
 



 

2 

 

Dear Colleagues,  

 

It was with great pleasure that we welcomed you to the third edition of Dare2Change® 
conference, held again in the beautiful city of Porto. 

This international scientific conference, co-organized by Colab4Food, INIAV I.P. and 
PortugalFoods, aims to bridge the gap between academia and industry within the agri-
food sector. 

Great challenges such as the pandemic, war, demographic pressure, and climatic 
changes, have highlighted the urgent need for innovative food technologies/solutions 
and foods ingredients that meet the demand, respecting global sustainability goals. This 
includes the production of more nutritious and safer food, reducing waste based on reuse 
and circular economy principles, producing new food products/ingredients using less (or 
alternative) natural resources, optimizing technological processes to ensure food quality 
and extend shelf life. While there is certainly a long way to go, the excellence of 
Portuguese academia in this area, coupled with the strong collaboration with the food 
industry, will boost the development of effective solutions and their fast introduction on 
the market, benefiting the Portuguese industry on the international stage. The 
exceptional quality of the Portuguese products is not new, but challenges are titanic and 
required the most seamless coordination ever. This conference expects to make room 
for this collaboration to arise, while addressing pressing topics. 

The scientific committee created a program with sessions on pressing/emerging topics, 

where participants had the opportunity to discuss their latest findings in many areas of 

agri-food sector, encouraging networking opportunities. This year selected topics 

include: Food Development and Production; Nutrition, Health, and Well-being; 

Sustainability and Circular Economy; Digitization and AI in the Agri-food Sector. 

This Book of Abstracts, contains 192 abstracts, presented as posters at the 2025 edition 
of Dare2Change®, that answer to different hurdles within the four main topics of the 
conference. This figure reflects the great dynamic and diverse nature of the Portuguese 
agri-food ecosystem.  

We sincerely appreciate your presence at Dare2Change®, which greatly enriched the 

conference and played a pivotal role in its success. We also thank the sponsors for their 

commitment and support, essential to guarantee the success of Dare2Change®. 

We are looking forward to welcoming you again in the next edition of Dare2Change®! 

The Organizing Committee, 

 

 

       MIG UEL  TE IXE IR A  
 

       C AR INA ALME ID A  DEOLI ND A S ILV A  

Scientific & Executive Director    

              (Colab4Food) 

        Principal Researcher  

                 (INIAV) 

Executive Director     

  (PortugalFoods) 
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Building a community of practice to CATALYSE food safety 

breakthroughs 
 

Diana R. Fonseca, João Cortez, Paula Teixeira 

 
Universidade Católica Portuguesa, CBQF - Centro de Biotecnologia e Química Fina – 

Laboratório Associado, Escola Superior de Biotecnologia, Rua Diogo Botelho 1327, 4169-005 
Porto, Portugal 

dpfonseca@ucp.pt; jcortez@ucp.pt; pcteixeira@ucp.pt 
 

Contaminated food causes 600M cases of foodborne diseases and 420k deaths annually, 
resulting in 33M years of healthy lives lost1. This is probably an underestimation, but these 
numbers could be significantly reduced if advances and innovations in food safety were effectively 
promoted and widely implemented. However, barriers such as limited collaboration, complex 
regulations, and high costs hinder the adoption of improved practices. 
To address these challenges, the European project CATALYSE seeks to catalyse scientific 
innovations into practical food safety actions by creating a Community of Practice (CoP). A CoP 
unites people and organizations with a shared interest in a domain who collaborate to exchange 
knowledge, solve problems, and advance innovation 2. The CATALYSE CoP aims to foster 
collaboration and knowledge sharing between food safety actors to accelerate the adoption and 
scaling-up of innovative practices and technologies. This contributes to a more resilient, 
sustainable, and equitable community, meeting the needs of all stakeholders, from “farm2fork”, 
with the common goal of ensuring food safety. Educational tools will be developed to fulfill 
stakeholders needs and the active dissemination of new knowledge and innovative solutions 
generated by the scientific and industry communities will be promoted. This collaborative online 
platform will facilitate dialogue and collaboration across the whole food system, leading to win-
win solutions for all stakeholders involved. CATALYSE will not generate science by itself or 
promote specific proprietary solutions: it will be a common online place where all the actors of the 
food chain can meet and define together the needs and possibilities that innovation can answer 
and/or offer. We invite you to join our CoP to connect with peers, access cutting-edge resources, 
and contribute to the development of safe and sustainable food systems. By becoming a member 
of CATALYSE CoP, you will have access to consolidated updates on food safety, all in one place. 
 
Acknowledgments: Grant Agreement:101136754 – Ref. Ares (2023)7542280 - 07/11/2023 
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evaluation of the impact of context on consumer perception 
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3 Faculty of Nutrition and Food Science of the University of Porto, Porto, Portugal 

* lmcunha@fc.up.pt 
 

Context is a critical factor in sensory and consumer science, influencing perceptions, emotions, 
and hedonic evaluations of food products [1]. Traditional sensory analysis, conducted in neutral 
booths, often lacks ecological and external validity due to the absence of environmental cues, 
leading to differences between lab-based and real-world consumer responses [2,3,4]. 
Advancements in digital technologies have led to the development of novel evaluation 
methodologies, including immersive approaches [5,6]. Among these, Augmented Virtuality (AV), 
a subset of Mixed Reality, merges virtual simulations with real-world elements, enhancing realism 
and user engagement [6].  
Hence, this work presents a high-quality AV system developed in Unity (Unity Technologies, 
version 2022.3.42), designed to perform large-scale sensory and consumer tests with a high-
degree of immersion and realism, while enabling user-friendly data collection. The system utilizes 
Varjo XR-4 (Varjo Technologies) head-mounted displays (HMDs) to present 8K (8192 x 4096) 
360° videos of real environments (e.g., pub, beach bar) projected onto a chromakey area, 
ensuring a high-degree of realism. Simultaneously, real-world items (e.g., food, utensils, mobile 
device, participant’s hands) are visible through the HMD, providing a seamless integration of 
virtual and physical elements. Additionally, precise spatial tracking of both the participants and 
the evaluation table setup is ensured by base stations (HTC Vive, SteamVR Base Station 2.0) 
and markers, respectively. Real-time data collection is supported through API-synchronized 
questionnaires on mobile devices, with audio prompts also delivered through the HMD, ensuring 
a seamless and immersive experience for participants. 
Looking forward, this AV solution has the potential to revolutionize sensory and consumer 
research by improving ecological and external validity, reducing operational costs associated with 
context research, and enabling immersive, high-engagement studies across diverse food 
consumption environments. Practical applications include market testing and personalised 
consumer experiences, opening the way for a new era in sensory and consumer science, 
specifically on context-driven product evaluations. 
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Introduction: Training operational staff in the food industry is challenging due to work schedules 
and low motivation. Traditional and face-to-face training methods have limited coverage and 
reduced knowledge retention. This research aims to identify whether online training 
methodologies, with gamified audiovisual resources, can be an effective alternative to 
complement staff training. 
Method: A case study was conducted in a food industry company in Colombia with 82 employees. 
Four courses were designed and developed according to the company’s needs, covering the 
following topics: cleaning and disinfection, efficient water use, allergen management, and 
cardiovascular risk prevention. Multimedia resources, such as micro-capsules, podcasts, 
interactive activities, notes, and infographics, were used in a gamified environment on the Moodle 
platform developed for mobile devices. Tests were conducted to measure knowledge retention, 
and questionnaires and focus groups were used to assess user satisfaction. 
Results: The courses were completed by 43 administrative employees and 39 production staff, 
with a distribution of 36 women and 46 men. Of these, 48% had technical or university-level 
education, while 52% had basic education. The average time to complete each course was 4.5 
days. The knowledge retention rate was 80%. The users' satisfaction level was high, particularly 
with the content and multimedia resources used. Suggested improvements included making 
chapters shorter, improving the user experience by optimizing the platform, familiarizing users 
with the platform, and increasing interactivity. 
Conclusion: The use of online courses with gamified audiovisual resources can be an effective 
alternative to enhance motivation and coverage of online training for operational staff in the food 
industry. 
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In a world where the lack of resources expected to meet the demands of a growing population is 
increasingly evident, new alternatives have been explored by the Food Industry. Egg white protein 
(EWP) is widely used in conventional cured meat analogs for its excellent texturizing and binding 
properties. However, plant-based meat analogs, crafted mainly from legumes, soybeans, wheat, 
and lentils [1], have been explored due to health, sustainability, and animal welfare concerns. 
Additionally, the by-products of the vegetable and fruit industry can be used as technological 
ingredients due to their rich composition in bioactive compounds such as dietary fibers and 
polyphenols [2]. Yeast protein extract (YPE) and β-glucans, known for their versatile functional 

properties, have gained attention as fortifying ingredients. YPE is rich in easily digestible proteins, 
amino acids, and natural umami enhancers [3], and β-glucans are recognized for their role as 

hydrocolloids, offering thickening, stabilizing, and texturizing effects in food formulations [4].  
This study aimed to replace EWP with mung bean protein and evaluate the potential of YPE and 
β-glucans (in solution and powder) as texturizer ingredients. Additionally, the effect of water-

oil/protein ratios was assessed. The ham-like formulation was based on a protocol supplied by 
the Primor Group and evaluated considering the Texture Profile Analysis (TPA) and CIELab color 
coordinates. Initial results revealed that mung bean protein significantly reduces the texture 
parameters, including decreases of approximately 70% in hardness and elasticity, and 90% in 
chewiness compared to the EWP control, presenting a soft texture. YPE incorporation improved 
the texture properties, particularly when the water-to-oil/protein ratio was reduced, resulting in 
higher hardness values, even though the improvements were insufficient to fully match the EWP 
control. Further enhancements were achieved by incorporating β-glucans, resulting in an 

increased hardness of 60% compared to mung bean protein and 20% compared to YPE, with 
slight increases in elasticity and chewiness. Powdered β-glucans demonstrated promising results, 

achieving hardness values comparable to the EWP control. Cohesiveness and elasticity remained 
closer to EWP control. Although the chromatic analysis revealed some notable differences from 
the control, the formulations still showed appealing colors. 

 
Figure 1. Formulations based on mung bean protein (MBP) incorporating Yeast Protein Extract (YPE) and β-Glucan (β-

GLC) in solution and powder at varying concentrations. 
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Meat production significantly impacts the environment due to greenhouse gas emissions and the 
extensive use of water and land resources. Allied to this, the growing population and demand for 
animal protein hinders the reduction of these impacts1,2. Consequently, many people are reducing 
their consumption of animal-based products, while food companies develop plant-based meat 
alternatives3. 3D printing technology in food production creates products with personalized 
nutrition and appealing textures, offering consumers an attractive alternative4,5. This study aimed 
to develop a vegan snack using 3D printing technology and analyses its texture and nutritional 
composition.  
Instead of meat, isolated pea and potato proteins were used, with various ingredients in different 
formulations and tuned through rheology properties to ensure printability. A thermomixer was 
used to mix pre-gelled xanthan and LBG systems with other ingredients. The dough was printed 
using a 3D printer (Genesis TM, 3D Biotechnology Solutions, São Paulo, Brazil) with 100% fill, a 
0.8 mm nozzle diameter, 180% print speed (72 mm/min), and 180% flow rate. The snack was 
baked at 125ºC for 15 minutes and then cooled to room temperature.  
The texture analysis showed the snack had higher firmness in the cutting test (2.5 N) than in the 
penetration test (0.9 N), likely due to the cutting blade's sensitivity. Nutrient composition showed 
44% moisture, 6% ash, 8% lipids, 32% protein, and 11% carbohydrates (calculated by difference). 
According to Regulation (EC) nº 1924/2006, the claims "high in protein" and “rich in minerals” 
phosphorus (238.7 mg/100g), iron (9.4 mg/100g) and copper (0.3 mg/100g), as well as a “source 
of” zinc (2.5 mg/100g) and manganese (0.3 mg/100g) can be applied. Total phenolic compounds 
were 0.32 mgGAE/g and antioxidant activity was 0.1 mgTE/g.  
The study's results suggest that 3D-printed snacks could promote sustainable, nutritionally 
tailored foods, reducing reliance on animal proteins and meeting current consumption needs. 
 
Acknowledgments: This work was supported by Agendas Mobilizadoras para a Inovação Empresarial - 
PRR I Aviso No 02/C05-i01/2022 project VIIAFOOD – Plataforma de Valorização, Industrialização e 
Inovação comercial para o AgroAlimentar (n.º C644929456-00000040). WP3 – Vegetarian/Vegan Meat 
Analogues Products. Linking Landscape, Environment, Agriculture and Food – LEAF (UIDB/ 04129/ 2020). 
Primor Charcutaria-Prima, S.A. 
 

References: 

[1] R. R. Balandrán-Quintana, A. M. Mendoza-Wilson, G. Ramos-Clamont Montfort, J. Á. Huerta-Ocampo, 
Proteins: Sustainable Source, Processing and Applications, (2019) 97–130. 

[2] L. H. Fasolin, R. N. Pereira, A. C. Pinheiro, J. T. Martins, C. C. P. Andrade, O. L. Ramos, A. A. Vicente, 
Food Research International, 125 (2019) 108586. 

[3] C. Graça, A. Raymundo, I. de Sousa, LWT, 74 (2016) 263–270.  
[4] E. G. Bulut, K. Candoğan,  LWT, 154 (2022) 112768. 
[5] S. Oliveira, I. Sousa, A. Raymundo, Algal Research, 68 (2022) 102879. 

 

 



 
 

24 

[D&PA 03] 

 

Impact of thermal treatment on Talaromyces trachyspermus 

spores inactivation 
 

Sousa, D.1,2,*, Noronha, L.3, Venâncio, A.1,4, Silva S. C.1,2,4 

 
1 CEB - Centre of Biological Engineering, UMinho 

2 INIAV - National Institute of Agrarian and Veterinary Research, Vairão, Portugal 
3 Colab4Food - Collaborative Laboratory for Innovation in the Agri-Food Industry, Vairão, Portugal 

4 LABBELS – Associate Laboratory, Braga/Guimarães, Portugal 
*dianasousa14@hotmail.com 

 
Heat-resistant moulds (HRMs) are microorganisms recognized for their ability to endure high 
temperatures encountered during heat treatment [1,2]. HRMs exhibit both an asexual phase, 
characterized by the production of non-heat-resistant spores called conidia, and a sexual phase, 
which generates heat-resistant ascospores [3]. These ascospores are formed within asci, many 
of which are enclosed in a large fruiting body referred to as an ascocarp [4]. In their natural state, 
ascospores remain dormant and require activation by external triggering stimulus, such as heat 
or high pressure, to germinate [5]. The spoilage resulting from HRMs presents a major challenge 
for the fruit juice industry, resulting in considerable economic losses and a key issue in this sector 
is the presence of Talaromyces trachyspermus. 
Thus, the aim of this work was to evaluate the effect of thermal efficacy on the inactivation of 
conidia and ascospores produced by T. trachyspermus. 
The spores of T. trachyspermus were produced on malt extract agar under different incubation 
periods of 1 week, 1 month, 2 months, and 6 months at 25 °C. Thermal treatments ranging from 
45 °C to 70 °C for up to 15 minutes were conducted to determine the temperature required to inhibit 
conidia and activate heat-resistant ascospores. 
Results showed that conidia were completely inactivated at 55 °C after 10 minutes of exposure, 
regardless of the incubation period. In contrast, ascospores exhibited greater thermal resistance, 
maintaining their viability, with evidence of thermal activation at 70 °C. Prolonged incubation 
periods (2– 6 months) increased the thermal resistance of both conidia and ascospores. These 
findings suggest that while conidia are heat-sensitive and can be effectively inactivated at 55 °C, 
ascospores are thermoresistant and can be activated under the pasteurization conditions used 
industrially. The study underscores the need for rigorous thermal treatments to control T. 
trachyspermus spores in industrial settings, particularly during pasteurization processes. 
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Killer yeasts produce toxins that can effectively suppress other microorganisms, providing a 
natural competitive advantage across diverse environments [1]. This phenotype establishes 
yeasts as highly promising biocontrol agents for combating spoilage organisms and foodborne 
pathogens [2]. In this study, yeast strains isolated from raw milk in the northern dairy region of 
Portugal were evaluated for their killer activity under different pH and temperature conditions. 
Initially, using a cross-reaction protocol with yeast strains from different species, it was observed 
that the effectiveness of killer activity was influenced by environmental conditions, with higher 
efficacy at acidic pH (3 and 4) and lower temperatures (20–25 °C). This screening revealed that 
Clavispora lusitaniae, Issatchenkia spp., Trichophyton erinacei, Fungal endophyte, Candida 
tropicalis, and Cyberlindnera jadinii exhibited the strongest killer activity. To investigate the 
potential of these killer yeasts as sustainable solutions for controlling foodborne pathogens, we 
tested their effectiveness against common bacterial contaminants. The findings showed that 
Cyberlindnera jadinii displayed considerable potential as a killer against Escherichia, Salmonella, 
and Proteus species. These findings highlight the efficacy of killer yeasts as biocontrol agents, 
capable of addressing microbial contamination in food systems [3]. By leveraging their 
antimicrobial activity against pathogenic and spoilage microorganisms, killer yeasts or their 
antimicrobial subproducts can be incorporated into food production processes, either as natural 
additives or through fermentation-based approaches to improve food safety and quality [4]. This 
is in line with the growing demand for sustainable and ecological solutions, leading to innovative 
strategies for food preservation and pathogen control [5]. 
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Growing consumer demand for healthier and clean-label products has driven industries to explore 
natural alternatives to artificial ingredients [1]. Plants, vegetables, and agri-food co-products rich 
in natural pigments (e.g. anthocyanins and betalains) and bioactive compounds, such as phenolic 
compounds and dietary fibers, offer potential as natural colorants, fat replacers, or flavoring 
agents in meat products [2]. Yeast protein extract (YPE), due to its balanced amino acid profile, 
vitamins, antioxidants, and natural umami-enhancing properties, is a versatile ingredient that 
improves taste and quality [3]. This study aimed to develop meat hams with reduced salt content 
and vegetable-based colorants. Based on a protocol from the Primor Group, several formulations 
were prepared and evaluated using Texture Profile Analysis (TPA) and CIELab color attributes. 
The salt content in the formulation was reduced by 25% and 50% using YPE at different 
concentrations. The salt reduction primarily decreased the texture parameters, and the addition 
of YPE did not fully compensate for this loss. The 25% salt reduction showed smaller differences 
from the control, with lower YPE levels yielding texture values closer to the control, particularly 
for hardness, cohesiveness, and chewiness. Elasticity slightly increased with higher YPE levels. 
For a reduction of 50% of salt, a higher YPE amount leads to a lower hardness, springiness, and 
chewiness but higher cohesiveness. Chromatic analysis revealed no notable differences from the 
control, except a slight increase in the a* parameter for higher YPE concentration, shifting towards 
more positive values, indicating a redder hue (Figure 1). 
Two vegetable-based alternatives were explored as replacements for cochineal in ham 
formulations at varying concentrations. The extracts were physicochemical characterized, and 
key compounds, total phenolic content, and antioxidant activity were identified through DPPH and 
FRAP assays. Betalain-rich concentrates (BC) exhibited a concentration-dependent shift towards 
more reddish tones, with the a* coordinate increasing at higher concentrations. 3% concentration 
showed excellent results compared to the control (produced with cochineal) with an ∆E≈6. The 
anthocyanin-rich extract (AE) produced a purplish hue at higher concentrations and emerged as 
a promising candidate at a concentration equivalent to cochineal (0.025%) (Figure 1). 
 

