oil extraction 
yield, however different temperature and moisture conditions were applied. . In other studies, using 
microwave-assisted extraction [6,7,10], RB was not stabilized. This can be explained by the fact that 
the temperatures of the microwave extraction process cause the oil to stabilize by the denaturation 
of the lipases, therefore, prior stabilization is unnecessary. Also, water content in RB has an 
important factor with influence on microwave extraction: water is an ideal microwave absorber due 
to its high dielectric constant, and RB stabilization led to water loss due to the high temperatures 
generated during the process. 
 

Conclusions 
These results may indicate that bran microwave stabilization prior to the microwave extraction leads 
to lower crude oil extraction yields compared with non-stabilized bran. As a suggestion for future 
studies, the use of samples with different moisture contents should be considered to study its 
influence on microwave-assisted extraction. 
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Nowadays, one of the main challenges facing the Food Industry is to find natural ingredients with 
preservative function that leading quality and safety maintenance of processed food with less or 
without addition of the synthetic additive1. The synthetic antioxidant additive, BHT – 2,6-di-tert-butyl-
4-hydroxytoluene, is frequently used in processed food to diminish and retard the quality changes and 
microbial development during the shelf-life period. Operations like cut, mixture, and homogenization 
of raw materials, combined with elevated fat content and reduction of natural antioxidants added in 
processed foods, have been referenced as promoters for quality change by lipid oxidation. Based on 
previous research studies with blackberries (Rubus ulmifolius), regarding the richness in antioxidant 
capacity expressed by the presence of phenolic compounds, flavonoids and anthocyanin, these fruits 
are potential natural source of antioxidant compound2. 
The main goal of our study was to perform the sensorial analysis of one processed food under 
development formulated with barnacle (Pollicipes Pollicipes) with low commercial value and 
blackberries. To achieve this goal, the sensorial analysis of three barnacle pâté samples, without (ID: 
PP) and with 2.5% (ID: PP+2.5RU) and 10% (ID: PP+10RU) of blackberries, were performed by 
SensoMarES panel, constituted by 19 panellists semi-trained where 13 Researchers are females and 6 
men, between 18 and 65 years old. Firstly, the panellists were participated in training sensorial 
sessions, where some of the most important quality attributes that characterizes the consumer 
preference of one food in particular, the barnacle pâté, were considered. In this line, the quality 
attributes related to appearance (colour, homogeneity), odour (seafood odour, red fruit odour, rancid 
odour), texture (creaminess, granularity, juiciness) and flavour (sweet flavour, acid flavour, salty 
flavour, umami flavour, rancid flavour) combined to global appreciation and intention of purchase of 
pâté samples, were evaluated in a 5-point scale (from low to high intensity). Also, determination of 
pâté colour to obtain the CIE L*a*b* colour parameters and the total difference colour (TDC)3 were 
realized.  
The colour of barnacle pâtés samples was changed significantly (P < 0.05, Tukey test) with addition of 
blackberry in the two proportions (2.5 and 10 %) considered in the present study. Both fruits 
concentrations were contributed for an increase of colour intensity, having been identified by the most 
of panellists with a special focus on the PP-10 RU sample. In this pâté samples about 63% of panellist 
evaluated the colour as very and extremely intense compared to sample with less blackberry, being 
evaluated as low and slightly by 47% of panellist. This difference was expressed as TCD where the PP 
sample is the control sample and the colour of barnacle pâté with 2.5% of blackberry was classified as 
“very distinct difference” and the sample with 10% of blackberry “big difference” based on 
Classification criteria on colour difference by Drlange (1994)3 (Figure 1).  
The barnacle was the main raw material of the pâté sample in study, and for this reason the seafood 
odour received the highest score by the panellists in all samples (slightly-moderate, 59-79%) compared 
to the score of rancid odour being evaluated with low intensity (90%) (Figure 2). The red fruit odour 
was equally perceived in samples PP+2.5 and PP+10 RU, with the same value being recorded in terms 
of scale (68.42, 26.32 and 5.26 for low, slightly and moderate odour of red fruit). The barnacle pâté 
was presented as moderate creaminess (73.68%), and with the addition of blackberry was improved 
this very appreciable quality attribute of this type of food product (Figure 3).  
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Overall, the results obtained in our study are promising, since the sensorial evaluation of the new 
food indicates that this product if presented to the consumers has potential of acceptance and 
possibility to buy. Also, a valorisation of barnacle with no commercial value will be attained, with 
the development of a new food product, the barnacle pâté. Further studies are needed to 
consolidate of consumer acceptability of this product and understanding the potential antioxidants 
mechanisms of the blackberry in the processed food with benefits of shelf-life extension. 

   
Figure 1 – Luminosity (L*colour parameter) and total 
colour difference (TCD) of the barnacle pâté (ID: PP) 
enriched with 2.5% (ID: PP+2.5 RU) and 10% (PP+10 
RU) of Rubus ulmifolius. 

Figure 2 – Sensory scores of the barnacle pâté 
(ID: PP) enriched with 2.5% (ID: PP+2.5 RU) and 
10% (PP+10 RU) of Rubus ulmifolius. 

 
(A)                      (B)                                 (C) 

     
Figure 3 – Global appreciation of the barnacle pâté (ID: PP, 
A) enriched with 2.5% (ID: PP+2.5 RU, B) and 10% (PP+10 
RU, C) of Rubus ulmifolius. 
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Environmental sustainability, the safety and nutritional quality of meat are currently the main 
challenges of beef production systems. In Portugal, bulls and heifers are fed during fattening on 
concentrate-based diets mainly composed of cereals and oilseed derivatives (eg. soybean meal), 
mostly imported raw materials. The use of forage-based diets and the reduction of cereals in the 
concentrate fraction by replacement with agro-industrial by-products were explored to reduce the 
environmental impact of beef production systems. Portugal has good edaphoclimatic conditions for 
produce good quality haylages, which can be a substitute for conventional raw materials. In addition 
to the possible impact of replacing conventional raw materials with haylage on animal performance 
and feed efficiency, it is important to evaluate the effect of this dietary strategy on meat quality. So, 
the objective of this study was to evaluate the lipid and colour stability of meat from animals fed a 
concentrate diet or fed diets in which part of the concentrate was replaced with haylage.  
Sixteen Limousine x (crossbred Alentejano) crossbred bulls and 16 heifers with 5-10 months of age 
and 167-272 kg live weight were used in the experiment. Animals were blocked by sex and weight 
and were distributed for 16 pens with 2 animals per pen, being attributed one of the following 4 
dietary treatments to 4 pens (2 males and 2 females): concentrated based diet (Control); and 3 Total 
Mixed Diets including 3 different haylages and concentrate at a ratio 50:50 dry matter. The haylages 
were produced from Persian clover (Trifolium resupinatum) and from 2 biodiverse mixtures 
(Speedmix and Tritimix - Fertiprado, Portugal). The bulls were slaughtered with an average live 
weight of 534 ± 39.5 kg and the heifers with 406 ± 45.8 kg. On the 3rd day post-slaughter, Longissimus 
thoracis (LT) muscle was collected and four sub-samples of LT with 2 cm thick were stored under 
vacuum at 2°C under continuous light during 3, 7, 14 and 21 days after slaughter for evaluation of 
the colour and lipid stability. On each day of the ageing period, a sub-sample of LT was removed 
from the bag and after 60 min to allow blooming the colour parameters were determined. After 
colour evaluation, the LT muscle was vacuum-packed and stored at −80°C until lipid oxidation 
analysis. Meat colour was evaluated in the CIELAB system using a CR-400 chromometer (Konica 
Minolta, Japan). Lipid oxidation analysis was performed in cooked meat. The meat was cooked at 
70°C in a water bath, and lipid oxidation was evaluated in a sub-sample immediately after cooking 
and in another sub-sample maintained at 4°C until 3 days after cooking. Lipid oxidation of meat was 
assessed through quantification of thiobarbituric acid reactive substances (TBARS) and expressed as 
mg of malonaldehyde (MDA)/kg of muscle. All diets were characterized for antioxidant activity by 
ferric reducing antioxidant power (FRAP) and trolox equivalent antioxidant capacity (TEAC) assays.  
Meat colour parameters were not affected by diet but varied over ageing period with a linear 
increase of the redness (a*, P=0.038) and saturation (C, P=0.041). Colour stability (ΔE), determined 
by the cumulative difference of the colour parameters L*, a* and b* evaluated at days 7, 14 and 21 
reported to the correspondent values obtained at day 3 post slaughter, increased linearly over 
ageing period (P=0.014). However, even after 21 days the average values of ΔE were below 6, the 
threshold value for consumers' perception of meat colour changes. On cooking day, the lipid 
oxidation was lower for meat from animals fed Speedmix and Tritimix haylage diets (0.10 mg 
MDA/kg muscle) than those fed Control diet (0.17 mg MDA/kg muscle), while Persian clover haylage 
diet resulted in intermediate values of lipid oxidation (P=0.018). Conversely, after 3 days of storage,  
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the lipid oxidation levels in cooked meat were not affected by dietary treatment (P=0.661, 2.93 mg 
MDA/kg muscle). At cooking day, the meat lipid oxidation increased quadratically over the ageing 
period (P=0.001), ranging from 0.13 and 0.17 in days 3 and 21 of ageing, respectively. The lower 
levels of lipid oxidation in cooked beef from animals fed diets containing Speedmix and Tritimix 
haylage are probably associated to higher antioxidant activity observed in these diets than in 
Control. Present results showed that partial replacement of conventional concentrate by haylage 
from biodiverse mixtures has a protective effect against the oxidation of meat lipids.  
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Olive oil and fish are two products with a great tradition in Portugal and high importance in 
the Mediterranean Diet. The beneficial properties of these foods for health, associated with their 
sensory characteristics, make them highly appreciated by consumers. Virgin olive oil is a vegetable 
oil rich in monounsaturated fatty acids with unique organoleptic properties that distinguish it from 
other edible oils. According to the intensity of fruitiness, extra virgin oils can be classified as ripe 
fruity and green fruity, and the latter as mild, medium and intense, depending on the intensity of 
the fruitiness. In turn, fish is a source of protein and, depending on the species, of unsaturated fat. 
The combination of these two nutritionally rich foods results in a product with excellent nutritional 
and sensory qualities, meeting the constant need for innovation in the industry. 

With the present work, the effect of using extra virgin olive oils (AVE) with different 
intensities of fruitiness (ripe fruity, light green fruity and intense green fruity) as a filling liquid in 
canned tuna was studied in comparison with other liquids that are commonly used (refined olive oil 
and sunflower oil) in terms of physicochemical and sensory characteristics. For each of the selected 
liquid medium (ripe AVE; light green AVE; intense green AVE; refined olive oil; and sunflower oil) 
five cans were filled, which were closed in a crimping machine and pasteurized following the usual 
procedure in the industry (Figure 1). All samples were analysed after one month. The following 
parameters were determined for each sample: colour using the CIELAB scale, pH, moisture content1 
and ash content2. Texture profile analysis was performed on a TA.XT. Texture Analyzer Plus (Stable 
Microsystems, Godalming, UK) using the TPA method (Texture Profile Analysis) and the sensory 
analysis was determined following the ISO guidelines3,4,5, with some adaptations. The total phenols 
were determined in the liquid medium. 

Concerning the colour, the hue (h) of the samples had an average value close to 76, varying 
between 74.4 in the intense green olive oil and 76.6 in the light green olive oil. Regarding pH, this 
ranged between 5.53 and 5.62, with the lowest value being observed in refined oil. With regard to 
moisture and ash contents, mean values of 60% and 1.3% (f.w.) were determined, respectively. 
Regarding the texture, the hardness evaluated by the maximum peak, varied between 12.5 and 17.5 
kg, with the lowest value being observed in the light green olive oil. In terms of fracturability (first 
peak), this ranged between 3.4 and 4.1 kg, with the lowest value being observed in the intense green 
olive oil. In the sensory evaluation, it was observed that tuna had the highest colour in refined oil 
and the lowest in sunflower oil. As for the tuna aroma, it was found that this was more intense in 
sunflower oil, refined olive oil and ripe olive oil. In ripe, light green and intense green olive oils, grape 
aromas with intensities ranging from 2.4 to 3.3 were detected. Regarding tuna flavour, it was more 
intense in sunflower oil, refined olive oil and ripe olive oil. Total phenols were not detected in 
sunflower oil and refined olive oil. In the remaining liquid medium, the values varied between 190 
and 304 mg Gallic Acid Equivalents/Kg of olive oil for the ripe olive oil and the intense green olive 
oil, respectively. 

To conclude, it was found that of all the liquid medium used in this trial, no major differences 
were observed, except for sensory analysis and in the content of total phenols in the liquid medium, 
which improved according to the increase in the fruitiness of the olive oils. 
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Figure 1: Tuna cans for analysis. 
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The Algarve is a touristic region and very rich in local gastronomy. Guiding visitors to the most 
sustainable gastronomic choices is a task that Hospitality Schools have trained their teams in the 
last 10 years. The goal is to create a recommend base, with local dish-wine gastronomy. This work 
presents 4 regional dishes and the 3 most voted local wines to pairing with these dishes. The choice 
was done by 6 experts who has tasting sessions, for the process of generating consensus using the 
online questionnaire platform LimeSurvey. The sensory analysis was performed based on three 
questionnaires using the Real Time Delphi investigation method. The first questionnaire was carried 
out to ensure the popularity and diversity of the most representative foods. Second questionnaires 
relatively to the degree of pairing of the 3 most suitable wines for the dish. The score can range from 
1 to 10 points. The third questionnaire included a quantitative and qualitative analysis of each wine 
used in the analysis. The sensory appreciation of the wines was done in two scales. The first focused 
on primary aromas (Floral, fruity, vegetable, spices), secondary (microbiological and chemical) and 
tertiary (wood). The second scale focused on taste (acidity, tannins, alcoholic volume, sweetness, 
greasiness, and aftertaste). A scale from 1 to 10 was used to evaluate each descriptor. At the same 
time physical-chemical wine parameters where characterize. The wine parameters study was, the 
total polyphenolic compounds analysed by the Folin-Ciocalteu method1, the total monomeric 
anthocyanins by pH differential method2 and tartaric, malic and lactic acid using reverse-phase high 
efficiency liquid chromatography3. Significant differences of the studied physic-chemical 
parameters were found among the wines, with the p-value of the parameter below 0.05. Also, 
significant differences were observed comparing the studied physic-chemical parameters and the 
dishes, except for lactic acid.  
Only in the case of the dish Algarve broad beans the most voted wine for pairing was the most voted 
for taste and aroma. It was the dish where malic acid had the lowest dispersion and the lowest 
quantity. It is a wine prepared with 100 % of Syrah grapes, the result obtained in the marriage was 
8.25 points and for sensorial analysis 26 + 38 points. Also, is the wine with the highest content in 
tartaric acid (2.43 ± 0.67 g/L), in total phenolic compounds (3.01 ± 0.51 g/L) and in the total 
anthocyanins (23.4 ± 2.67 mg/L). To the dish maize porridge with clams the paring wine preferred 
has the lowest content of tartaric acid (2.30 ± 0.04 g/L) and total phenols (0.23 ± 0.03 g/L). It is 
prepared with a Viognier variety. The sensorial wine most voted was a sparkling wine (25 + 30 points) 
prepared with Arinto and Chardonnay. This wine presents the highest content of phenolic 
compounds (0.44 ± 0.04 mg/L) and tartaric acid (3.499 ± 0.05 g/L). The third dish studied was a 
Portimonense peas. A Chardonnay variety wine was the most voted for pairing with 7,66 points. It 
was the wine with the highest content of tartaric (3.88 ± 0.02 g/L) and malic acids (1.96 ± 0.2 g/L), 
but low quantity of phenolic compounds (0.42 g/L ±0.01 g/L). In sensorial analysis a red wine from 
Aragonese variety (26 + 27 points) was preferred. Is the wine with the lowest tartaric (2.76 ± 0.18 
g/L) and malic acid (0.72 ± 0.08 g/L) content, but the highest content in total phenolic (2.89 ± 0.68 
g/L) and total anthocyanins (2.45 ± 0.25 mg/L). The last dish studied was a tomato bread soup. A 
white wine was chosen for pairing with 7,88 points. It is the wine with the lowest content of phenolic 
compounds (0.27 ± 0.04 g/L), high content of tartaric (3.06 ± 0.09 g/L) and malic acids (1.88 ± 0.06 
g/L). The red wine prepared with Syrah variety was the preferred in sensorial appreciation (24 + 34  
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points). The choice was on the wine that had a higher content of phenolic compounds (3.01 ± 0.51 
g/L) and anthocyanins (23.4 ± 2.67 mg/L). Relatively to the acids, it was the wine that presented the 
lowest sum of tartaric and malic acid (2.43 ± 0.67 g/L and 0.30 ± 0.07 g/L).  
The most sensorial voted wine was, always, in this study, the wine with the highest quantity of 
phenolic compounds. Relatively the acid content there are more divergences. A further reflection is 
necessary to understand why the most sensorial appreciated wine is not the most voted wine for 
pairing the dish.  It is necessary to extend this study to more wine compounds.  
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 Endemic to the Atlantic coast of the Iberian Peninsula, Corema album L. (also called 
“camarinha” in Portuguese) is a spherical berry with a diameter between 5 and 8 mm, white or pink 
when ripe. The consumption has decreased due to a loss of ecosystems.1 With a long maturation 
time, it reaches peaking in August and early September.2 It has a mildly acidic lemony flavour, with 
antioxidant properties recognised and appreciated by consumers. It has a wide range of compounds 
such as anthocyanins and high concentrations of phenolic acids, including chlorogenic acid,1 having 
a capacity to absorb free radicals (ORAC) that can be 78% higher than raspberry.3 Also has long-
chain polyunsaturated fatty acids such as omega-3 and omega-6 in its constitution, having 
neuroprotective and anti-inflammatory capacity. It has high concentrations of minerals such as 
calcium, iron, and zinc, similar or even higher than those found in strawberries or raspberries.4 
 C. album has been the target of several works to characterise their antioxidant profile. On 
the contrary, to our knowledge, studies to characterise its profile in volatile compounds have not 
yet been carried out. Thus, the volatile profiles were analysed by headspace-solid phase 
microextraction coupled with gas chromatography-mass spectrometry (HS-SPME/GC-MS) of wild 
and cultivated C. album (Figure 1), with the main aim to study the influence of cultivation mode on 
the volatile profile. Three grams of ground sample was weighed into a 50 mL vial and placed 5 min 
in a water bath at 30 °C, and 5 µL of internal standard (2-methyl-4-pentanol) of known concentration 
(0.127 mg/mL) was added to allow further quantification of volatile compounds. Then, the fibre 
(DVB/CAR/PDMS 50/30 µm) was exposed for 30 min at 30°C. Results were reported in µg of the 
compound relative to the internal standard per g of fresh sample. 

The main volatile compounds detected in both samples were 2-hexenal, 2-decen-1-ol, and 
hexanal (Figure 2). However, its concentration varied between the two samples, mainly in the 2-
hexenal and 2-decen-1-ol compounds, being determined 395 ± 170 µg/g of 2-hexenal and 204 ± 69 
µg/g of 2-decen -1-ol in the cultivated sample, and 162 ± 49 µg/g of 2-hexenal and 39 ± 16 µg/g of 
2-decen-1-ol in the wild sample. Unlike wild samples, in the cultivated samples, the compounds 
hexyl-oxirane, (E)-2-octen-1-ol and (Z)-2-hexen-1-ol acetate were determined at concentrations of 
5.7 ± 1.3, 2.8 ± 0.9, and 0.85 ± 0.03 µg/g, respectively. However, in the cultivated sample, decanal 
was not detected, which in the wild sample presented a concentration of 0.28 ± 0.12 µg/g. 

Therefore, it was possible to verify the influence of cultivation mode on the volatile profile 
of the “camarinhas”, demonstrating a potential for further work, not only on the characterisation 
of the volatile profile but also on other compounds whose existence may be affected by the 
cultivation mode. 
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Figure 1: Sample A: cultivated Corema album; Sample B: wild Corema album. 

 

 

Figure 2: GC/MS chromatogram of Corema album (Black line: cultivated Corema album; Pink line: wild Corema 

album) 
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Madeira is a world-famous fortified wine with a very distinctive, intense, and complex aroma and 
flavour. It is a symbol of the Autonomous Region of Madeira, where it is produced, and is an 
important source of income to the region. Madeira wine (MW) is also known for its unique ageing 
process, which includes a heating period. In short, after winemaking, MW can undergo two ageing 
processes: canteiro and estufagem. In canteiro the wine is kept in wooden casks, in the sun-warmed 
cellars, for a minimum period of at least two years. In estufagem, the wine is placed in stainless steel 
tanks and heated at 45 to 50 ºC for at least three months.1, 2 This oxidative ageing process is thought 
to be responsible for the wine’s main characteristics, namely its colour, aroma and flavour. The 
robustness and extended longevity that are typically associated to MW is also thought to be a result 
of its ageing process.3 
Thus, it was the aim of this work to investigate the impact of oxygen exposure, during MW’s ageing 
process, on important wine quality parameters, such as colour attributes, phenolic content and 
volatile profile.  Three controlled oxygen addition treatments (Figure 1) were evaluated on a Tinta 
Negra sweet MW: treatment 1 (T1) - 66 mg/L per month, for 60 days, before estufagem; treatment 
2 (T2) - 66 mg/L per month, during the first 60 days of estufagem; treatment 3 (T3) – dissolved 
oxygen was maintained above 7 mg/L, during 65 days at the end of estufagem. 
 

 
Figure 7: Schematisation of the controlled oxygen addition treatments introduced before and during 
estufagem. 

The estufagem process (control), by itself, caused important changes in the wine’s characteristics. 
There was a decrease of colour intensity and an increase of tonality, as well as an increase of the 
polyphenolic content (up to 10%). There was also a considerable increase in the concentration of 
volatile compounds (around 80%), mostly due to higher amounts of esters, alcohols, carbonyl 
compounds, and fatty acids. As for the wine submitted to oxygen addition, T1 and T2 did not have  
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a noticeable impact on the colour attributes or the overall content of polyphenolics and volatile 
compounds, although some changes were observed for some specific compounds. In the wine 
submitted to over-oxygenation conditions (T3) the effect of estufagem was amplified, which 
translated into a considerable decrease of colour intensity, an increase of tonality and a decrease of 
the overall polyphenolic content. Despite the higher exposure to oxygen, there were no noticeable 
changes in the overall concentration of volatile compounds. These findings give important 
information on the behaviour of some Madeira wine quality parameters and can serve as a basis to 
further improve its ageing process. 
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The use of the cardoon flower, Cynara cardunculus L. as coagulant for cheesemaking is mandatory 

in certain Portuguese cheeses benefiting from the status of Protected Designation of Origin (PDO). 

The plants spontaneously growth, associated to free flower picking, without any criteria other than 

empirical knowledge and the use of the flower in cheesemaking isn’t generally subject to an 

appropriate technological control as suggested by the important role that coagulants develop in 

cheese characteristics. As a result, the use of cardoon is likely to introduce a high rate of uncertainty 

in cheesemaking, given its relevance and demonstrated in several studies. 1,2 

The aim of this work is to characterize, evaluate and compare the potential of cardoon flower 

populations from the Alentejo region in Portugal, for traditional cheese production. Representative 

samples of cardoon flowers from different populations (21) dispersed throughout the Alentejo 

region were collected along two successive flowering seasons. The samples were evaluated for the 

technological properties considering the use as coagulant agent in cheesemaking. The coagulant 

extracts were prepared following a traditional method procedure for cheesemaking (maceration of 

the flower pistils by hand in a mortar) with acetate buffer pH 5.5, the coagulant activity of the 

extracts was evaluated (IDF 199/ISO 23058). The coagulation evolution for each flower extract was 

monitored in real time using the Optigraph (Alliance, France) and the non-specific proteolytic 

activity was assessed by NNP release in coagulation trials (1 and 2 hours) at 32°C. The effect of the 

cardoon enzymatic variability on potential cheesemaking yield was evaluated from the curd 

syneresis properties at lab scale coagulation trials. 1,3,4,5  

The results were analysed using multivariate exploratory techniques, focusing on the comparison 

between populations and the assessment of the cardoons natural diversity. It was possible to 

observe the grouping of populations in 4 groups, with one of them including about 50% of the 

sampled. For six of the twelve populations sampled in both years, the technological properties of 

the thistle flower were not sufficiently different to discriminate the samples according to the year. 