 

 

 

 

 

 
 

 

 
Figure 1. Meat ham formulations with reduction of salt with incorporation of yeast protein extract (YPE), and 

replacement of cochineal colorant by a betalain-rich concentrate (BC) and anthocyanin-rich extract (AC). 
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The challenges in food production, driven by environmental and health concerns, are leading to 
a shift in consumer preferences towards alternative and more sustainable protein sources. The 
market for vegetarian and vegan meat alternatives is growing, yet market acceptance poses a 
challenge when talking about the appearance and sensory qualities of these formulations, as they 
differ greatly from traditional meat products [1,2].  
To address these challenges, two fungal-derived proteins (FP1 and FP2) and one fungal-
fermented protein (FFP) were used to formulate vegan ham analogues. The formulations were 
optimized in terms of composition (protein and lipid content), texture and appearance. A 
vegetarian ham containing egg white protein (EWP) served as the control for comparison. 
In the first stage, all formulations were produced at a laboratory scale and later scaled up to 
validate the findings. At the laboratory scale, texture profile analysis revealed that FP2 achieved 
the best performance across all analyzed parameters, closely resembling those of EWP, followed 
by FFP. On the other hand, FP1 showed a significantly lower hardness compared to EWP. After 
scale-up, the formulation that displayed the best results in hardness was FFP, followed by FP2. 
The color attributes of the scaled-up analogues were evaluated using the coordinates from the 
CIELAB space (L*, a* and b*) and calculating the color difference (∆E*ab) between the vegan 
formulations (FP1, FP2 and FFP) and the vegetarian control (EWP). The greatest color difference 
was observed between FP1 and EWP (∆E = 24.76) while FP2 showed the best results (∆E = 
15.79) followed by FFP (∆E = 20.53). 
In conclusion, this study highlights the potential of fungal-derived and fungal-fermented protein 
sources for developing high-quality vegan meat analogues that align with consumer preferences 
for sustainable and sensory-appealing alternatives. 
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Pulsed Electric Field (PEF) is an innovative non-thermal technology that aligns well with current 
industry and consumer demands. This processing strategy relies on the application of high-
intensity and short- duration (µs to ms) electric pulses to a product placed between two 
electrodes1. All applications are based on the induction of the electroporation phenomena on 
biological material2. This review aims to provide an all-encompassing snapshot of PEF (20–80 
kV/cm), highlighting its potential when used alone or in combination with mild temperature (MT, 
30–60 ºC), as a pasteurization method for fruit beverages and purees. Current literature pinpoints 
PEF as a more energy-efficient and greener alternative to conventional thermal pasteurization 
(TT)3. Furthermore, numerous encouraging findings at laboratory- scale4, have reported 

meaningful disruption of microbial cell membranes after PEF, resulting in microbial load reductions 

of Log10≥ 5.0, without compromising the quality of final product during refrigerated storage4. By 
comparing the results of previous studies on the efficacy of PEF combined with MT and purely 
TT, it was found that PEF can achieve a microbial load reduction similar to TT. PEF/MT treatments 
were also found to be most comparable to TT while being more energy–efficient and economically 
sustainable6,7,8. However, PEF is not devoid of drawbacks since it still has several hurdles to 
surpass before widespread industry application, namely, the reduced number of pilot-scale 
studies on the inactivation of microorganisms5 either with PEF alone or in combination with other 
methods, reduced reproducibility of existing results due to poor report of process parameters5, 
and lack of regulation are the most pressing of these issues5. Collaborative efforts between 
researchers, industry stakeholders, and regulatory bodies are still required for PEF adoption to 
become widespread in the food industry. PEF can become a highly successful non-conventional 
pasteurization method, if current gaps and challenges are effectively addressed. 
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Nitrite is a preservative commonly used in the meat industry, particularly to ensure quality and 
safety of the products. The chemical compound inhibits the growth of pathogenic bacteria, such 
as Clostridium botulinum, and protects against spoilage. Cooked meat products contain nitrite in 
its composition, which has raised concerns regarding potential health risks for consumers, 
especially due to the formation of nitrosamines [1].  In response, European Legislation has 
introduced new limits for nitrite addition, reducing the permissible quantity to 80 mg/kg of meat.  
The focus of this study is to assess the impact of nitrite reduction on the microbiological safety 
and organoleptic properties of cooked smoked bacon. The microbiological parameters include 
the evaluation of total viable counts, lactic acid bacteria, Enterobacteriaceae, Escherichia coli and 
pathogenic bacteria (Listeria monocytogenes, Salmonella spp. and spores of sulphite-reducing 
Clostridium), according to ISO Standards, during the product’s shelf-life. Technological 
parameters, such as colour, water activity and pH, were evaluated at three sampling points: 
beginning, middle and end of the shelf life. 
Despite the reduction of nitrite concentration to nearly half of its original value, the microbiological 
results indicate that the product remains stable and in compliance with the legal limits defined by 
the meat industry, with pathogenic bacteria were absence. Technological parameters were 
essential to understand the product’s changes, and their potential correlation with microbiological 
growth.  
Therefore, the new approach of reducing nitrite does not suggest safety concerns associated with 
the consumption of cooked smoked bacon. However, caution should be taken until further 
research confirms its safety. 
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Despite a growing popularity, consumer acceptance of edible insects remains a key challenge of 
this sector [1,2]. One of the key strategies to improve consumer attitudes pertains the 
development of appealing products [3]. Among the factors involved in food product development, 
package design and information has been scarcely studied in insect-based food products despite 
its key role in influencing perceptions and possible encouraging a shift towards insect-based food 
products as a novel and sustainable food source [4]. 
The present study aimed to assess determinants of acceptance of insect-based food products 
and to understand how consumers valorize different communication forms of claims related to 
product origin (Portugal/Europe), nutritional/health/sustainability benefits, and sensory/hedonic 
properties. A web- based survey applying a choice-based conjoint analysis method on two insect-
based products (protein bars and burgers) was performed in two European countries, Portugal 
and the United Kingdom. The choice design included 66 choice sets per product, with each 
participant evaluating 6 choices per product. Additionally, participants were characterized 
concerning food choices motives and behaviors, attitudes towards edible insects and 
sociodemographic characteristics. A total of 438 responses (Portugal, n = 208; UK, n = 230) were 
deemed valid after applying the validation criteria. 
Portuguese consumers exhibited higher acceptance for ‘snack composed by whole edible insects’ 
and brownies/digestive biscuits with insect flour than UK consumers. Willing consumers 
presented high interest and experience with consuming edible insects, low food neophobia and 
disgust towards edible insects. Food choice motives had a lesser effect, and while interest in the 
healthiness and sustainability of food products had a positive effect in insects’ acceptance, in the 
UK willing consumers were also characterized by a lower interest in the naturalness of food 
products. The findings from this study highlight how industry stakeholders can better reach willing 
consumers to increase their likelihood of accepting insect-based products. 
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The interest in insect-based ingredients as a protein source has grown significantly in recent years 
due to their nutritional benefits, environmental sustainability, and potential to address global food 
security. Insect-based ingredients have a high protein content, are rich in micronutrients and 
present suitable alternative to conventional proteins1. However, there are several challenges 
when incorporating these ingredients in food products, particularly in pastry applications. The 
functionality of insect ingredients is limited and can compromise the stability and quality of food 
products. They can also have a significant impact in organoleptic properties due their marked 
flavour, colour and textural properties2.  
In this study, insect ingredients were used on the development of pastry products. These 
ingredients were characterised by their physicochemical properties and the impact of several 
processing strategies were evaluated. Based on this characterization, strategies for the 
incorporation of insect ingredients in new pastry products were developed. The target products 
were cake creams and filling based on gelled emulsions and containing high protein content. The 
developed formulations were evaluated in terms of stability, texture, colour, water activity and 
organoleptic profile. These products successfully incorporated insect ingredients, can be 
classified as source of proteins or protein rich products and presented physicochemical and 
organoleptic properties compatible with pastry applications. 
This study demonstrated the potential of insect ingredient in pastry applications, enabling the 
development of healthier and more sustainable products.  
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Salt is widely used in the food industry as a flavouring agent, preservative, and texture enhancer. 
However, excessive salt intake represents a major public health concern [1]. Halophyte plants have 
shown potential as natural salt substitutes due to their mineral composition [2]. Nevertheless, the 
high chlorophyll content may affect the food's appearance, potentially reducing consumer 
acceptance. This study aimed to optimize a solid-liquid extraction process for chlorophyll removal 
from Salicornia ramosissima (SR) while preserving the mineral content and improving colour 
properties. 
Response Surface Methodology (RSM) was employed to optimize the extraction process and 
evaluate the effect of extraction time and plant-to-solvent ratio (P:S) on extraction yield (EY), 
chlorophyll yield (CY), and total chlorophyll content in the extract (TC). Ethanol, a biocompatible 
solvent, was used at room temperature. The plant material, before and after extraction, was 
analysed for mineral content and colour parameters (CIELab). The optimized conditions were 
applied to three additional halophyte species namely, Sarcocornia fruticose, Crithmum maritimum 
and Inula chritmoides. The resulting salt substitutes were incorporated into ham formulations. The 
ham products were analysed regarding texture (through texture profile analysis – TPA) and 
colour. 
The P:S was the most significant parameter, with lower ratios increasing both CY and EY while 
decreasing TC, leading to brighter and less green plant material. Furthermore, longer extraction 
times enabled higher CY and EY of the processes and improved the colour properties of the 
remaining plant material. The optimized process showed consistent results across the other 
halophyte species and preserved the mineral content. Incorporating the developed salt 
substitutes into ham formulations did not significantly change the texture or colour compared to 
the control. This study highlights the potential of halophyte plants as a natural alternative to 
traditional salt, offering improved nutritional profiles without compromising food product sensory 
properties. 
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Colour is an important organoleptic characteristic of food products, significantly influencing 
consumer acceptability [1]. European elderberry (Sambucus nigra) has been used in food, being 
recognised for its high anthocyanin content [3,4]. Elderberry bioactives include cyanidin 
derivatives, flavonols and phenolic acids [3,5,6]. Anthocyanins are already approved as food 
additive (E163) in the EU [2], further highlighting their potential in the food industry. This work 
aimed to optimise a conventional hydroalcoholic extraction process of elderberry to maximise 
anthocyanin yield (AY), total anthocyanin content (TAC) and extraction yield (EY), and evaluate 
its application as natural colourant in ham formulations. 
Response Surface Methodology following a Central Composite Face-Centered design was 
employed, varying solid-to-solvent ratio (1:200 – 1:10), ethanol content (0-100 vol.%) and 
extraction time (10-60 min). Seventeen extracts were obtained and characterised for anthocyanin 
concentration (pH differential method and HPLC-DAD-UV), colour properties (CIELAB method) 
and antioxidant activity (ORAC). The extract obtained at optimal conditions was incorporated into 
ham formulations, and colour attributes were assessed. 
Ethanol content had the most significant impact in all responses. Lower ethanol content and solid-
to-solvent ratio, enhanced AY and EY. A simultaneous increase in these parameters promoted 
the increase in AY. Higher TAC values were obtained with an increase in the ethanol content and 
extraction time, independently. In this work, the EY varied between 13-54%, AY between 3-90% 
and TAC between 0.2-1.2g/100gd.ext..Optimal conditions were identified, yielding major 
anthocyanins, namely cyanidin-3-glucoside and cyanidin-3-sambubioside quantified by HPLC. 
Moreover, quercetin-3-rutinoside and quercetin-3-glucoside were also found in considerable 
concentrations. Minor compounds included chlorogenic, neochlorogenic acid and kaempferol-3-
glucoside. Furthermore, ORAC varied between 348 and 2329 µmol TEAC/g dried extract. An 
anthocyanin-based colorant was successfully produced and incorporated into ham formulations 
demonstrating colour properties comparable to the control colorant, with ∆E<4. A slight decrease 
in redness was noticed, while yellowness remained consistent across all formulations.  
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Hyperbaric inactivation (HI) is a nonthermal processing methodology that uses moderate 
pressures (≤250 MPa) for long dwell-times (hours to days) to achieve pasteurization standards in 
heat and pressure-sensible foods. Recently, this methodology has shown great potential to not 
only inactivate vegetative microorganisms but also bacterial spores [1], which are very resistant 
to conventional thermal pasteurization and high-pressure processing, being required 
temperatures >100 ºC for several minutes to inactivate them [2]. Considering the importance of 
spores for both food safety and shelf-life, it is of upmost importance to evaluate the feasibility of 
this methodology for spore inactivation in a range of pH-values pertinent for food safety.  
This work aimed evaluating the potential of HI to destroy Bacillus subtilis spores, and the 
dependence of pH and nutrient-availability for spores’ inactivation, and the inherent inactivation 
kinetic parameters. B. subtilis spores were inoculated in nutrient-free McIlvaine-buffer and Brain-
heart-infusion-broth at three different pH-levels (4.50, 6.00 and 7.50) and kept under HI (150, 200 
and 250 MPa) up to 7 days at uncontrolled room temperature (18-23 ºC, RT).  
The results demonstrated a clear dependence of nutrient-availability and pH upon spore 
inactivation during HI, which allowed to fit both linear and non-linear (Weibull, Log-logistic and 
Biphasic) kinetic models frequently used to describe spores’ inactivation patterns. Lower pH-
values hindered spore inactivation at 150 MPa, which could be surpassed at and above 200 MPa. 
The presence of nutrients accelerated spore inactivation, which impacted the inactivation kinetic 
parameters. Curiously, a pressure increases from 200 to 250 MPa did not accelerate spore 
inactivation at pH 6.00 and 7.50. Phase-contrast microscopy images revealed that the spores 
were inactivated without reaching the vegetative state, which is an important outcome for food 
safety.  
These results show that HI can be an interesting approach for the inactivation of bacterial spores 
at RT, without applying any heat, which could be particularly interesting for heat-sensible foods 
and other types of matrices. 
 
Acknowledgments: This work received financial support from FCT/MCTES (LA/P/0008/2020 DOI 
10.54499/LA/P/0008/2020, UIDP/50006/2020 DOI 10.54499/UIDP/50006/2020 and UIDB/50006/2020 DOI 
10.54499/UIDB/50006/2020) through national funds. Carlos A. Pinto and Alireza Mousakhani Ganjeh also 
acknowledges FCT/MCT for the PhD grant reference SFRH/BD/137036/2018 and 2022.12558.BD, 
respectively. 

 
References: 

[1] C. Pinto, et al., Innovative Food Science & Emerging Technologies 98 (2024): 103861. 

[2] K. Reineke, et al., Annual review of food science and technology 11.1 (2020): 255-274. 

 

 

 



 
 

35 

[D&PA 14] 

 

Exploring the antibacterial potential of cell-free supernatants 

from probiotic strains against foodborne pathogens 
 

Emílio Gomes1,2,3*, Sara Ferreira1,2, Daniela Araújo3,4, Nuno F. Azevedo1,2, Carina 
Almeida1,2,3,4, Joana Castro1,2 

 
1 LEPABE— Laboratório de Engenharia de Processos, Ambiente, Biotecnologia e Energia, 

Universidade do Porto, Rua Dr. Roberto Frias, 4200-465 Porto, Portugal  
2 ALiCE— Laboratório Associado para a Inovação em Engenharia Química, Universidade do 

Porto, Rua Dr. Roberto Frias, 4200-465 Porto, Portugal  
3 Instituto Nacional de Investigação Agrária e Veterinária, I.P. (INIAV, I.P), 4485-655 Vila do 

Conde, Portugal 
4 Centro de Engenharia Biológica, Universidade do Minho 4710-057 Braga, Portugal  

* up202008704@up.pt  
 

Foodborne pathogens are a recurring public health issue, causing frequent outbreaks with 
potentially drastic consequences. To combat these microorganisms, various measures are 
commonly employed, including the use of antibiotics and disinfectants. However, the excessive 
use of these substances can lead to the development of resistance or tolerance in 
microorganisms. Therefore, it is important to explore new strategies that neutralize pathogenic 
action without exacerbating bacterial resistance to antibiotics and disinfectants. In this context, 
the potential of cell-free supernatants (CFSs) from organisms described as probiotics 
(Lactiplantibacillus plantarum, Lactobacillus acidophilus, Pediococcus acidilactici, 
Limosilactobacillus fermentum, Lactobacillus gasseri, and Lacticaseibacillus casei) was 
evaluated against foodborne pathogens, namely Escherichia coli, Salmonella enterica (serovars 
Enteritidis and Typhimurium), Listeria monocytogenes, and Proteus mirabilis.  
Agar well diffusion assays showed that the tested CFSs inhibited the growth of the studied 
microorganisms. This inhibitory activity is likely linked to the presence of organic acids, hydrogen 
peroxide, and bacteriocins. CFSs produced by L. gasseri and L. plantarum exhibited the largest 
inhibition zones. The ability of the CFSs to inhibit biofilm formation by pathogenic organisms was 
also assessed by quantifying biofilm biomass and cell culturability. Biofilms formed in the 
presence of CFS (40% v/v) had at least 94% less biomass than those without CFS. Regarding 
the culturability of biofilm cells, all values above zero were below the detection limit, indicating 
that the CFSs inhibited biofilm formation. These results highlight the action of CFSs from probiotic 
microorganisms against foodborne pathogens, emphasizing their potential application as 
alternatives to disinfectants in the food industry. Additionally, CFSs provide preventive solutions 
against pathogenic biofilm formation, a significant challenge in this field. 
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Clostridium perfringens is a pathogenic bacteria associated with foodborne illness, being able to 
form spores that are very resistant to thermal and nonthermal pasteurization processes [1]. To 
temporarily delay spores’ development in pasteurized foods, refrigeration is the most used 
strategy, yet with considerable associated energetic costs. Hyperbaric storage (HS) is a novel 
food preservation technique that controls storage pressure and temperature, aiming to inhibit 
microbial growth similarly to the conventional refrigeration processes. HS offers several 
advantages over refrigeration, particularly when applied at uncontrolled room temperatures (RT) 
[2].  
This study focuses on evaluating the potential of HS/RT in inhibiting the development of the 
spores from Clostridium perfringens and comparing it with conventional refrigeration. To do so, 
C. perfringens spores were inoculated in brain-heart infusion (BHI) broth, used as a model 
system, and coconut water, used as a real food product for validation. Various HS conditions were 
tested (ranging between 75-200 MPa), for up to 30 days at uncontrolled RT. Control samples 
stored at atmospheric pressure and under refrigeration (4 ºC) were also evaluated.  
The results revealed that HS/RT effectively inhibited the germination of C. perfringens spores in 
both BHI-broth and coconut water, surpassing the performance of refrigeration. However, the 
efficacy of HS was found to be pH-dependent, particularly in for BHI-broth. In coconut water, HS 
led to a gradual reduction of the spore counts of ≈3-log units after 30 days, regardless of the 
pressure level. Conversely, minor reductions of approximately 1-log unit were observed in BHI-
broth.  
In conclusion, HS/RT demonstrated the ability to prevent the development of C. perfringens 
spores in a model system (BHI-broth), being this finding validated in highly perishable coconut 
water. HS/RT also exhibited the potential to destroy C. perfringens spores during storage, 
particularly in coconut water, without thermal input, holding great potential for ensuring food 
safety. 
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Soft solid systems containing dispersed fillers have attracted interest in the food industry due to 
their remarkable stability, tunable rheological properties, and potential to deliver lipophilic 
nutraceuticals [1]. Among these systems, emulsion-filled gels (EFGs), which consist of emulsion 
droplets dispersed in a polymeric gel matrix, combine the advantages of emulsions and hydrogels 
[2]. Their shear-thinning behaviour, dimensional stability, and mechanical strength make EFGs 
ideal for extrusion-based 3D printing [3], enabling the creation of stable structures visually 
appealing, texturally diverse, and nutritionally customized for individuals with swallowing 
difficulties, children with sensory sensitivities, or personalized dietary needs [4]. 
This study developed EFGs by incorporating a high internal phase emulsion (HIPE) into a 
hydrogel matrix, systematically varying the emulsion content from 5% to 50% by total weight to 
optimize the printability. The effects of system formation and gelling were evaluated through 
rheological tests and 3D printing after 24 and 48 hours of sample preparation. 
All EFGs systems showed improved rheological performance compared to the base HIPE. 
Incorporating the emulsion into the gel matrix significantly increased the initial viscosity while 
maintaining the pseudoplastic behaviour of the base emulsion. Additionally, the gel-like properties 
of the systems were enhanced, including higher storage modulus and yield stress, confirming their 
suitability and stability for 3D printing. 
Results from 3D printing indicated that samples printed after 24 hours of gelation attained higher 
performance with increased emulsion content. The sample containing 50% wt. emulsion showed 
the most pronounced gel characteristics and superior recovery capacity, resulting in structures 
with promising fidelity. Samples printed after 48 hours of gelation also demonstrated satisfactory 
printing results but presented rounded corners, aligning with their higher gel character in 
rheological tests. In conclusion, incorporating the HIPE into the hydrogel matrix enhanced the 
dimensional stability and printability of the EFGs, confirming their potential in 3D-printed food 
applications. 
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The increasing demand for personalized nutrition is fostering innovation in food technology, with 
3D printing emerging as a promising approach [1]. The success of 3D food printing heavily relies 
on the inks’ rheological and textural properties, which can be finely tuned through additives, and 
optimized printing conditions to enhance foods’ stability and structural integrity [2]. In this context, 
Pickering emulsions (PEs) have shown great promise as 3D food inks, thanks to their ability to 
achieve tailored rheological properties by adjusting parameters like particle concentration and oil 
content [3]. Unlike traditional emulsions, PEs are stabilized by colloidal particles that form a rigid 
barrier at the oil-water (O/W) interface, providing superior stability and functionality [4]. 
This study explores the development of food-grade Pickering stabilizer particles derived from 
plant protein sources. The research aims to formulate Pickering emulsions with tailored 
rheological profiles, enabling their 3D printability. By leveraging the compartmentalized structure 
of these emulsions, the study seeks to protect and deliver combinations of active ingredients with 
both, similar and opposing properties within a single product. To achieve this particles, pH-shifting 
(pH 12) and heat treatments (70 and 90 °C) were employed to modify the protein structures, whose 
effects were analysed through protein solubility, particle size, zeta potential, and contact angle 
measurements. The results demonstrated that these treatments effectively altered the protein 
structures, enhancing their water affinity and improving functional properties for food applications. 
Subsequent steps will evaluate the Pickering emulsification capacity of the particles, followed by 
their application in 3D printing. 
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Hen egg yolk is an important ingredient in a wide range of food products, due to its excellent 
emulsifying properties and pleasant organoleptic characteristics. According to the last EFSA 
reports, Salmonella spp., associated with the consumption of eggs and egg products, were the 
most frequent pairing for total number of outbreaks in EU [1]. 
Hyperbaric storage is a novel pressure-based food preservation methodology that uses low 
pressures (25-100 MPa), being a possible environmentally sustainable alternative to refrigeration 
since it can inhibit microbial population in many food products, at room temperature, maintaining 
quality properties [2]. Therefore, the aim of this work was to evaluate hyperbaric storage as a 
nonthermal preservation methodology on egg yolk, to assure its microbial safety and minimizing 
the impacts on protein structure and consequently on its functional properties. 
Microbiological evaluation was assessed through counts of inoculated pathogenic Salmonella 
enterica (≈7.4 log CFU/mL), at different pressure levels (50/75/100 MPa), at room temperature 
(18-23ºC), and carried out up to 60 days. Then, egg yolk was evaluated for various parameters, 
namely surface hydrophobicity, thermal properties through differential scanning calorimetry and 
emulsifying properties, during storage at 50 MPa, and compared to refrigeration.  
Microbiological results showed that during hyperbaric storage the inoculated population in egg 
yolk, S. enterica, was reduced, in most cases, to counts below 1 log CFU/mL. Regarding the 
effect on egg yolk protein structure, at 50 MPa, the thermal denaturation enthalpy showed a 
progressive decrease, although without any significant change on denaturation temperature. The 
emulsifying activity reached its highest value (increase 1.17-fold) on day 35 under 50 MPa. 
Despite this, no significant changes were observed for emulsion stability and surface 
hydrophobicity, compared to refrigeration. This indicates that this innovative nonthermal pressure 
methodology has great potential to assure microbial safety, while maintaining the egg yolk 
properties. 
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Chlorella vulgaris is a green microalga known for its nutritional value and bioactive 
compounds, making it a promising functional food ingredient. However, its unpleasant taste, 
smell, and dark green colour, have been considered restrictive to consumer acceptance. In 
this study, it was hypothesized that complex coacervation could produce microcapsules to 
mitigate the sensory drawbacks of C. vulgaris in pear snacks, enhancing their acceptance and 
buying intention [1]. For this, two proteins with similar isoelectric points were used: the pea protein 
isolate (PPI) and the bovine serum albumin (BSA). Partially- sulfated carrageenan (C) was the 
selected polysaccharide to encapsulate C. vulgaris (6%  w/w). The PPI/C coacervates allowed 
to obtain higher encapsulation yield (79%) and efficiency (75%) due to higher electrostatic 
interaction of the polymers at pH 3, compared to higher repulsion f rom some negatively 
charged BSA amino acids. Despite this, both microcapsules exhibited an amorphous structure 
and low water activity (aw around 0.3). However, PPI/C microcapsules had significantly lower 
moisture and water solubility (11% and 57%, respectively), and formed continuous shells. 
Moreover, PPI/C microcapsules prevented the early release of C. vulgaris compounds at 
gastric conditions ensuring its later release in the intestinal tract. When incorporated into think 
pear snacks, the higher sensory scores and buying intention were obtained for snacks with PPI/C 
microcapsules containing C. vulgaris. Therefore, complex coacervation, particularly of PPI/C, 
allowed to mitigate the undesirable sensory attributes of the microalga, contributing to the 
future acceptance and consumption of algae- based food products. 
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The increasing demand for alternative protein sources has heightened the need for high 
throughput authentication methods for insect-based feed and food products in the agrifood sector. 
This study focuses on developing and validating two species-specific qPCR-based assays to 
detect and quantify DNA two commercially significant insect species: Tenebrio molitor (yellow 
mealworm) and Hermetia illucens (black soldier fly). Using primers targeting the mitochondrial 
cytochrome b gene for T. molitor and NADH dehydrogenase subunit for H. illucens, the assays 
demonstrated high sensitivity, detecting target DNA concentrations as low as 2 pg/μL for T. molitor 
and 0.2 pg/μL for H. illucens in complex food matrices. A key innovation is the harmonized thermal 
cycling conditions allowing simultaneous detection of both species in a single run, saving time 
and resources. 
The method´s robustness was validated across various commercial meals, hydrolysates, and 
animal feed products, accurately identifying both target species in mixtures at concentrations as 
low as 0.24% inclusion. No significant cross-reactivity was observed with other tested species or 
matrices. This robust, cost-effective approach supports regulatory compliance, ensures 
authenticity, and upholds safety standards in the insect-based protein supply chain, highlighting 
the need for advanced detection. These novel protocols set a foundation for future monitoring and 
quality assurance measures in food and feed industries [1]. 
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Edible insects offer a sustainable solution to the growing global demand for alternative protein 
sources that can replace farm animal protein in human diets [1]. Insects stand out for their high 
nutritional value and low environmental impact [2]. Despite these benefits, acceptance of insect-
based foods in Europe remains limited, due to psychological barriers like low familiarity, disgust 
and neophobia [1,3]. Meanwhile, eating insects is a culturally rooted practice in many non-
Western countries that has been shown to promote the acceptance of insect-based foods [4]. 
This study investigated willingness to try insect-based foods among Portuguese and Mexican 
consumers to ascertain the impact of familiarity with entomophagy on acceptance of novel insect-
based products and explore other cross-cultural effects. Data was collected in 2024 by 
administering online surveys to 121 consumers in Portugal and 158 in Mexico. Respondents were 
shown photos of three products – a salad with a whole insect (direct entomophagy), a shake with 
insect protein and a bowl of tortilla chips made with insect flour (stealth entomophagy) – and 
asked to rate their willingness to try them. Familiarity with entomophagy and degree of food 
neophobia and disgust were also assessed. 
Portuguese showed lower willingness to try insect-based foods than Mexicans, irrespectively of 
product type. Both were more willing to try the tortilla chips than the protein shake, and this product 
more than the salad, suggesting that direct entomophagy is less acceptable than stealth insect 
integration even in countries with a tradition of this practice [1,5]. Regression analysis showed 
that disgust and food neophobia are strong negative predictors of willingness to try insect-based 
foods in both countries, but not age or education. 
These results underscore the impact of cultural and psychological factors on the adoption of 
insect- based foods by consumers. Localized marketing strategies, educational campaigns and 
gender-specific approaches are essential to effectively promote these sustainable food solutions 
globally. 
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Photoselective nets are a novel agricultural method for enhancing crop quality by modifying light 
quality and exposure [1]. First introduced in fruit crops in the 1990s, these nets act as a physical 
barrier and filter for sunlight, influencing factors like shading, temperature, and frost reduction [2]. 
This study focused on understanding how these nets affect phenolic compounds in Gala Redlum 
apples grown under five types of nets: Grey, Yellow, Red, Black, and White. 
The phenolic compounds in apple peels, seeds, and pulp were identified and quantified using 
Ultra High Performance Liquid Chromatography – Time of Flight – Mass Spectrometry (UHPLC-
ToF–MS) [3]. The results indicated that apples grown under photoselective nets had lower 
phenolic compound levels in their peels. Notably, flavanonols were absent in the control apples but 
present in apples from four of the five net treatments. Flavanone levels were also higher in the 
fruit under the nets (0.095- 0.170 µg/g) compared to the control (0.042 µg/g). The yellow and white 
nets notably increased flavone content, reaching 5.972 and 6.316 µg/g, respectively, compared to 
just 0.154 µg/g in the control. 
In seed extracts, differences between control and photoselective net treatments were minimal, 
though the flavones, flavanones, and flavanols content was generally higher under the nets. 
Isoflavones were the only compound group to show higher content in fruit from net-protected 
orchards, particularly in the pulp. 
The main phenolic compounds in the apples were quercetin in the peels (59.26 - 94.60 µg/g) and 
phloridzin in the seeds (68.92 - 142.36 µg/g). Despite the variation in phenolic content, no net 
treatment produced fruit with higher levels of phenolic compounds than the control group. This 
may be due to the fact that nets reduce light intensity, which lessens the environmental stress that 
typically boosts phenolic compound production in apples exposed to more intense sunlight and 
temperature fluctuations. 
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Octopus is a highly valued delicacy across Europe, Asia, and beyond, with Europe consuming 
approximately 140,000 tons annually1 and South Korea leading in per capita intake (up to 2 
kg/person/year2). However, rising demand and overfishing threaten wild populations3, 
necessitating sustainable alternatives. Cell4Food’s cellular octopus production offers an 
innovative solution, preserving both the culinary and cultural heritage of octopus while minimizing 
ecological impact. 
Octopus is an exceptional source of nutrition, with a protein content of 70%–85% (dry matter) and 
an abundance of essential minerals like calcium and magnesium. It is also rich in vitamins A, C, 
and E, along with beneficial compounds such as β-carotenes and collagen4. This nutritional profile 
reinforces its global popularity, reflected in hundreds of traditional recipes worldwide. 
To understand consumer preferences, we analysed the top ten nations with the highest per capita 
octopus consumption, identifying the five most iconic dishes from a global repertoire of 51 octopus 
recipes. These selections showcase the most beloved preparations across diverse culinary 
traditions. Three main consumption patterns emerged: whole or minimally processed octopus in 
simple dishes, octopus incorporated into composite preparations (e.g., fillets, cakes, pastries), 
and processed forms such as marinated, canned, or dried products. 
At Cell4Food, we are pioneering cell-based octopus production to meet rising demand while 
addressing environmental and ethical concerns. By leveraging cellular agriculture, we ensure the 
continuity of traditional octopus cuisine without compromising marine ecosystems. Our 
technology-driven approach aligns with global sustainability goals, providing consumers with a 
responsible alternative that maintains the taste, texture, and cultural significance of octopus-
based dishes. 
Can you imagine enjoying a delicious "polvo à lagareiro" without any marine life being 
harmed in the process? That's the future we're working on! 
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Consumers are increasingly interested in foods and drinks that are considered healthy, fuelling 
the popularity of fermented products such as kombucha on the market1. Traditionally, kombucha 
is made with water, sugar, tea leaves and SCOBY (symbiotic culture of bacteria and yeast)2. 
However, the nutritional and sensory profile of kombucha can be improved by a second 
fermentation using different strategies. 
This work focussed on the use of cherry or quince juices for the second fermentation The fruit 
juice was prepared by using of non-commercial grade fruits as a strategy to reduce food waste 
and minimise losses in the food chain. The juice was obtained by centrifugation, filtration (0.71 
mm) and pasteurisation. This study aimed to develop a kombucha in which the first fermentation 
inoculation is carried out using only SCOBY, without other starters, followed by a second 
fermentation without sugar, which is replaced by quince or cherry juice. The final product was 
subjected to a nutritional analysis and hedonic test by 68 untrained consumers (56% female, 44% 
male). 
The nutrient analysis revealed a higher carbohydrate content in the cherry kombucha 
(8.66g/100g) compared to the quince kombucha (4.66g/100g). Both kombuchas had an alcohol 
content of less than 0.5%, which categorises them as alcohol-free. Analysing the sugar content 
before and after the second fermentation showed a reduction in sucrose and increased fructose. 
The sensory evaluation confirmed that both kombuchas exceeded the acceptance threshold of 5, 
indicating consumer approval. 
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Background: Sustainability has become a key focus for companies due to ethical responsibilities 
and market demand [1]. Vieira de Castro is committed to reducing waste and developing innovative 
solutions to valorize by-products generated during the production of cream-filled cookies. These 
by-products, rich in sucrose, can serve as a substrate for the synthesis of prebiotic fructo-
oligosaccharides (FOS). FOS are well-established prebiotics with significant potential for 
modulating gut microbiota, contributing to the prevention and management of various diseases 
[2]. 
Aim: This study aimed to explore the potential of reusing by-products from cream-filled cookies 
as a substrate for synthesizing prebiotic FOS, contributing to a sustainable and economical 
valorization process. 
Methods: Sucrose extraction from filled cookies was optimized using an experimental design. 
Subsequently, a commercial enzyme complex was utilized to enable in situ synthesis of FOS from 
the extracted sucrose. 
Results: Preliminary findings demonstrated successful FOS synthesis from cookie-derived 

sucrose. Yields of 0.82 and 0.85 gFOS/ginitial sucrose were achieved for two different types of filled 