Different authors have registered a wide morphological variability in Cynara cardunculus plants and 

this work confirms the technological properties variability of the different populations of the 

Alentejo region, which may eventually contribute to the cheese quality or typicality through the 

influence in cheesemaking process. 
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The cardoon Cynara cardunculus L. flower pistils have been used from centuries as a coagulant agent 

in traditional cheesemaking in Portugal and also in Spain. Some of these cheeses benefit from 

Protected Designation of Origin (PDO). Traditional use of this coagulant agent has recently been 

subject of an application for inclusion in the European list of food enzymes (Regulation EC Nº 

1331/2008), an essential step for its regulatory use.1 The lack of plant material and inherent 

heterogeneity does not contribute to the cheese quality for which it has been considered a key 

factor. Actually, the traditional use of the flower is not subject to adequate control in spite of the 

important role that coagulants play in cheese characteristics. The daily flower preparation remains 

nowadays and the presentation of titrated and guaranteed is scarced.1,2 This work aimed to evaluate 

the effect of conservation on the technological properties of cardoon flower extracts. Traditional 

preparations, involving mortar maceration and filtration, and formulations obtained with different 

extracting solutions (NaCl 5% and 20% solutions, acetate buffer pH 5.5 and citrate buffer pH 3) were 

obtained from a pool of cardoon flower collected at the INIAV campus in Oeiras, Portugal. The 

coagulant extracts were kept up to 4.5 months under refrigeration (6°C) after addition of potassium 

sorbate (0.2%). Samples of the extracts were evaluated along the conservation period for milk 

clotting activity (IDF 199/ISO 23058) and coagulation evolution using an Optigraph (flocculation 

time, micellar aggregation rate and coagulum firmness). The extract microbial counts (mesophilic 

and psychrotrophic microorganisms, Enterobacteriaceae and mould and yeast) were also evaluated.  

Previous studies have shown that traditional aqueous extracts revealed marked losses of coagulant 

activity, about 20% and 50% after two and four months, respectively.3 Our results have shown that 

the extracts obtained with citrate buffer showed a more stable behaviour concerning both milk 

clotting activity and the technological properties, remaining almost without microbial 

contamination. The 5% NaCl extracts were the most suitable, both for extraction and preservation; 

the extracts presented superior technological properties, with a gel consistency superior to the 

other solutions, due to a higher micellar aggregation speed. Microbial performance was slightly 

lower than citrate buffer extract, but microbial count levels were well below the requirements for 

most of the commercial coagulant solutions. The NaCl 20% formulations induced the greatest losses 

on coagulant activity, providing the worse performance concerning milk coagulation properties. 
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Madeira (17-22% ABV) is a well-known Portuguese fortified wine, commercialized worldwide.  

Unlike table wines, Madeira Wine benefits from a long-term period of aging under thermo-oxidative 

conditions, under estufagem or canteiro, gaining its unique and complex flavour [1]. In the 

estufagem process, wines are heated at about 45 °C for at least 3 months, and then kept at room 

temperature for 90 days before following another maturation period, either in stainless steel tanks 

or in wooden casks. High-quality wines are exclusively aged in wooden casks kept in sun warmed 

lofts of the wine cellars, wherein temperatures are higher, usually more than 5 years – canteiro. 

During MW aging, several key metabolites are developed namely those usually described as closely 

related to its age, including key aromas such as sotolon (spicy notes). The aging of Madeira Wine is 

a process dependent from several factors (intrinsic and extrinsic) known to affect its safety and 

quality. Nowadays, its real-time monitoring is extremely important to optimize and manage the 

natural variability between wines aged under both aging systems.  

This work presents preliminary results of an ongoing study that focuses on the challenge of 

detecting key aging-related metabolites using purpose-designed optical fibre sensors developed 

towards the real-time monitoring of the Madeira Wine aging process. To do so, sotolon, 5-

hydroxymethylfurfural (HMF), furfural and ethyl carbamate (EC), aging-related metabolites 

associated to quality and safety issues, were monitored in Madeira Wines aged for 3 years both by 

estufagem and by canteiro (Figure 1), to unravel their correlation among them and with the aging 

time according to the maturation system followed. All analyses were carried out by in-house 

methods using liquid chromatography [4,5]. CIELAB parameters were also monitored. The 

relationships between the studied metabolites, colour parameters and aging time according to the 

followed maturation process were analysed by Spearman rank correlation.  
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Figure 1: Schematic representation of the experiment.  

All metabolites increased significantly in both aging systems, mostly within the first year. The wines 

with the highest concentrations were those submitted to estufagem, with sotolon levels ranging 

between 29-405 μg/L, HMF between 10-142 mg/L and EC 51-92 mg/L. Estufagem significantly 

accelerates their formation, up to 2-6-fold, however sotolon in this type of aging is weakly 

correlated with the aging time. Furfural strongly correlates (about 0.66) with the aging time, 

regardless the type of maturation process applied. Sotolon, furfural and HMF evolution trends 

correlates with each other in a moderate to strong way (0.46 – 0.75) in both types of aging, which 

was somehow expected considering that they can be originated from similar metabolic pathways.  
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Madeira Island (Portugal) holds unique agro-ecological conditions, which support the development 

of a vast diversity of fruit species. The apple tree is a traditional Madeiran fruit tree, consisting of 

several varieties, and cultivated in small orchards, for fresh consumption or cider production.1,2 

However, the fragmentation and dispersion of orchards, agricultural abandonment, and the supply 

of commercial apples at more affordable prices have contributed to the decrease in their availability 

on the market, with the consequent loss of the genetic diversity of these apple varieties.3 Despite 

this negative trend, the apple production in Madeira remained unchanged, reaching 1,454 tons/year 

between 2016 and 2018.4 However, little or no information exists on the composition and quality of 

the fruits or its derivatives. The present work presents a brief chemical quality composition of the 

fruits and derivatives (dehydrated fruit, juice, and cider) of 4 Madeiran apple varieties through the 

bromatological analysis5 in the flour (glucose, starch, protein, lipids, total minerals, and pH), and the 

total phenolic content6 (TPC) and volatile profile (VP) in the juice and the cider. Our results allow us 

to infer that these varieties have distinct chemical quality characteristics. The content range 

recorded for the protein (1.47 – 2.80 g/100g DW) and lipid (0.27 – 1.77 g/100g DW) were 

significantly different (Tukey HSD, P £ 0.05) for the 4 Madeiran apple varieties. Our samples shown, 

comparatively to commercial ones7, a lower lipid content (2.9 g/100g DW) and higher protein 

content (1.1 g/100g DW). The pH content (4.05 – 4.77) was higher than commercial apple varieties3,8 

(3.9 – 4.27), and the glucose content (28.39 – 71 g/100g DW) lower than commercial apple 

varieties3,7 (52.5 – 74.5 g/100g DW), conferring a pleasant and sweetish taste. Regarding the juice 

yield results, the apple varieties ranged between 31 – 39%. As for the TPC, the apple juice (pulp and 

peel) presented among 51 – 187 mg GAE/100g FW, and the cider ranged between 551 – 2,205 mg 

GAE/L. These results revealed significantly different values (Tukey HSD, P £ 0.05) of TPC among the 

different varieties, which are in agreement with other studies.8 The VP of apple juice through HS-

SPME GC-MS analysis showed high number of esters, as shown by others.9 However, alcohols are 

the major fraction present in the apple aroma, in terms of concentration. In ciders, esters were 

found to be major compounds, followed by alcohols, which is in accordance with previous studies.10 

Volatile fatty acids were found to be residual compounds in apples juice but, on the other hand, 

their concentration in ciders was higher than 20%. Relative concentrations of the total volatile 

organic fraction in the apples juice changed between 1.49 and 2.80 mg/L and varied between 24.37 

and 72.73 mg/L in ciders. We can conclude that the Madeiran apple varieties in the study have 

chemical characteristics that give them nutritional quality and economic value, either for fresh 

consumption or processed as dehydrated, juice or cider. 
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Tea is one of the most consumed beverages worldwide, being attributed a high nutritional quality 
due to its rich composition in bioactive compounds, such as polyphenols. The antioxidant and 
cardio-protective effects of tea have been well established as several comprehensive reviews have 
recently shown. Tea flavour is also an important property for consumers acceptance. In this context, 
the volatile composition of different teas grown in Azores, namely the Black tea, Orange Pekoe, 
Pekoe, Broken Leaf, and Green tea Hysson were investigated using headspace solid-phase 
microextraction (HS-SPME) followed by gas chromatography-quadrupole mass spectrometry (GC–
qMS). This powerful GC–qMS analysis allowed the identification of 60 volatile organic metabolites 
(VOMs) belonging to different chemical families: Terpenes, higher alcohols, esters, and carbonyl 
compounds. Mass spectra, standard compounds, and retention indexes were used for VOMs 
identification. The data matrix obtained was submitted to advanced statistical analysis to verify if 
the different teas could be discriminate according to their volatile composition.  Accordingly, several 
clusters differentiating the Azorean teas analysed were obtained. The HS-SPME/GC-MS analysis 
allowed us to describe the volatile pattern of each variety and the variability in the volatomic profile 
between the samples studied. 
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Coffee silverskin is a strongly adherent layer that directly contacts with the coffee bean. Its 
detachment occurs during roasting due to the physical expansion of the beans. Being the major by-
product of coffee roasting industries, recent approaches to its valorisation have been suggested in 
order to answer to the circular economy and sustainability issues. Previous studies highlighted the 
richness of silverskin in dietary fibre, protein, and antioxidants.1,2 However, the knowledge about 
the protein fraction of this by-product is very limited.  
The aim of this work was to optimize and validate a method of extraction to analyse free amino 
acids in coffee silverskin. Moreover, to compare the free amino acid profile of silverskin obtained 
from the roast of different coffee species (Coffea arabica and Coffea canephora).  
For extraction optimization, eight different sets of conditions were tested, varying the solvent of 
extraction (water or 0.1 M HCl), the mixing procedure (shaking, ultrasound or magnetic stirring), and 
temperature of extraction (room temperature and 40 °C). The best results were achieved using 
water, at 40 °C, and magnetic stirring for 30 minutes, followed by re-extraction for 15 min in the 
same conditions. An extract aliquot was then analysed by RP-HPLC-FLD after online pre-column 
derivatization (OPA/3-MPA, FMOC).3 The results obtained for the validation parameters showed 
that this optimized procedure can be used to quantify with high accuracy and precision the free 
amino acids of coffee silverskin. 
In order to explore eventual differences between species, the free amino acid profile of two samples 
of silverskin from C. arabica (Honduras and Brazil) and two samples from C. canephora (Cameroon 
and Vietnam) were analysed and compared.  
The total amount of free amino acids varied between 1.27 mg/g, for silverskin from Vietnam, and 
1.68 mg/g for the Brazilian sample. Regarding the mean total amount by species, no significant 
differences were found between C. arabica and C. canephora silverskin. Nevertheless, in what 
concerns to the free profile, statistical differences were observed for some amino acids. For 
instance, C. arabica silverskin presented significantly higher (p<0.05) contents of asparagine, serine, 
glutamine, and glycine, while C. canephora samples were significantly richer (p<0.05) in aspartic and 
glutamic acids, as well as in isoleucine and proline.  
These results suggest that the free amino acid profile could be an interesting tool to discriminate 
silverskin from different species, although a study with a larger number of samples would be needed 
to confirm this hypothesis.     
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Tea is one of the most consumed beverages worldwide, being attributed high nutritional quality due 
to its rich composition in compounds with different bioactivities, such as polyphenols1. The 
antioxidant and cardio-protective effects of tea, for instance, have been well established.  
In this study, the health-promoting benefits of different teas grown in Azores, namely the Black tea, 
Orange Pekoe, Pekoe, Broken Leaf, and Green tea Hysson were evaluated. For that, the phenolic 
composition (total phenolics and total flavonoids content) and antioxidant capacity were assessed 
through ABTS and DPPH assays. 
The bioactivity of the different teas was submitted to statistical analysis to assess a hypothetical 
relationship between bioactivity and phenolic composition. 
Overall, the results obtained clearly show a correlation between the bioactive potential and the 
phenolic composition for the selected teas that should be further investigated, particularly in the 
characterization of the specific phenolic composition. Moreover, the data obtained confirm the high 
value of the teas produced in Azores as sources of bioactive compounds with impact in human 
health.  
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Consumers are increasingly aware of food sustainability, also favoring healthier food choices with 
possible therapeutic effects1. Opuntia ficus-indica (L.) Miller, more specifically its adult cladodes 
(which are the main by-product of this culture), might be an interesting option due to their reported 
biofunctional properties2. 
The aim of this study was to evaluate the nutritional composition of different varieties of cladodes 
(BA- Branca do Arrepiado; BB-Branca da Barquinha; L-Laranja de Olaia and V-Vermelha de Olaia) 
from O. ficus-indica. They were all cultivated in Portugal (Torres Novas) in an organic production 
mode, presenting 2 years of maturation. 
An infrared balance was used for moisture determination. Ash, protein, total fat and dietary fibre 
content were determined according to the official AOAC methods3,4. The amino acid profile was 
quantified by RP-HPLC-FLD after online pre-column derivatization4. The composition of free sugars 
was determined by HPLC-ELSD 5. The content of the remaining carbohydrates was determined by 
difference. The results are expressed in g/100 g dry weight (dw). 
All samples stood out for their dietary fibre content, especially the BA sample with 40 g/100 g. The 
ash contents ranged from 17 -27 g/100 g, being reported as a significant source of magnesium6. All 
the samples presented a low-fat content (<1.8 mg/ 100 g) and their crude protein content ranged 
between 3 and 8 g/100 g. In all samples, 18 amino acids were identified, 9 of which essential amino 
acids, including the branched chain amino acids (BCAAs, i.e., leucine, isoleucine and valine). 
Glutamic and aspartic acids were the main non-essential amino acids, followed by arginine and 
alanine. All the essential amino acids have also been identified in the free form. The sugar profile 
identified fructose, glucose and sucrose in all samples. 
Although cladodes did not reveal a relevant protein content, their richness in dietary fibre and 
minerals, together with a low amount of fat and a complete profile of amino acids makes them an 
interesting option to increase food diversity, with potential to be used as new, alternative, and 
sustainable food ingredients.  
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The type of polymer applied in a gel formulation influences the rheological behaviour of a product 
and, eventually, the consumer’s acceptability. A gel is defined as a biphasic system composed by a 
three-dimensional macromolecular solid network that holds a liquid phase. Due to its organization, 
the network presents some resistance to certain stress, having the ability to retain an amount of 
water and other low molecular weight components in it1. Traditionally, gel-based desserts are 
composed of animal proteins. However, as consumers look for more sustainable and plant-based 
food products, the food industry responds by developing gel systems based on different vegetable 
protein sources aiming to fulfil the desired functionalities, without compromising the sensory 
characteristics. The objective of this work was to compare the texture characteristics and rheology 
behaviour of two gel systems: an animal-based gelatine (ABG) and a plant-based gel (PBG) with 
collagen and carrageenan as their respective gelling agents. Collagen consists mostly of peptide 
chains of the amino acids glycine, proline, lysine, hydroxylysine, hydroxyproline and alanine, 
parallelly arranged to an axis which provides strength and elasticity to the gel. The gelling agent of 
PBG is carrageenan, commonly obtained from red seaweed, being kappa-carrageenan the most 
used type for gel formation, as it promotes greater firmness due to the presence of potassium ions 
that stabilize the structure of the gel2. 
A Texture Profile Analysis (TPA), in penetration mode was performed, using a TA-XT plus 
texturometer, to compare the texture performance of both gelling systems. A 10 mm diameter 
cylindrical acrylic probe was used, with a load cell of 5 kg, penetration of 14 mm at a penetration 
speed of 1 mm/s.  
Sample preparation was performed according to the manufacturer instructions: dissolve 25.5 g ABG 
and 16.5 g PBG in 75 mL of boiling water and 75 mL of cool water. Then, both preparations were 
placed in 5 glass jars and stored at 4˚C for 24h. From these tests, the firmness, adhesiveness and 
cohesiveness were determined. Firmness is considered the maximum strength recorded in the first 
cylinder penetration cycle required to break the samples during the respective period of time. This 
was expressed through the ratio: positive area of the texturogram/time. Adhesiveness corresponds 
to the work required to overcome the attraction forces between the gel and the probe surface. The 
cohesiveness is defined by how well the sample structure supports penetration and it was measured 
as the positive area ratio of the 2nd and 1st penetration cycles. The TPA results showed that all 
parameters were higher in ABG sample compared to the PBG, especially for adhesiveness.  
The rheology measurements of both gel systems were carried out in a HAAKE MARS III controlled-
stress rheometer, using cone-and-plate geometry with 35 mm diameter and 2º angle. The 
temperature control was performed by an UTC-Peltier system. The samples were transferred to the 
measuring instrument device, covered with a layer of paraffin oil to avoid moisture loss. Small 
amplitude oscillatory shear measurements (SAOS) were performed to study the viscoelastic 
behaviour of the samples: i) temperature sweep from 90°C to 5°C at 1.5°C/min; ii) time sweep at 
5°C for 40 min (f = 1 Hz) to assess the maturation kinetics of the gels; iii) frequency sweep at 5°C 
with oscillation frequencies between 0.01–100 Hz (within the viscoelastic linear region). 
By analysing temperature sweep test, it was possible to state that the gelation of PBG occurs at a 
higher temperature (40˚C) than for ABG, which starts at 18˚C. However, the maturation of the ABG  
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is faster, compared to PBG (visible by the greater distance between the viscoelastic moduli). 
Through the time sweep test, it was possible to observe that ABG forms a stronger gel structure 
than PBG, since the distance of G' and G'' values is larger when compared to the PBG. From the 
mechanical spectra, it was observed that the ABG has a plateau modulus value (G0

N) much higher 
than the PBG. In short, the ABG has a stronger, more stable structure and is easier to achieve the 
gel-stage, when compared to the PBG. Once more, the observed phenomena are due to the 
different types of gelling agents present in each gel and their different properties and capacity of 
forming and stabilize a gel. 
The study of rheology and textural parameters proved to be extremely important for product 
development as they allow to acquire the knowledge for the development of new gel food products 
according to consumer needs. 
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Rocha do Oeste Pear (Pyrus communis L.) is a Portuguese PDO variety of pear. It is one of the most 
relevant fruits in Portugal, not only in terms of production area, but also in economical and 
exportations terms.  It is also one of the fruits widely worked and studied by Sumol+Compal 
company, with an obvious interest in its knowledge and nutritional value1. 

Membrane technology can be seen as an alternative for traditional methods of fruit juice 
clarification and concentration. These methods - namely vacuum evaporation and the use of 
clarifying agents – may induce negative impacts on several compounds (e.g., degradation of 
carotenoids and vitamins) and sensory parameters (in the case of evaporation), considering the 
applied temperatures and the possible contact with atmospheric oxygen, being more costly in terms 
of energy, labour, and capital 2,3,4. There are several objectives regarding tangential filtration, which 
highlight the clarification and concentration of fruit juice fractions. Among the various types of juice 
filtration, ultrafiltration of fruit juices allows the separation of colloids, microorganisms, proteins, 
tannins and polysaccharides, providing stability and greater translucency to the resulting clarified 
juice. On the other hand, concentrated juice is richer in these compounds, including dietary fibre2,5. 
This component, with increasing importance, nourishes several physiological properties beneficial 
to the consumer, such as prebiotic properties, cholesterol regulation, promotion of satiety and the 
immune response and reduction of the risk of developing certain diseases 6,7,8. ‘Rocha’ pear has a 
dietary fibre content between 8.14 and 13.55%, in which cellulose predominates, followed by 
pectin. These levels are naturally dependent on the ripening stage of the fruit1. 

The interest of this work is centred on the generation of potentially interesting knowledge for the 
fruit juice industry, as well as on the study and valorisation of a Portuguese pear variety. In this work, 
Rocha pear juice, resulting from laboratory centrifugation of pear pulps, supplied by Sumol+Compal 
(2020 campaign), was subjected to four different tangential filtration conditions (in a pilot-scale 
module), using zirconite mono channel ceramic membranes of 100 and 50 nm pore size, applying 
positive pressure and backflush. The objectives were: i) to obtain clarified and concentrated 
fractions, studying the effect of temperature and membrane pore size variation on process yield 
and clarified juice flow, as well as the turbidity and °Brix parameters of these fractions; ii) to 
understand the interest and possible ways of valuing these resulting fractions. Depending on the 
nutritional and physical characteristics of the resulting fractions and the process data, these may be 
re-incorporated in juices or used in developed satiating snack beverages, for example. 
In these experiments, a gradual reduction in the permeate flux was expected, which is assumed to 
be due to increasing membrane fouling and the effects of concentration polarization. It was also 
found that the clarified juices, resulting from the four filtration conditions, did not present significant 
differences in terms of their turbidity (related to the suspended solids content), even when the 
turbid juice initially admitted to the process differed significantly in this parameter (Figure 1).  
The resulting fractions, and in particular the concentrated juice (rich in solids), may be interesting 
from a nutritional point of view to develop innovative, clean label and satiating products, valuing at 
the same time all juice fractions of the process, in a logic of circular economy, increasingly important 
in the agri-food sector. 
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This work can be continued, for example, by studying the process with another typology of 
membranes (material and pore size), at different temperatures favourable to the maintenance of 
certain interesting compounds. 
 