cookies, corresponding to FOS concentrations of 44.24 and 58.41 g/L, respectively. These results 
are highly promising, showcasing the feasibility of efficiently converting cookie by-products into 
high-value prebiotic compounds. 
Conclusions: By-products from cream-filled cookie production were successfully repurposed for 
the enzymatic synthesis of FOS on a laboratory scale, demonstrating the feasibility of using these 
substrates as an economical alternative to pure sucrose. This approach not only produces high-
value prebiotic compounds but also aligns with the principles of sustainability by achieving zero 
final waste. Future work will focus on optimizing the sucrose extraction process, with results from 
the experimental design to be presented at the upcoming conference. 
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Wheat is one of the most consumed cereals globally, significantly contributing to human nutrition 
[1]. However, wheat processing generates underutilized by-products, primarily wheat germ and 
bran, despite their high nutritional value [2][3]. Wheat bran (WB) is a primary source of dietary fiber, 
proteins, and phenolic compounds and contributes to approximately 25% of the total weight of the 
wheat grain [4]. Therefore, studies have been conducted to valorize this by-product. Enzymatic 
hydrolysis combined with ultrasound-assisted extraction enhances the release of ferulic acid, 
phenolic compounds, and bioactive peptides, improving their antioxidant and antimicrobial 
properties [5]. Solid-state fermentation has further increased the bioavailability of phenolics and 
the solubility of dietary fiber [6]. Furthermore, this valorized WB can be used in cosmetic or food 
products [5][7]. 
Wheat germ (WG), rich in protein (34%), fat (10%), tocopherols, and essential minerals, 
possesses antioxidant properties [8]. This by-product can be separated in two main products, the 
wheat germ oil (WGO) and the wheat germ proteins (WGP). Moreover, the WGO has been 
effectively valorized through supercritical CO₂ extraction to obtain nanoemulsions for cosmetic 
and food products [9]. In addition, WGO can be extracted using cold pressing, to produce wound-
healing agents [10]. Additionally, enzymatic hydrolysis of wheat germ proteins has yielded 
antioxidant and antimicrobial peptides [11]. These proteins and peptides can be applied in 
functional foods and biodegradable packaging materials [12][13]. WG proteins and peptides can 
also be obtained using microwave extraction for further use in wound-healing agents [14]. 
Despite these advances, challenges remain in scaling up extraction/valorization processes, 
improving economic feasibility, and achieving full valorization of wheat by-products. Future 
research should focus on optimizing green extraction techniques, broadening industrial 
applications, and promoting a circular economy in wheat processing. By integrating sustainable 
strategies, wheat by-products can transition from low-value waste to high-value bioactive 
ingredients, fostering both economic and environmental sustainability. 
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The canned fish market is expected to grow driven by the increasing demand for convenient and 
nutritious food options, greater awareness of the health benefits of seafood and a global shift 
towards sustainable food production [1]. To meet this demand, the development of canned fish-
based meals can be an effective strategy. Many consumers combine canned fish with vegetables 
(as side dishes), which suggests that incorporating them into canned meals can provide an 
appealing and balanced approach for consumers. This study aimed to develop a canned fish-
based meal with chub mackerel (Scomber colias), carrots, green beans, chickpeas, and a tomato-
based filling medium. The product was produced industrially at COFISA, S.A. (Portugal), and its 
sterility, stability, quality, safety and acceptability were evaluated after one month of maturation, 
as well as after five months at room temperature and 40±2 °C (simulating 20 months of storage 
at 20 °C) 
The results showed that, up to 20 months of storage at room temperature, (i) stability and sterility 
were not affected; (ii) oxidation remained low (ca. 1 mg MA/kg); (iii) minor changes in colour 
parameters (luminosity and chroma) did not affect the visual appearance; (iv) chemical 
composition was not affected; (v) pH values remained stable, with slight decreases over time and 
(vi) sensory analysis revealed no significant changes in taste descriptors, such as saltiness, 
acidity or bitterness. Consumer acceptance remained high, with more than 80% of participants 
rating the product between “I like it moderately” and “I like it extremely”. 
These findings demonstrate that this canned fish-based meal is a strong foundation for developing 
nutritious, balanced meals with other fish species and seasonal vegetables. These ingredients 
can be selected based on price and consumer preferences, helping to meet the growing demand 
for convenient and healthy canned fish options. 
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The search for innovative food solutions and substitutes for animal proteins has become a priority, 

due to their potential to reduce environmental impact and improve human health1. In this context, 

vegan cheeses stand out as promising products on the market, especially because they eliminate 
allergens present in cheeses of animal origin2. Despite the wide range of plant-based alternatives, 

there is still room for significant improvements in aspects such as appearance, texture, nutritional 

profile and flavor3. This study investigated different sources of vegetables and grains for the 

development of vegan cheeses, with the main objective of creating products with physicochemical 
characteristics similar to those of cheeses of animal origin, but with a higher protein content. 
Among the main sources of vegetable protein analyzed are chickpeas, lupins and yellow peas, 
recognized for their high protein quality. 
Different experimental processes were performed (unfermented vs. fermented; uncured vs. 
cured), and cheeses produced from fermented chickpeas and cured for 20 days presented 
satisfactory texture and flavor profiles. Parameters such as color (CieLab System), protein content 
(Kjeldahl method) and texture profile were compared with commercial cheeses of animal origin. 
First results indicated protein content of approximately 19% for chickpea cheeses, 18% for yellow 
pea cheeses and 28% for a combination of chickpeas and lupin, values competitive with 
commercial cheeses, which have 36% of protein, obtained for 1 g by dry weight. The developed 
vegan cheeses presented texture properties, such as hardness, cohesion, chewiness and 
elasticity, close to those of commercial products. While the lupin cheeses had a softer texture, 
the chickpea cheeses stood out due to their similarity in hardness to traditional cheeses.  
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The production of innovative food products is an emergence of the food industry to satisfy 
consumers’ trends, namely healthy, fat-reduced, and bioactive-based functional products [1, 2]. 
Pickering emulsions (PEs), which are stabilised by solid particles, have been increasingly studied 
due to their high physical stability, and their ability to create functional and label-friendly solutions 
[1]. Agro-food residues are a source of bioactive molecules (phenolics, carotenoids) with potential 
health benefits [3]. The work aims to develop PEs stabilised with nano-hydroxyapatite (n-HAp) 
particles and functional PEs through the incorporation of olive leaf extract. The main goal is to 
create a differentiated emulsion formulation with functional and vegan characteristics as an 
alternative to traditional mayonnaise sauces. 
This study explores the formulation of oil-in-water PEs stabilized by n-HAp and enriched with olive 
leaf extract. Sunflower oil served as the oil phase, while the aqueous phase contained n-HAp. 
Emulsions were produced using a rotor-stator homogenizer at 11,000 rpm. Olive leaf extract was 
obtained via supercritical CO₂ extraction (90 bar, 50 °C, 2h). The study evaluates the impact of n-
HAp concentration (5-15 wt.%) and oil/water ratio (50-80% oil) on emulsion stability. The 
morphology, droplet size, phase inversion, rheology, and oxidative stability were also evaluated. 
The results indicate that the produced PEs have good stability for the tested period of 30 days, 
except for the 80/20 oil/water PE that separates after production. The PEs produced with higher 
n-HAp or oil concentrations have a semi-solid structure making them attractive options to mimic 
the traditional mayonnaise texture. Regarding oxidative stability, the PEs showed considerably 
improved stability compared to commercial mayonnaise products, which suggests higher 
resistance to peroxidation and a longer shelf-life for n-HAp PEs. 
The n-HAp PEs can offer advantages for olive leaf extract encapsulation, providing a promising 
perspective to develop innovative food-like products with low-fat, eggless and functional. 
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Miso is a traditional Japanese paste produced by fermenting soybeans using koji inoculated with 
Aspergillus oryzae1. This study aimed to develop a soybean-free miso paste by replacing 
soybeans with two drought-resistant cowpea varieties2 endogenous to the Castelo Branco region, 
‘Cara Verde’ and ‘Arroz”. These cowpeas were selected to improve the sustainability and 
nutritional profile of the product. To this end, a rice-based miso that consists of 50% koji rice was 
produced, and only using the remaining water from the cooked beans as a water source.  
Two different methods were used for each type of bean. The first was based on commercial rice 
koji, while the second involved the inoculation of rice (long-grain rice) with Aspergillus oryzae. 
Boiled bean mash was added to the koji, which was then anaerobically fermented at 25±1 ºC for 
28 days. The samples were nutritionally characterized and subjected to a sensory panel of 30 
untrained consumers (70% female and 30% male), and compared to commercial miso on the 
market using a hedonic test. 
From a nutritional point of view, the values obtained show that both methods and bean varieties 
produce a product that can be considered low energy value, a low lipid content and lower salt 
content than the found in commercial miso. Sensorial analysis showed that the miso samples 
fermented from commercial koji have a lower acceptability than those fermented with inoculated 
long-grain rice. Between the bean varieties, the "Arroz" acceptability was the most similar to that 
of the control sample. Miso's sensorial profile makes it a promising ingredient for seafood-based 
dishes, enhancing their flavour while also meeting the current trend towards locally sourced 
ingredients. 
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Kombucha is a non-alcoholic acidic beverage that has become increasingly popular in recent years 
due to its fresh flavour and many potential health benefits1. This beverage is made by fermenting 
sugar and tea (Camellia sinensis) with a symbiotic culture of bacteria and yeast (SCOBY). SCOBY 
takes the form of a solid-phase cellulosic pellicle, serially transferred from a finished batch of 
Kombucha to a new batch of high sugar tea. A second- SCOBY is therefore originated at the end 
of which fermentation. 
This study analysed and compared different generations of SCOBY’s and Kombuchas to 
characterize and understand differences in microbiota composition over different generations. For 
this purpose, DNA was extracted from different samples of SCOBY and Kombucha and a 
metabarcoding assay by next generation sequencing (Oxford nanopore Technologies) was 
performed in order to evaluate the community of microorganisms present in each SCOBYs and 
the resulting kombuchas. 
The results analysed by the Epi2me bioinformatic tool showed a solid presence of acetic acid 
bacteria, namely of the genus Komagataeibacter (formerly Gluconacetobacter), with some 
differences in distribution proportions between samples and analysed generations. 
This study is extremely relevant because it allows to characterize and evaluate the microbial 
stability of the SCOBY, and subsequent kombucha, over generations and define the community of 
microorganisms that are key to the success of this beverage. 
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The increasing presence of parasites in commercially important fish species raises significant 
concerns about fish quality, safety, and public health risks, for both consumers and economic 
stakeholders. The European Food Safety Authority (EFSA) identifies Anisakis and other 
helminths as major concerns in seafood safety and serious public health hazards, emphasizing 
the need to study emerging zoonotic diseases. However, we should not discard other pathogenic 
agents, such as microsporidia parasites, that may eventually pose safety or quality problems for 
the fish. In response to this, the Vertical FISH project focuses on understanding the impact of 
parasitic infections on fillet quality in three commercially valuable species, pouting (Trisopterus 
luscus), European hake (Merluccius merluccius) and black scabbardfish (Aphanopus carbo). 
Fresh samples, each comprising 30 specimens with viscera intact, were caught seasonally during 
one year from different geographical areas. We conducted comprehensive analyses including 
morphometric measurements, macroscopic and microscopic parasite screening, and assessment 
of nutritional value and organoleptic traits. Our data revealed crucial interactions between 
environmental factors and parasite infections, with direct implications for product marketability. 
These findings enable the development of novel biomarkers for quality assessment, providing the 
food industry with practical tools for quality control, shelf-life prediction, and supply chain 
management. Through this integrated approach, Vertical FISH aligns with EFSA's priorities and 
demonstrates how scientific innovation addresses real-world challenges in the agrifood sector, 
fostering competitiveness through improved product quality and safety. 
 
Acknowledgments: This work was funded by Innovation Pact, Project No. C644915664-00000026 WP7-
FISH, known as the “Blue Bioeconomy Pact”, by FCT in the framework of the Programme Portugal2020 to 
CIIMAR (UIDB/Multi/04423/2021 and UIDB/Multi/04423/2022), and through the grant awarded to Luís 
Rangel (CEECIND/03501/2017/CP1420/CT0010), Carla Sousa (2023.00570.BDANA), and Fernando 
Atroch (2022_105_BI_BioeconomiaAzul).  

 
This work was developed in collaboration with industry. 



 
 

54 

 

[D&PA 33] 

 

Reimagining Waste: Exploring the Nutritional and Biological 

Power of a Freeze-Dried Snack based on Broccoli Stalk Powder 
 

Inês Soares1,*, Rita Vedor1, Telma Orvalho2, Sara Dias2, Marco Alves2, Daniela 
Machado1, Ana Maria Gomes1 

 
1 Universidade Católica Portuguesa, CBQF - Centro de Biotecnologia e Química Fina – 

Laboratório Associado, Escola Superior de Biotecnologia, Rua Diogo Botelho 1327, 4169-005 
Porto, Portugal 

2 Tagus Valley – Parque Tecnológico do Vale do Tejo, 2200-062 Alferrarede – Abrantes, 
Portugal 

*icsoares@ucp.pt 

 
The global food industry is progressively adopting closed-loop systems to promote sustainability 
and resource efficiency [1]. Upcycling of food by-products has emerged as a critical strategy within 
this paradigm, with the aim of minimising waste while maximising the use of nutrient-rich residues 
[2]. Broccoli stalks, which are frequently disposed of during processing, are a valuable source of 
dietary fibre and bioactive compounds, making them an ideal candidate for upcycling [3]. 
The present study explores the incorporation of broccoli stalk powder into a novel snack 
formulation and evaluates its nutritional composition (AOAC procedures) and bioactive properties, 
including total phenolic content (measured by Folin–Ciocalteu colorimetric method), antioxidant 
activity (ABTS assay) and antidiabetic potential (α-glucosidase inhibition assay). 
The freeze-dried snack, formulated with 30-40% broccoli stalk powder, exhibited a total phenolic 
content of 2 mg gallic acid equivalents (GAE)/g, an antioxidant capacity of 6 µmol Trolox 
equivalents/g, and demonstrated noteworthy antidiabetic potential, exhibiting an inhibition of α- 
glucosidase activity of 74%. Nutritional analysis further highlights the multifunctional benefits of 
the developed product. Notably, the product is a substantial source of protein (24 g/100 g) and 
fibre (34 g/100 g), aligning with global trends towards functional, health-promoting foods. The 
product is also low in fat (7 g/100 g) and sugars (9 g/100 g), with a total carbohydrate content of 
51 g/100 g and an ash content of 14 g/100 g. 
The combination of all these characteristics underscores the multifunctionality of the snack. The 
incorporation of broccoli stalk powder into food formulations represents a strategy that is 
congruent with sustainability objectives, given its capacity to reduce food waste. This approach is 
consistent with the growing consumer demand for nutrient-enriched products and demonstrates 
the dual role of upcycled ingredients in promoting both nutritional innovation and environmental 
sustainability in the food industry. 
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Mushrooms are valued for their unique flavours, textures, and health benefits. However, they 

are highly perishable, even under refrigeration. The flavour compounds of various mushroom 

species, both fresh and processed, have been extensively studied. Descriptive sensory analysis 

is a widely used method for identifying and quantifying the sensory attributes and intensities of 

food products [1]. 

 

Hericium erinaceus (He), commonly known as Lion's Mane mushroom, has gained increasing 
recognition in gastronomy and nutraceutical research. However, despite its rising popularity, the 
sensory characteristics remain largely underexplored. This study aims to develop a sensory 
lexicon for He fresh and after storage (3 days; 5 ºC) providing a structured approach to 
characterizing its sensory attributes over time [2]. 
 The study was conducted in the sensory analysis laboratory of INIAV-UTI (Oeiras, Portugal), 
using individual tasting booths compliant with ISO 8589:2007 standards [3]. Sensory evaluations 
were carried out by a trained panel of six assessors (age between: 26-62; 67% male, 33% 
female). Analysis of variance (ANOVA) was performed using StatisticaTM v.8 software from 
Statsoft. Means were separated at the 5% significance level by Tukey’s HSD test. Principal 
Component Analysis with mapping was conducted using the mean values of each sample. 
Panelists evaluated 20 sensory attributes including aromas, flavours, and mouthfeel, using an 
adapted methodology from Chun et al. [4]. Intensities were rated on a hedonic scale from 0 
(extremely weak) to 5 (extremely strong). 
Sensory attributes exhibited some variation over storage time. On day 0, earthy, mold, bitter, and 
humidity had the highest intensity values. After 3 days of storage, slight increases were observed 
in mold, umami, and sour attributes. 
This study successfully developed a sensory lexicon for fresh He, providing a valuable tool for 
characterizing its sensory profile. Furthermore, the lexicon offers insights into the quality and 
evolution of sensory properties during post-harvest storage. 
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Consumers are increasingly open to incorporating new foods in their diet, especially if they are 
considered healthy and sustainable. The global demand for algae-based foods has been rising, 
and algae are being increasingly consumed for both their nutritional and health benefits as well 
as their technological advantages. In recent years, substantial evidence has been gathered to 
support the health benefits of algae-derived food products[1]. This promising alternative and 
sustainable protein source offers several advantages over other raw materials currently in use, 
particularly from an environmental perspective. Moreover, a key characteristic of algae is their 
production of micronutrients and bioactive compounds with potential benefits for promoting better 
human health [1]. 
This project aims to reformulate the original conventional recipe for esparregado (a traditional 
Portuguese mash) made from spinach, which served as a base for incorporating algae and/or 
microalgae. Three new formulations were developed and proposed: (1) containing 10% (w/w) 
Ulva rigida; (2) containing 10% (w/w) Chlorella vulgaris; and (3) combining 10% Ulva rigida with 
6% Chlorella vulgaris. These formulations were produced in a semi-industrial scale by an 
industrial partner. 
The prototypes underwent sensory and nutritional analyses to validate the claims, which aim to 
position the products as potential sources of protein and fibre, as well as vitamin B12 and various 
minerals. Thus, prototype (1) presents high fibre, vitamin B12, Magnesium, Iodine and Iron 
contents; prototype (2) presents high protein and zinc contents; prototype (3) claims the benefits 
of both. A preliminary evaluation performed by a trained panel revealed that algae addition does 
not negatively affect organoleptic characteristics. 
In conclusion, algae proved to be a valuable addition to increase the nutritional value of a 
traditional food, sustainably, and without negatively impacting the traditional organoleptic 
properties, that consumers will certainly value, with the combination of micro- and macroalgae 
presenting the most attractive solution. 
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Concerns about meat product adulteration are rising globally due to potential economic fraud, 
violation of ethical or religious dietary restrictions, and even health risks associated with 
consuming undeclared species. Red deer (Cervus elaphus) and roe deer (Capreolus capreolus) 
meats, among other game meats, are highly regarded as exclusive gourmet foods due to their 
rarity in the conventional meat market. Both game meats reach premium prices, being susceptible 
of adulteration due to their substitution with inferior species or the undisclosed presence of certain 
species. To address the growing concerns about food authenticity, DNA-based methods have 
become the preferred analytical approaches for species detection/quantification in animal 
products due to their accuracy and reliability. In the present work, novel real-time PCR methods 
are proposed targeting both species, validated and applied to quantify adulterations in gourmet 
foods [1,2]. 
For each species, two real-time PCR calibration models, specifically designed for raw/mildly 
processed or severely treated samples in complex food matrices, were proposed with acceptable 
performance parameters, achieving absolute and relative limits of detection of 0.01/0.04 ng of 
DNA and 0.5/0.05% of red/roe deer meat in raw/processed pâté, respectively, covering a dynamic 
range of 0.5-50%. The approaches were successfully validated and applied to 46 market samples 
from four European origins (Poland, Portugal, France, and Spain). The analysis revealed 
significant discrepancies between declared red deer and roe deer contents and actual labelled 
levels in all products. The global analysis of results identified 61% of mislabelled/adulterated 
samples due to the absence of deer species, substitution of roe deer with red deer, substitution 
of fallow deer with other deer species and red deer with pork, and undeclared addition of roe deer. 
This study demonstrates the effectiveness of the methods to quantify game meats in 
processed/complex foods and their usefulness as tools for routine food inspection to ensure 
labelling compliance. 
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Ohmic heating (OH) is a sustainable innovation in food processing, generating heat internally 
through electrical resistance. It eliminates the need for boilers, reducing water and energy 
consumption, while its high efficiency minimizes waste and supports renewable energy 
integration. By avoiding stirring, scraping, and high thermal loads, OH reduces fouling, preserves 
product quality, and offers an eco- friendly, efficient solution for the food industry [1]. A significant 
knowledge gap exists regarding the feasibility and impact of ohmic heating at ultra-high 
temperatures, particularly in its application for the sterilization of food products. The objective of 
this study is to evaluate the feasibility of applying ultra-high temperatures (up to 150 ºC) to fruit 
pulps using the ohmic heating effect. Specifically, it aims to determine whether any discontinuities 
occur in the temperature increase during the ohmic heating process. 
According to the industrial supplier (SUMOL+COMPAL, S.A.), the apple and pear pulps were 
obtained through a solid-liquid separation process applied to the puree of these fruits. Moderate 
electric fields of 2 to 12 V/cm at high frequency (20 kHz) were applied to the fruit pulps. It was 
possible to reach temperatures above 140 °C in both pulps. To achieve a temperature differential 
of 120 °C, approximately 7 minutes were required. The electrical conductivity of both pulps ranged 
between 2 and 7 mS/cm. This range is within the applicability of the technology, which is typically 
limited by values below 0.3 mS/cm. In both pulps, a slight caramelization was observed due to 
the thermal effect and the high temperatures reached. 
The results show that fruit pulps can undergo ohmic heating up to 140 °C without limitations, 
making it a strategic process for ensuring microbiological safety, extending shelf life, and 
preserving sensory and nutritional qualities through efficient direct heating. 
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Yogurt is a widely consumed dairy product that has been enriched with vitamins, minerals, and 
natural extracts, among other substances. However, the addition of non-primary ingredients can 
influence its physicochemical properties and stability. This study investigated the phenolic 
composition and bioactive properties of an extract derived from eggplant (Solanum melongena 
L.) crop remains, as well as its potential for yogurt fortification. The extract was prepared and its 
phenolic profile characterised using HPLC-DAD-ESI/MS [1]. The antioxidant, antidiabetic, and 
anti-obesity properties were assessed using in vitro cell-based and enzyme inhibition assays, and 
the antimicrobial activity was tested against foodborne fungi and bacteria [1]. The extract was 
then incorporated into yogurt prepared with natural yogurt and skim milk [2,3]. A control yogurt 
without extract was also prepared. The yogurts were stored at 4 °C and analysed over 21 days 
for soluble sugars, organic acids, pH, titratable acidity, colour, texture, syneresis, and antioxidant 
activity. The extract predominantly comprised chlorogenic acid derivatives (53% of the phenolic 
fraction), followed by O-glycosylated kaempferol and quercetin. It exhibited antioxidant activity 
and a remarkable α-glucosidase inhibitory capacity, surprising that of the reference drug 
acarbose. In addition, it inhibited the formation of advanced glycation end-products, suggesting 
its potential for mitigating diabetes-related complications. Modest pancreatic lipase inhibition and 
potent antimicrobial activity against foodborne pathogens were also observed. The incorporation 
of the extract influenced the yogurt's pH, titratable acidity, and colour, enhancing yogurt 
cohesiveness during storage. Fortification also resulted in higher glucose concentrations and 
reduced lactic acid production, while the caffeoylquinic acids remained stable. Furthermore, 
yogurt fortification enhanced antioxidant activity, although this effect diminished over time. These 
findings suggest that eggplant by-products represent a sustainable source of bioactive ingredients 
suitable for yogurt fortification. Further research is needed to evaluate consumer acceptance and 
the potential health benefits of this fortified food. 
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Honey is a natural product produced by bees from flower nectar and is valued for its nutritional, 
medicinal and sensory properties, as well as its applications in food, cosmetics and medicine. Its 
unique composition-shaped by geographical origin and environmental conditions-reflects the 
specific characteristics of the production area. In recent years, Protected Designation of Origin 
(PDO) certification has played a crucial role in promoting regional honeys by ensuring authenticity, 
quality, and a clear connection to a specific production area. This certification not only protects 
local traditions but also enhances competitiveness in the global market. 
This study evaluated vibrational spectroscopy techniques to determine the most effective method 
for distinguishing honeys from different PDO regions. Samples from multiple locations within the 
Terra Quente, Parque Natural do Montesinho, and Ribatejo Norte PDO regions were analysed 
using three techniques: Fourier transform Raman spectroscopy (FT-Raman), Fourier transform 
infrared spectroscopy with attenuated total reflectance (FTIR-ATR), and Fourier transform near-
infrared spectroscopy (FT-NIR). 
The analytical parameters of the honeys met the criteria required for PDO certification. The 
spectroscopic techniques effectively identified differences in the chemical composition of the 
honeys, thereby contributing to the traceability and authenticity of PDO-certified products. Among 
the methods tested, FT-Raman proved to be the most powerful tool. 
Further studies with a larger number of samples should be conducted to confirm these results 
and improve their accuracy. 
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Carbohydrates are key components able to confer sweetness, thickness, and mouth feeling 
smoothness to fruit juices. Cloudy fruit juices appear as alternative to clarified juices due to their 
content in total dietary fibre [1]. Nevertheless, the content of dietary fibre with potential prebiotic 
activity is usually still low [2]. Technological strategies to increment the amount of these 
compounds are possible based on the modulation of physical treatments of the fruits along juice 
production.  
In this work, cloudy apple juices were produced at a pilot scale plant. The particle size and speed 
of separation of the apple edible puree were modulated to increase the content of 
oligosaccharides and soluble dietary fibre. 
It was observed that the cloudy juices had a water content of 86%. The total dietary fibre content 
was 0.4-0.6 g per 200 mL of juice, and its amount is independent of the puree particle size. The 
soluble dietary fibre comprised 36-49% of dietary fibre, comprising higher percentage when 
higher particle size purees were processed. The insoluble dietary fibre accounted for 51-63% of 
dietary fibre, reaching the higher values when lower speed of separation was used, independently 
of puree particle size. A similar oligosaccharides profile was obtained for all samples. 
Furthermore, the soluble dietary fibre was mainly composed of pectic polysaccharides rich in 
galacturonic acid, arabinose and galactose residues. 
In conclusion, cloudy apple juice production can benefit of the modulation of the particle size and 
speed of separation of the edible puree, allowing to produce juices that can have an increment of 
oligosaccharides and soluble dietary fibre content. 
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Low-caliber vegetables are used to produce juices, flours and dried snacks. The valorization of 
non- marketable products through the development of new high value-added food products is 
aligned with current trends and contributes for a more sustainable and circular food sector. PEF 
is an emerging and promising technology with the potential to reduce freeze-drying time and 
improve the quality characteristics of processed fruit and vegetables [1,2]. 
This study evaluated the impact of PEF pretreatment on the physicochemical and bioactive 
properties of a freeze-dried snack made from low-caliber beetroot. Beetroots, provided by ALITEC 
(Nazaré, Portugal), were washed, treated with PEF (1.5 kV/cm; 5.4 kJ/kg), sliced, and mixed with 
sunflower oil and spices. After freeze-drying, with and without PEF pretreatment, analyses were 

conducted, including water activity (aw) moisture content, rehydration capacity, hardness, 

fracturability, total phenolic content (TPC), antioxidant and antidiabetic activities. The samples 

pretreated with PEF showed a significantly higher aw (0.27±0.00), moisture content (6.75±0.24 