 

Figure 1: Turbidity of the different fractions of ‘Rocha’ pear juices, resulting from cross-flow filtration. The 

values shown in this graph are the means ± standard deviation, with the letter corresponding to the t-test 

(α=0.05). 
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The Portuguese white crowberry, also known as “camarinha” (Corema album (L.) D. Don), is an 
endemic evergreen shrub that grows in the Atlantic coast of Portugal and Spain. This shrub is 
dioecious and only the female plants produces fruit, despite of some evidence that some specimens 
can manifest hermaphroditism [1]. The “camarinhas” are appreciable white fruits with slight acidic 
flavour and the period of fruits maturation occurs between August and November, depending on 
the edaphoclimatic factors of each Region. The colour of this fruit changes during maturation 
process, and presents white at the time of ripeness, then turn translucent with some genotypes 
becoming pink before turning brown. Similarly with other small fruits and berries they are rich in 
antioxidant compounds and the study of this fruit can help discover other beneficial properties of 
the white crowberry. Another positive aspect is they are endemic and therefore our climate is 
already adequate for their growth with highest possibility to expand and increase their presence 
naturally. And as such understanding the changes in chemical properties of the berries during, they 
harvest period is of interest to find what is the optimal harvest time. With that in mind the aim of 
this study was to characterize the physical-chemical and bioactive properties of white crowberries 
collected in two locations in Western Region of Portugal, Serra d’El Rey in the rocky cliffs near to 
“praia de Covões” (Óbidos) and Cabo Carvoeiro (Peniche). The collection of white crowberries was 
performed by hand and collected in food grade plastic bags, and the transport was made in a 
refrigerated container to the CETEMARES laboratory. First, the berries were carefully washed and 
dry with paper before performed the physical-chemical and bioactive analysis. Biometric 
parameters (fresh weight and size), physical-chemical properties (pH-value, soluble solids content-
SSC, and colour), total phenolic content (TPC)[2] and antioxidant capacity (DPPH radical scavenging 
activity)[3] were determined in white crowberries, CAM-SR and CAM-CV collected in Serra d´El Rey 
(Óbidos) and Cabo Carvoeiro (Peniche), respectively, at the middle of September 2020 (Figure 1). 
Ours results indicated that white crowberry from CAM-SR had an average radius of 0.461±0.043 cm 
and an average weight of 0.407 g per berry, whilst CAM-CV had 0.467±0.033 cm and an average 
weight of 0.460 g per berry. The average radius values were consistent with those reported in 
literature despite the difference in weight since our berries are lighter by roughly 0.2g [4].  
The pH value measured was 2.67± 0.004 CAM-CV and 2.54±0.004 in CAM-SR. This values indicates 
that the studied white crowberries are more acid then other small fruits such as the raspberries[5] 
and blueberries[6]. The sugar content of white crowberries was measured in °Brix, being the CAM-
CV sweeter than CAM-SR with 10.44±0.019 °Brix and 8.78±0.008 °Brix, respectively. Comparing the 
SSC of fruits, the obtained value was higher than others previously reported[4] Colour analysis of 
white crowberries showed a no significant difference (P > 0.05, Tukey test) in luminosity between 
both fruits, 50.82±5.42 and 53.03±2.64, for CAM-CV and CAM-SR, respectively. However, in the 
white crowberries reported by Jacinto et al. (2021)[1] and Andrade et al. (2015)[4] a higher luminosity 
value was observed. This difference could be attributed to the different locations and harvest time 
realized in both studies, since the white crowberries were cultivated with plant from across the 
coast[1] and collected from the wild in the North-Centre region of Portugal[4]. Considering the 
obtained a* colour parameters in both white crowberries, a similarity was observed between them, 
about 0.74±0.88 and 0.52±0.73, in CAM-CV and CAM-SR, respectively, and also in previous studies[1, 

4]. Regarding the bioactive composition, no difference (4.46±0.55 mg GAE.g-1 in CAM-CV and  
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4.52±1.16 mg GAE.g-1 in CAM-SR, P > 0.05, Tukey test) between the two collected white crowberries, 
was observed. However, between antioxidant capacity, expressed by DPPH radical scavenging 
activity, a slight but promise difference was denoted, 11.85±0.98 mg TEAC.g-1 in CAM-CV and 
8.57±1.97 mg TEAC.g-1 in CAM-SR.  
Overall, our study demonstrates the potential of white crowberries from two locations in Western 
Region of Portugal, as good and natural berry to be added to the red fruits marketing. However, 
more studies are needed in order to understand the development of bioactive compounds and the 
changes in physical chemical during fruits maturation, an important step of fresh commercialization 
for the consumer and also the Industry. 
 

 
Figure 1: Graphical representation of the study: characterization of bioactive composition and quality of white 

crowberries collected in two locations of Western Region of Portugal. 
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Mayonnaise is highly consumed as sauce, dressing salads or as component of a sandwich. Thus, 

there is a strong pressure to reduce the amount of fat and the amount of egg yolk due to its high 

cholesterol content.2,3 In addition, the increasing of vegan consumers that don’t consume 

mayonnaise due to most commercial are produced with egg and replacing this protein is also 

another challenge to the food industry. Moreover, concerns with celiac consumers suggests that 

some work still must be done to develop a product replacing starch. The main objective of this work 

was to study a formulation of a mayonnaise that fills this gap. In this study, an eggless mayonnaise 

was initially produced with three different proteins (I-pea, II- albumin and III- whey) and different 

percentages of oil (50%, 40% and 30%) for later comparison with two different traditional and light 

mayonnaise (2 commercial).   

 

Satisfactory results were achieved in terms of texture, stability of the emulsion over time. From this 

point the next step was taken, to produce a gluten-free vegan mayonnaise using pea isolate as 

protein and using four different alternative flours to corn starch and the same three levels of fat. 

Samples of mayonnaise produced in the laboratory and quality parameters were monitored to 

understand the formulations stability. Apparent viscosity was analysed, and different rheological 

models were adjusted to investigate how the new ingredients influenced the flow behaviour.  Also, 

fat, protein, moisture content (Hr), water activity (aw) and pH were monitored and compared to the 

values of the commercial mayonnaise samples.  

 

The study of viscosity was complemented by mathematical modelling of flow kinetics in an attempt 

to provide answers to understand the fluid behaviour when subjected formulation changes. For that 

it was used the Herschel-Bulkley, Cross and Power Law models to explain the flow, and their 

rheological indices used to understand the different between its formulas components.4 

Principal component analysis was used to investigate how parameters were correlated and to find 

out a pattern of formulation that had a similar behaviour to the so appreciated commercial 

products. Results showed that some of the formulations were quite different from the commercial 

ones in terms of flow behaviour thus consistency as well as in terms of the chemical parameters 

(Figure 1 and 2, respectively). This was somehow expected due to fat content and the type of 

protein. In the case of the gluten-free formulations similar results were observed, but it was clear 

that type of protein promotes a loss in firmness (Figure 2). These formulations are still undergoing 

important optimization process assisted by sensory accessors and consumer studies before the 

decision on the final protein substitute and starch flour.  
 

 

Keywords: mayonnaise, vegan, eggless, hydrocolloids, alternative flours. 
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Figure 1: Principal component analysis applied to rheological data: C, H and Cmagra and Hmagra: commercial 

formulations; I, II, and II refer to the pea, albumin and whey protein, respectively and 30%, 40 and 50% refer 

to fat content in each protein formulation. Rheological models abbreviations used in the variables projection: 

H for Herschel-Bulkley (τ-τ0 = Knẏɳ); C for Cross μeff (ẏ) = 
𝜇0

1+(
𝜇0ẏ

𝜏
)

1−𝑛  and P for the Power Law 𝜏 = 𝐾 (
𝜕𝔲

𝜕𝑦
)

𝑛

. 

 

 

Figure 2: Principal component analysis applied to physicochemical data: C, H and Cmagra and Hmagra: 

commercial formulations; I, II, and II refer to the pea, albumin and whey proteins, respectively and 30%, 40 

and 50% refer to fat content in each protein formulation; IV, V, VI and VII refer to starch flour substitute 

formulation, respectively and 30%, 40 and 50% refer to fat content in each flour formulation. 
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Halophyte plants are naturally evolved salt-tolerant plants being commonly found in saltmarshes 
and coastal areas worldwide and represent at most 2% of terrestrial plant species [1,2]. Among all, 
Salicornia species have been recognized as promising candidates for the food industry through their 
applicability as natural ingredient and salt substitute [14–17]. However, their applicability in several 
food matrices requires the use of drying processes, which may impact the nutritional and functional 
value of the plant. 
The aim of this study was to investigate the effect of two different drying processes (oven and freeze 
drying) on the quality attributes and bioactivity of Salicornia ramosissima J. Woods growing in Ria 
de Aveiro. Several analytical methods (LC-DAD-ESI-MS/MS, GC-MS) and in vitro assays (ORAC, HOSC, 
ACE inhibition and antiproliferative of HT29 cells) were used to compare the nutritional value, 
phenolic composition, volatile profile and bioactivity of plant samples. 
Results showed that, when compared to freeze drying, the oven drying process had a low impact on 
the nutritional composition, but the phytochemical content and antioxidant capacity were 
significantly reduced (oven dried plant- TPC: 7.41±0.29 mg GAE/g; ORAC: 291±18 µmol TEAC/g; 
HOSC: 147±12 µmol TEAC/g; freeze dried plant- TPC: 9.74 ± 0.88 mg GAE/g; ORAC: 419 ± 54 µmol 
TEAC/g; HOSC: 237 ± 12 µmol TEAC/g). The major phenolics affected by the oven drying process 
were the quercetin glycosides, whereas the chlorogenic acids and their derivatives were slightly 
reduced. Despite this, both dried samples demonstrated similar antiproliferative (oven dried- EC50 
= 17.56 ± 1.05 mg/mL; freeze dried- EC50 = 17.24 ± 1.36 mg/mL) and antihypertensive (oven dried- 
IC50 = 24.6±1.7 mg/ml; freeze dried- IC50= 18.96 ± 0.62 mg/ml) activities. The volatile composition 
was also affected according with the drying process: while freeze dried sample present a 57% of 
terpenes, a decrease in the content of these compounds (17%) together with 3-hexen-1-ol (1.8%), 
was observed for oven dried sample. According with the results, the oven dried S. ramosissima was 
selected to be formulated in a ketchup, which showed a good consumer acceptance score at a 
concentration of 2.2% (w/w).  
These results indicate that the dried S. ramosissima could be an adequate option for use in the food 

industry and gourmet cuisine to replace table salt. Indeed, dried S. ramosissima is potential matrix 

to be explored as a source of bioactive ingredients with health promoting effect. 
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In recent decades, an intensive search for natural and novel types of antioxidant polyphenolics 
has been carried out on numerous plant materials. However, the current literature has very little 
information on their storage stability in the form of freshly prepared infusions.1, 2, 3 

This study aims to characterize the polyphenolic composition and the antioxidant capacity of 
pomegranate (Punica granatum L.) leaf infusions over one-day storage (analysed at 0, 2, 4, 6, 8, and 
24 h). In addition, we also intend to evaluate the effects of pomegranate leaf infusion administration 
on physiological parameters of FVB/n male mice during four consecutively weeks (ORBEA 
institutional approval). Spectrophotometric evaluation demonstrated that the infusion presented 
no significant changes in the content of total phenols (131.40–133.47 mg gallic acid g−1) and ortho-
diphenols (239.91–244.25 mg gallic acid g−1). The infusion also maintained high stability (over 98% 
and 82%, respectively) for flavonoids (53.30–55.84 mg rutin g−1) and condensed tannins (102.15–
124.20 mg epicatechin g−1), with stable (> 90%) potent antioxidant capacity (1.5–2.2 mmol Trolox 
g−1) throughout 0–24 h storage. The main decrease was observed during 0–2 h storage of flavonoids, 
8–24 h storage of tannins, and 0–4 h storage of antioxidant capacity. Chromatographic analysis 
further revealed that 7 decreased and 11 increased compounds were found within 0–24 h storage. 
The good stability of the total polyphenolics and antioxidant properties might be related to the 
complex conversion and activity compensation among these compounds.4, 5 The oral administration 
of pomegranate leaf infusion did not induce changes in mice’ mean body weight, mean food 
consumption and well-being. 

The findings suggest that pomegranate leaf infusion could be of great interest in the 
valorisation of high added-value by-products and in the application of green and functional 
alternatives in the food-pharma and nutraceutical industries.  
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Tropane alkaloids (TAs) are a family of natural toxins with about two hundred of identified 

compounds1. The most representative TAs are atropine and scopolamine. These compounds are 

produced by plants of the Brassicaceae, Solanaceae and Erythroxylaceae families, notably the genus 

Datura and Brugmansia. These plants are used in medicine in small doses but sometimes they 

appear due to cross contamination in foods such as cereals, legumes, teas and herbal teas, aromatic 

herbs, spices, among others. This contamination is produced due to an accidental harvest of these 

foods together with parts of the plants that produce these toxins. TAs cause intoxications after 

consumption, since they generate anticholinergic effects such as blurred vision, vomiting and 

hallucinations2. 

In Madeira Island the consumption of tea is abundant, and this drink can be a food highly 

contaminated by these toxic plants since the genus Brugmansia arborea and Solandra maxima are 

very common varieties on the island. 

On the other hand, sample preparation is a very important stage for the determination of these 

compounds from complex samples such as food matrices. At the moment, different methodologies 

that include solid-liquid extraction or solid-phase extraction3, have been developed. However, these 

methods use high amounts of organic solvents with waste generation. For this reason, the solid 

phase micro-extraction (μSPEed) technique has been proposed for the extraction and analysis of 

these compounds from different varieties of tea on the Madeira island and from toxic plants 

(Brugmansia arborea and Solandra maxima) found on the island. The method involved a solid-liquid 

extraction followed by purification of the extract by μSPEed. The sample extracts obtained were 

analysed by UPLC-PDA. The instrumental parameters with influence on the chromatographic 

resolution were optimized, and the optimal conditions were given with a gradient of methanol and 

water with 0.1% formic acid. The total analysis time was 5 min. On the other hand to carry out the 

extraction of analytes, first solid-liquid extraction was optimized and later different commercial 

sorbents - silica, C18 RPS, C8, C4, PVB, PS / DVB, DVB/RP, PFAS, PS/DVB cationic exchange (SCX) and 

PS/DVB anionic exchange (SAX), were tested with different solvents and mixtures thereof: 

MeOH/H2O/HF (75/25/0.4; v/v/v), MeOH, H2O, 1% formic acid, 0.1 M HCl, and 0.1 M HCl-EtOH (1:1; 

v/v ). In addition, in order to maximize the extraction efficiency different parameters were assayed: 

number of extraction cycles (5 and 10), the elution solvent (MeOH, MeOH-H2O, MeOH-ACN, MeOH-

NH3 (10%)), and the elution volume (500, 250, 200 and 100 μL). The best conditions were obtained 

using DVB/RP as sorbent loading 0.5 mL of sample extract (in H2O, 0.1 M HCl) with an extraction 

cycle of 10 times at 500 μL/min and eluting with 200 μL MeOH. The recoveries of the method were 

close to 90%. Analysis of toxic plants showed high amounts of scopolamine (Figure 1). 
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Figure 1. Chromatogram of a Brugmansia arborea sample extract. 
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A ingestão alimentar de produtos agrícolas tratados com produtos fitofarmacêuticos constitui uma 
preocupação crescente das autoridades governamentais e sanitárias devido aos potenciais riscos agudos 
e/ou crónicos apara os consumidores. Estatísticas recentes colocam a batata como um dos alimentos 
mais consumidos em todo o mundo, revelador da sua importância na sustentabilidade alimentar a nível 
global. A suscetibilidade de perda de propriedades reológicas, principalmente, faz com que sejam 
aplicados fitofarmacêuticos com atividade anti-abrolhante durante o seu armazenamento. Um dos 
fitofarmacêuticos mais utilizados em Portugal e na Região Autónoma da Madeira, para este fim é o 
Clorprofame. No entanto vários estudos indicam riscos alimentares agudos e crónicos para os 
consumidores, tanto do Clorprofame, como do seu principal metabolito a 3-cloroanilina, com potencial 
carcinogénico.  
O desenvolvimento de metodologias analíticas de elevada sensibilidade constitui-se assim como uma 
plataforma de extrema importância para a quantificação dos teores de fitofarmacêuticos em produtos 
alimentares. Neste contexto pretendeu-se otimizar e validar uma metodologia analítica baseada na 
extração por QuEChERS combinada com a cromatografia líquida de ultra performance equipada com um 
sistema de deteção por fotodiodos (UHPLC-PDA) para a determinação da substância ativa Clorprofame 
(usada como anti-abrolhante para batata de consumo armazenada) em diferentes partes da batata 
(pelicula e polpa) obtida nos Mercados Agrícolas de Porto Moniz, Prazeres (Calheta) e Santana. O método 
foi também aplicado para avaliar o efeito da cozedura nos níveis de Clorprofame nas diferentes partes 
da batata cozida e na água da cozedura. O método foi validado em termos de linearidade; efeito de 
matriz; limite de deteção (LOD) e quantificação (LOQ); exatidão, precisão e percentagem de 
recuperação. Obtiveram-se bons resultados em termos de performance analítica, com valores de 
coeficientes de correlação (R2) superiores a 0.999, e LOD - 0.14 μg/Kg e LOQ - 0.43 μg/Kg, muito 
inferiores aos valores admitidos (20 μg/Kg, EU). A precisão, expressa em termos de % RSD, apresentou 
valores de 1.9% e 6.2% para repetibilidade e uma reprodutibilidade entre 1.3% e 21.7%. A percentagem 
de recuperação foi de 95.8 a 105.5% para amostras com teores de Clorprofame superiores a 10 μg/Kg.  
Na película da batata antes da cozedura foram obtidos valores de Clorprofame extremamente elevadas 
(tendo como referência o limite de 20 μg/Kg permitido pela União Europeia) independentemente da 
proveniência – de 15.41 μg/Kg para as batatas provenientes do mercado agrícola de Porto Moniz a 85.39 
μg/Kg para as provenientes do mercado agrícola dos Prazeres. Os valores obtidos para a polpa e película 
em conjunto situam-se entre os 15.36 μg/Kg (Prazeres) e os 7.39 μg/Kg (Porto Moniz). Relativamente à 
influência da cozedura nos teores de Clorprofame nas diferentes partes constituintes da batata, 
verificou-se um decréscimo significativo (90% em média) da concentração de Clorprofame na película 
da batata cozida. A presença de Clorprofame na água da cozedura também foi analisada tendo-se 
identificado o herbicida em concentrações que variaram de 1.04 μg/Kg (água de cozedura das batatas 
dos Prazeres), 1.03 μg/Kg (Porto Moniz) a 0.71 μg/Kg (Santana).  
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Algumas pragas de insetos têm valor nutricional. Tribolium castaneum (Herbst) (Coleoptera, 
Tenebrionidae) é uma praga-chave dos cereais processados e resistente à maioria da classe de 
inseticidas sintéticos e biológicos. T. castaneum pertence a mesma família de Tenebrio molitor, já 
aprovado para a alimentação humana. 
O presente trabalho avaliou o impacto de infestações de T. castaneum na qualidade e aptidão 
tecnológica de farinhas de trigo panificáveis. Para tal utilizou-se farinha de trigo T65 que, segundo 
ficha técnica, apresentava teor de humidade máximo de 14,5%, percentagem mínima de glúten em 
matéria seca de 8%, cinza total 0,61-0,75%, e acidez máxima de 0,120 g H2SO4/100 g. Para a 
realização dos ensaios apresentaram-se três níveis de infestação: 0,5 inseto/gr; 1 inseto/gr; 2 
insetos/gr; e o controlo, farinha sem insetos. Após duas semanas na estufa, em condições ótimas 
de desenvolvimento da espécie de inseto, as farinhas foram peneiradas e congeladas para 
posteriormente se estudar: a variação de cor da farinha (colorímetro CR-400, Konica Minolta, 
Japão), o teor de amido, total (kit Total Starch, Megazyme, Irlanda) e resistente1, a proteína2, a 
composição mineral, a acidez3 e o teor de humidade da farinha por método rápido (PMB202, Adam, 
Reino Unido). Foram também avaliadas as propriedades viscoelásticas (reómetro HAAKE MARS III 
da Thermo Scientific EUA) tecnológicas (micro-doughLAB 2800, Perten/Perkin Elmer, EUA) das 
massas, e a cor, dureza (TA.XTplus Stable micro Systems, UK) volume e índice glicémico (estimativa 
in vitro) do pão.  
O tratamento dos dados foi efetuado através do programa SPSS (IBM, EUA). Para comparar a 
distribuição dos grupos de tratamentos independentes utilizou-se a analise de variância (ANOVA) e 
o teste de Tukey, para identificar quais os grupos de tratamentos significativamente diferentes, para 
um nível de significância de 95% (p<0,05). 
Relativamente ao comportamento reológico fundamental das massas, concluiu-se que os níveis de 
infestação não foram suficientemente elevados para ter impacto na estrutura das massas, no 
volume e reduziu significativamente o endurecimento do miolo do pão (Fig. 1). A côdea produzida 
foi mais clara. A infestação não teve impacto no teor de amido total, no entanto no amido resistente 
foi significativamente superior nas farinhas infestadas com 1 inseto/gr e 2 insetos/gr. T. castaneum 
prefere amidos com maiores teores de amilopectina, devido à eficácia das enzimas na digestão, e 
porque a diminuição/degradação da amilopectina nas farinhas pode decorrer a uma velocidade 
superior à da amilose4. Quanto ao teor de proteína, embora se observasse um ligeiro aumento, não 
foi significativo, já que se tinham eliminado os insetos por peneiração. 