%) and fracturability (29.07±2.636 mm) compared with non-treated samples. Also, PEF caused 
an increase on TPC and antidiabetic activity, with 5.262±0.128 mg GAE/g of sample and 
79.98±1.85 % α-glucosidase inhibition, respectively. The differences in fracturability indicate 
changes in the cellular structure of the beetroot, giving greater resistance and crunchiness to the 
final product. The higher antidiabetic activity suggests a beneficial potential of PEF technology in 
the development of snacks with functional health properties. 
This study emphasizes the significance of PEF as a pretreatment for freeze-drying, allowing the 
valorization of low-value vegetables and the enhancement of the physicochemical and bioactive 
properties of snacks. PEF treatment has demonstrated potential as a promising approach for 
developing novel, healthier, and more sustainable food products. Further research is needed to 
evaluate its impact on freeze-drying cycle duration and cost, ultimately aiming to expand the 
application of this technology within the food industry. 
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Erwinia amylovora, a major pathogenic bacterium affecting pome fruit plants, causes fire blight, a 
devastating disease of pears and apples [1]. Infection typically begins in flowers and leads to 
blackening of leaves, stems, and immature fruits [2]. E. amylovora is widespread in North and 
Central America and Europe and is spread through insects, rain, wind, infected propagating 
material, and non-disinfected pruning tools [3].  
Several antibiotics have been shown to inhibit the growth of E. amylovora in vitro, with 
streptomycin being commonly used in counties like the USA but, still unable to prevent regular 
outbreaks. Moreover, the use of antibiotics in agriculture is currently restricted in Europe due to 
concerns about the emergence of antibiotic-resistant strains and their potential impact on human 
health [5]. Current control methods rely mainly on chemical treatments and few biological control 
agents. The main goal of this study is to evaluate the antimicrobial susceptibility of 13 E. 
amylovora isolates from symptomatic Portuguese pear orchards to phytosanitary protection 
products for fire blight control in Portugal.  
The screening revealed that copper-based products Bordeaux mixture (copper sulphate) and 
Cuprital, (copper oxychloride), partially inhibited some isolates. The biological control agent 
Serenade (Bacillus amyloliquefaciens QST 713) was also tested using an antibacterial 
perpendicular streak assay. The results showed around 15% inhibition on three isolates' growth. 
As expected, the growth of all isolates tested was inhibited by streptomycin, validating the results 
obtained in these tests.  
These findings underscore the critical nature of current fire blight management, where reliance 
on prevention rather than effective treatments highlights the idea that innovative, cost-effective, 
sustainable solutions are needed. 
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The World Health Organization (WHO) has raised concerns about excessive fat and salt 
consumption, prompting the food industry to reformulate products with healthier ingredients. 
Oleogels are stable and semi-solid structures formed by transforming liquid oils, and they have 
gained attention as fat replacers. This way, in the present project was tested oleogels in two 
products: (1) a ham analogue with reduced fat and salt, and (2) a chocolate spread based on 
oleogel with sunflower or insect oil. 
To develop the analogue of ham with fat and sal reduction, a γ-oryzanol+β-sitosterol oleogel was 
used to replace fat and a seaweed mixture to reduce the amount of salt. The oleogel was 
developed with 90% sunflower oil and 10 % structuring agent. In the standard formula of ham 
analogue, the sunflower oil was replaced by 50 % water and 50 % oleogel. The seaweed mixture 
replaced 80 % of salt. The use of oleogel allowed a fat reduction of 40 % being the hardness of 
ham analogue around 150 (± 7,19) N. Relatively to the firmness, it was very similar (p<0.05) to 
the standard formula. 
The chocolate spread based on oleogel was developed with oleogel of sunflower (SfO) or 
Tenebrio Molitor (IO) oil plus white beeswax (21 %), chocolate (42 %), vegetal fiber (36 %), and 
salt (1 %). No differences (p<0.05) were detected in the firmness of SfO and IO spreads, however, 
SfO and IO are more spreadable than commercial control (CC). All samples showed a similar 
structure exibiting the SfO and IO spreads a stronger gel strength when compared to the CC. It 
is possible to develop chocolate spreads based on oleogels with less fats and sugar while 
maintaining good characteristics and consumer acceptance. 
These findings suggest that oleogels can be successfully incorporated into food formulations to 
create healthier alternatives without compromising sensory qualities.  
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The demand for clean-label food products has increased since consumers look for healthier, more 
natural, and sustainable foods. Yogurts are widely consumed, however, those with fruit pulps (in 
particular) may contain chemical additives, including preservatives, which concern consumers 
due to their potential negative effects on human health [1]. LAB fermentation is a potential 
approach in this context because LAB produce various antimicrobial metabolites against spoilage 
microorganisms [2], like bacteriocins, organic acids, and others, that also present improved 
bioactivity. 
This work aimed to evaluate the effect of adding fermented fruit preparations to yogurts on their 
preservation, nutritional composition, and antioxidant properties. The fruit preparations were 
fermented for 4 days with two microbial consortiums: Bifidobacterium (BIF) and Kefir (KF). After 
that, the fermented fruit preparations were autoclaved and added to Greek (GY) and drinkable 
(DY) base-yogurts, obtaining four clean-label products (BIF-GY, KL-GY, BIF-DY, and KL-DY). 
The clean-label yogurts were carried out regarding nutritional composition and antioxidant activity, 
through DPPH, FRAP method and total phenolic content, and shelf-life by drop tests. 
Adding fermented fruit preparation to yogurts improved their nutritional value and bioactivity. BIF-
DY and KL-DY demonstrated higher total protein values (61%) than the control-DY (56%). The 
lipid content of BIF-DY and KL-DY decreased from the control-DY by 200% and 100%, 
respectively, but increased for GY. Additionally, all yogurts had significantly enhanced mineral 
content (Na, K, Ca, P, and Zn). The FRAP results increased by 37.2% and 38.7% in BIF-GY and 
KL-GY, respectively. Furthermore, the total phenolic content improved in clean-label yogurts, with 
higher values observed in BIF-GY and KL-GY (24.39±0.69 and 22.40±0.57 mg GAE/100 g, 
respectively). Also, the addition of BIF and KL fermented fruit pulp, improved the preservation 
ability of the yogurts against food contaminants. The use of fermented pulps appears to be a valid 
strategy for clean-labelling. 
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The demand for healthier foods without chemical additives has led to the popularity of clean-label 
foods. The main objective of this work was to develop and characterize clean-label low-fat butters 
produced using green banana flour (GBF) and inulin (I) to improve the nutritional and 
technological characteristics of food products. The addition of whey protein (WP) and gelatin (G) 
was also evaluated. Twelve formulations were prepared, varying the content of GBF or I (1 and 
1.5%), WP (3, 4, and 5%), and G (0 and 1%), of which eight were selected for further 
physicochemical, rheological, and sensory characterization, comparing with the commercial 
target product (MMC). 
The addition of inulin reduced moisture without changing the fat content of low-fat butters. 
All clean-label butters presented higher fiber content. Notably, a significantly increased in the fibre 
content was observed when Inulin was used. (500% higher than with GBF). All clean-label butters 
showed high protein content (2.9–5.5 g/100 g), pH higher than MMC, and ∆E>5, which indicates 
a noticeable color change that still needs to be corrected in the future. The addition of gelatin 
increased the G' modulus in formulations with 1% (GBF or inulin) and 3% WP. In the sensory 
analysis, the butters showed high acceptance, with emphasis on the formulations with GBF, which 
obtained higher purchase intention. Two formulations, one with GBF and WP (F6) and the other 
with I+WP+G (F12), were evaluated for stability (0 and 21 days), with an increase in the pH value, 
in lean butter with inulin, and a reduction in moisture content, in butter with GBF. Thus, this study 
proved that both GBF and inulin have the potential to develop clean-label lean butters, 
contributing sustainably to society, industry, and the environment. 
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Rehydration ratio is an important factor in the quality and economic viability of dried food products, 
as it directly impacts logistics costs and consumer satisfaction. Improving rehydration not only 
reduces transportation and storage expenses by minimizing weight and volume but also enhances 
product value for consumers. The aim of this study is to investigate the impact of pulsed electric 
fields (PEF) pre- treatment on the rehydration proprieties of freeze-dried banana slices. A 
fractional factorial design (24- 1) was applied to evaluate four PEF variables: temperature (20-40 
℃), field intensity (1.5-7.5 kV/cm), number of pulses (50-200), and frequency (10-100 Hz), with 
rehydration ratio as the primary response variable. A multiple linear regression (MLR) analysis 
was used to fit a mathematical model to the experimental data, and the model’s validity was tested 
using analysis of variance (ANOVA). The rehydration ratios were determined by immersing 3 g of 
dried banana slices in 400 mL of distilled water at 20 °C for 60 minutes. The results demonstrated 
that PEF pre-treatment increased the rehydration ratio by up to 64% compared to the control 
sample (freeze-dried without PEF pre-treatment), with optimal conditions identified at 20 °C, 1.5 
kV/cm and 200 pulses. Temperature was the most influential factor, while frequency exhibited 
negligible impact within tested ranges. A difference of 41% in rehydration ratio was observed 
between the least and most effective PEF conditions. This study highlights the utility of factorial 
design as a cost-effective method for optimizing PEF parameters and supports the potential of 
PEF as an effective pre-treatment to enhance rehydration efficiency, offering economic and 
practical benefits for both consumers and producers in the dried food industry. 
Future research should investigate the optimizing of PEF parameters in a broader range of food 
matrices and drying techniques to maximize PEF industrial acceptability. 
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As consumer demand for high-quality, minimally processed seafood continues to rise, it is 
essential to preserve the sensory and nutritional attributes of seafood [1]. High-pressure 
processing (HPP) often negatively affects these qualities due to extensive protein denaturation 
and oxidative damage [1,2]. In contrast, moderate-pressure pasteurization (MPP), applied at 
pressures ranging from 100 to 250 MPa over extended periods, provides a gentler alternative, 
although it may still lead to some undesirable color changes. Integrating an oxygen scavenger 
(OS) into the packaging environment can reduce oxidative processes that lead to lipid oxidation 
and pigment degradation [3]. 
Therefore, this study explores an innovative preservation strategy that combines MPP with OS to 
improve the overall quality of salmon.  
In this study, salmon samples underwent several treatments, including MPP (100 MPa for 3 days) 
with different packaging conditions (normal, vacuum, and OS), and HPP (600 MPa for 5 min). 
Microbial analyses confirmed that all pressure-based treatments significantly reduced total 
aerobic mesophiles (>5 log) and Enterobacteriaceae, effectively ensuring food safety. 
Colorimetric assessments indicated that HPP-treated samples exhibited marked increases in 
lightness and whiteness, attributed to severe protein denaturation and pigment degradation. In 
contrast, MPP/OS samples showed notably lower ΔL and ΔE values, reflecting minimal color 
deviation from fresh salmon. 
Further evaluations of drip loss, cooking loss, and water-holding capacity revealed that the 
combination of MPP with OS effectively minimized moisture loss and better preserved structural 
integrity compared to other methods. Texture profile analyses indicated that while HPP 
significantly increased hardness and chewiness, the incorporation of OS within MPP helped 
maintain desirable textural attributes. 
In summary, the synergistic use of MPP alongside OS demonstrates a capability to retain the 
natural color, texture, and moisture of salmon, all while ensuring microbial safety. These findings 
position the MPP/OS method as a promising, sustainable alternative for the seafood industry. 
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Recent changes in aquafeed formulations have led to a reduction in omega-3 long-chain 
polyunsaturated fatty acids (LC-PUFA) and an increase in omega-6, resulting in a significant 
imbalance in their ratio in fish flesh. This imbalance can reach ratios far from the recommended 
range of 1:4-5 for a healthy human diet [1]. Moreover, fish is highly perishable, highlighting the 
need for innovative and effective strategies to maintain its nutritional quality and extend shelf life. 
Black soldier fly larvae oil (BSFLO) is rich in lauric acid - a medium-chain fatty acid preferentially 
utilized for β-oxidation - and contains tocopherols with strong antioxidant properties [2]. This study 
hypothesized that BSFLO could act as a sparing promoter and natural antioxidant of omega-3 
LC-PUFA when included in diets for European seabass and gilthead seabream, two key species 
in Mediterranean aquaculture.  
Four isoenergetic diets were tested in triplicate in two parallel feeding trials [European seabass 
(initial body weight (IBW) = 11 ± 0.2 g) and gilthead seabream (IBW = 18 ± 0.3 g)]: a commercial-
like control diet and three experimental diets containing 1.7%, 3.4%, and 5.2% BSFLO, at the 
expense of poultry oil. After 10 weeks of feeding, 15 fish per treatment were euthanized for white 
dorsal muscle sampling and further analysis of total lipids, fatty acid profile, lipid peroxidation 
(LPO), and oxygen radical absorbance capacity (ORAC) analysis [3].  
The results demonstrated that dietary inclusion of BSFLO did not affect the total muscle lipid 
content in either fish species. However, the inclusion of 5.2% BSFLO significantly increased lauric 
acid levels and the omega-3:omega-6 ratio in the muscle of both species, reduced lipid 
peroxidation, and enhanced antioxidant capacity, supporting the study's hypothesis.  
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This research is part of the Sea2Fork initiative, a dynamic collaboration between academia and 
industry, dedicated to developing pre-prepared and ready-to-eat meals by combining algae with 
vegetable-based raw materials. This partnership drives both scientific advancements and 
innovative industrial approaches in food development. It represents a significant breakthrough for 
SUMOL+COMPAL, delivering nutritionally balanced products with distinctive sensory qualities 
while fostering a shift in consumer culinary preferences. Integrating seaweeds and microalgae 
into food formulations is a very important step toward enhancing sustainability, advancing the 
blue bioeconomy, and leveraging their numerous health benefits. This study explores the 
development of algae-enriched food products, including tomato pulps, hummus with pulses, 
soups, and other ready-to-eat meals, by developing both nutritious and appealing alternatives 
while supporting the transition to more sustainable food systems, from laboratory formulations to 
their feasibility for industrial-scale production. Key attributes such as nutritional content, 
antioxidant capacity, texture, rheological properties, color, and sensory appeal were evaluated 
and compared to traditional, algae-free alternatives. The findings highlight the functional and 
gastronomic potential of these algae-based solutions and, for most products, the incorporation of 
these ingredients leads to an increase in protein content, minerals, and antioxidant activity directly 
attributed to algae incorporation. However, their inclusion also requires formulation adjustments 
to optimize food structure and sensory characteristics, as consumer acceptance ultimately 
depends on taste [1]. By promoting these challenges into a market integration, this approach aims 
to position algae as a valuable ingredient in the food industry [2]. 
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Tuna is rich in polyunsaturated fatty acids, which help manage conditions such as cardiovascular, 
inflammatory diseases and diabetes [1]. Unfortunately, canned products often contain high levels 
of sodium, which may increase blood pressure and heart diseases. As a result, the food industry 
is exploring salt alternatives without compromising taste. One promising approach is the use of 
plant extracts to enhance flavour, minimizing the need for excess salt. Essential oils (EOs) and 
oleoresins (ORs) are natural extracts rich in bioactive compounds that provide preservative 
effects, in addition to boosting flavour [2]. However, these sensitive compounds deteriorate during 
canning processes and can oxidize over time, so encapsulation is an excellent solution to protect 
them, guaranteeing their long-term stability and providing controlled release of flavours and 
bioactive compounds. 
In this work, a blend of lemon EO and pepper OR was formulated and subsequently encapsulated 
for use in a salt-reduced canned tuna product. The tuna containing microencapsulated extracts 
(MEs) was compared with tuna products prepared with synthetic flavourings (control). The 
physicochemical properties of the MEs were analysed, including their toxicity, particle size 
distribution by dynamic light scattering, while mineral content of the canned tuna was tested and 
compared to the control group. A consumer acceptance study was also conducted to evaluate 
the potential of MEs as flavour enhancers and their effectiveness in reducing salt content. 
The analysis of the MEs confirmed their bioactive composition, powder stability, and their non-
toxic nature. Chloride and sodium levels in canned tuna with MEs were lower than in the control 
group, while potassium levels were higher. Consumer acceptance testing revealed no significant 
differences between the MEs tuna cans and the control canned tuna. Overall, these results 
suggest that the use of MEs from plants can reduce sodium content by 28% without compromising 
consumer acceptability. 
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E133 is a synthetic blue dye derived from petroleum, commonly used in processed foods such as 
candies, desserts and soft drinks. Replacing it with a natural alternative would be a step towards 
eliminating synthetic additives and preservatives in food products. Arthrospira platensis, also 
known as Spirulina, contains C-phycocyanin, a protein-pigment complex that acts as a natural 
blue dye with antioxidant properties, making it a promising substitute for synthetic dyes. However, 
the major drawback of C-phycocyanin is the low colour stability, especially in beverages, requiring 
strategies to improve storage stability [1, 2]. 
In this work, C-phycocyanin was extracted through clean processes, using water as solvent 
through freeze-thawing, centrifugation and ultrafiltration. The extract was incorporated into a 
colorless isotonic drink, with the concentration adjusted to achieve a colour comparable to a 
commercial drink containing the synthetic dye. Stability tests were performed at different pH 
levels, with greater stability being observed at pH=4. The drinks were subjected to different 
temperatures and light conditions, and it was confirmed that the pigment is affected by light 
exposure and high temperatures, particularly during pasteurization.  
To address this, two strategies were implemented to extend the pigment stability: 
microencapsulation in a polysaccharide matrix and the entrapment in nanoemulsions. 
Encapsulation in a polysaccharide matrix composed of maltodextrin and xanthan gum (75:25) or 
xanthan gum alone significantly improved stability to pasteurization and storage, preserving 
around 60 % of the initial color after 30 days (40 % more than the free pigment). Entrapment of 
C-phycocyanin in oil-in-water nanoemulsions resulted in bright blue-colored samples with droplet 
sizes < 250 nm. Preliminary tests with storage at 4 °C showed color and size stability for a 
minimum of 15 days.  
These methodologies proved promising for improving the stability of C-phycocyanin in solution 
and may contribute to its use as a replacement for artificial dyes. 
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Palm oil and its stearins are widely used in chocolate spreads due to their favorable physical 
properties. However, concerns over their high saturated fatty acid content and sustainability 
issues have led to the emergence of oleogels as an alternative [1]. Oleogels are formed by 
trapping vegetable oil within a crystalline network created by a structuring agent, resulting in a 
semi-solid lipid with low saturated fatty acid and zero trans-fat content, making them suitable for 
incorporation into food formulations [1,2]. 
In this context, the aim of this study was to evaluate the potential of oleogels as a replacement for 
palm oil in chocolate spread formulations. First, the study assessed the effect of different 
structuring agents (rice wax and glycerol monostearate) at varying concentrations (3%, 5%, and 
7%) on the stability, thermal, rheological, and textural properties of the oleogels. Second, the 
selected oleogels were incorporated into chocolate spread formulations and stored at 20°C to 
evaluate their stability, rheological behavior, and texture over storage time. 
The results indicated that the type of structuring agent and its structural characteristics had a 
direct impact on the rheological and textural properties of the produced oleogels. Specifically, when 
compared at the same concentration (e.g., 7%), the glycerol monostearate-based oleogel 
exhibited behavior more similar to that of palm oil, whereas the rheological and textural analyses 
of the rice wax-based oleogel revealed contrasting behavior. Characterization data showed that 
a concentration of 7% (w/w) resulted in more stable oleogels for both rice wax and glycerol 
monostearate. Furthermore, the physicochemical properties of the structuring agents influenced 
the firmness and rheological behavior of oleogel-based chocolate spreads. 
Therefore, the substitution of palm oil with oleogels enabled the development of stable chocolate 
spreads with desirable characteristics, offering a nutritionally healthier alternative by replacing 
saturated fats, while also providing a more environmentally sustainable option. 
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Sodium chloride (NaCl) is widely used in several stages of canned fish production. However, 
excessive sodium (Na) intake is a growing public health problem worldwide that must be 
counteracted [1]. This fact has led the industry to look for ingredients to partially or totally replace 
NaCl, while maintaining the product quality and safety. The use of food-grade potassium chloride 
(KCl) and flavour enhancers has been suggested as an effective strategy to reduce Na content 
in processed foods [2,3]. In this context, the aim of this work was to: i) develop canned tuna 
(Katsuwonus pelamis) in oil with reduced Na content by replacing NaCl (50% and 100%) with KCl 
and a flavour enhancer (commercial protein hydrolysate (HP)); ii) evaluate the effect of these 
substitutions on stability, sterility, physicochemical and sensorial properties of the prototypes. To 
this end, ¼-club cans with five formulations (including one control, 100% NaCl) were prepared in 
an industrial environment (Cofisa, S.A.) (≈200 cans/formulation). After cooling, cans were kept for 
one month at room temperature (business as usual) and analysed. 
The results showed that all prototypes were stable and sterile. In general, the proximate chemical 
composition, physical parameters (instrumental colour and texture), sensory properties (assessed 
by a trained panel; e.g., salty taste, bitter taste, firmness, juiciness) and overall acceptability 
(evaluated by a consumer panel) of the prototypes were not affected by the formulations tested. 
Replacing 50% and 100% of NaCl with KCl or HP led to similar reductions in Na (around 30% and 
48%, respectively), making it possible to state that the developed canned prototypes can be easily 
marketed as “reduced in Na content”, in accordance with the Regulation (EC) No. 1924/2006 [4]. 
Additionally, the formulations with KCl led to increases in K by 47% and 83%, respectively, which 
could be a major contribution for cardiovascular health [5]. 
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The research for sustainable protein sources has gained prominence in recent decades in 
response to global concerns about food security and environmental sustainability. In this context, 
insects have emerged as a promising option due to their high protein content, essential amino 
acid profile, and low ecological footprint. This study aimed to develop protein bars incorporating 
Tenebrio molitor larva flour in different concentrations and to evaluate their sensory, 
microbiological, and nutritional characteristics. These bars were formulated containing 0%, 5%, 
10%, and 15% insect flour, to assess the impact of adding this ingredient on the properties of the 
products, as well as on consumer liking and perception. 
The bars underwent microbiological analysis to ensure food safety. The analyses followed the 
regulated microbiological standards for ready-to-eat foods. The results indicated that all samples 
were within acceptable limits for human consumption, confirming that the production process 
effectively ensured the microbiological safety of the bars. 
In terms of nutritional and sensory profile, the bars with 10% insect flour were, overall, the most 
promising. Tenebrio molitor flour is rich in high-quality proteins, as well as unsaturated fatty acids 
and micronutrients such as iron and zinc. The inclusion of this ingredient increased the nutritional 
value of the bars without substantially changing the energy content. This suggests that insect 
flour can be an efficient alternative to improve the nutritional profile of food products, meeting the 
needs of consumers seeking functional foods and alternative protein sources. 
This study demonstrated that protein bars with Tenebrio molitor flour is feasible and that it is 
essential to find a balance between nutritional value and food safety, without impacting consumer 
liking, despite some sensory differences perceived in the different formulations. The results of this 
study indicate that insect-based products have the potential to become an alternative to human 
nutrition. 
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Consumers are more aware of the nutritional value, safety, and sustainability of food products, 
seeking options that deliver essential nutrients, are free from harmful additives, and are produced 
through eco- friendly practices. This shift toward healthier eating habits has fuelled the rapid growth 
of the plant-based food industry. Microbial fermentation has emerged as a promising strategy to 
enhance the nutritional profile of food products, such as boosting protein content and reducing 
sugar levels. It offers a sustainable and safe approach to developing products that align with 
health-conscious consumers' growing demand for balanced and responsible food choices. In this 
sense, this study assessed the potential of solid-state fermentation (SSF) using Yarrowia 
lipolytica, a GRAS-status yeast approved as a novel food by EFSA in 2019, to enhance the 
nutritional value of banana (BP) and orange (OP) peels. Both peels are a good source of minerals, 
fibres, and carbohydrates, but are poor in protein (8% BP and 5% OP). Following SSF 
optimization, including studies on medium supplementation, mixture, and peel pre-treatments, 
protein content increased to 10.2% in BP and 9.4% in OP. Additionally, significant reductions in 
carbohydrates and soluble sugars were achieved. Fermented BP and OP (fruit peels+yeast) were 
used as the main raw material to develop two snack bars formulated with: (1) fermented OP and 
BP, oat flakes, chocolate, peanut butter, toasted sunflower seeds, orange juice, agave syrup, and 
whey; (2) fermented BP, banana pulp, chocolate, and sliced almond. A taste test involving 190 
consumers revealed strong acceptance of the new snacks, particularly formulation (2), and 
highlighted a high willingness to purchase this innovative product, which differentiates itself from 
current market options. Fermented fruit peels with Yarrowia lipolytica marks a step forward in food 
biotechnology, enabling the development of innovative, nutrient-rich products while supporting 
environmental sustainability through the valorization of underutilized food-grade by-products. 
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Selenium (Se) is an essential micronutrient with critical biological functions in humans [1]. 
However, its deficiency affects millions of people worldwide and is associated with serious health 
issues [2-3]. Climate change may further exacerbate this problem by depleting Se levels in 
agricultural soils, thereby reducing its availability in food. As a result, addressing food insecurity 
and malnutrition is a key priority in the UN's 2030 Agenda for Sustainable Development. This 
study aimed to identify the inorganic forms of Se most efficiently absorbed by Swiss chard (Beta 
vulgaris subsp. cicla) microgreens and to assess their impact on the composition of minerals, 
phenolic compounds, and betalains. 
Microgreens were grown in trays filled with vermiculite within a walk-in growth chamber equipped 
with LED lamps. The plants were irrigated with an NPK 3-1-6 nutrient solution supplemented with 
10, 20, 40 µM Se, provided as sodium selenate, sodium selenite, or a combination of both at 20 
µM Se. A photoperiod of 14/10 h (light/dark) was applied, with temperature and relative humidity 
controlled between 20-25 ºC and 60%, respectively. Fourteen days after sowing, microgreens 
were hand-harvested, and the phytochemical analyses were performed using atomic absorption 
spectroscopy (for minerals) and high-performance liquid chromatography (for the remaining 
constituents). 
Up to eight phenolic compounds, including phenolic acids and flavonoids, and seven betalains 
were identified, with their concentrations varying among treatments. The biofortified microgreens 
displayed a mineral profile with high levels of Se and other minerals, including potassium, calcium, 
and iron. Sodium selenate treatment, particularly at 40 µM, was most effective in enhancing these 
mineral contents. This study suggests that sodium selenate is the most efficient inorganic form of 
Se for the biofortification of Swiss chard microgreens. Further research is needed to evaluate the 
potential of these Se-enriched microgreens in improving the Se status when consumed as part of 
a regular diet. 
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Urban farming has experienced increasing attention in the last decades due to its beneficial 
impact on the social, economic, and environmental stability of the city. However, the 
contamination of urban soils with potentially toxic elements (PTE) poses a significant challenge 
to the safety of urban-grown produce. This study consolidates data from studies on PTE 
contamination in European urban soils, identifying the risks associated with lead, cadmium, 
mercury, arsenic, among others. 
Through an analysis of data covering 88 locations across 45 cities in 16 European countries, a 
prevalent pattern of elemental contamination in urban areas has been identified, with over 80% 
of analyzed locations exhibiting median/mean concentrations of at least one element exceeding 
national and international farming regulations and/or guidelines.  
Notably, hotspots for contamination are found near former and active industrial sites, high-traffic 
urban centers, and regions affected by long-term atmospheric deposition of pollutants. Lead is 
the predominant contaminant, with recorded concentrations surpassing established thresholds in 
over 70% of cases, particularly in sites with a legacy of industrial processing, as is the case of 
Auby, Katowice, and Porto, and locations with high-population density such as Berlin, Paris and 
Seville. Similarly, cadmium exceeds safety limits in 42.8% of cases, while mercury and arsenic 
concentrations are above guidelines in 18.5% and 35.6% of cases, respectively. 
The accumulation of PTE in soil often coincides with the presence of other contaminants, 
suggesting a common source of pollution or activities contributing to excessive contamination. 
This interconnected contamination underscores the importance of comprehensive analysis in 
agricultural soils. Focusing solely on specific sources of pollution or targeted contaminants may 
lead to overlooking significant concentrations of other unsearched elements. The accumulation 
of these metals in edible plants poses potential dietary risks, emphasizing the need for risk 
assessment studies to better understand human exposure through the consumption of urban-
grown produce.  
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Seaweeds are reliable substitutes for animal proteins in food applications but protein solubilization 
and recovery is needed for technological applications, e.g., when the aim is to use proteins as 
texturizing agents. Moreover, its extraction is usually associated with low extraction yields and/or 
low protein purities and digestibility, which often leads to the need of additional downstream 
processes. Also, fractionation techniques can be used in order to improve protein characteristics. 
In this work, dry fractionation was used to mechanically segregate proteins from celluloses and 
other fractions based on particle size distribution from different seaweeds (i.e., G. verrucosa, 
P.palmata, and F.vesiculosus). A first step of milling was used followed by size classification. The 
effect in the nutritional composition was evaluated and the protein profile of each obtained fraction 
was determined by several techniques (e.g., gel permeation chromatography (GPC), and FTIR-
ATR). Moreover, further fractionation was also studied using the Osborne fractionation method 

based on a sequential extraction in different solvents (dH2O, 0.5M NaCl, 70% EtOH, and 0.1 M 