Figura 1: Secções de corte dos pães produzido com farinha não infestada (CB) e infestada por Tribolium 
castaneum (H.) (BN1 – 0,5 inseto/gr), (BN2- 1 inseto/gr), (BN3 – 2 insetos/gr)  
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Foram encontradas diferenças significativas, entre tratamentos, nos seguintes parâmetros: 
absorção de água, tempo de desenvolvimento, estabilidade, amolecimento e em três pontos dos 
perfis de mistura e aquecimento do Micro-doughLAB e na estimativa do índice glicémico. Foi 
também identificada uma diminuição significativa da temperatura de gelatinização da amostra 
FT65- 2 insetos/gr (77,2ºC) comparada com o controlo. A viscosidade final das farinhas infestadas 
também foi significativamente superior. É possível estabelecer uma relação negativa entre o rácio 
de amilose/amilopectina e a temperatura de gelatinização de amidos, e interpretar o resultado da 
baixa temperatura de gelatinização no tratamento da farinha com 2 insetos/gr por esta conter 
menos amilopectina5. Por outro lado, a diferença entre o pico de viscosidade máxima, e a 
viscosidade mínima medida apos esse mesmo pico – breakdown - tende a diminuir com o aumento 
do rácio amilose/amilopectina de géis de amido,6,7. Em amidos com um teor medio ou baixo de 
amilose, que é o caso do amido de trigo, uma diminuição no rácio amilose/amilopectina deverá ter, 
como consequência, o aumento da viscosidade final do gel7. 
É promissor alguma tolerância da presença de baixas populações de T. castaneum. Havendo 
tolerância significa uma redução na aplicação de inseticidas, com consequências benéficas para a 
saúde humana e ambiental, com essa tomada de decisão. 
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Zinc is a trace element involved in various metabolic functions and required by pigs at low levels for 
synthesis and metabolic functioning of nearly about 300 biochemical enzymes. Nevertheless, high 
doses of this element increase growth performance, mainly in young pigs, and high levels of zinc are 
used frequently as feed additives in pigs to improve growth performance and as alternative to usual 
antimicrobials.1-3 
Post-weaning diarrhoea in pigs, commonly associated with the proliferation of enterotoxigenic 
Escherichia coli in the pig intestine, is one of the most frequent threats for the swine industry 
worldwide. Concerning pigs, it is an economically important enteric disease responsible for severe 
financial losses. The EU-wide ban on the use of antibiotics as growth promoters in animal feed 
entered into effect on January 1, 2006, as part of the Commission's overall strategy to deal with the 
emergence of bacteria and other microbes resistant to antibiotics4. As a consequence, 
supplementation of pig’s diet with zinc have been used as one of the alternatives to antibiotics in 
weaning piglets. It seems that only high dietary doses of zinc (ZnO with 2000-3000 mg/kg feed) are 
efficient in piglets’ diarrhoea treatment.  
Enteral bacteria in farmed animals may develop high level of tolerance to zinc. Zinc feed 
supplementation to piglets could increase the proportion of multiresistant Escherichia coli in the 
gut5,6. The tolerance to this element and its link to antibiotics resistance in bacteria originated from 
animal were already identified5. 
The aim of the present study is monitoring the values of zinc in piglet’s liver slaughtered in Portugal 
and probable relationship with antibiotic resistance. Until now a total of 75 piglets’ liver samples 
was analysed, and zinc determinations were performed by flame atomic absorption spectrometry 
after mineralization, based on EN ISO 6869 and EN 14082. The same samples were also tested for 
the presence of 45 antibiotics, from 7 different therapeutic classes, using an UHPLC-ToF-MS 
multidetection method7, in order to conclude about a possible correlation between their use and 
the use of metals. From the same piglets, faeces samples were collected in order to isolate and 
identify, Escherichia coli, as bacteria biomarker. Determination of susceptibility, by agar disk 
diffusion, to amikacin, ciprofloxacin, cotrimoxazole, aztreonam, ceftazidime, cefepime, amoxicillin 
+ clavulanic acid, cefoxitin and piperacillin was done. 
Results show some concentrations higher than usually described in bibliography by other authors, 
as had already happened in a first study8. The highest value founded in the liver was 1027.4 mg/kg 
for zinc. According to Gabrielson et al.9, a control group of piglets revealed zinc levels of 40-90 ppm. 
Considering the maximum value for zinc (90 ppm) as reference, in this study we found more than 
70% above this level. Regarding the results obtained when antibiotics were analysed, 54.5% of the 
liver samples presented antimicrobial residues ranging from 1 residue (20%); 2 residues (12%); 3 
residues (8%); 4 residues (9.3%) and in four samples were detected 6, 7, 8 and 9 residues of 
antimicrobials, respectively. The antimicrobials mostly founded belonging to fluoroquinolones,  
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macrolides and tetracyclines families. Higher concentrations were observed for doxycycline that, in 
few cases, exceeded the permitted limit established in EU.  
In feces samples, 340 E. coli isolates were identified, and 209 were considered multidrug resistant 
(MDR) (resistance to three or four antibiotics classes). 64,7% (N=220) of the isolates belonged to 
piglets that presented high values for Zn in liver: 40% (N=136) were considered MDR and 24.7% 
(N=84) were susceptible to the majority of antibiotics tested. The others 35.3% E. coli, 73 MDR 
(21.5%) and 47 susceptible (13.8%) belonged to piglets’ liver with normal range for Zn. 
These results, high levels of Zn in piglet’s liver and E. coli MDR isolated from these animals, could be 
linked as shown by other authors2,5,6,10. A major concern of the metal selection of antibiotic 
resistance in food animals is the potential for zoonotic transmission of drug-resistant organisms. 
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Cow’s milk allergy has an estimated prevalence between 2.0% and 7.5% in children in the first year 
of life, being one of the most common food allergies in early childhood. Cow’s milk proteins are 
frequently added to a wide variety of processed food products as technological aids, exposing the 
allergic individuals to a constant threat of experiencing cutaneous, respiratory or gastrointestinal 
reactions and, in some extreme cases, anaphylaxis, even when ingested at trace amounts.1 
Therefore, a correct and truthful labelling has become imperative to guarantee consumer’s 
protection from health hazards. Several approaches have been developed to assure milk traceability 
based on the direct identification of the allergen using immunological approaches or indirectly using 
DNA-based methodologies. The purpose of this work was the development of a real-time PCR 
approach targeting the bovine 12S rRNA mitochondrial gene and two indirect ELISA systems based 
on the detection of Bos d 5 (β-lactoglobulin) and Bos d 8 (caseins).2 

Model mixtures containing known quantities of cow’s milk protein concentrate (MPC) in turkey 
meat were prepared simulating the production of cooked-ham and sausages (10% - 0.0001%, w/w), 
and submitted to oven cooking (65 °C, 5 h) or autoclaving (121 °C, 15 min) processes, respectively. 
DNA was extracted using a NucleoSpin Food kit, while protein extracts were obtained with Tris-HCl 
(100 mM, pH 8.0) as extraction buffer. Several mitochondrial and nuclear genes from cow were 
tested by qualitative PCR in order to find the most suitable molecular marker in terms of sensitivity 
and specificity for PCR.3 A sequence from the mitochondrial 12S rRNA gene was the selected target, 
which was used in the quantitative real-time PCR with TaqMan probes. The same model mixtures 
were also used for the development of several indirect ELISA systems based on the detection of Bos 
d 5 or Bos d 8 present in MPC by using specific primary antibodies for each one of the referred milk 
allergens. An anti-rabbit IgG peroxidase antibody was used as the secondary/detection antibody. 

Real-time PCR results provided four calibration curves, depending on the matrix and processing, 
with generally acceptable performance parameters for this type of method (Figure 1A). The 
sensitivity of the method was 0.005% and 0.01% (w/w) of MPC in sausage or in ham model mixtures, 
respectively. Results showed that sensitivity was affected by both thermal processing (autoclaving) 
and food matrix (ham mixtures) as note from the two-fold decrease. The method was successfully 
validated with blind mixtures by the determination of precision, trueness and robustness 
parameters. The application to real commercial samples allowed the quantification of milk in 2 out 
of 13 samples, clearly demonstrating the excessive use of precautionary labelling. 
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Figure 1: Normalised calibration curves obtained by real-time PCR with TaqMan probe targeting the 12S rRNA 
gene using ham and sausage model mixtures (n = 8 replicates) with and without thermal treatment (A). 
Comparison of LOQ (mg/kg) of MPC in model hams and sausages obtained by real-time PCR and indirect ELISA 
for Bos d 8 immunorecognition (B). 

Two indirect ELISA were also developed and evaluated for milk allergen traceability. Bos d 5 system 
showed a limit of quantification (LOQ) between 0.05% and 0.1% (w/w) and revealed unsuitable to 
be applied to autoclaved sausages due to the high level of degradation of the protein (probable loss 
of conformational structure). On the contrary, Bos d 8 system presented optimal results with LOQ 
of 50 mg/kg (0.005%, w/w), allowing the development of a reliable and robust technique for milk 
quantification (Figure 1B). 
The development of a method for food allergen detection/quantification requires the careful 
consideration of several parameters, principally related with specificity and sensitivity and the effect 
of processing on the detection of the target. Herein, powerful and highly sensible real-time PCR 
assays were developed based on the detection of the bovine 12S rRNA mitochondrial gene. Despite 
the known limited applicability of immunochemical methods to thermally treated foods, as 
confirmed by the ineffectiveness of the indirect ELISA for Bos d 5 immunorecognition, the proposed 
Bos d 8 ELISA proved to be effective in the detection of milk proteins at trace amounts, even in 
autoclaved matrices such as sausages. 
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Cashew nut (Anacardium occidentale) and pistachio nut (Pistacia vera) belong to the tree nuts, 

which is one of the eight groups of foods associated with more than 90% of the reported allergic 

reactions. Despite the well-known health benefits (e.g., heart-protective properties) associated to 

tree nut consumption, cashew and pistachio nuts are also responsible for triggering moderate to 

severe IgE-mediated responses in sensitised/allergic individuals.1,2 Due to their genetic proximity 

(members of the Anacardiaceae family), cashew and pistachio nuts share high potential for co-

sensitisation and cross-reactivity phenomena. Clinical symptoms often result in systemic and life-

threatening outcomes (e.g. anaphylaxis), which means that the cashew or pistachio nut-allergic 

patients need to rely on the information of labels, especially in the case of processed foods.1,2 The 

establishment of an effective allergen risk assessment is a vital question for food industry, policy 

makers and regulatory agencies, thus demanding the availability of fast, cost-effective and highly 

sensitive methods, as part of their programme, to trace allergens in processed foods.3 In this work, 

it is proposed the development and optimisation of novel nested real-time polymerase chain 

reaction (PCR) assays to trace cashew and pistachio nuts in processed foods. 

Model mixtures of biscuits containing known amounts of cashew nut (10-0.0001%, w/w) or ice-

cream incurred with pistachio nut (10-0.0001%, w/w) were prepared as calibrators for method 

development. Additionally, model mixtures of both matrices were also prepared as blind samples 

(Table 1) for the validation of both methods. Several genes were evaluated as potential molecular 

markers for cashew and pistachio nut identification, from which the genes encoding for Ana o 3 and 

Pis v 2 allergens, respectively, were selected. Two independent nested single-tube real-time PCR 

approaches using hydrolysis probes were successfully developed with adequate performance 

parameters (PCR efficiency of 103.2% and 104.2%, correlation coefficients of 0.9926 and 0.9966, for 

Ana o 3 or Pis v 2, respectively) and high sensitivity/specificity for the quantification of both nuts in 

model foods (Figure 1). In the case of cashew nut, the novel nested single-tube real-time PCR 

allowed quantifying 1 pg of DNA and 0.001% (10 mg/kg) of cashew nut in biscuits. For pistachio nut, 

a similar approach quantified 1 pg of DNA and 5 mg/kg of pistachio nut in ice-cream (Figure 1). Both 

systems were successfully validated, presenting good precision (CV < 25%) and accuracy (Bias < 

±25%) (Table 1). This technology provided reliable and highly sensitive/specific tools to target 

different allergenic foods, with potential to be applied to other nuts present in distinct processed 

food matrices.4 
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Figure 1: Calibration curves obtained by single-tube nested real-time PCR of model mixtures of cashew nut in biscuits and 
pistachio nut in ice-cream (10-0.0005%, w/w) targeting Ana o 3 and Pis v 2 encoding genes, respectively. Mean values and 
corresponding standard deviations of n=8 replicates of two independent runs. 

Table 1: Parameters of precision and accuracy of nested single-tube real-time PCR approaches targeting 
Ana o 3 and Pis v 2 encoding genes using blind mixtures of cashew nut in biscuits and pistachio nut in 
ice-cream, respectively. 

Blind mixtures Real value (%) Estimated value 
(%) 

CV (%) Bias (%) 

Cashew nut 

 6.0 5.8 0.4 6.7 

 4.0 3.1 0.4 12.2 

 2.0 1.6 0.2 12.3 

 0.20 0.19 0.04 19.3 

Pistachio nut 

 8.0 8.2 12.0 2.7 

 4.0 4.2 19.5 6.1 

 2.5 2.5 16.4 -0.6 

 0.25 0.30 12.3 19.0 

CV, coefficient of variation; Bias = 100 ⁄ ((mean value - true value)/true value). 
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Maize (Zea mays L.) is a highly valuable agricultural and industrial product in worldwide food 

supplies, being prone to be colonized by mycotoxigenic fungi and, consequently, contaminated by 

mycotoxins, with severe negative impacts for farmers and livestock workers due to direct losses in 

crops, production profitability, animal health and product safety [1]. Currently, several analytical 

methodologies have been developed towards the determination of these toxic compounds and, 

multi-analyte methods have become the most popular as several mycotoxins frequently co-occur in 

the same matrix [2]. Liquid chromatography coupled to tandem mass spectrometry (LC-MS/MS) is 

considered the golden method for these purposes as it has proven to be the most efficient method 

for the determination of these fungi metabolites due to its ability to target different chemical 

compounds allowing a multi-analysis approach, and to detect and quantify analytes in complex 

matrices at reduce limits of detection and quantification, respectively [3,4]. Although routinely used 

in control laboratories for the determination of mycotoxins in a broad range of food matrices, until 

this date no official or standard LC-MS/MS methods have been issued. In this matter, European 

Commission (EC) on the M/520 mandate for standardization of methods for mycotoxin analysis in 

food, highlighted the importance of standardizing these methods, and the European Committee for 

Standardization (CEN) was therefore invited to launch a call for the development of six standardized 

methods based on LC-MS analysis [5]. Efforts in establishing guidelines and rigorous workflows 

encompassing this specific method are necessary for effective responses, scoping a wider range of 

analytes and of food and feed matrices. 

Therefore, this study was focused on the development and optimization of an analytical 

methodology by ultra-high performance liquid chromatography-tandem mass spectrometry 

(UHPLC-QTrap-MS/MS), for the determination of regulated and emerging mycotoxins in agricultural 

crop samples (seeds and flowering plants), primary agricultural products (grain-maize and silage 

maize) and primary processed agricultural products (feed raw materials for cattle). Determination 

of fusariotoxins (e.g., trichothecenes, fumonisins, zearalenone), Penicillium (e.g., citrinin, ochratoxin 

A), Aspergillus (e.g., aflatoxins) and Alternaria toxins (e.g. tenuazonic acid, tentoxin), as well as 

emerging toxins (e.g. beauvericin, enniatins, moniliformin) was optimized by using several analytical 

extraction approaches, including Solid-Liquid Extraction (SLE), Solid Phase Extraction (SPE) and 

modified QuEChERS. An extensive and complete assessment regarding extraction times and 

solvents, SPE sorbents (Oasis HLB, Oasis PRiME HLB, Bond Elut C18, and Sep-Pak C18), as well as 

different types and quantities of purifying agents for dispersive SPE (C18, PSA, and combination of 

both), will be discussed. Chromatographic and spectrometry parameters will also be addressed, with 

an emphasis towards the comparison of several chromatographic columns, including ZORBAX  
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Eclipse Plus C18, Kinetex Biphenyl, Acquity UPLC HSS T3, Acquity UPLC BEH C18, and Gemini NX C18. 

Performance criteria for AFs, OTA, ZEA, FBs, T-2, HT-2, and CIT was performed according to the 

specific requirements for confirmatory methods stated in Commission Regulation nº 401/2006[6]. 

Non-regulated mycotoxins followed the guidelines established by FDA[7], ICH Q2 (RI)[8] and Relacre[9]. 

This work allowed to bring insights towards a multifaceted analytical approach that comprehends 

both pre- and post-harvest contamination patterns in the maize value chain, in response to the 

increasing frequency of non-regulated and emerging mycotoxins, co-occurrence issues due to the 

mycotoxins’ total load in a single sample and, also, its accumulation throughout the maize chain, 

targeting very different samples. Proper analytical methodologies are powerful complements for 

reliable risk analysis and is crucial to continue to develop new and faster approaches to detect 

multiple mycotoxins in different matrices that will allow a broader and complete assessment of this 

worldwide issue. 
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Eggs are known for their high nutritional value and versatility of functions1, yet they are a 

highly perishable products, being often associated with salmonellosis. To avoid this problem, 

thermal pasteurization (TP) is usually applied, but this treatment causes changes in egg properties. 

High pressure (HP) is increasingly used commercially to pasteurize foods at 500 – 600 MPa but 

applied for egg products may cause undesirable protein denaturation2,3,4. At lower pressures, HP 

induces sub-lethal damages on microorganisms, weakening them and with potential to decrease 

their thermal resistance, allowing a subsequent less intense TP. 

The aim of this study was to evaluate the performance of sub-lethal HP pre-treatments (50 – 250 

MPa/ 5 min) followed by a less intense TP (60 °C/ 1.75 min) on liquid whole egg (LWE), comparing 

with the commercial TP procedure (60 °C/ 3.5 min) for the inactivation of inoculated Salmonella 

senftenberg 775W, as well as the impact on physicochemical and functional properties of LWE. 

The results showed that, generally, the increment of pressure alone led to an increase of S. 

senftenberg 775W inactivation (0.17 – 2.46 log CFU/mL), while the combined treatments (HP+TP) 

performed at 50 – 250 MPa (5 min), exhibited an increasing inactivation pattern (3.35 log CFU/mL 

to at least 6.01 log CFU/mL), thus enhancing the thermal inactivation effect. On the other hand, 

commercial TP caused reductions of at least 4.95 log CFU/mL, while the less intense TP led to ≈ 3.01 

log CFU/mL decrements. 

Concerning the functional and physicochemical properties, parameters such water holding 

capacity, lipid oxidation and viscosity did not significantly change despite the applied treatments, 

while the LWE pH ranged from 7.68 to 7.72 and the instrumental total colour changes revealed to 

be undetectable by the naked eye (∆E*<5). Soluble protein content presented a declined pattern, 

being the commercial TP LWE-treated the most affected sample. Total carotenoid content showed 

no changes after treatments (60 °C/ 3.5 min; 60 °C/ 1.75 min and 50 MPa/5 min + TP), while a 

reduction was observed for the combined treatment at 200 MPa/5 min + TP. Foaming capacity of 

LWE was improved after treatments (54 – 97%), while foaming stability exhibited a decline pattern 

(decreasing about 17 – 21%) and overall, commercial TP and combined treatment (at 200 MPa) 

showed a similar effect on foaming properties. The emulsifying activity index diminished (8 – 24%) 

with treatments, with the commercial TP causing the greatest reduction. In addition, no differences 

were observed between combined treatment (200 MPa/5 min + TP) and commercial TP regarding 

the emulsion stability index. 

Therefore, the results open the possibility of using sequentially combined non-lethal HP pre-

treatments, followed by less intense TP, to enhance inactivation of S. senftenberg 775W and 

additionally maintaining/improving the pasteurized egg functional properties. 
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Figure 8. Log10 reductions in the population of Salmonella senftenberg 775W in liquid whole egg treated by HP followed 

by thermal pasteurization (60 ºC/1.75 min), 60 ºC/1.75 min and commercial thermal pasteurization (60 ºC/3.5 min). Bars 

with oblique lines and unfilled bars mean that microbial counts were below the quantification (≤ 2.0 log CFU/mL) and the 

detection (≤ 1.0 log CFU/mL) limits, respectively (left). Foaming activity (%) of raw whole egg and whole egg treated by HP 

(50 and 200 MPa) followed by thermal pasteurization and each thermal treatment (right). 
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Hazelnut (Corylus avellana L.) is a broadly consumed tree nut (Betulaceae family) that contains more 
than 11 allergens identified so far. Among those, Cor a 14 (2S albumin) is classified as a minor 
allergen, but a rather important one, since it causes severe allergy symptoms (anaphylaxis) in 
sensitised/allergic patients.1-3 Besides being considered as an important clinical marker for hazelnut 
allergy, Cor a 14-allergen can also be pointed out as a potential molecular marker for hazelnut 
allergen analysis in foods mostly due to its great stability towards extreme processing conditions 
and resistance to gastrointestinal digestion.3,4 Taking into consideration the physicochemical 
properties of this particular allergen and the possibility of raising different antibodies for its 
immunorecognition, different biosensing platforms for hazelnut allergen analysis in foods can be 
advanced aiming at contributing to better food safety management strategies.5  
This work aimed to develop and compare label-free electrochemical and optical (SPR) 
immunosensing platforms based on the covalent immobilisation of two custom-made specific 
polyclonal antibodies raised in different biological sources with a target on Cor a 14, namely avian 
(IgY) and mammal (IgG). For comparison purposes, both antibody types were immobilized onto 
MSA-SAM-modified gold screen-printed electrode surfaces to detect trace amounts of hazelnut Cor 
a 14. Both methodologies presented high sensitivity with a LOD in the low fg/mL level, although the 
electrochemical immunoassay presented a sensitivity of 5 times higher than optical assay.5 Antibody 
selectivity was verified against non-target 2S albumins to test potential cross-reactivity with other 
plant species. The polyclonal antibody produced in the avian source (anti-Cor a 14 IgY) exhibited the 
best specificity, presenting minor cross-reactivity with peanut/walnut. Accordingly, the anti-Cor a 
14 IgY was selected as the best candidate for Cor a 14 immunorecognition, being used to develop 
an electrochemical immunosensor to quantify Cor a 14 in hazelnut-containing food matrices 
(simulating real incurred food samples).  
 

 

Figure 1: Electrochemical and optical (SPR) immunoassay constructed with custom-made antibodies (avian vs rabbit). 

mailto:renata.costa@fc.up.pt


 

484 
 

 

 

 

 

 

 

 

The electrochemical immunosensor allowed to establish a LOD of 1 mg/kg of hazelnut in wheat (0.16 

mg/kg hazelnut protein), thus confirming its adequacy to detect hazelnut protein in serving size 

portions of 500 g.5 Herein, it is proposed a highly sensitive and specific immunosensor for the 

detection of Cor a 14 in real foods, following an extensive comparative study of two antibodies 

raised in different biological sources (avian versus mammal), highlighting the usefulness of avian IgY 

as efficient, low cost and less invasive immunorecognition antibodies, over the typical mammal IgG.5 
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Dairy products have a good nutrient profile, are rich in several vitamins and minerals, 

representing an important part of the human diet. Fresh dairy products are largely consumed 

worldwide and global consumption is estimated to increase 1% in 2021, playing an important role 

in the sustainability of the economy of many countries1. Latin-style fresh cheese (non-ripened 

cheese) is a popular dairy product made from pasteurized milk by acidic and enzymatic clotting, with 

a characteristic soft texture, mild flavour and low salt content2. The normal high moisture content 

and neutral pH level, provides the ideal post-processing conditions for the growth of contaminant 

bacteria and other microflora, limiting its shelf-life to a couple of weeks even under refrigeration 

(RF)3. 

Hyperbaric storage (HS) is a new preservation methodology, based on the application of 

high pressure, between 25-150 MPa, that relies on microbial growth inhibition, similar to 

conventional refrigeration (RF)4. HS has been successfully applied in the preservation of several food 

products at room temperature (RT), thus, without the need for constant energy use to maintain a 

certain temperature. Indeed, HS/RT methodology has a considerable lower energy requirement 

being considered environmentally friendlier than conventional RF, with a significant lower carbon 

foot print, while also possibly extending food products shelf-life5.  

Two types of fresh cheeses (one made from cows’ milk and the other from goats’ milk) were 

stored under HS (50-100 MPa) at RT and compared with conventional RF at atmospheric pressure 

(AP) for 3, 7, 14, 28, 42 and 60 days. A comprehensive evaluation was performed in terms of 

microbiological groups (total aerobic mesophiles, lactic acid bacteria, Enterobacteriaceae, coliform 

bacteria, yeasts and moulds, and total endospores load), pH, whey loss, moisture content, total 

protein, free amino acids, and digestibility. 

Microbiological analysis pointed to a better preservation of fresh cheeses kept under 

pressures equal to or above 75 MPa, as all microbiological groups revealed a decrease in viable cell 

numbers, in both cheeses, although at a faster rate in goats’ fresh cheese. In contrast, to fresh 

cheeses at AP/RF revealed microbial spoilage already by 3 days reporting counts above 8 Log CFU/g 

(above the acceptable limit) (Figure 1). Under HS/RT, total aerobic mesophiles and lactic acid 

bacteria were more baroresistant, but were inactivated throughout storage, with a final viable cells 

reduction of >5 and >3 Log units, respectively, at 100 MPa, while the other microbiological groups 

were inactivated to undetectable numbers in the first storage time periods, especially under 100 

MPa. As for the physicochemical parameters, initial increases in whey loss (23-33%) and decreases 

in moisture content (5-7%) were affected by the compression effect of high-pressure during HS; 

however, HS allowed a more stable pH, and differences in whey loss and moisture decreased over 

storage. No variation was observed for total protein, while over time increased proteolytic activity 

was found under AP/RT and HS/RT, although significantly slower under 75 and 100 MPa/RT, which  
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could explain the increase in digestibility (+5%) observed for goats’ fresh cheese stored under 100 

MPa for 60 days.  

Overall, HS at 75 and 100 MPa of fresh cheeses was applied successfully to control the 

evaluated parameters in this study, thus contributing to a possible shelf-life extension without the 

need for continued energy usage to keep low temperature. 
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Figure 9 – Total aerobic mesophiles microbial growth during HS at room temperature (RT) of goats’ and cows’ fresh cheese, 
and comparison with storage under refrigeration (4 °C). Symbols • and □ represent counts below 2 and 1 Log CFU/g, 
respectively. 
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Patulin is a secondary metabolite produced by a set of fungal species of the genera Aspergillus, 
Byssochlamys, Penicillium and Paecilomyces of which Penicillium expansum is the most important 
species. It is a mycotoxin often found in apples and apple-based products, and therefore, its 
presence is indicative of the quality of the fruit used in production. Toxicity studies show that this 
mycotoxin is classified as mutagenic, genotoxic, immunosuppressive, and neurotoxic.1 Patulin is a 
mycotoxin with particular interest in the field of children, given that it occurs mainly in apple-based 
products, widely consumed by this population group. With this premise as a reference, the European 
Commission collected, in Regulation (EC) No. 1881/2006, a maximum limit of 10 μg/kg for patulin in 
foodstuffs for children.2 
The objectives of the present study were to determine the occurrence of patulin in foods intended 
for infant feeding and to assess human exposure resulting from its consumption. Forty samples of 
apple-based fruit puree marketed in Portugal were analysed using a competitive ELISA method.  
All samples were contaminated with a patulin content higher than LOD (1 μg/kg). The contents of 
the samples varied between 1.43 and 23.28 μg / kg, with an average value of 5,78 ± 5,09 μg/kg. 
Values above the maximum limit (10 μg/kg; EC, 2006) were determined in 5 samples (12.5%), 
ranging between 10.52 and 23.28 μg/kg. There was no statistically significant difference between 
samples produced in different countries (p>0.05). 
The fruit purees that contained apples and fruits such as pears, strawberries, peaches, apricots, 
bananas, and blueberries in the list of ingredients had higher contamination levels than the 
remaining ones. 
Regarding ascorbic acid, its presence seems to have a beneficial effect, since no sample whose 
antioxidant was identified in the list of ingredients had levels above those legally authorized (4.44 ± 
1.84 μg/ kg). 
As for the method of production, it was found that the four highest levels of patulin were 
determined in purees produced in organic mode in EU member states (15.84, 18.14; 21.37; 23.28 
μg/kg), surpassing the legal limit for foods intended for infant feeding (>10 μg/kg).  
Regarding the mode of marketing, samples sold in jars (to be eaten by spoon, therefore thicker) had 
higher contamination levels (4.33 ± 1.77 μg/kg) than drinkable samples (to drink, more diluted; 3.97 
± 0.74 µg/kg). 
The exposure of infants and young children was estimated for the worst, medium and best scenario, 
with EDI values between 0,0028 and 0,3582 μg/kg bw/day being obtained. For the worst scenario, 
corresponding to the consumption, by an infant, of a jar (100g) with the maximum content  
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determined, the EDI represents about 89,55% of the DDAMP of patulin established by JECFA (0.4 
μg/kg bw/day). 
The results of the present study confirm the need to continue monitoring the population's exposure 
to this mycotoxin and to implement measures aimed at reducing the incidence of patulin and the 
consequent exposure of children. 
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Nickel (Ni) is an element that is naturally present in the earth's crust and its emission to the 

atmosphere originates from natural or anthropogenic causes. Food is one of the main sources of 

exposure to this metal. Due to its accumulation in the body, it can cause harmful health effects such 

as carcinogenesis and induced dermatitis.1 Therefore, through scientific evidence, Ni has been 

classified by the International Agency of the World Health Organization for Cancer Research (IARC) 

as human carcinogens.2 

 

Children are the most vulnerable population group, which is justified by the increased food intake 

by body weight, by the incomplete development of some organs and tissues and by the immature 

state of the metabolic pathways, in the first years of life, which hinder metabolism and excretion 

pollutants, which tend to accumulate in the body.3 

 

The main objective of this work was to assess the risk through the presence of Ni in homemade 

food, establishing a comparison with commercial infant feeding. The analytical methodology used 

for the determination of Ni was dry ashing followed by graphite furnace atomic absorption 

spectrometry (GFAAS). 146 samples of homemade food were analysed, including soups, second 

course meals, fruits and non-commercial porridge, of which 121 were contaminated (Figure 1). It 

was found that the group of non-commercial porridge was the one with the highest average 

concentrations (134.2 µg/Kg) and the maximum content of 350 µg/Kg, with the lowest 

concentrations found in soups with an average value of 32.19 µg/Kg. These results were similar to 

those similar for commercial infant feeding.4 

 

 
Figure 1: Boxplot of nickel concentrations (µg/Kg) in the several food group. Average, percentile 25 and 75, maximum and 

minimum values. 
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Using average results and the worst-case scenario, the tolerable daily intake (TDI) proposed by EFSA 

(13 μg/kg) was not exceeded for the different age groups, showing the possible absence of the risk 

promoted by Ni in homemade baby food. However, when using the previous EFSA TDI (2.8 μg/kg), 

the average daily intake surpassed the TDI up to 126%. 
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Alicyclobacillus acidoterrestris is a gram-positive, thermophilic microorganism that 

produces highly resistant spores that represent and atypical case of an endospore able to germinate 

and outgrowth in acidic food products, as it is generally accepted that most endospores are unable 

to germinate/outgrowth at pH levels below 4.6, with the acidity hurdle blocking the nutrient 

receptors of the spores1. Indeed, this particular endospore represents a threat to the industry, as it 

is rather prevalent in fruit juices and concentrates and, in its vegetative form, it is able to produce 

guaiacol, which is responsible for the off-flavours and odours in fruit juices and concentrates 

contaminated with this microorganism. 

Lately, high pressure processing (HPP) has been widely used for nonthermal pasteurization 

of foods, although, as for any pasteurization procedure (either thermal or nonthermal) it is unable 

to destroy bacterial spores, although, the combination of high temperatures (above 70 °C) with HPP 

has shown to be efficient for endospore inactivation. Nevertheless, the combination of these 

temperatures with HPP may also causes considerable changes to the food products (although in a 

lower extension compared with intense thermal processes aiming the inactivation of spores, such 

as sterilization)2. 

In a previous study, hyperbaric storage (HS) at uncontrolled room temperatures (RT) has 

shown to be quite efficient to inhibit endospore development3, and in some cases resulting in A. 

acidoterrestris inactivation in commercial apple juice, with the results pointing out that these spores 

could be reduced below detection limits within 48 h, which led to the hypothesis that an increase 

of the set pressure level could result in higher inactivation rates, in a range of pressures usually 

higher than those used in hyperbaric storage (up to 100 MPa)4, but lower than those used in HPP 

(above 450 MPa), leading to a new concept aiming endospore inactivation, called hyperbaric 

inactivation (HI). This principle states the use of hydrostatic pressures between 150-250 MPa to 

inactivate microorganisms that are usually resistant to HPP, such as bacterial spores. 

In the present study, hyperbaric inactivation was performed, using A. acidoterrestris 

endospores inoculated in commercial apple juice (pH 3.70) as case-study. The HI conditions were 

set to 150, 200 and 250 MPa up to 24 h, at uncontrolled room temperature (20-23 °C). At the same 

time, a HPP (600 MPa/3 min) and thermal pasteurization (90 °C/30 sec) were performed to infer 

how a previous endospore activation step would impact their behaviour under HI conditions. 

The inactivation kinetics results followed a Weibull model for all the evaluated pressures. 

With this methodology (and for all the evaluated pressures), it was possible to reduce A. 

acidoterrestris endospore counts below quantification limits after 24h, with at least 4.54 log units’ 

reduction (Figure 1). 

Moreover, a thermal and HPP pre-treatment to the inoculated apple juice revealed to 

accelerate the inactivation rates, being possible to achieve the detection limit (1.00 log CFU/mL) 

after 24h at 150 MPa, with a thermal pasteurization pre-treatment of (90 °C/30 sec), while HPP at 

600 MPa/3 min performed equally to the non-pre-treated samples. 
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These results seem to indicate that HI can be used to inactivate bacterial spores in food 

products, with wider potential, to improve the safety such products. 
 
 

  
 

 
 
 

 
 

 

 

 

 

Figure 1: Evolution of A. acidoterrestris endospore loads inoculated in commercial apple juice (pH 3.70) under HI 

conditions (150, 200, 250 MPa, up to 24 h, 20-23 °C) without sample pre-treatment. 
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Snack has been defined as a portion of food, smaller than main meals, that is usually eaten between 
them. It is a broad term that includes fresh and previously prepared and packed food.1,2 Snack 
consumption is widely spread across western societies due to the fast rhythm of life, especially in 
the cities. The intake of food between main meals can represent as much as 25% of the total 
ingested calories, and, therefore, the health effect of snacks consumption, either beneficial or 
harmful, should not be overlooked.3,4,5 Shelf-life is a mandatory information, and its accurate 
determination can prevent both health hazards for consumer (if overestimated) and food waste (if 
underestimated). According to the Commission Regulation (EC) No 2073/20056, shelf-life is defined 
as the period preceding the “use by” or the minimal durability date. Its determination can be carried 
out essentially by two types of tests: real-time and accelerated. In the first one, the product is tested 
under real conditions of storage. Despite being theoretically suitable for any food item, real time 
essays can be unfeasible for products with long shelf-life, which decay slowly. For this kind of 
products, accelerated tests are more useful. Regarding accelerated shelf-life studies, one or more 
environmental factors, usually temperature, are kept at levels that accelerate food deterioration 
reactions.7,8 The main objective of this study was the shelf-life determination of a snack formulation, 
prepared with dehydrated sweet cherry, almond and honey, through an accelerated test, 
considering the temperature as the acceleration factor and using kinetics equations. In order to 

achieve that goal, the snacks were stored at 5, 20, 35 and 50C and analysed at six different dates 
between the preparation day and 72 days of storage. For quality evaluation, sensorial variables 
(appearance, texture, flavour and global appreciation) were considered, with an acceptance limit of 
5.0 points, in a scale ranging from 1 to 9 points. Regarding the obtained results, the zero-order 
kinetic equation was selected for the global appreciation variable, because of its highest sum of 
determination coefficients (R2). The results showed a good fit (R2=0.84) of the model which explains 

the relationship between the kinetic constants (0.01350 d-1 at 5C, 0.01520 d-1 at 20C, 0.02370 d-1 

at 35C, 0.06220 d-1 at 50C) and the temperature, using the Arrhenius Equation, through which the 
pre-exponential factor (k0=446 d-1) and Activation energy (Ea=24.6 kJ mol-1) were obtained. Thus, 
this model allows the determination of the shelf-life at any temperature within the experimental 

interval (5-50C) and, for the reference temperature of 25C, a value of 108 d was found. 
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Parasitic diseases are a major problem that limits the expansion and intensification of poultry holdings. Owing to the 

intensive nature of the poultry industry, and in order to be economically profitable, it is essential to control coccidiosis, 

the most important poultry disease that results in great economic losses worldwide. Over the last 50 years, this disease 

has been controlled by the use of coccidiostats.1 The European Commission (EC) has established maximum residual levels 

for these compounds, in each different animal species, and for each tissue or edible product.2 

This paper presents the evaluation of Ionophore ionophore (lasalocid, monensin, maduramicin, narasin and salinomycin) 

and synthetic coccidiostats (halofuginone, robenidine, decoquinate and diclazuril) residues in poultry muscle samples by 

solid-liquid extraction with acetonitrine followed by liquid chromatography with tandem mass spectrometry (LC-MS/MS). 

For LC-MS/MS analysis, a 20 μL injection volume was used with a flow rate at 200 μL min-1 and a gradient of (A) water with 

0.2% formic acid and (B) acetonitrile with 0.2% formic acid. A chromatographic column Waters Spherisorb ODS2 (3 µm, 

150x2.1 mm), maintained at 45 °C, and guard column of the same packing material were used. A hybrid Quadrupole Ion 

Trap Mass Spectrometer (LCQ Advantage MAX, Thermo Finnigan, San Jose, California, USA) was operated in both positive 

and negative electrospray ionization (ESI) mode. Complete statistical analysis was performed using GraphPad Prism (6.01, 

GraphPad Software, Inc., San Diego, California, USA). 

The fully validated methodology was successfully applied to 47 chicken and turkey samples obtained from 9 canteens from 

the University of Coimbra, located in the centre of Portugal. 

Canteen samples presented a frequency of 6.4% (3 out of 47), being contaminated with only salinomycin and lasolacid, 

with a total mean value of 1.57 μg kg-1. Only chicken samples were found to be contaminated and only one coccidiostat 

per sample was detected. These results might be explained by the compliance of withdrawal periods set for each product 

and target species to ensure that the residues in foods are maintained below the MRLs (15 and 20 μg kg-1, for salinomycin 

and lasolacid, respectively), as they allow compounds to be eliminated from the animal's body in order to maintain 

consumer safety. 

As for the risk assessment, values much lower than the acceptable daily intake (ADI) were observed, indicating that this 

exposure to coccidiostats does not represent risk to consumers. However, one should have in mind that there are other 

food sources of these compounds in a routine diet and especial care must be taken when analysing vulnerable risk groups. 
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Phthalate esters (PE’s), better known as phthalates, are a group of chemical compounds widely used 
since 1960 as plasticizing agents in order to impart flexibility, durability and longevity to plastics.[1] 
Given their unique physicochemical properties, some phthalates and their metabolites have a 
severe toxic effect on human health, primarily in the reproductive, endocrine and respiratory 
systems.[2,3] 
Several studies have led the EU and the USA, among other countries, to intervene and regulate these 
compounds.[4] The control must be rigorous with very low levels of detection (ppb or lower), so it is 
important to define methodologies that respond to this need. Traditionally, the analysis of PEs is 
performed using 1D gas chromatography techniques, e.g., GC/MS and GC/MS/MS.  
However, these have shown several problems both in identification and quantification, mainly due 
to co-elutions between different PE`s, and also with compounds in the matrix. In this work, 
GC/TOFMS and GC/MS/MS were both used to try and solve some of the problems inherent to the 
analysis. 
Up to this moment, eight phthalates have been quantified in Portuguese olive oil and different 
materials used in its production process, such as hoses. Liquid extraction with hexane/methanol was 
performed, and chromatographic analysis was carried on a GC/TOFMS and a GC/MS/MS, with an 
apolar capillary column. 
In the future, this project will apply classical and alternative 2D analytical methodologies (GCxGC 
and/or MD-GC and/or LC-GC) in order to obtain better separation, detection and sensitivity for PEs 
in complex food matrices, such as wine and olive oil. 
 

 

Figure 1: Extracted ion chromatogram showing m/z 149 in GC/TOFMS and MRM chromatogram in GS/MS/MS 

for co-elutions between phthalates. 
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Polycyclic Aromatic Hydrocarbons (PAHs) are a class of diverse organic compounds that are 
constituted by at least two benzene rings linked by themselves and without any heteroatom or 
substituent in their structure. They can be formed by anthropogenic activities and be a result of 
biogenic reactions, organic matter combustion or oil formation. Due to their toxicity, 
bioaccumulation tendency, resistance to biodegradation and environmental persistence, PAHs are 
considered pollutants. They are among the most ubiquitous contaminants and can be found in every 
environmental matrix like biota, air, water and soils.1 The USEPA and the European Union listed the 
PAHs as priority pollutants. The presence of PAHs in food matrices originates from environmental 
contamination (e.g. sludge used as soil fertilizer; crops grown in contaminated soil or using 
contaminated water/wastewater) or as a result of food processing itself.2  

The PAHs presence in foods is the major exposure pathway to humans through their 
ingestion. PAHs, in the food chain, are usually found on vegetable fats and oils.3 In addition, the 
cooking process that use open flame like grilled or toasted food also generate PAHs that can be 
deposited on food surface when they come into contact with the flame.  

The International Agency for Research on Cancer has classified some PAHs as likely or 
possibly carcinogenic to humans and benzo[a]pyrene as carcinogenic, meaning that human 
exposure to PAHs raises health concerns. In agriculture use, the European Commission do not have 
any limit regulation of PAHs concentration on wastewaters and sludge. However, a report to 
European Commission suggested that the sum of acenaphthene, phenanthrene, fluorene, 
fluoranthene, pyrene, benzo[b]fluoranthene, benzo[j]fluoranthene, benzo[k]fluoranthene, 
benzo[a]pyrene, benzo[g,h,i]perylene and indeno[1,2,3-cd]pyrene could not reach 6 mg/kg of dry 
matter. As consequence the quantification of PAHs on environmental matrices such as sludges had 
become relevant2,4,5. In order to guarantee that PAHs do not enter into crops or in the food chain 
and, consequently have a harmful impact on human’s health, it is necessary to study and develop 
new methodologies or optimize/actualize/upgrade classical methodologies in order to allow a 
comprehensive monitorization of PAHs levels on different matrixes.  

The aim of this work was to study and develop an analytical method to monitor PAHs on 
environmental compartments. Sample preparation was performed by solvent extraction on solid 
matrices (e.g., sediment and sludge) and Solid Phase Extraction (SPE) on aqueous matrices (e.g., 
wastewater).  

The analyses of 16 EPA’s PAHs plus 1-methylnaphathlene and 2-methylnaphthalene were 
carried on a GC-TOF/MS using a DB-5MS Ultra Inert column. The molecular ion was used for all of 
the analytes detection and the identification confirmed by standard co-injections. The process 
optimization was focused on parameters such as the injection conditions and the detector and 
interface temperatures. The best results in terms of peak areas were obtained using an injector 
temperature of 290 ºC and setting up the ion source and interface temperatures at 270 ºC and 300 
ºC, respectively. 

No PAHs were detected in the wastewater samples. In the sludge’s matrices were identified 
fluoranthene, pyrene and benzo[a]anthracene. All target PAHs were detected in the sediment 
samples.  
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In future work, it is planned to optimize the chromatographic separation by means of using 

other stationary phases (e.g., achieving critical pair separation and better peak symmetry) and 
analyse the PAHs using multidimensional chromatography.  
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The indigenous microbiota of grape musts includes an immense variety of microorganisms that can 

grow and ferment sugars.1,2 Nowadays, most wine fermentations are conducted by selected yeast 

starters, which are mainly composed of Saccharomyces cerevisiae strains, due to their ability to 

produce high levels of ethanol and survive in the harsh environmental conditions of wine.3,4 

Although S. cerevisiae strains usually dominate alcoholic fermentations, some microorganisms such 

as yeasts like Dekkera/Brettanomyces bruxellensis may remain in finished wines and proliferate 

under certain conditions (e.g., oxygen and/or sugars availability), spoiling the wine.5,6 

Wine spoilage by B. bruxellensis is usually controlled by the addition of sulphur dioxide (SO2). 

Reduction of SO2 levels in wines is a goal pursued by producers due to its negative impact on wine 

aroma and consumers’ health concerns. We recently found that Saccharomyces cerevisiae produces 

antimicrobial peptides (AMPs), which we named saccharomycin that have an inhibitory effect 

against B. bruxellensis.7,8 Therefore, in the present work we evaluated the conjugated effect of SO2 

with those AMPs on the survival rate of B. bruxellensis, in order to observe if there is a synergistic 

effect between these two preservatives. We tested the addition of both compounds in simulated 

wines with different levels of ethanol (10%, 12%, 13% and 14% v/v) that were artificially 

contaminated with common levels of B. bruxellensis (i.e., 5×103 CFU/ml). Results showed that the 

addition of 1 mg/ml of those AMPs to simulated-wines at 13 and 14% (v/v) ethanol induced the 

complete loss of B. bruxellensis culturability, allowing to reduce the SO2 levels usually added to wines 

(i.e., 150-200 mg/l) up to 25 mg/l (as potassium metabisulphite). 
 

 

 

 

 

 

 

 

 

 

Figure 1: Conjugated effect of saccharomycin (0.25, 0.5 and 1.0 mg/ml) and 25 mg/l of potassium metabisulphite (PMB) 

on the cell viability (CFU/ml) of B. bruxellensis in simulated-wines with 13% (A) and 14% (v/v) (B) of ethanol. Simulated-

wines were artificially contaminated with 5×103 CFU/ml of B. bruxellensis. Control assays were performed in the same 

conditions without saccharomycin. 
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INTRODUCTION: Nitrates are natural constituents of food but are also used as additives to improve 
food quality and protect against microbial contamination. Vegetables are the primary source of 
nitrate in diet, and cured meat and dairy products can also contribute to exposure1. Exposure to 
nitrates may be associated with health concerns due to its ability to form carcinogenic N-nitroso 
compounds (NNOC)2 and cause methaemoglobinaemia3.  
The objective of this study was to assess the dietary exposure of the adult Portuguese population to 
nitrates and the risk concerning the acceptable daily intake (ADI) health-based guidance value as 
reference. 
METHODOLOGY: The Total Diet Study approach was used to estimate the dietary exposure of the 
Portuguese population to nitrates.  One hundred and sixty-four different composite samples (227 
including regional and seasonal samples) were prepared “as consumed”4 and analysed by HPLC to 
determine the nitrate conten5. The analysed foods were representative of the consumption habits 
of the Portuguese population and were based on the national food consumption survey “Portuguese 
Population’s Food Habits and Lifestyles”6. Exposure was assessed by combining consumption data 
with analytical results using the MCRA software and considering upper bound (UB) assumptions for 
left-censorship management. Average and high percentile intakes were calculated and foods that 
most contributed to exposure were identified. Exposure data were compared with the ADI (3.7 g/ 
kg bw/day) for risk estimation of exceeding it.  
RESULTS: The nitrates occurrence values ranged from 10 to 1729 mg/kg and the highest level was 
found in the “vegetable and vegetable products” food group, as expected. The Portuguese 
population’s overall mean exposure to nitrates was estimated at 1.17 mg/kg bw/day (18-74 years, 
male and female) 68%lower than the ADI (3.7 mg/kg bw/day). For 95th percentile, exposure of 3.3 
mg/kg bw/day was estimated and only 3.18 % of the population were above the ADI. The foods that 
most contributed to nitrates exposure were lettuce, vegetables soup, tomato and lettuce salad and 
boiled potato. 
CONCLUSIONS: Considering that the average estimated values for the exposure of Portuguese 
population to nitrates did not exceed the ADI, based on this methodology, the risk linked with the 
exposure to nitrates was considered to be out of concern for the adult Portuguese population. The 
exposure assessment conducted in the present work by the TDS approach provided the first 
estimate of the overall dietary exposure of the adult Portuguese population to nitrates. 
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During the last decade, national bivalve captures and production have markedly increased, 

representing a value of 52.3 million euro in 2017. Bivalves are grown in lagoons, estuaries and 

coastal waters and thus exposed to different sources of contaminants, which can pose a significant 

health risk to humans. The need to standardise market rules for bivalves and establish food hygiene 

safety equivalency among EU Member States led to implementing standard hygiene regulations. 

In order to protect public health, bivalve production areas are routinely monitored for microbial 

quality, metal contaminants, and marine toxins derived from harmful algal blooms to assess if live 

bivalves can be harvested and placed on the market for human consumption. The presence of 

marine toxins and/or metal contaminants above the legal limits can lead to the prohibition of 

bivalves harvesting. Bivalve faecal contamination can also origin reclassification of production areas, 

with the requirement of bivalve post-harvest treatment. 

The selected case studies represent national bivalve production areas with relevant trends in faecal 

contamination, metal contaminant and marine toxins levels. Results show that the evaluation of 

historical bivalve contamination data is useful for assessing contamination risk, revising control 

measures, and defining recommendations for risk mitigation measures. 
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Biogenic amines (BAs) are organic nitrogenous compounds naturally present in animal and 
vegetable cells. These compounds are important for different cell functions, as cell cycle or 
signalling. However, microbial decarboxylation of amino acids in protein-rich fermented foods and 
beverages or spoiled foods can generate high levels of exogenous BAs, creating several health 
problems.1 For this reason, BAs levels should be closely monitored to protect human health and the 
development of rapid and sensitive methods for their determination is very relevant. In this context, 
we propose a simplified experimental layout for the simultaneous extraction and derivatization with 
dansyl chloride (DnsCl) of BAs followed by a fast chromatographic analysis with fluorescence 
detection (UHPLC-FLR). µSPEed extraction2 is an improved SPE format using submicron sorbent 
particles packed in a pressure-driven cartridge, which allows fast extraction of selected analytes. In 
this work, we employed the semiautomatic electronic syringe (digiVOL) to operate the simultaneous 
dansylation and extraction of the BAs histamine, putrescine, cadaverine, tyramine, tryptamine, 
spermine and spermidine, using the µSPEed C18 sorbent. This innovative in-cartridge configuration 
allows a considerable improvement of the kinetics of the derivatization reaction because the target 
analytes (BAs) are retained in the sorbent particles, therefore increasing the contact surface 
between the BAs and the derivatization reagent. As a result, the dansylated BAs retained in the 
µSPEed cartridge can be readily eluted and analysed. This step was also optimized to obtain a 10-
min chromatographic separation with fluorescent detection. 
Overall, the methodology proposed includes several advantages regarding the alternatives reported 
in the literature3, namely the faster time of analysis and minimal user interference and reagents 
usage while fulfilling the analytical requirements for BAs quantification in foodstuffs.  
 