NaOH). 
Results indicated that after milling and size classification, protein increased from the whole to the 
fine fraction but not in a significant way (from 16.28±0.05 to 18.19±0.07, 
11.83±0.18 to 12.47±0.07, and 17.76±0.05 to 20.88±0.08 gprotein/100galgae protein for G. 

verrucosa, P.palmata, and F.vesiculosus, respectively). Also, despite it was observed a clear 
affinity of proteins for water and alkaline environments, only P. palmata showed to have differences 

in protein extraction between fractions (with no protein extracted in the coarse fraction using 

dH2O). On the other hand, different patterns of protein molecular weights were visualized in GPC. 
Thus, depending on the intended objective, different parameters can be set in order to extract 
proteins (either with low or high molecular weights) from seaweeds and applied in the development 
of new food products aiming the reduction of animal proteins use. 
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Microgreens have emerged as complementary options to enrich and diversify the human diet and 
combat malnutrition, owing to their high content of micronutrients and bioactive compounds, such 
as vitamins, mineral elements, and phenolic compounds [1]. Today, the production and 
characterization of microgreens is an increasingly researched area, with several studies focusing 
on their agronomic performance and bioactive properties [1,2]. However, the supplementation of 
plant extracts through the irrigation solution to improve the chemical composition of microgreens 
is still a relatively underexplored topic. Therefore, this study aims to evaluate the suitability of 
phenolic-enriched extracts for improving the biochemical composition and bioactive properties of 
soybean and pea microgreens. 
The microgreens will be grown in soilless systems irrigated with an NPK nutrient solution 
supplemented with varying concentrations of phenolic extracts derived from agricultural crop by-
products. The impact of these treatments on seed germination and plant development will be 
monitored. Following harvesting, morphological attributes will be measured, and the plant 
samples will be analyzed for their nutritional composition and phytochemical profiles using official 
methods of food analysis and chromatographic and spectrometric techniques. Additionally, the 
potential health-promoting effects of the microgreen samples will be assessed in vitro through 
biological activity assays, and simulated gastrointestinal digestion will be performed to evaluate 
the bioaccessibility of the main phenolic compounds. 
This study will contribute to improving the nutritional and bioactive quality attributes of soybean 
and pea microgreens, while also highlighting the potential of agricultural crop by-products as a 
valuable source of phenolic compounds. Furthermore, this approach will promote the circularity 
of food systems, contributing to food security and the promotion of healthy diets. 
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Aquatic products are highly susceptible to microbial contamination during storage due to their rich 
nutritional composition, which accelerates spoilage. Some microorganisms in these products 
produce amino acid decarboxylases, converting free amino acids into biogenic amines (BAs) [1]. 
Excessive BA consumption can cause food poisoning and other adverse health effects [2]. Among 
BAs, histamine (HIS) is a primary cause of foodborne illness, while cadaverine (CAD), putrescine 
(PUT), and tyramine (TYR) can enhance its toxicity [2]. Thus, assessing BA formation in aquatic 
products is essential to ensure food safety. 
This study assessed the presence of eight BAs — tryptamine (TRP), phenylethylamine (PHE), 
PUT, CAD, HIS, TYR, spermidine (SPD), and spermine (SPM) — in fish and fishery products. 
High-performance liquid chromatography with fluorescence detection (HPLC-FLD) was used to 
analyse BA levels in 10 samples: two fresh smaller fish (blue whiting/verdinho and Atlantic horse 
mackerel/carapau), four cooked tuna samples (Thunnus albacares and Katsuwonus pelamis 
species) and four canned tuna samples (Katsuwonus pelamis species) prepared in different 
mediums (brine, olive oil, extra virgin olive oil and sunflower oil).  
Results showed significant variability in BA content across species and product types. In fresh 
smaller fish, HIS was undetected, but TYR levels were notably high (140–243 mg/kg). Verdinho 
also contained 489 mg/kg of CAD, increasing its toxicological risk. Cooked tuna samples exhibited 
HIS (up to 26.4 mg/kg) and TYR (up to 143 mg/kg) as dominant amines. In canned tuna, SPM 
(86.2 mg/kg), SPD (64.7 mg/kg), and HIS (49.1 mg/kg) were the most abundant. Total BA levels 
were highest in fresh smaller fishes (925–953 mg/kg), followed by cooked tuna (46.3–283 mg/kg) 
and canned tuna (30.4–230 mg/kg). 
These findings point to the potential impact of preparation conditions and fish species on BA 
formation. Further research on storage conditions, fish species, consumption patterns and 
exposure assessments are needed to establish safe operating conditions regarding other BA than 
HIS. Current food safety regulations establish specific limits for HIS in fishery products, 
particularly for species prone to high HIS formation. However, legal limits for other BAs, such as 
CAD, PUT, and TYR remain undefined, emphasizing the need for further research to establish 
safety guidelines.  
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Wet fractionation, conventionally used to produce protein concentrates, has a high-cost 
environmental impact, with a high ecological footprint due to the use of chemicals and water [1]. 
Dry fractionation based on milling and air classification procedures appears as an alternative 
sustainable methodology in protein fractionation of pulses and cereals [2]. Nevertheless, the 
information about the effect of dry-fractionation on bioactive compounds associated with negative 
effects on nutrient bioavailability, namely the antinutrients is still limited. 
This work aimed to assess the impact of dry fractionation on the antinutrient composition of 
protein- and starch-rich fractions of peas and faba beans. The impact of cooking on the produced 
fractions was also investigated. 
Two varieties of peas (Astronaut and Ingrid) and two varieties of faba beans (Tiffany and Vire) 
were submitted to dry fractionation using three classifier wheel speeds (5000, 10000, and 15000 
rpm). The obtained fractions were analysed regarding their composition in trypsin inhibitors, total 
saponins and total phenolics using spectrophotometric methods.  
Results showed that trypsin inhibitors, saponins and phenolics were concentrated in the fine 
fraction. Moreover, increasing wheel speed, in general, led to increased concentration of 
antinutrients in the fine fraction with some particularities, being variety-dependent for trypsin 
inhibitors and species-dependent in the case of saponins. Starch-rich fractions evidenced a lower 
concentration of antinutrients for all classifier wheel speeds. The thermal treatment led to a 
decrease in trypsin inhibitors (up to 57%) and saponins (up to 65%) in the fine fractions. 
Considering the development of sustainable protein ingredients for the production of plant-based 
foods, protein concentrates produced at 10000 rpm complied with the higher protein content 
requirements and lower content in antinutrients. 
The knowledge generated in this work is a step forward, towards the production of protein-rich 
fractions with improved quality. 
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Grass pea, Lathyrus sativus, is a highly resilient legume that withstand harsh environmental 
conditions (e.g., drought). This neglected crop is particularly relevant when all other crops, due to 
unfavorable environmental circumstances, fail to succeed, as an affordable protein source for 
human nutrition [1,2]. Given the undeniable nutritional value of grass pea, and to diversify the 
utilization of this NUC (neglected and underutilized crop) in the plant-based food products, 
innovative processing techniques such as fermentation have been applied. 
Within the European DIVINFOOD project, miso and tempeh fermented products, obtained by the 
action of Aspergillus oryzae, Rhizopus oligosporus and starter cultures on the boiled grass pea 
seeds were compared to the previous boiled and raw grass pea seeds in terms of their amino 
acid, antinutritional (e.g., phenolic compounds, saponins, trypsin inhibitors) contents and volatile 
composition. 
Processing grass pea reduced the existent β-ODAP, β-N-oxalyl-L-α, β-diaminopropionic acid, of 
raw mature seeds (by 98% and 79% in miso and dehydrated tempeh, respectively), as well as 
the trypsin inhibitors activity (by 89% and 83%, in miso and dehydrated tempeh, respectively). By 
contrast, compared to the raw grass pea, the fermented seeds excelled by their higher phenolic 
content (3.5 times in miso and 2.4 times in dehydrated tempeh), and higher saponin content (4.2 
times in miso and 1.8 times in dehydrated tempeh), contributing to enhance the in vitro antioxidant 
activity of the grass pea. The microbial fermentation with release of proteases contributed to 
increment some amino acids (e.g., methionine and phenylalanine) and subsequent secondary 
metabolites (saponins and phenolic compounds).  
Regarding the volatile composition, the detected compounds of alpha-angelica lactone in miso, 
and tetramethylpyrazine, in tempeh, associated respectively with nutty and cocoa odor notes, 
praises the use of fermentation in the development of sensorially attractive grass pea-based 
products.  
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It is well known that the physico-chemical properties of cereal flours are directly correlated with 
their technological performance and ultimately determine their potential utilization in distinct 
products. This study aimed to characterize organic flours derived from three different cereals—
wheat, rye, and spelt. These cereals were chosen due to their ability to thrive in Portugal's 
favourable climatic conditions. 
The physico-chemical properties of each organic cereal flour, were evaluated using various 
methodologies and technologies. These included the falling number test for enzyme activity, 
Mastersizer for particle size distribution, and scanning electron microscopy for size and 
morphological analysis, among others. 
The results indicated that among the three flours, dough made from wheat flour was expected to 
be firmer compared to those prepared with rye or spelt flour, since the flour revealed the lowest 
α-amylase enzymatic activity (highest falling number, 350). Regarding particle size distribution, 
wheat and rye flours displayed a bimodal distribution, whereas spelt flour followed a normal 
distribution pattern. A primary peak was observed in all flours within the 20–30 µm range, while a 
secondary peak appeared at 60 µm for wheat and 135 µm for rye. These findings may have an 
important impact on the flours water absorption capacity and, consequently, on the texture of the 
final product. In turn, X-ray diffraction analysis provided insights into the crystallographic structure, 
revealing that rye flour exhibited the lowest crystallinity and hence is expected to be the most 
susceptible to enzymatic hydrolysis, leading to higher digestibility. Differential scanning 
calorimetry demonstrated that rye flour presented the lowest retrogradation tendency, which 
contributes to slower staling, resulting in prolonged freshness. 
Ultimately, understanding the physico-chemical properties of each organic cereal flour is essential 
and should be carefully considered when selecting the most suitable option for developing a 
specific food product. 
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Oleoresins, valued for their concentrated flavours and high bioactive compounds content [1], hold 
significant potential in the food market. Encapsulation enhances their stability, functionality, and 
shelf life [2], with spray drying being a widely used technique for producing stable powdered 
ingredients [3]. However, conventional spray drying processes requires high energy inputs — 
especially during scale-up — posing economic and environmental challenges [4]. 
To address this, we optimized the spray drying process by testing different oleoresin and 
encapsulating agent-to-water ratios (solid ratios) to maximize encapsulation efficiency and product 
stability while reducing production costs, processing time, and carbon footprint. 
In bench-to-pilot trials (0.5 kg of feed mixture), with solid ratios ranging from 13% and 39% — 
while maintaining constant inlet temperature and pump speed—total product yields increased from 
31.80 g to 68.60 g. The optimal solid ratio was 26%, yielding 58.90 g of product, with the lowest 
water activity (Aw = 0.25) and humidity (2.45%) and a high encapsulation efficiency of 87.89%. 
At this ratio, 45.31% of total solids were successfully recovered post-drying. 
Compared to the previously used 13% solid ratio, this optimized approach halved drying time while 
maintaining similar final product yields. The 26% solid ratio presents lower Aw and humidity levels, 
which indicate more efficient drying. This solid ratio improved industrial feasibility by increasing 
productivity, reducing energy consumption, and lowering the carbon footprint — all while 
preserving product quality. 
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The growing consumer awareness of nutritional and environmental aspects has driven the market 
to adopt sustainable food solutions. One emerging trend is the incorporation of edible insects, 
particularly for their high protein and mineral content and lower environmental impact. However, 
cultural and psychological barriers still hinder acceptance in Europe [1]. To overcome this, insects 
are introduced as flour in products that mask their taste and appearance. This study examines 
the incorporation of Tenebrio molitor flour in olive pâtés and almond butters.  
The T. molitor flour used in this study was supplied by Thunder Foods. Olive pâtés were developed 
with 3%, 6%, and 9% T. molitor flour, and analyzed for physicochemical, nutritional, 
microbiological, and sensory properties. A control sample was used for comparison. Results 
showed the 3% insect flour sample was most preferred, with 50% of the tasting panel willing to 
purchase it. Microbiological tests indicated no microbial growth after 60 days, and nutritional 
analysis confirmed increased protein content, from 1.9% (control) to 3.1% (3% sample). For 
almond butters, formulations with 5% and 10% of T. molitor flour were tested. The 5% sample 
showed no significant difference compared to the control and was the most accepted. It also 
demonstrated improved protein content, from 21.4% (control) to 22.9% (5% sample). 
These findings suggest that Tenebrio molitor flour can enhance nutritional value in products while 
minimizing consumer resistance. Future studies should optimize formulations, explore consumer 
acceptability, and assess large-scale production feasibility to integrate insect-derived ingredients 
into the market successfully. 
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The increasing awareness of sustainability and nutritional benefits has led to the exploration of 
edible insect incorporation into food products. Mainly, products that can minimize their flavour, such 
as sauces. This study investigates the integration of Acheta domesticus (house cricket) powder in 
chipotle sauces, comparing three formulations: standard sauce, sauce with egg yolk and A. 
domesticus and sauce with modified starch and A. domesticus. The house cricket powder used in 
this study was supplied by Cricket Farming Co.Physicochemical, nutritional, microbiological, 
sensory, and microstructural analyses were conducted.  
Results indicated that the sauce with egg yolk and A. domesticus was the most similar to the 

standard in terms of oil droplet microstructure and color, with minimal visible differences (Δ𝐄 = 

10.65). Sensory analysis showed comparable acceptance levels, with 50% of the panel indicating 
they would likely purchase the product with egg yolk and A. domesticus. Nutritionally, the sauce 
with egg yolk and Acheta domesticus had higher protein content than the standard formulation 
while maintaining similar viscosity, 28067 ± 6762a for the standard one and 27767 ± 2040a for the 
one with egg yolk and A. domesticus.  
These findings highlight the potential of using Acheta domesticus in sauces without significantly 
altering sensory or structural properties. Future research should focus on optimizing formulations, 
expanding consumer acceptability studies, and conducting shelf-life testing to evaluate product 
stability over time. This study contributes to the development of sustainable and nutritious food 
alternatives, addressing both environmental and consumer acceptance challenges. 
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Nutrition is essential for human survival, but unsustainable food production methods and eating 
habits can have a negative effect on the environment [1]. Edible insects, particularly Tenebrio 
molitor larvae, are gaining popularity in Western countries as an alternative to animal proteins like 
meat, poultry, and dairy due to their potential to provide sustainable protein while requiring fewer 
resources such as land, water, and contributing fewer greenhouse gas emissions [2]. This has 
sparked increased research into their food safety. This study aimed to assess the microbiological 
quality of fresh T. molitor larvae subjected to different feeding regimes (water, potato, carrot, 
vegetable mix) and sourced from three separate production batches. Various microbiological 
parameters were evaluated, including Total Viable Counts (TVC), lactic acid bacteria (LAB), 
enterococci, Enterobacteriaceae, Bacillus cereus, Staphylococcus spp., Escherichia coli, aerobic 
and anaerobic bacilli spores, yeasts, moulds, and the detection of Salmonella spp. and Listeria 
monocytogenes. The results showed no significant differences in microbiological parameters 
across the production batches for any of the diets. Larvae fed with potatoes exhibited slightly 
higher microbial loads, especially for TVC, LAB, and Enterobacteriaceae. Neither Salmonella spp. 
nor L. monocytogenes were detected in any of the samples. These findings suggest that fresh 
mealworms possess inherent qualities that lead to higher microbial loads, particularly in TVC. 
Proper hygiene during rearing is crucial for insect quality, and the consistency of the results across 
batches indicates compliance with hygiene standards, feed quality, and rearing conditions, all of 
which are key to ensuring food safety. Further research, including testing additional batches from 
different seasons, is recommended to explore the influence of external factors on the 
microbiological safety of mealworms for human consumption. 
 

Acknowledgments: This work was supported by National Funds from FCT - Fundação para a Ciência e a 
Tecnologia through project INSECTSAFE - Protein for tomorrow: Exploring the safety of edible insects for 
global food demands (https://doi.org/10.54499/2023.12117.PEX).Financial support for author T. Bento de 
Carvalho was provided by a doctoral fellowship 2023.03709.BD (FCT). 
 
References: 

[1] M. Gibas-Dorna, W. Żukiewicz-Sobczak. Sustainable Nutrition and Human Health as Part of Sustainable 

Development. Nutrients, Jan 10;16(2024):225. https://doi.org/10.3390/nu16020225 

[2] M. Li, C. Cao, X. Li, L. Jiang, W. Zhang, M. Li, H. Liu, Y. Fang, S. Liu, G. Yang, & X. Hou. Edible Insects: A New 

Sustainable Nutritional Resource Worth Promoting. Foods, 12(2023), 4073. https://doi.org/10.3390/foods12224073 
 



 
 

89 

[D&PA 68] 

 

Formation of Acinetobacter biofilms on stainless steel: risks for 

food safety and industrial contamination 
 

Marta Carvalho*, Joana Barbosa and Paula Teixeira 
 

Universidade Católica Portuguesa, CBQF - Centro de Biotecnologia e Química Fina e 
Laboratório Associado, Escola Superior de Biotecnologia. 