 

  

Figure 1: DigiVOL electronic syringe (left) and µSPEed cartridge (right) used in this work to obtain the in-cartridge 

dansylation and extraction of the selected BAs. 
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“Salpicão” is a traditional Portuguese cured sausage, and it belongs to a wide group of meat 

products. These products are part of the Mediterranean diet, having great value for the economy of 

rural areas and for the preservation of heritage. However, in 2015, the International Agency for 

Research on Cancer (IARC) has evaluated the carcinogenicity associated to the consumption of 

processed meat. As a result, processed meat was classified as carcinogenic to humans (Group 1), 

based on sufficient evidence that the consumption of processed meat causes colorectal cancer. The 

N-nitrosamines are among the responsible substances for the assessed carcinogenic effect. 

Therefore, there is a need to understand if these compounds are present in meat products, 

particularly in “salpicão”. Moreover, it is also important to know if the combination of precursors 

and acidic environment are gathered to generate N-nitrosamines. For this purpose, samples of 

“salpicão”, from three distinct factories, were analysed for the quantification of nitrate, nitrite, 

secondary amines, and N-nitrosamines levels. The pH levels were also evaluated. The chemical 

analyses and pH evaluation were performed at the following time points: raw meat (T0), before 

stuffing (T1), middle of curing process (T2), finished product (T3), middle of shelf-life (T4), and end 

of shelf-life (T5). The pH values of all meat samples ranged between 5.6 and 5.8 and remained within 

the expected for fermented products. No residual nitrate concentrations were found above the 

Limit of Quantification. As for residual nitrite levels, those were only quantified in the samples from 

factory C, but always considerably under the legal EU limit (100 mg NaNO2/kg). No secondary 

amines were detected in the samples from factory B. Secondary amines were quantified in few 

samples of the factory A (T1 and T5) and factory C (T0, T1 and T5), with the highest mean values of 

7.4 mg of piperdine/kg, 11.0 mg of dipropylamine/kg, 20.9 mg of pyrrolidine/kg, 22.6 mg of 

morpholine/kg and 26.2 mg of dimethylamine/kg. No nitrosamines were detected in the analysed 

samples. Although nitrosamines may be substances of great concern, they were not found in these 

meat products nor their precursors in sufficient concentrations. Further studies are required to fully 

understand the link between the consumption of different types of processed meat products and 

the actual risk that they represent to human health.  
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The potentialities of Actinidia arguta has only been taken into consideration in the past few years. 
This fruit is commercially designed as kiwiberry, baby kiwi, hardy kiwi, or mini kiwi, being highly 
appreciated due to its distinctive flavour, health-promoting properties, and high nutritional value 
(due to the richness in vitamin C, carotenoids, flavonoids, minerals, among others). Pesticides have 
become an integral part of present-day farming and play a major role in increasing agricultural 
productivity. However, the indiscriminate and extensive use of pesticides represents one of the 
major environmental and public health problems all over the world [1,2]. The occurrence of 
pesticide residues in fruit samples and the consequent health risks attracted considerable attention. 
Strengthening research on pesticide residue detection has important theoretical and practical 
significance for the rational use of pesticides, environmental, and human health protection [3]. 
A reliable analytical method for the determination of organochlorine and organophosphorus 
pesticides in kiwiberry using gas chromatography, coupled to electron capture detector and flame 
photometric detector, was developed, and validated according to SANTE 11813/2017 guidelines. 
Extraction was achieved using a QuEChERS method, with dispersive solid-phase extraction as 
cleanup. Pesticides were quantified using matrix-matched calibration, and the method was 
validated in terms of relative retention time window, linearity (0.15 –17.5 µg kg−1 coefficient R2 ≥ 
0.99), trueness (recovery of 57–118%), matrix factor (0.42-1.51) precision (RSD ≤ 20%) and limits of 
detection and quantification (LOD > 0.10 and LOQs > 0.26 µg kg−1). Finally, the method was applied 
to the analysis of kiwiberry, identifying ζ-HCH lower then LOD.  
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Enterococci have evolved to resist several environmental stresses, among which exposure to 
antimicrobial drugs1. This genus of hardy, ubiquitous bacteria have a notable ability to trade 
determinants of antimicrobial resistance among themselves and with other bacteria, allowing them 
to amass a considerable resistome2. Foods, such as cheese, acquire their microbiota (and their 
resistome) from the environment. Because they contact with the human microbiota, food bacteria 
may, in turn, serve as a reservoir of antibiotic resistance genes for the bacterial populations of the 
host. Under the scope of the “One Health” concept, it is important to take into account human, 
animal, and environmental resistomes when designing strategies for the management of antibiotic 
resistance. Therefore, this work aimed at assessing antibiotic resistance in E. faecalis isolates from 
cheese and environmental samples obtained at the islands of Azores (Portugal). 
Phenotypic resistance to antibiotics (erythromycin, gentamycin, streptomycin, and tetracycline) was 
evaluated according to the CLSI protocols3 in Enterococcus faecalis from cheese (n=27) and from 
environmental isolates (n=7). For the cheese enterococci, the presence of the vanA and vanB genes 
was investigated as described by Câmara et al.4. The presence of genetic determinants of antibiotic 
resistance was investigated in environmental enterococci (n= 36) by comparing their whole 
genomes with the sequences of genetic resistance determinants available at CARD5. 
All tested isolates were phenotypically resistant to low levels of both tested aminoglycosides. 
Resistance to low levels of aminoglycosides is intrinsic in the enterococci and is, therefore, not easily 
passed to other species by horizontal gene transfer mechanisms. However, two isolates from cheese 
and two of environmental origin displayed phenotypical, high level, transmissible, resistance to 
gentamycin and one of the isolates (from cheese) had a resistant phenotype to high levels of 
streptomycin. Phenotypic tetracycline resistance was present in 56% of the cheese isolates but 
present in only one of the environmental E. faecalis. Six of the cheese isolates were resistant to 
erythromycin, while in the environmental isolates intermediate resistance was frequent. All 
environmental isolates were sensitive to vancomycin, but two of the cheese isolates were resistant 
to this glycopeptide antibiotic. The vanA and vanB genes were, however, not found in any of the 
tested isolates. In the environmental enterococci, the tretracycline resistance determinants tetK, 
tetL, and tetM were present, as well as seven other genetic determinants of antibiotic resistance 
(emeA, fosD, lsaA, dfrE, efrA, efrB, and mox9). Several of these encode for efflux pumps that confer 
resistance to multiple antibiotics. Of note is the common presence of efrA and efrB, that confer 
resistance, among others, to aminoglycosides. Our work demonstrated, therefore, the presence of  
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a considerable E. faecalis resistome, available to trade with other bacteria, and the need for a 
continuous monitorization of the antibiotic resistance in the enterococcal populations in foods and  
in the environment as an important tool for ensuring food safety and for the management of 
bacterial resistance against antimicrobial drugs. 
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Food safety is an important requirement in the food sector. Food safety refers to conditions and 
practices that preserves the quality of food throughout the food chain, reducing the risk of 
consumers becoming ill from food-borne diseases. Food safety systems is a requirement for all the 
industrial or services units, where foodstuffs are prepared, processed, manufactured, packaged, 
stored, transported, distributed and handled to the consumer. The Hazard Analysis and Critical 
Control Point (HACCP) system is a food quality system to improve all the operations along the food 
chain, “from farm to fork”. HACCP is a system to assess hazards and establish control systems that 
focus on prevention rather than on the control of the products. The main objective of this work was 
to implement a new HACCP methodology for the butchers sector, as well as its verification using a 
checklist, through technical audits, in several establishments under study (fruit shops and 
restaurants). 
During the audits, microbiological analysis were also carried out for the presence of total coliforms, 
following the methodology described in ISO 4831:2006 for handlers employees, surfaces and 
utensils. For the new HACCP plan of butchers sector, four critical control points were obtained 
regarding to a possible growth of pathogenic microorganisms in the reception, storage, display and 
packaging stages of products and/or raw materials. Regarding the audits, 90% of conformity was 
obtained, showing that there is a good performance using the HACCP plan, mainly in the fulfilment 
of prerequisites. However, the remaining 10%, showed that some improvement actions must be 
proposed through the correction of non-conformities. 
Regarding the checklist points, the most common non-conformities are related to the nonfulfillment 
temperature records; absence of the name and validity in the “day products”; ice formation and the 
presence of cardboard packaging in the refrigeration equipment. Taking into account the 
microbiological analyses, only once growth >1 occurred in the cutting knife analysis (between 28 
and 150 colonies on the plate) considered as moderate growth; all other counts were <1 (less than 
28 colonies on plate) considered as insignificant growth. The results indicate that, in general, there 
is a compliance of the good hygiene practices regarding infrastructures and equipment in the 
audited establishments. The essential aspect targeted for improvement, is the frequent training to 
the employees and a more rigor in the maintenance of the traceability of the products, as also to 
increase in the number of audits per year. 
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Panax ginseng C.A. Meyer, commonly known as Korean ginseng, is a highly valuable medicinal plant 
and the most expensive Panax species, which is widely included in various herbal products, such as 
plant food supplements (PFS) and herbal infusions. Several therapeutic effects have been attributed 
to P. ginseng, namely treatment and/or prevention of some neurodegenerative and cardiovascular 
diseases, presenting immunomodulatory, antihypertensive, anti-inflammatory, antiallergic, 
antiatherosclerotic, antidiabetic and even anticarcinogenic actions.1,2 Among P. ginseng's bioactive 
compounds, triterpenoid saponins (ginsenosides) are the main responsible for its medicinal 
properties. However, these phytochemicals are present in other Panax species, but with different 
contents and chemical structures, providing them distinct pharmacological activities.1,3 Although 
other Panax species are distinct from P. ginseng, they are commonly known as ginseng, which can 
be misleading, highlighting the need for authenticating ginseng-containing products. Hence, the 
present work aims at proposing a new high-resolution melting (HRM) approach to differentiate five 
Panax species: P. ginseng, P. quinquefolius, P. notoginseng, P. japonicus and P. trifolius in herbal 
products. 
Panax specimens were used as voucher species for method development. Commercial products, 
including 6 dried roots, 7 herbal infusions and 10 PFS were acquired at the retail market. DNA was 
extracted using the Nucleospin Plant II kit (Macherey-Nagel, Düren, Germany). The gene encoding 
dammarenediol synthase (DS), which is involved in the biosynthesis pathway of ginsenosides,4 was 
selected as a potential marker of Panax genus to design a new set of primers. A real-time PCR assay 
using the new primers and 10-fold serially diluted DNA of P. ginseng (10 ng to 1 pg) allowed 
detecting down to 1 pg of ginseng DNA (Figure 1A, 1B). The assay exhibited high-performance 
analytical parameters, with a PCR efficiency of 100.5% and a correlation coefficient (R2) of 0.995. 
The conventional melting curve analysis revealed identical profiles among Panax species with melt 
peaks at 79.0 ± 0.2 oC for four species and a slightly higher value for P. trifolius (79.4 oC), without  

Figure 1: Amplification (A), calibration (B), melting (C) and difference (D)curves obtained by real-time PCR with 

EvaGreen® dye coupled to HRM analysis, targeting the DS gene of Panax spp., using 10-fold serially diluted P. 

ginseng DNA. Legend: cluster 1, P. ginseng; cluster 2, P. quinquefolius; cluster 3, P. notoginseng; cluster 4, P. 

japonicas; cluster 5, P. trifolius. 
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allowing their discrimination (Figure 1C). On the other hand, the application of HRM analysis 
enabled their differentiation, with confidence levels >98% (Figure 1D), which corroborated 
sequencing data. The applicability of Panax-specific real-time PCR assay to commercial samples 
allowed detecting Panax DNA in 17 commercial samples. Regarding their HRM analysis, 14 samples 
were included in one of clusters of the five species, all agreeing with the labels, except one. Three 
samples were not clustered with any of the Panax species, suggesting their substitution with other 
plants and the need of further investigation to confirm this finding. 
Herein, a useful and reliable tool for screening and further differentiating Panax species was 
provided, allowing verifying labelling compliance of ginseng-containing products and detecting 
fraudulent practices. 
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Carnaroli is a high quality and priced variety, which is considered as one of the finest Italian rice 
varieties. It belongs to the group of japonica ecotype, produced mainly in Piedmont (Italy), classified 
as a long-grain rice type A, possessing an excellent cooking resistance owing to a low tendency to 
lose starch and a good ability to absorb liquid while creaming. As a result, it is an ideal rice variety 
for the preparation of the traditional risotto. Due to its high commercial value, Carnaroli rice is a 
potential target of adulteration. Therefore, the development of methods to differentiate rice 
varieties, in particular Carnaroli, is of utmost importance to avoid fraudulent practices. Since 
morphological characteristics might be minimal among other rice varieties of the same type, 
disabling their correct differentiation, the development of molecular methods might be reliable 
tools to exploit DNA polymorphisms associated with their distinct quality traits, as potential 
authentication markers. Together with amylopectin, amylose is the main component of starch, 
whose ratio is determinant for the rice cooking properties. After cooking, varieties with high 
amylose content have dry, firm and separated grains, while low amylose ones usually have tender, 
cohesive and glossy texture.1,2 Amylose synthesis is catalysed by the granule-bound starch synthase 
(GBSS), which is encoded by the Waxy gene (Wx) and located on chromosome 6. Several nucleotide 
polymorphisms have been identified in the Wx gene, namely a (CT)n microsatellite and various 
single nucleotide polymorphisms (SNP), such as the G/T located in the first intron.1-3 Therefore, this 
work intended to exploit such polymorphisms as markers targeted by high resolution melting (HRM) 
analysis to differentiate Carnaroli rice from other closely related varieties. 
Several Italian rice varieties sold as Carnaroli (Carnaroli, Carnaval, Caravaggio, Koepe, Poseidone, 
Karnak, Carnise, L202 and L252), Roma-Baldo (Barone, Roma, Baldo, Cammeo, Galileo, Fedra, Proteo 
and Casanova), Arborio (Volano, Telemaco and Generale), Thaibonnet (Gladio), S. Andrea (S. 
Andrea), Ribe (Ronaldo), Gloria (Gloria) and Originario (Sole Cl) were acquired from producers. DNA 
from rice grains was extracted with NucleoSpin food kit (Macherey-Nagel, Düren, Germany). 
Commercial rice samples were acquired from Italian (8 samples) and Portuguese (6 samples) 
markets. In silico analysis was performed in the Wx gene, allowing the design of two primer sets to 
amplify fragments of 183 bp and 341 bp for HRM and sequencing analysis, respectively, targeting 
the (CT)n microsatellite and the G/T SNP in the first intron. Sequencing data showed that all the 
varieties commercialised as Carnaroli have a microsatellite of 17 CT repeats, while the others 
possess 18 (Roma-Baldo, Arborio, S. Andrea, Ribe, Gloria and Originario) and 20 (Thaibonnet). 
Additionally, the SNP in the first intron is G for Carnaroli and Thaibonnet, while is a T for all the other 
varieties. The development of a real-time PCR assay targeting the 183 bp fragment with EvaGreen 
dye combined with HRM analysis enabled the differentiation of Carnaroli rice varieties in Cluster 1, 
Roma-Baldo, Arborio, S. Andrea, Ribe, Gloria and Originario varieties in cluster 2 and Thaibonnet in 
cluster 3, with levels of confidence >98% (Figure 1). The HRM results corroborated sequencing data. 
The method applicability was successfully achieved using 14 commercial rice samples, from which 
one out of 5 samples labelled as Carnaroli suggests labelling incompliance/adulteration. The other 
eight samples were clustered according to their labelled variety, while one formed an undefined 
cluster with low confidence level, suggesting mixed varieties instead of the labelled variety  
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(Thaibonnet) and a possible fraudulent admixture. Therefore, the proposed new HRM method can 
be a simple, specific and high-throughput tool for the authentication of Carnaroli rice. 
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Figure 1: Temperature difference curves obtained by real-time PCR with EvaGreen dye and HRM analysis, targeting the 

Wx applied to different rice varieties. Legend: Cluster 1 (red lines), Carnaroli, Carnise and Karnak; Cluster 2 (green lines), 

S. Andrea, Volano, Ronaldo, Gloria, Sole Cl, Roma, Baldo and Generale; Cluster 3 (blue lines), Gladio. 
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Honey is highly valued for its taste, aroma, content in bioactive compounds and for being a natural 

food. In the European Union (EU), market demand for honey is higher than the domestic production 

and therefore a substantial amount of honey is imported. According to a 2014 European Parliament 

report on fraud in the food chain, honey was ranked as the 6th food product most prone to 

adulterateration.1 Up until now, honey authenticity addressed mainly sugars addition and botanical 

origin. However, an increased attention has recently been paid to honey entomological origin as it 

also relates to its geographical origin since honeybees carrying mitochondrial DNA (mtDNA) of 

distinct ancestries can be found across Europe. While in Portugal the predominant mtDNA of the 

autochthonous subspecies Apis mellifera iberiensis belongs to the A-lineage, when moving towards 

the northeastern part of the Iberian Peninsula this lineage is gradually replaced by the M-lineage. 

The native distribution of the M-lineage A. m. mellifera expands from the Pyrenees to Scandinavia 

and from the British Isles to the Ural Mountains while the C-lineage A. m. ligustica and A. m. carnica 

are naturally found in the Apennine and Balkan peninsulas, respectively.2 Currently, several honeys 

holding the protected designation of origin (PDO) label should be produced with autochthonous 

Apis mellifera subspecies, according to the respective EU geographical indications register. 

Additionally, consumers are increasingly concerned with ethical and environmental issues, paying 

attention to issues such as the protection of biodiversity and the mode of production. For these 

reasons, the development of methodologies for entomological authentication of honey contributes 

not only to assure consumers rights and avoid unfair competition by the identification of frauds, but 

also to promote and valorise autochthonous honeybee subspecies. Previous works have been 

carried out to discriminate among honeys produced by honeybees of each of the three mtDNA 

lineages (A, M and C). However, the proposed methodology is laborious as it relies on a 2-step 

approach: a qualitative PCR for the identification of A-lineage followed by a real-time PCR to 

discriminate between M and C-lineages based on their high-resolution melting profiles. In the 

present work, we propose a novel methodology based on newly designed primers targeting a 150 

bp fragment of the cytochrome c oxidase subunit I (COI) gene to differentiate the three lineages in 

a single step. DNA was extracted from honeybees of different subspecies, namely A. m. iberiensis 

(lineages A and M), A. m. mellifera (lineage M), A. m. carnica (lineage C) and A. mellifera ligustica 

(lineage C), using the Ron’s Tissue DNA mini kit (Bioron, Germany). Honey samples included honeys 

of known entomological origin provided by beekeepers and commercial samples. Honeys were 

submitted to an in-house optimized pre-cleaning step and DNA extracted using the NucleoSpin Plant 

II kit (Macherey-Nagel, Düren, Germany). The optimized conditions of the real-time PCR allowed 

establishing an absolute limit of detection (LOD) of 0.1 pg of honeybee DNA, a reaction efficiency of 

93.4% and a R2 of 0.998 (Fig. 1A and 1B). The developed HRM analysis allowed successful 

differentiation of honeybees from lineages A, M and C in three different clusters with high  
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percentage of confidence (>99%). When applied to honey analysis, the samples provided by 

beekeepers were clustered according to the information provided proving the efficacy of the 

proposed methodology. In particular, the honeys provided by the Portuguese beekeepers were 

clustered with A. m. iberiensis lineage A (Fig. 1C). However, some commercial samples of honey 

produced in Portugal did not cluster with any honeybee subspecies, suggesting the presence of a 

mixture of honeys produced by honeybees of different ancestries, most probably A-lineage with M-

lineage. Overall, a new approach, based on a single real-time PCR amplification with the fluorescent 

dye EvaGreen followed by HRM analysis, is proposed as a simple, fast and cost-effective approach 

to verify the labelling compliance of PDO honeys that should be produced with specific 

autochthonous honeybee subspecies. 
 

 

 

 

 

 

 
Figure 1: Amplification (A) and calibration (B) curves of the optimized real-time PCR assay with EvaGreen® dye, targeting the COI mini-
barcode using 10-fold serially diluted honeybee DNA (10 ng to 0.1 pg). Difference melting curves (C) obtained by HRM analysis of voucher 
honeybees and honey samples; cluster 1: A-lineage A. m. iberiensis and honeys from Portugal; cluster 2: C-lineage A. m. ligustica and 
honeys from Italy; cluster 3: M-lineage A. m. iberisensis and honey from Spain. 
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Cheese is a millennial product, emerging alongside with the first Human settlements and the 
domestication of plants and animals that occurred in the “Fertile Crescent”, over 8000 years ago.1 

The primordial cheese making craft evolved and was passed out from generation to generation, 

until it became well-established in ancient Middle-Eastern, Egyptian, Greek and Roman 
civilizations.1 In fact, the Romans are considered the main vector of cheese dissemination 

throughout Europe, including Portugal.2,3 The regional edaphoclimatic conditions encountered, 
potentiated the development of the Portuguese cheese making art, counting nowadays with almost 

100 traditional cheeses made from cow, goat and ovine milks or milk mixtures.3 In a valorisation 

and protection effort, to this date, eleven traditional Portuguese cheeses were awarded with the 

Protected Designation of Origin (PDO) status.4 Of those, the Serra da Estrela DOP cheese is the 

oldest traditional Portuguese cheese, made from ovine raw milk, cardoon and salt.5 The Azeitão 

DOP cheese evolved from the 19th century effort to reproduce the Serra da Estrela cheese in the 

Azeitão region.6 The aim of this work was to characterize the microbial composition of Serra da 

Estrela and Azeitão DOP cheeses at different manufacturing periods within the same production 

season. To that end, cheeses from both regions were collected from local producers in 

December/January, March and April 2021. Lactic Acid Bacteria (LAB) microflora present in the 

cheeses was assessed by culture plating and colony counting into several selective media. The 
abundance data was further analysed by one-way analysis of variance followed by post hoc Tukey 

test. Overall, in Serra da Estrela cheeses, viable LAB grown in MRS agar ranged between 8.4 ± 0.1 

and 8.9 ± 0.3 Log CFU/g, being highest in the January cheeses (p<0.05). Viable lactococci grown in 
M17 agar ranged between 8.1 ± 0.2 and 8.8 ± 0.3 Log CFU/g, with the lowest values being recorded 

in the January cheeses (p<0.05). Viable lactobacilli grown in RA agar ranged between 7.0 ± 0.1 and 

8.7 ± 0.2 Log CFU/g, with the lowest values being recorded in the April cheeses (p<0.05). Viable 

leuconostocs grown in MSE agar ranged between 6.9 ± 0.0 and 8.0 ± 0.0 Log CFU/g, with the highest 

values being recorded in the March cheeses (p<0.05). Finally, Viable entorococci grown in SBA agar 
were found at a concentration of ≈7.0 Log CFU/g regardless of the month of analysis. In the case of 

Azeitão cheeses, viable LAB and lactococci were found at a concentration of ≈9.0 Log CFU/g while 

viable lactobacilli were found at ≈8.8 Log CFU/g regardless of the month of analysis. Viable 
leuconostocs ranged between 7.8 ± 0.2 and 8.6 ± 0.2 Log CFU/g while viable entorococci ranged 

between 7.7 ± 0.2 and 8.7 ± 0.1 Log CFU/g, in both cases with the lowest values being recorded in 

the April cheeses (p<0.05). Generally, the results obtained in this study for the different LAB 
bacteria analysed are in line with previous reports on this topic, with the exception of the 

leuconostoc load, which was found at higher prevalence in a previous Serra da Estrela 
reports.5,7,8,9,10 One study also reported a lower prevalence of leuconostocs and enterococci in 

Azeitão cheeses.11 Comparing the microbial load of both DOP cheeses under analysis, reveals that 

the microbial content of leuconostocs (Figure 1) and enterococci (Figure 2) was in both cases 
significantly higher in Azeitão in comparison to Serra da Estrela DOP cheeses (p<0.05). In fact, 

several species of leuconostocs and enterococci are commonly isolated from cheese, actively 

contributing to the development of the organoleptic characteristics of cheese during the ripening 
stages.12 Thus, is possible that part of the organoleptic differences found between both cheeses 

could be attributed to the higher/lower content of viable leuconostocs and enterococci, in Azeitão  
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and Serra da Estrela, respectively. Characterization studies such as this, are important to 

understand the complex biological and biochemical processes that take place throughout cheese 
manufacture. Ultimately aiming for the preservation of the identity, quality and safety of Protected 

Designation of Origin and Protected Geographical Indication food products.  

 
 

Figure 1: Abundance histogram with standard deviation error bars of 

viable leuconostocs grown in MSE agar, expressed in logarithm of colony 

forming units per gram of cheese (log CFUs g-1) found in Serra da Estrela 

(SE) and Azeitão (A) DOP cheeses. Each colour is representative of a 

manufacturing period: blue) December/January; orange) March; green) 

April. The asterisk on top of the bar denotes significant differences 

(p<0.05) on viable leuconostoc microbial load between Serra da Estrela 

and Azeitão DOP cheeses on that specific manufacturing period.  
 

 
Figure 2: Abundance histogram with standard deviation error bars of 

viable enterococci grown in SBA agar, expressed in logarithm of colony 

forming units per gram of cheese (log CFUs g-1) found in Serra da Estrela 

(SE) and Azeitão (A) DOP cheeses. Each colour is representative of a 

manufacturing period: blue) December/January; orange) March; 

green) April. The asterisk on top of the bar denotes significant 

differences (p<0.05) on viable enterococci microbial load between Serra 

da Estrela and Azeitão DOP cheeses on that specific manufacturing 

period.  
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The Demarcated Region of Madeira (DRM) represents one of the oldest Demarcated Regions of 
Portugal, that produces the famous Madeira Wine (MW) for centuries. The island of Madeira, 
geographically located in the Atlantic, is of volcanic origin, has a subtropical climate and a 
pronounced orography. Also, the selective noble grapes and adapted agronomics practices, in close 
relationship with traditional and sui generis vinification techniques, which include the spontaneous 
fermentation, confer to the wines produced in the DRM distinctive organoleptic properties.1 The 
alcoholic fermentation of must grape, is a spontaneous process that, involves interaction between 
yeasts, bacteria and filamentous fungi, however, in vinification, the latter are suppressed by sulphur 
dioxide (SO2) addition. The population of yeast (S. cerevisiae) naturally present in must grapes 
mainly from the endemic microbiota, natural resident in pruine (cerous grape skin) whose diversity 
and proportions depend directly on agroedaphoclimatic conditions of the vineyards.2 During 
alcoholic fermentation of grape must, the S. cerevisiae metabolize glucose and fructose into carbon 
dioxide (CO2) and ethanol, with a series of parameters that influence the fermentative performance, 
which mainly includes the yeast strain that drives the fermentation process, due to a genetic 
predisposition as a result of selective adaptation to variety/ecosystems.2 In this work we report the 
characterization of S. cerevisiae strains, isolated from vineyards located in traditional viticulture 
areas and subordinated to the statute of DRM. During 2020 campaign, 4 grapevine varieties, namely, 
Sercial, Verdelho, Malvasia de São Jorge (white grape) and Tinta Negra (red grape) were selected 
and processed. The grape musts were submitted to spontaneous microfermentation in controlled 
conditions, aseptically.3 A total of 120 isolates were, randomly, selected in the final phase of 
microfermentation. The molecular identification of the yeast species was performed by restriction 
fragment length polymorphism (RFLP) analysis of the region 5.8S-internal transcribed spacers (PCR-
RFLP of 5.8S-ITS) of ribosomal DNA (rDNA).4 The strains identification was performed by analysis of 
interdelta polymorphism. Some technological parameters of oenological interest, such as ethanol 
tolerance, SO2 tolerance, fermentative power and foam formation were evaluated in the identified 
strains.5 In the final phase of microfermentation, only the species S. cerevisiae was identified. The 
fermentation process is completed by one to three strains. A dominant strain was found to be 
common to all samples. The results show the influence of the strain's metabolism on technological 
performance, verifying the importance of identifying and characterizing the S. cerevisiae strain, 
considering its impact in vinification. 
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Serpa is a Protected Designation of Origin (PDO) cheese, as provided for in Regulation (EEC) 2081/92 
of the European Commission, as such, it must be manufactured in the defined geographic area. 
Serpa’s traditional manufacturing process maintained throughout the years in the region, requires 
the use of raw ewe`s milk and vegetable coagulant based on dried flowers of Cynara cardunculus L., 
without any commercial starter, which emphasizes the role of the selected autochthonous 
microbiota. Its proliferation and qualitative composition will play a key role in creating the specific 
sensorial profile, general quality and safety. This microflora comes mainly from raw milk, but also 
from the whole surrounding environment. Under these conditions, the autochthonous microbiota 
may reflect its authenticity. The dependence of raw milk determines a great heterogeneity of the 
final characteristics, difficult to control by the cheesemaker in case of milk of inferior microbiological 
quality. In addition, from the point of view of food safety, the consumption of raw milk cheeses 
products causes some suspicions making the acceptance by some markets difficult. 
The aim of this project is to develop a clear understanding on the microbiome of Serpa cheese and 

relate this factor with cheese quality. The specific objectives of this proposal are summarized as 

follows:  

(i) To characterize the Serpa cheese microbiome using culture-dependent techniques and high-

throughput DNA sequencing (HTS);  

(ii) To correlate the cheese microbial profile with the chemical, biochemical, rheological and 

sensorial attributes, in order to establish dominant autochthonous strains in high quality cheeses;  

(iii) To select appropriate strains based on food safety, probiotic nature, technological aptitude, and 

behaviour in laboratory cheese models;  

(iv) To develop starter cultures, single or multiple strains, and evaluate their effectiveness at the 

laboratory and pilot scales;  

(v) To establish novel technologies for the preservation and commercial presentation of innovative 

starter cultures. 

More information:  

https://www.serpaflora.com/  

https://ec.europa.eu/eip/agriculture/en/find-connect/projects/serpaflora-

valoriza%C3%A7%C3%A3o-da-flora-aut%C3%B3ctone-do 
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Honey is a food widely consumed worldwide and much appreciated for its nutritional and 

organoleptic properties as well as for its beneficial health effects. However, honey is also considered 

one of the foods most prone to be adulterated either by the admixing of honey with lower quality, 

by the addition of sugars, or by mislabeling of botanical and geographical origins, among other 

possible frauds.1 Therefore, typically, honey authentication has focused mainly on the development 

of techniques targeting these types of frauds. Recently, increased attention has been paid to honey’s 

entomological origin since it also relates with geographical origin whose label non-compliances are 

difficult to detect. Moreover, in the current context where native honeybees are increasingly 

threatened by introgression, due to the use of exotic queens, preservation of honeybee subspecies 

in their native ranges, to which they are better adapted, is perceived as of high importance. In this 

sense, valorisation of the honey produced by native subspecies has been suggested as a possible 

approach to generate higher income for beekeepers, contributing to the development of rural 

regions and of sustainable beekeeping based on conservation strategies.2 Within the project 

Autent+, new approaches are being explored and tools developed for the authentication of honey 

produced by the native Portuguese honeybees (Apis mellifera subsp. iberiensis, mitochondrial DNA 

lineage A) and its discrimination from honey produced by honeybees of different maternal lineages. 

Lately, DNA-metabarcoding is emerging as a promising alternative for species identification since 

high-throughput sequencing (also known as next generation sequencing, NGS) platforms are able to 

yield millions of reads due to massive parallel sequencing. In the present work, the use of NGS was 

attempted to identify the entomological origin of honey samples. To that end, the mitogenomes 

obtained from previous works by whole genome sequencing of 121 individuals belonging to 

different subspecies and mitochondrial lineages, namely A. m. iberiensis (lineages A and M), A. m. 

mellifera (lineage M), A. m. carnica (lineage C) and A. mellifera ligustica (lineage C), were used to 

select the most promising regions for primers design. Based on the potential to discriminate A. m. 

carnica from A. m. ligustica, primers were designed targeting a 406 bp fragment of the cytochrome 

c oxidase subunit I (COI) gene. This gene has been proposed as a universal barcode for animal species 

identification.2 A total of 35 samples of honey, including samples of known entomological origin 

provided by beekeepers from Portugal, Spain and Italy, and honeys commercially acquired in 

supermarkets were submitted to DNA extraction using an in-house optimized pre-treatment step to 

eliminate interferents and the NucleoSpin Plant II kit (Macherey-Nagel, Düren, Germany). After 

optimizing PCR conditions, DNA extracts were first amplified using the newly designed primers 

attached to suitable adapters for subsequent NGS. PCR products were amplified in a second PCR 

with a set of appropriate indexes and sequenced on the Illumina MiSeq platform. The obtained 

sequences were analysed using a bioinformatics pipeline tailored for assigning sequencing reads to 

the different mitochondrial lineages and corresponding Apis mellifera subspecies. After applying 

several filters, the total number of reads used for species identification varied from 140 to 5001,  
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with most samples presenting over 1000 usable reads. The proposed methodology has the 

advantage of allowing identification of mixtures of DNA in the same sample. Honey may contain 

DNA of different maternal lineages when it is harvested from different hives headed by queens from 

different lineages, and it is then combined. In particular, some samples from Spain showed the 

presence of mixtures of DNA from lineages A and M, which is consistent with the distribution of A. 

m. iberiensis (lineages A and M) in the Iberian Peninsula. For a sample collected in Faial, Azores, a 

mixture of DNA from lineages A and C was detected, which is also consistent with the subspecies 

used in beekeeping in that island. The obtained number of sequence reads was used to estimate the 

% of each subspecies in Faial honey, allowing to conclude that there was a predominance of C-

lineage A. m. ligustica DNA (68%) over A-lineage A. m. iberiensis DNA from (32%). In general, the 

obtained results corroborated the information provided by beekeepers for the samples of known 

origin and the commercial samples were in good agreement with data previously generated using 

other approaches. To the best of our knowledge, this is the first study proposing a DNA 

metabarcoding approach for identifying honeybee subspecies and/or mitochondrial lineages in 

honey samples. Overall, our results suggest that COI metabarcoding offers a reliable and high-

throughput alternative to establish the entomological origin of honey.  
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In the last decades, the increase of fish consumption has been recommended by health 

organizations due to its health benefits, such as lowering the risk of cardiovascular diseases.1 In 

particular, the consumption of fish from cold waters like salmon, is highly recommended because of 

its richness in omega-3 polyunsaturated fatty acids (PUFA), namely eicosapentaenoic (EPA, C20:5n3) 

and docosahexaenoic (DHA, 45 C22:6n3) acids. All over the world, fish is part of the eating habits of 

many consumers, making it one of the most traded food commodities. Due to the high demand of 

this food and considering the current pressure on world’s wild fish stocks, the production of farmed 

fish has been growing over the last years. Aquaculture allows widen the consumer’s access to fish, 

making it generally more affordable compared to the same wild species, though it is known that 

fatty acid composition can significantly vary according to its production method (wild vs. 

aquaculture). Particularly for salmon, it has been reported that wildtype generally presents higher 

contents of valuable omega-3 PUFA,2,3 which together with its preferred organoleptic 

characteristics, drives consumers to prefer wildtype salmon. The high demand for wildtype salmon 

and its higher price compared to that of aquaculture, makes this product highly prone to origin 

adulteration/mislabeling. Different approaches have been proposed to establish the veracity of 

label information regarding production type, including the analysis of fish fat by direct analysis in 

real time (DART) coupled to high resolution mass spectrometry (HRMS). However, such approach 

requires highly expensive and advanced equipment. In this work, we propose a simple alternative 

approach relying on gas chromatography with a flame ionization detection (GC-FID), which is an 

affordable equipment present in most quality control laboratories, for the analysis fatty acid 

composition combined with advanced chemometric analysis to establish the most suitable classifier 

to discriminate the origin of the salmon.4  

A total of 100 muscle samples from authentic salmons were obtained in the framework of the EU-

funded project FOODINTEGRITY, including 26 wild salmon captured in Canada, and 74 farmed 

salmon samples from aquaculture farms in Canada (25 samples), Norway (25 samples) and Chile (24 

samples). Lipids were extracted using the Bligh and Dyer protocol and fatty acids analysed by GC-

FID after trans-methylation acid-catalysed. For chemometric analysis, a total of 596 instances were 

used and 7 independent features, corresponding to the identified fatty acids, were used. The data 

modelling tools used in this work are based on the Orange 3.24 software, which, in turn, uses 

libraries from the Scikit-learn, Numpy and Scipy written in Python. The graphical user interface uses 

the cross-platform Qt framework. As a first approach, the possibility of separating the data by 

classical and linear statistical methods was evaluated by principal component analysis (PCA) and a 

non-linear approach (t-SNE). Moreover, several well-known classification models were evaluated,  
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namely k-nearest neighbours (kNN), decision tree, support vector machine (SVM), random forest, 

artificial neural networks, naïve Bayes and AdaBoost. In a first phase, all these classifiers were 

developed/trained with the 17 features and then a feature reduction was considered. Figure 1 

shows the main process pipeline used in this work. Results showed that the four analysed groups 

showed different fatty acid profiles, with a higher level of omega-3 PUFA being found in the wild-

type group. The use of machine learning models applied to fatty acid composition allowed 

discriminating between wild and farmed salmons and further differentiating among the 3 farmed 

groups that were classified with a high performance of the model. Among the seven tested machine 

learning models, the best results were obtained with the k-nearest neighbours (kNN) classifier, 

allowing the correct classification of all tested samples. This method proved to be simple and it only 

requires the use of affordable equipment, commonly found in most laboratories. 
 

 

Figure 1: Main process pipeline (PCA: principal components analysis; t-SNE: t-distributed stochastic neighbour embedding, 
kNN: k-nearest neighbours, SVM: support vector machine). 
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Among several food commodities that are traded every day, the market of spices and herbal 

products has seen a vast expansion in the last years mostly due to a growing globalization of culinary 

culture. Besides being extensively used for food flavouring, aromatic herbs and spices are also used 

in several industries, such as pharmaceutical, cosmetic and perfumery. Being commodities that are 

frequently sold in the powdered form, aromatic herbs and spices are prone to adulteration by the 

addition of other lower cost plant material. Laurus nobilis L., commonly known as bay tree, bay 

laurel, sweet bay or true laurel, is an evergreen tree originating from the Mediterranean region used 

since immemorial time for culinary, ornamental and medicinal purposes. In addition to its worldwide 

use to flavour meat dishes, stews and rice, it is also applied in traditional medicine for its 

carminative, diuretic and anti-rheumatic properties.1 Worldwide, other species are also known by 

the common name of «bay» or «laurel» due to their morphological or aroma resemblance to L. 

nobilis. Common substitutes of L. nobilis leaves include the Indian bay leaf (Cinnamomum tamala), 

West indian bay leaf (Pimenta racemosa), Indonesian bay leaf (Syzygium polyanthum) and the 

Californian bay leaf (Umbellularia californica).2 Among them, U. californica contains a toxic volatile 

monoterpene in its composition – umbellulone –  that can cause severe headache, sinus irritation 

and even unconsciousness in sensitive individuals.3 Therefore, the correct identification and 

discrimination of true laurel from its possible adulterants, particularly U. californica due to its 

toxicity, is of utmost importance. In the present work, a real-time PCR method is proposed for the 

species-specific detection of U. californica DNA in L. nobilis seasoning products sold as entire or 

fragmented leaves or powdered spices.  

Voucher leaves of Californian bay laurel (U. californica), true laurel (L. nobilis) and the other species 

commonly known as bay leaves (P. racemosa, C. tamala, S. polyanthum) were obtained from 

different botanical gardens around the globe. Different plant species frequently used as flavouring 

products, such as spices or aromatic herbs, were included in the study for cross-reactivity 

assessment. Products labelled as containing L. nobilis (9 samples) were acquired in supermarkets to 

assess method applicability.  DNA was extracted from plant materials using the NucleoSpin Plant II 

kit (Macherey-Nagel, Düren, Germany). In silico analysis was performed to design primers targeting 

U. californica psbA-trnH intergenic spacer (NCBI accession No. AF268777.1) and the regions of the 

internal transcriber spacer 1 and 2 (ITS1 and ITS2) (NCBI accession No. AY265393.1). The best 

specificity results were obtained with the primers targeting psbA-trnH region since the other two 

primer sets presented cross-reactivity towards several tested plant species. Therefore, a species-

specific real-time PCR assay using the fluorescent EvaGreen® dye was developed and optimized. The 

developed methodology was in good agreement with the acceptance criteria established for real-

time PCR assays4 since it presented a PCR efficiency of 91.8% and a coefficient of correlation (R2) of  
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0.997 (Figure 1A, 1B). The dynamic range covered 7 orders of magnitude for the target analyte (10 

ng – 0.01 pg), achieving an absolute limit of detection (LOD) of 0.01 pg of U. californica DNA. The 

analysis of the obtained melting curves showed the absence of unspecific amplifications or primer-

dimmers, with all amplicons providing melt peaks at 73.4 ± 0.1 ºC (Figure 1C), confirming the 

effectiveness of the designed primers. Subsequently, to propose a quantitative model and establish 

the relative sensitivity of the method, binary mixtures containing 50 %, 10 %, 5%, 1%, 0.5 %, 0.1 %, 

0.05 % and 0.01 % (w/w) of U. californica in L. nobilis were prepared using powdered leaves of both 

species, which were then submitted to DNA extraction and amplified by real-time PCR using the 

developed method. The obtained calibration curve by plotting Cycle quantification (Cq) values 

against the logarithm of U. californica amount (%, w/w) evidenced a high performance of the 

method because the mean values of PCR efficiency (94.5%), R2 (0.995) and slope (-3.461) were all 

within the acceptance criteria.4  

 

Figure 1: Amplification (A), calibration (B) and melting (C) curves obtained by real-time PCR with EvaGreen dye targeting 
the psbA-tnrH region of U. californica using 10-fold serially diluted U. californica DNA (10 ng -0.01 pg). 
 

To showcase the applicability of the method, 9 commercial samples labelled as L. nobilis leaves or 
as containing L. nobilis as ingredient were submitted to the proposed methodology. After confirming 
the presence of amplifiable DNA using a set of universal primers targeting eukaryotic DNA, each 
sample extract was amplified by qualitative PCR assay with the newly proposed species-specific 
primers targeting the psbA-trnH of U. californica. None of the samples showed positive amplification 
for U. californica DNA therefore confirming the absence of adulteration. 
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Cider is an alcoholic beverage prepared by fermentation of apple juice 1. The determination of the 
volatile profile of ciders is important to understand the effects of the fermentative processes on the 
molecular content of these beverages. The volatile profile of ciders is mainly composed by volatile 
organic compounds (VOCs), belonging to various chemical families such as alcohols, esters, fatty acids, 
and ketones1,2. The type of fermentative technology (traditional or industrial) used determines the 
quality of the final product, influencing the organoleptic profile (aroma and flavour)1,3. In this work, 
the volatile profile of ciders obtained by different technologies was established using HS-SPME/GC-
MS 4. Industrialized (Coral, Bandida do Pomar, Somersby and Strongbow) and non-industrialized ciders 
(homemade and regional from Santo da Serra, Madeira Island) were studied. A total of 70 VOCs were 
identified, 20 VOCs of which were present in all analysed cider samples. Alcohols, carboxylic acids, and 
esters were the classes of compounds that contributed the most to the volatile profile of the ciders 
analysed (Figure 1). Two preservatives (sorbic acid and ethyl sorbate) were identified only in the 
industrialized samples. Significant qualitative and semi-quantitative differences were observed, 
highlighting the impact of different manufacturing technologies on the cider volatile profile. 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Figure 1 – Distribution of chemical families identified in the industrialized and non-industrialized ciders. Legend: Al – 
alcohol; CA – carboxylic acid; E – ester; T – terpene; CC – carbonyl compound; Ar – aromatic; L – lactone; M – miscellaneous; 
Ph – phenolic compound; N – norisoprenoid). 
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Coffee is one of the most popular beverages in modern society. This popularity is mainly due to its 
pleasant taste and aroma as well as the stimulating effect of caffeine. Its consumption has 
continuously increased in recent years, reaching a market value close to 25 billion euros.  
This work aimed to establish the volatile profile of coffee beans, ground coffee and espresso from 
Brazil, Timor, India and Ethiopia. A total of 104 volatile compounds were identified by solid phase 
microextraction in headspace mode combined with gas chromatography mass spectrometry (HS-
SPME/GC-MS), namely 23 pyrazines, 15 ketones, 15 furan compounds, 10 pyrroles , 9 terpenes, 8 
aldehydes, 4 alcohols, 3 volatile phenols and 17 compounds classified as others. The obtained results 
showed that in any of the analysed samples, furanic compounds and pyrazines are the most 
abundant chemical families, representing more than 40% and 20%, respectively, of the total volatile 
fraction in the analysis coffees. In coffee beans and ground coffee, the main volatile compounds are 
2-furfural, 2-furylmethanol and 2-furan carboxaldehyde, while in espresso coffee, N-furfuryl-
pyrrole, 2-furan carboxaldehyde and 2 -furyl methanol, stand out from the other volatile compounds 
identified. Using the analysis of the principal components (PCA) it was identified for each of the 
different types of samples coffee beans, ground coffee and espresso coffee, the first two main 
components (PC1 and PC2) explain respectively 49.0%, 42.7 % and 54.4% of the total variance 
observed. With regard to the PCA by type of sample, the first two main components explain 47.4% 
of the total variance observed between all samples (bean – ground coffee – espresso). Through the 
analysis of the importance values of the variable in the projection (VIP score) it was detected 
respectively 25, 17, 27 and 30 variables considered statistically significant for the samples of ground 
coffee, espresso, total samples, and by type of sample. Through linear discriminant analysis (PLS-
DA) it was possible to group all samples distinctly into different clusters, demonstrating that models 
based on the volatile profiles obtained may prove to be extremely important for the classification 
of unknown coffees and as such a tool powerful in detecting any fraud or forgery. It will also make 
it possible to establish typical profiles of coffees from the geographic regions targeted by the study. 

 
Figure 1 –Heat map (a) and dendrogram (b) obtained by PCA of coffee beans. Caption: coffee bean from Brazil (GBR), 
coffee bean from Timor (GTI), coffee bean from India (GIN), coffee bean from Ethiopia (GET). 
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Apple cider is a traditional alcoholic beverage fermented from apple juice, with increasing 

consumption and production worldwide. Apples (Malus domestica) and their derivates, particularly 

cider, pose a significant impact in terms of global fruit cultivation, being the most ubiquitous and 

well-adapted fruit species in temperate regions [1]. In 2017, across Madeira Island, around 130 ha 

were dedicated to the production of 2000 tons of apples, corresponding to the production of 3328 

hl of apple cider. Moreover, opposite to evidence in the remaining country, the cider-making by 

traditional process has never been discontinued in Madeira Island [2]. The traditional cider-making 

started with the harvest of selected apple varieties (e.g., Azedo, Branco, Calhau, Domingos, Festa, 

Rijo, Ribeiro, Vime and Verde apple varieties). Then, the apples are cleaned, crushed and pressing 

to obtain the fruit juice without solid parts. The fruit juice is submitted to a controlled fermentation 

(15 to 18 days) at 18 °C to obtain an ethanol content of 7–8% (v/v). Due to the edaphoclimatic and 

geographical characteristics associated with the organoleptic quality of the different endogenous 

varieties of cultivated apples, Madeira Island has all the natural conditions to produce excellent 

quality apple ciders [1].  

Currently, the food-quality programme of the European Union encourages food-origin protection 

through Protected Designation of Origin (PDO) and Protected Geographical Indication (PGI)) with 

the purpose of ensuring the quality of the final product [3]. Therefore, it is necessary to develop 

analytical tools to establish the authenticity and genuineness of food-derived products.  

In the current work, headspace solid-phase microextraction followed by gas chromatography-mass 

spectrometry (HS-SPME/GC–MS) combined with chemometric tools was used to establish the 

volatile fingerprint of apple ciders produced in different geographical regions of Madeira Island, in 

order to define their typicity and to identify putative geographical markers. A total of 143 volatile 

organic compounds (VOCs) belonging to different chemical families have been identified, of which 

28 were found in all apple ciders independently of geographical region. Esters, terpenic and furanic 

compounds presented, on average, the highest contribution for the total volatile fingerprint in cider 

produced in northern region of the Island, whereas alcohols, acids, volatile phenols, carbonyl 

compounds and lactones in cider from southern region. Forty-three VOCs revealed statistically 

significant differences (p < 0.001) between the target geographical regions, and 11 between 

northern and southern regions. A clear differentiation among cider-producing regions was observed 

on the developed partial least squares-discriminant analysis (PLS-DA) model. Two alcohols (1-

hexanol, 1-octanol), 6 esters (methyl acetate, (Z)-3-hexen-1-ol acetate, ethyl hexanoate, ethyl 

nonanote, ethyl octanoate, isoamyl octanoate) and 1 terpenic compound (limonene), can be  
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considered putative geographic markers due to their discriminatory ability. The results obtained 

recognize the specific and typical geographical characteristics of the cider, which will allow the 

forthcoming guarantee for the construction of a sustainable platform for the establishment of the 

authenticity and typicality of the regional cider. 
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One of the goals of the GO Serpaflora Project is to assess the specificity and biodiversity of the 

microbial consortium associated with Serpa cheese, thus contributing to the preservation of an 

autochthonous microbial ecosystem and a product that is part of the Portuguese gastronomic 

heritage. The composition of the food microbiota is often related to the place and process of 

production, climatic conditions, type and treatment of milk among other factors, and can be used 

as a tool for the traceability of food1. Serpa cheese is a cured cheese with Protected Designation of 

Origin (Regulation (EEC) 2081/92)2, made with raw ewe`s milk and vegetable coagulant Cynara 

cardunculus L. The use of raw milk and the absence of starters during its processing makes this 

cheese a complex natural ecosystem consisting of autochthonous microorganisms, mainly derived 

from milk, which gives it specificity1,3.  

 

For the characterization of this microbial consortium, the samples were obtained from two dairies 

located in the geographic area of production, select  based on a sensory evaluation of the cheese 

produced, carried out in the previous phases of this project. The quantitative and qualitative 

evolution of the microbial community was monitored over 45 days of ripening using standard 

cultural microbiological techniques and High Throughput DNA Sequencing (HTS). The use of HTS 

technology for the characterization of the microbiota seems to be adequate since it allows an insight 

into the total microbial community of the cheese.  

  

Sampling was carried out during production season. In each dairy, two productions were studied, in 

winter and spring, in a total of four productions. The productions were carried out based on the 

Serpa cheese specifications. In each production, samples of the raw milk and cheese (0, 4, 7, 14, 30 

and 45 days of ripening) were collected and analysed, in triplicate or duplicate. Microbial diversity 

was evaluated through the culture-independent methods by HTS amplicon sequencing (V3-V4 

region of the 16S rRNA gene and ITS2) to characterize both the bacterial and fungal total cheese 

community composition and to propose sequence affiliation down to the species level whenever 

possible.  

  

This approach confirms the diversity of the Serpa cheese microbiota and also that microflora mainly 

corresponded to lactic bacteria and to lesser extent, enterobacteria, estafilococos and yeasts. No 

pathogenic bacteria were identified in the different samples. The results point to initial counts of 

lactic acid bacteria of about 6 log cfu/g, with maximums (9 log cfu/g), between 14 and 30 days, then 

remaining in the order of 8 log cfu/g. This is followed by Enterobacteria and Staphylococci (6 log  
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cfu/g) and fungi (yeasts) at a concentration of about 2 log cfu/g. DNA sequencing identifies the genus 

Lactococcus spp. as dominant, followed by Leuconostoc spp. and, in the case of yeasts, the genera 

Debaryomyces spp. and Kluyveromyces spp. This characterization is in accordance with results 

obtained in other works on the characterization of this cheese4,5.  
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Serpa is a Protected Designation of Origin cheese, as provided for in Regulation (EEC) 2081/92 of 
the European Commission, and it must be manufactured in the defined geographic area. Serpa 
traditional manufacturing process maintained through the ages in region, requires the use of raw 
ewe`s milk and vegetable coagulant based on dried Cynara cardunculus L. flower, without any 
starter, which emphasizes the role of the autochthonous microbiota. This microflora comes mainly 
from raw milk, but also from the whole surrounding environment and its proliferation and 
qualitative composition will play a key role in cheese specificity. Traditional raw milk cheeses tend 
to display greater variability in comparison with cheese counterparts made of pasteurised milk but 
are characterised by strong and unique organoleptic and health-associated nutritional properties 
that are highly appreciated by the consumers1,2.  
 
This essay was a first approach within the scope of GO Serpaflora Project, to the study of the effect 
of using selected starter cultures in parallel with the native flora present in raw milk, in order to 
investigate the effect on the main physical, chemical, microbiological and sensory parameters of 
cheese. Microbiological quality, biochemical changes and sensorial aspects of ovine raw milk cheese 
manufactured with and without an added commercial starter were studied. For this purpose, an 
industrial scale trial was carried out using a commercial inoculum consisting of strains similar to 
those identified in Serpa cheese (LALFLORA AU1) + Inoculum L. lactis (acidifying). In this essay it was 
used as raw material, raw milk of low quality. 
 
Therefore, two manufactures were accompanied at a partner cheese factory, a normal production 
without inoculum (E1A), and another in which the commercial starter was used with raw milk (E1). 
The productions were carried out on the basis of the Serpa cheese specification, with the exception 
of the use of inoculums. In each production, samples of the raw milk and cheese at 0, 15 and 30 
days of production, were collected and analysed, in triplicate or duplicate. 
 
The physicochemical and microbiological characterization of the milk (LC) and cheese samples 
during the ripening times (0 days - Q0, 15 days - Q15, and 30 days of ripening – Q30) was carried 
out, as well as the sensory characterization of the cheeses with 30 days. The evolution of the 
microbial community (total mesophiles, enterobacteria, lactic bacteria and fungi) was monitored 
over 30 days of cheese ripening using standard microbiological techniques.   
 
In general, it is observed that the results obtained for cheeses with inoculum are comparable to 
those obtained with raw milk without inoculum in microbiological, physical, chemical and sensory 
analyses, moreover the samples with and without inoculum had not presented significant 
differences for all sensory attributes, as well as for both final classification (Figure 1). 
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Figure 1: Crust, shape, consistency, texture, paste colour and taste/aroma of cheeses E1Q30 and E1AQ30. 
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Food fraud is still a recurrent practice throughout food supply chains. In the case of seafood, 

misidentification of species and products repackaging constitute the most common frauds. 

Therefore, the development of appropriate analytical approaches to be used against food fraud is 

necessary. The present study goal is to explore for the first time, the possibility to differentiate 

between Sparus aurata from two different mariculture farms located in Madeira island (Caniçal and 

Ribeira Brava), using the mass fingerprint of fish mucus obtained from MALDI-TOF MS and analysed 

using Mass-UP software for multivariate statistical analysis and biomarker identification. It was 

possible to establish from the mucus protein fraction, a set of potential biomarkers for each location 

in a total of 35 peaks, being 17 peaks specific to Caniçal located farm and 18 to Ribeira Brava. The 

proposed analytical approach revealed a useful strategy providing accurate and fast results for fish 

geographical origin discrimination. 

Keywords: fish mucus; MALDI-TOF MS; Mass-UP; PCA; Authenticity; Traceability 
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The combination of flour, sugar, margarine, olive oil, eggs and brandy give rise to a traditional 

Portuguese pastry product from the region of Trás-os-Montes, which is highly consumed and 

appreciated, however, its nutritional profile does not bring much benefits1,2. Currently, the 

percentage of consumers concerned about what they eat is increasing, demanding diversified 

products and with less processed ingredients. In this perspective, the objective of this work was to 

verify the influence of chestnut flour (Castanea sativa Mill.) and chestnut pieces on the nutritional 

composition of the "Económicos", to increase the value of a product with high economic impact, in 

Trás-os-Montes, the chestnut, known for its interesting nutritional and bioactive properties. The 

nutritional profile analysis, including proteins, crude fat, moisture, ash, fibres, carbohydrates, and 

energy were performed following the AOAC official methods.3 Thus, one lot of “Económicos” was 

incorporated with 9% chestnut flour, another one with pieces of dried chestnut, and finally another 

one, the control lot, without any incorporation. This traditional Portuguese pastry product showed 

a relatively low moisture content (13.9 ± 0.6 g/100 g), with carbohydrates being the macronutrient 

present in the highest quantity (67 ± 1 g/100), followed by proteins (18.3 ± 0.9 g/100 g), offering an 

energy value of 345 Kcal. Statistically, it appears that both the chestnut flour and the chestnut pieces 

significantly reduced the humidity of the “Económicos”. Regarding crude fat, no significant 

differences were sought between the samples, being the same recorded for, ash and fibre content 

in the different products analysed. Regarding carbohydrates, the pieces of chestnut significantly 

increased the content in carbohydrates, while no differences were sought between the control and 

chestnut flour.  Finally, considering energy, the “Económicos” with chestnut pieces showed a 

significantly higher amount of energy.  This work showed that chestnut products do not have a 

significantly negative influence on traditional "Económicos” and may be a good asset for the 

diversification of this traditional product and valorisation of chestnuts. Furthermore, organoleptic, 

and bioactive analysis should be pursued to understand other positive effects this dried nut could 

have on the “Económicos”.   
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Sustainable viticulture and winemaking continue to represent huge challenges, where a better 
knowledge about the functional role of biodiversity in the vineyard and wine ecosystems is required. 
Viticulture and oenology are facing emerging challenges not only because of the effect of climate 
change on yield and composition of grapes, but also of a social demand for environmental-friendly 
agricultural management1. Particular attention should be devoted to the spatial and temporal 
interactions between autochthonous varieties, clime and vineyard conditions. This research aims to 
provide advances in the knowledge about the adaptability of grape varieties from the Portuguese 
Bairrada Appellation, mainly those used to produce sparkling wines.  
Five varieties (Arinto, Cercial, Bical, Maria Gomes, and Baga Vitis vinifera L.), from the Portuguese 
Bairrada Appellation, were selected. For each variety, grapes from two different ecosystems were 
collected during two consecutive harvests. Physical-chemical data from grapes (titratable acidity, 
pH, sugar content, and free and glycosidically-linked volatiles) and wines (free and glycosidically-
linked volatiles and foaming characteristics) were determined. Relationship between the different 
data sets and wine quality were studied using Component and Specific Weight Analysis (ComDim). 
Models for the prediction of grape potential for particular types of wines were developed using PLS 
regression. 
The results unveiled the high biodiversity of the Bairrada Appellation varieties. In addition, to the 
underlying variability of each vineyard ecosystem, each variety presents a specific pattern, which 
can be expressed differently in the ecosystems under study. Secondary metabolism showed 
sensitivity towards different climatic conditions. The approach used allowed to hierarchize the 
weight of the different variables and to estimate the adaptability of the five varieties. This tool has 
high utility for the management and rational use of endogenous resources. 
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In the last few years, the consumption of almonds and products based on almonds have increased 
worldwide. Portugal has a long history of almond production, and in recent years, the almond 
growing area doubled compared to 2009, with the Alentejo region increasing sixteen times1. 
However, the majority of the new plantations have used foreign cultivars, neglecting the traditional 
cultivars, known for the high quality of the fruits. Almond’s quality can be defined by fatty acid 
composition and tocopherol content. The lipid fraction represents an important benefit from the 
nutritional and health perspectives, while tocopherols play a role in protecting lipids against 
oxidation and thus, lengthening the storage time of almond kernels. Genes involved in biosynthesis 
of tocopherol have been characterized in other plant species2,3,4, but no studies have been described 
in almond trees. In order to identify and characterize the vte4 candidate gene, linked to the 
production of α-tocopherol, a new study was conducted in commercial (Antoñeta, Soleta and 
Lauranne) and traditional (Fura Sacos, Gama, Rogel and João Dias) almond varieties by our team. 
Using DNA amplification and Sanger sequencing techniques, it was possible to identify for the first 
time, the vte4 candidate gene, in which 28 SNP-type polymorphisms and 3 INDEL-type alterations 
(insertions and deletions) were observed in the commercial varieties Lauranne, Antoñeta and Soleta 
planted in Ferreira do Alentejo. The content of tocopherol isomers in the different almond varieties 
was determined, after extraction using methanol:dichloromethane (1:1), using high-performance 
liquid chromatography (HPLC) with a fluorescence detection and a normal-phase silica column 
(Zorbax RX-Sil). Preliminary results indicated higher values of α-tocopherol in mature almonds from 
Antoñeta and Fura Sacos varieties among the commercial and traditional varieties studied. In the 
future, the differentially expression level of vte4 gene will be evaluated by RT-qPCR to analyse the 
role of this gene in the synthesis of tocopherol.   
 

Funding: This work was funded by Inov-Amendo-AL: Microenxertia in vitro de amendoeiras selecionadas para a promoção do amendoal 

no Alentejo (ALT20-03-0246-FEDER-000068) supported by Program Alentejo 2020, through the European Fund for Regional Development 

(ERDF), within the scope of the Collective Action Support System - Transfer of scientific and technological knowledge - Domain of 

Competitiveness and Internationalization. Authors also acknowledge FCT for Contrato – Programa to L. Marum (CEECINST/00131/2018) 

and FCT for UIDB/05183/2020. 

References: 

1. Instituto Nacional de Estatística, Recenseamento Agrícola – Análise dos principais resultados - 2019, available at 

www.ine.pt/xurl/pub/437178558 (Accessed June 21, 2021). 

2. L. Yufei, C. Yang, H. Ahmad, M. Maher, C. Fang, J. Luo, J. Integr. Plant Biol. 63:1 (2021) 210-227. 

3. S. Fritsche, X. Wang, C. Jung, Antioxidants 6:4 (2017) 99. 

4. D. DellaPenna, B. J. Pogson, Annu. Rev. Plant Biol. 57 (2006) 711- 738. 

 

 

 

 

  

mailto:ana.faustino@cebal.pt
http://www.ine.pt/xurl/pub/437178558


 

548 
 

PC-G04: Towards the integration of analytical chemistry tools: 

metabolomics and food science 

M. Carpena,1 M. Fraga-Corral, 1,2 P. Garcia-Oliveira,1,2 A.G. Pereira,1,2 Paz Otero,1 P. Garcia-Perez,1 

Hui Cao,1 Jianbo Xiao,1 M.A. Prieto,1,2,* and J. Simal-Gandara,1,* 

1 Nutrition and Bromatology Group, Faculty of Food Science and Technology, University of Vigo, Ourense Campus, E32004 Ourense, Spain. 
2 Centro de Investigação de Montanha (CIMO), Instituto Politécnico de Bragança, Campus de Santa Apolónia, 5300-253 Bragança, Portugal.  

Email: *jsimal@uvigo.es; *mprieto@uvigo.es 

During the last decades, there has been an increment of “omic” technologies, which use a total or 
global approach to study the genes, proteins and overall, living beings 1. Metabolomics is a new 
discipline that encompasses analytical chemistry, extraction and separation techniques and data 
analysis to disclosure the identification and quantification of target metabolites as well as to 
elucidate their structure, metabolic pathways, and action mechanisms of very diverse biological 
samples 2. The integration of all these technologies gives a more detailed and realistic vision of living 
beings’ complexity, their relations, and biochemical mechanisms behind their biological processes 
3. Metabolomics is supported by different techniques, such as nuclear magnetic resonance (NMR), 
mass spectrometry (MS) and vibrational spectrometry (VS), which all combined and joined to other 
methods and disciplines, can help to a better comprehension of the metabolome of a specific 
sample. The integrative approach of NMR and MS has shown promising results when applied to 
identify and characterize new metabolites, so the advantages and drawbacks of each technique can 
be exploited depending on the purpose of the study. Furthermore, metabolomics can be applied to 
different fields and particularly, to food sciences 2. In this field, safety, quality, and traceability are 
key goals for metabolomics since it allows to evaluate these characteristics on food products, as well 
as the factors that influence its composition (such as the genetic origin), and even to detect fraud 
or contaminants 4. Metabolomics has been also reported for revealing the sensory properties of 
food, characterizing their properties as well as to distinguish between food and “superfood” 4,5. 
Thus, given the variety of applications of metabolomics on food science, it is essential to develop 
and improve analytical tools that allow the disclosure of the ins and outs of the metabolic pathways 
that are behind food components.  
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The standard ISO 19036 “Microbiology of the food chain — Estimation of measurement uncertainty 
(MU) for quantitative determinations” was published in October 2019, being applicable to several 
microbiological quantitative analyses, including the most probable number (MPN) technique. This 
is particularly relevant for official control laboratories that perform analysis in live bivalves according 
to European Union (EU) food hygiene legislation (for both bivalve production areas classification and 
end product testing), as the EU reference method for E. coli quantification in this food matrix 
specifies a MPN technique. 
 
This standard establishes two approaches to estimate MU: i) the technical, matrix and distributional 
uncertainty components are estimated separately from each other, then combined to calculate MU; 
or ii) a general MU value which may be reported as based only on technical uncertainty. The 
standard acknowledges that the effect of a component is only negligible if its standard uncertainty 
is no greater than one fifth of the magnitude of the largest component of standard uncertainty and 
allows laboratories to use matrix uncertainty values obtained in another laboratory, for samples 
expected to have a similar matrix uncertainty. 
 
The second approach to estimate MU is adopted for many quantitative methods, as the technical 
uncertainty is often the largest of those three components. However, that is not the case of the 
MPN technique, which distributional uncertainty can range from 0.18 to 0.44 Log10. In this context, 
the component of distributional uncertainty cannot be considered negligible for estimating MU 
related to the MPN technique.  
 
So, MU estimation related to the MPN technique (ISO 16649-3) presented in this work includes the 
three uncertainty components (technical, matrix and distribution). Specific examples are explained 
and discussed by exploring: i) one technical uncertainty value based on intralaboratory 
reproducibility, of at least ten live bivalve samples processed under laboratory conditions A and B 
(eg., different operators and equipment); ii) two matrix uncertainty values (one of the own 
laboratory and other publicly shared by a different laboratory); and iii) two distributional uncertainty 
values by range of MPN. Data illustrate the need of competent authorities establishing the decision 
rule used in live bivalve E. coli official results with statement of conformity. Additionally, they 
suggest the importance of revising live bivalve legal limits for E. coli, in order to address the 
uncertainty associated with values obtained by the reference method. 
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The date (Phoenix dactylifera L.) has always played an important part of the economic and social 
lives of the people of arid and semi-arid regions of the world. The chemical composition of the date 
shows that the flesh is an important source of sugar, dietary fibre and small amounts of protein, fat, 
ash and polyphenol. 1, 2 Antioxidant activity of date fruit has been reported by many investigators. 2 
Date fruit extract can inhibit protein oxidation as well as neutralise superoxide and hydroxyl radicals. 
The antioxidant activity is attributed to phytochemical compounds of dates such as phenolic acids, 
sterols, carotenoids, flavonoids, anthocyanins, etc., as well as the mineral selenium 2, 3. Chorizo is 
the most typical, popular and widely consumed Spanish dry-fermented sausages. Consumers 
demand safe, additive-free food of high nutritional value. In this sense, a dry-cured beef meat 
product is the best choice to enhance beef meat and produce a product without chemical additives. 
Moreover, the addition of date fruit could be used for making high value-added meat products and 
would further enhance the quality of final product above all thanks to its antioxidant capacity. The 
aim of this work is to study the effect of the use of dates in the preparation of a beef cured raw 
sausage.  
Four different sausage formulations (beef meat) were prepared, and each formulation was 
replicated three times. 4 Date fruit (3.5%, 5% and 10%), and 10% extra virgin olive oil were added to 
three of them. At the same time, a control batch was elaborated without the addition of date fruit. 
Samples from each batch were analysed at days 0, 3, 7, 14 and 21 to monitor the effect of ripening 
on antioxidant activity. The antioxidant activity of the samples was determined by the ability of the 
antioxidants to scavenge the 1, 1-diphenyl-2-picrylhydrazyl (DPPH) radical (results were expressed 
as IC50 - half-maximal inhibitory concentration) and by iron reduction (FRAP assay) according to the 
methodology described by Rodrigues et al. 5  
The final sausages (after 21 days of ripening) from each batch were submitted to sensory evaluation 
to assess the differences between control samples and samples with date fruits. For this test, 85 
people were questioned to predict the attitudes of the target population. The evaluated parameters 
were general appearance, taste and aroma. Data was subjected to an analysis of variance (ANOVA) 

using the General Linear Model procedure of the computer programme Statistica© 8.0 for Windows 
(Statsoft Inc., Tulsa, OK, USA) to determine the overall effect of date addition on physicochemical 
and sensory parameters. 
Sausages made with dates showed a higher antioxidant capacity during the whole maturation 
period. The lowest values were found in the control batches. A significant correlation between FRAP 
and DPPH values was found. At the end of maturation (21 days) significantly higher values (µmol 
FeSO4/100 g sausage) were quantified as the date content increased from 3.5% to 10% (Figure 1).  
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Figure 1: FRAP values of beef sausages (21 days of ripening) elaborated with 3.5% ---, 5% --- and 10% --- of 

date fruit and control ---. 

Antioxidant capacity was also verified when peroxides and TBARS values were studied. The addition 
of date fruit significantly reduced the TBARS values of the sausages. These results would be closely 
related to the high antioxidant activity of the dates. 2.3 
Regarding to the sensorial analysis, sausages made with different date fruit contents differed 
significantly from control sausages in taste and aroma intensity both in external perception and 
when sliced; differences in flavour intensity during chewing were also observed. Flavour perception 
in the sausages with higher date content is possibly responsible for the better overall acceptability 
in these batches compared to the control. Consumers rated the different sausages from 1 to 5. All 
consumers noted the intense flavour of the sausage with the higher date concentration. The 
majority appreciated this taste, although a very small number of consumers rated it negatively. The 
consumer preference study showed that the sausage with 10% dates was the most preferred (Figure 
2). 
 

 

Figure 1: Percentages of preference of the different sausages (3.5% ---, 5% --- and 10% --- of date fruit) by 

consumers. 
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