*s-mipcarvalho@ucp.pt 

 

The genus Acinetobacter is widely distributed in natural and artificial environments and is 
concerning due to its resistance to antibiotics and disinfectants. Contamination of food, 
particularly meat, dairy, and vegetables, can occur during processing and handling. Acinetobacter 
biofilms pose a significant threat to food safety by forming resilient bacterial communities on food 
contact surfaces like stainless steel and plastic, increasing resistance to cleaning and sanitization. 
This study evaluates the biofilm formation capacity of 20 Acinetobacter strains isolated from food 
on stainless steel surfaces. Each strain was inoculated in Tryptic Soy Broth (TSB) with stainless 
steel coupons and incubated at 22 °C for five days. Biofilms were collected by swabbing, followed 
by vortexing. Serial decimal dilutions were performed in Phosphate Buffered Saline (PBS) and 
inoculated onto Tryptic Soy Agar (TSA) plates for colony counting. Three independent 
experiments were conducted, including controls. 
Results showed that A. baumannii 135.2 (Log CFU = 5.6), A. calcoaceticus 109.1 (Log CFU = 
5.8), and A. pittii 87.2 (Log CFU = 5.3) exhibited the highest biofilm production. In contrast, A. 
johnsonii 145.3 (Log CFU = 4.2), A. baumannii 133.1 (Log CFU = 4.4), and A. johnsonii 118.9 
(Log CFU = 4.6) had the lowest biofilm formation. Significant variability was observed, even within 
the same species, suggesting that genetic differences or environmental factors influence biofilm 
development. 
These findings emphasize the importance of preventing and controlling Acinetobacter biofilms to 
ensure food safety and reduce risks associated with their persistence in the food production chain. 
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Listeria monocytogenes is a foodborne pathogen responsible for listeriosis, a life-threatening 
illness that poses a significant risk to susceptible populations, including the elderly, pregnant 
women, neonates, and immunocompromised individuals [1]. The human digestive system 
presents multiple barriers to L. monocytogenes, including the gut microbiota, which plays an 
important role in limiting bacterial survival and infection potential [2]. 
This study aimed to investigate the interaction between L. monocytogenes and Escherichia coli, 
a key member of the human gut microbiota, by analyzing their growth dynamics both independently 
and in co- culture. Two L. monocytogenes strains (2542 and 2606, serotype 4b) were cultured 
alone and with E. coli over a 26-hour period, with samples collected every two hours for 
enumeration on selective media. 
Growth analysis revealed that E. coli maintained comparable proliferation patterns regardless of 
whether it was cultured alone or with L. monocytogenes. However, L. monocytogenes exhibited 
distinct responses depending on the strain. During the first 12 hours, both strains followed similar 
growth patterns in co-culture and single culture. Beyond this point, strain 2542 displayed a 1.8 log 
cycles reduction when co-cultured with E. coli, whereas strain 2606 showed a more pronounced 
decrease of 2.1 log cycles. 
These findings suggest that strain 2606 is more susceptible to the presence of E. coli than strain 
2542, highlighting potential strain-specific interactions within the gut environment. Future studies 
will expand on these observations by incorporating additional strains and examining their behavior 
in the presence of other predominant gut bacteria to better understand the impact of microbial 
interactions on L. monocytogenes survival. 
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Introduction: The design and formulation of food, a complex and time consuming process, faces 
challenges in SMEs, where it often relies on trial and error, limiting its competitiveness in the 
market. Given the need for agile and sustainable solutions, this research seeks to identify the 
current methodologies used in the development of food products in SMEs to identify opportunities 
for improvement and innovation. 
Objective: To identify the agile methodologies and software used to design healthy and 
sustainable food in SMEs in Iberoamerica. 
Method: An ethnographic study was conducted in Latin American countries (Brazil, Colombia, 
Chile, Mexico, and Uruguay) and European country (Portugal), through semi-structured 
interviews with food design managers, based on a questionnaire of 6 questions with a maximum 
duration of 30 minutes. Additionally, the AEIOU non-participant observation method was applied 
through visits to SMEs or analysis of visual materials. 
Results preliminaries: The sample included, food engineers, chefs, electronic engineers, 
nutritionists, and administrators, belonging to multinational companies, medium to large 
companies, and SMEs, covering food additives, dairy, meats, soups, and other products. The 
majority indicated that the food design process takes approximately 1 to 2 years. The main 
limitations identified were the lack of availability of raw materials, high production costs, limited 
knowledge of regulations, lack of clear guidelines, costly processes, cultural barriers, and the 
need for subsistence-based production. Regarding the knowledge of agile methodologies, SMEs 
indicated a lack of knowledge about methodologies and software; medium-sized companies only 
mentioned the use of the Stage-Gate method, while large companies reported having internal 
standardized methods, without revealing details due to corporate policies. In the non-participant 
observation, it was found that SMEs lack sophisticated equipment and software assistance for 
food design. 
Conclusion: The data collected from this preliminary estudy indicated that SMEs in Iberoamerica 
show limited use of agile methodologies and software to design healthy and sustainable food. 
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Salt has been used for centuries to preserve meat products. Since excessive sodium consumption 
is linked to cardiovascular conditions, reduced-salt versions of traditional meat products like 
chourição have been introduced. While lowering salt levels helps to adress excessive sodium 
intake, it brings up concerns about the microbiological safety of these products, as it may promote 
the growth of harmful microorganisms. 
The purpose of this study was to evaluate the impact of salt reduction in the formulation of sliced 
chourição on total viable counts (TVC) and lactic acid bacteria (LAB) counts, in order to evaluate 
its shelf life, and also to study the survival of Listeria monocytogenes in these artificially 
contaminated products stored at 4 and 10 ºC. 
Microbiological analysis were conducted on both standard and 25% (w/w) salt-reduced chourição 
slices stored at 4 ºC and 10 ºC (abuse temperature), throughout the 60 days storage period. 
Slices of both standard and salt-reduced chourição were inoculated with a cocktail of seven L. 
monocytogenes strains (~3 log CFU/g) and stored at the same conditions. 
An increase in the number of LAB and TVC was observed during the 60 days of storage at both 
tested temperatures, although this increase was more pronounced at 10 °C. Regarding LAB, an 
increase of 4 and 5 log cycles was recorded at 4 °C and 10 °C, respectively, for the standard 
chourição, while a 5 log cycles increase was observed at both temperatures for the salt-reduced 
product. For TVC, a 4 and 6-log cycle increase was observed at 4 °C and 10 °C, respectively, in 
the standard formulation, while the novel prototype showed a 6 and 7-log cycle increase. The 
salt-reduced versions showed a more pronounced bacterial increase compared to the standard 
samples, especially during storage at 10 ºC. Regarding L. monocytogenes contamination, no 
visible differences were found between standard and salt-reduced chourição. However, as 
anticipated, the pathogen was able to proliferate more rapidly in the product when stored at 10 
ºC, with an increase of around 5 log cycles after 30 days, in contrast to the increase of around 1 
to 2 log cycles observed at 4 ºC over the same time frame.  
Salt is essential for preserving meat products. Therefore, any product reformulation involving salt 
reduction must ensure similar economic and technological feasibility and, most critically, preserve 
the microbiological safety of the final product. 
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Marine resources such as fish and molluscs are considered raw materials with great nutritive 
potential, much appreciated by Portuguese consumers. Garum, frequently cited in classical texts, 
was a fermented sauce made from fish and salt which had an important place in Greeks and 
Romans daily life [1]. It was considered a noble salty sauce, used by higher society classes as a 
flavour enhancer and a healthy replacement for salt in all kinds of dishes. 
In 2021, the teams from the Selo do Mar and Roman Ruins of Tróia project decided to return to 
making Garum in a salting tank at this archaeological site, using sardine (Sardina pilchardus), the 
commonly used fish in Tróia and Lusitânia in Antiquity [2].  
Garum was produced in one of the smallest Roman tanks (1.35 m3), placing sardines cut into 
pieces, salt and water in a food-grade certified polypropylene bag, placed inside the salting tank 
absorbing the heat from the walls, keeping the temperature relatively constant over the months. 
The mixture was prepared and let to ferment for around five months. Garum was stirred 
frequently, and each time samples were collected and kept for nutritional and microbiological 
analysis. 
The results confirm that the garum produced is a stable and safe product for consumption and 
demonstrate that it is an important source of iron, potassium, calcium, magnesium, phosphorus 
and sulfur, with significant increases over the months of maturation, and consequently with an 
increase in inorganic matter. Protein content reached its maximum level after 3 
months of maturation, followed by a significant decrease. The decrease could be related to the 
degradation of free amino acids and consequently a decrease in the total nitrogen content. 
However, this degradation could have a positive impact on the formation of characteristic aromas. 
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Campylobacter spp. is the leading causes of bacterial gastroenteritis in humans, with infections 
often transmitted through contaminated food, such as poultry meat [1]. Despite their high 
incidence, cases of campylobacteriosis are frequently underreported, largely due to the difficulty 
of culturing Campylobacter in conventional laboratories [2]. The bacteria require specific growth 
conditions, such as a microaerophilic atmosphere and high incubation temperatures, making their 
detection more challenging compared to other bacterial pathogens. Furthermore, the choice of 
culture medium can significantly influence the success of Campylobacter growth, meaning that 
the effectiveness of different media can impact the ability of laboratories to accurately identify the 
bacteria [3].  
This study aimed to evaluate the survival of Campylobacter jejuni and Campylobacter coli in water 
stored at 4°C over time. Bacterial strains were inoculated into sterile water and incubated at 
refrigeration temperature. Enumeration was performed at regular intervals using three selective 
culture media to assess bacterial viability and efficacy of each culture medium, with the goal of 
determining which medium supports the best bacterial rate. 
The results showed a gradual decline in viable Campylobacter cells, with a survival period 
exceeding 48 hours. As usual, both species demonstrated the ability to persist for long periods at 
4°C, suggesting that ice water may act as a temporary reservoir for Campylobacter survival. In 
relation to the culture media, it was also possible to observe that there are differences in 
effectiveness and that different culture media can demonstrate different survival rates. 
In conclusion, while refrigeration reduces Campylobacter viability, the bacteria can persist long 
enough to pose a contamination risk. These findings highlight the importance of monitoring water 
sources and implementing control measures to minimize the risk of Campylobacter transmission 
through water. 
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Listeria monocytogenes is a foodborne pathogen responsible for listeriosis, a potentially fatal 
infection, particularly in vulnerable populations such as pregnant women, the elderly, and 
immunocompromised individuals [1]. The bacterium can grow at low temperatures, including 
refrigeration, allowing it to proliferate in foods like dairy products, which are often considered safe 
at such temperatures [2]. Milk provides an ideal medium for L. monocytogenes, making it a 
potential vehicle for human transmission [3]. However, limited information exists on how different 
strains, behave under refrigeration. 
The aim of this study was to evaluate the growth at 4°C of 12 strains of Listeria monocytogenes 
from different sources in three different types of milk: raw, thermized, and pasteurized milk 
samples. The study sought to determine whether the origin of the strains influences their survival 
and proliferation under refrigerated conditions, which is crucial to understanding the potential risks 
in dairy products and trying to understand which type of milk could be the greatest growth 
enhancer. 
Milk samples were inoculated with L. monocytogenes to reach an initial concentration of 103 
CFU/mL. All milk samples were incubated at refrigeration temperatures 4 ± 2°C. Enumeration of 
L. monocytogenes was performed according to (ISO 11290-2:2017, 2017). 
The results did not indicate an effect of strain origin on growth rates. All strains exhibited similar 
growth patterns, suggesting that the origin of the strains does not affect their ability to proliferate 
in refrigerated environments. However, all strains exhibited a higher growth rate in pasteurized 
milk when compared with the other two types of milk.   
This highlights the continuous risk of contamination in dairy products under refrigeration and 
underscore the need for effective control measures to mitigate the risk of L. monocytogenes 
contamination in dairy products. 
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Algae represent a sustainable food source, but their adoption in daily diets depends on 
consumers’ acceptance [1]. However, information about the Portuguese consumers’ perceptions 
of algae-based products and associations with relevant determinants is still scarce. This study 
investigated the conceptualisation and willingness among Portuguese adults to eat products with 
edible algae. 
A web-based questionnaire was applied. A free-word association methodology [2] and the Food 
Action Rating (FACT) scale [3] were used to assess conceptualisation and 
acceptance/willingness to eat. A cluster analysis was conducted to identify different consumer 
segments. Frequencies of the mentions for dimensions were computed. Correspondence 
analysis between consumer segments was made. Descriptive statistics were applied to socio-
demographic characteristics. The Friedman test was used to determine the differences in the 
acceptance of different food categories containing edible algae. Factorial analysis was applied to 
the FACT scale results. 
Participants (n=494) were grouped into four segments: Moderate Critics (n=123), Rejecters 
(n=116), Moderate Admirers (n=182) and Acceptors (n=73). To conceptualise “algae", “Nature” 
was the most cited dimension. To "algae" and “food”, “Food” was the most mentioned dimension. 
Pasta (FACT – 5.6 ± 1.9) and dry seasonings (FACT – 5.6 ± 1.9) were the product categories 
with the highest acceptance levels. Gender, level of education, marital status, number of 
household members, financial situation, occupation, diet, healthiness of the diet, consumption of 
ethnic foods, familiarity, food neophobia, green consumption values and trust showed significant 
associations with acceptance. 
This study can offer valuable insights to the food industry in developing novel products that 
respond to consumer preferences and needs, contributing to introducing new, sustainable, and 
nutrient-rich algae products in the agri-food market. 
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Excessive sodium intake is linked to several health risks, particularly cardiovascular diseases. In 
response, the World Health Organization (WHO) aims to reduce global salt consumption by 30% 
by 2030 [1], driving demand for lower-sodium food products. However, sodium chloride (NaCl) is 
essential for the safety and sensory quality of cured meat sausages (CMS) [2]. This study 
assessed the potential of potassium chloride (KCl) and encapsulated aromatic oleoresins (EO) 
as NaCl substitutes in CMS, evaluating their impact on product quality and shelf life. 
Four CMS formulations were developed: C1 (1.5%NaCl), F1 (1%NaCl+0.5%KCl), F2 
(1%NaCl+0.5%EO with 0.3%KCl), and F3 (1%NaCl+0.5%EO). The sausages underwent a curing 
process involving cold smoking and ripening over eight days followed by vacuum packaging and 
storage at 4ºC. Physicochemical, microbial, and sensory analyses were conducted at multiple 
stages, including pre-stuffing, final product evaluation, and up to six months of storage. Results 
showed that water activity and pH remained unchanged across formulations. Colour analysis 
revealed that F2 CMS presented the highest a* value (15.79), indicating enhanced reddish 
coloration. TBARS analysis showed significantly lower lipid oxidation in formulations containing 
KCl and oleoresins compared to the control. Microbiological analysis confirmed the absence of 
Listeria monocytogenes in 25 g of samples, with no significant differences in counts of 
Enterobacteriaceae, Lactic Acid Bacteria, or coagulase-negative Staphylococci. Sensory analysis 
with 97 consumers found no significant association between KCl inclusion and metallic taste 
perception. The JAR test indicated that 55% of consumers considered the control's saltiness 
ideal, while F1 (54%) met market readiness criteria [3]. However, F2 and F3 received slightly 
lower ideal salinity ratings (42% and 45%, respectively), suggesting the need for optimization of 
encapsulated oleoresin levels. In conclusion, replacing 33% of NaCl with KCl preserves the 
safety, quality, and sensory acceptance of CMS, presenting a promising strategy for sodium 
reduction in meat products. 
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Aquaculture is crucial for future food security at global, regional, and community levels, offering a 
stable protein source. Among farmed species, carp, tilapia, catfish, salmon, and shrimps are some 
of the most important that will contribute substantially to global food supply and security in the 
coming years, particularly in African and Asian countries. [1]. The preservation and processing of 
fish through pickling, drying, and smoking are traditional techniques that significantly affect their 
quality, safety, and sensory properties [2].  
This study aims to develop a smoked prototype by using catfish Clarias gariepinus (increasingly 
prominent in global aquaculture) and evaluate the effects of different formulations and 
curing/smoking processing on chemical, microbiological, and sensory properties of the smoked 
product. Thus, four formulations were tested (different concentrations of NaCl, sodium lactate, 
and sugar) and three independent trials were carried out to identify the ideal formulation to obtain 
stable products from a physical, microbiological, and sensorial appealing point of view.  
Fillets, prepared as business as usual, were hot smoked, and after a resting of 24h were vacuum 
packed, and stored at 4 °C. Selected analyses included physical, chemical, and microbiological 
parameters (pH, water activity, chlorides, colour, TBA, total aerobic, Enterobacteriaceae, lactic 
acid bacteria, and Listeria spp. counts), and sensory attributes (texture, flavour, and overall 
acceptability). The results obtained indicate good acceptance of all products (namely no 
Enterobacteriaceae or Listeria counts) and no significant differences among formulations. Now a 
second phase is following aiming to evaluate the shelf life associated with each formulation to 
choose the most appropriate one. These findings provide valuable insights into the aquaculture 
food industry, promoting the development of high-quality processed fish products. 
This work aligns with EFSA's priorities and demonstrates how innovation addresses real-world 
challenges in the agri-food sector, fostering competitiveness through improved product quality 
and safety. 
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Introduction: Listeria monocytogenes is a significant foodborne pathogen capable of entering a 
viable but non-culturable (VBNC) state when exposed to environmental stressors. In this state, 
cells retain metabolic activity but cannot be detected using standard culturing techniques, posing 
a critical challenge for food safety and public health. The presence of VBNC L. monocytogenes 
in food-processing environments raises concerns about the efficacy of conventional detection and 
control strategies [1,2]. 
Objective: This study aims to provide a systematic review of the mechanisms driving the 
induction, detection, and resuscitation of L. monocytogenes in the VBNC state. Through a 
comprehensive analysis of current literature and regulatory frameworks, we seek to highlight gaps 
in food safety protocols and propose improvements in pathogen monitoring. 
Methods: A systematic search was conducted using the PubMed database, as well as European 
and North American regulatory guidelines. Duplicate records were removed, and relevant studies 
were selected based on predefined inclusion criteria, ensuring a comprehensive and unbiased 
review of the existing knowledge on L. monocytogenes in the VBNC state [3]. 
Results: The findings highlight the necessity for robust detection strategies to mitigate risks in 
food safety management. Current culture-based techniques underestimate the presence of VBNC 
L. monocytogenes, emphasizing the need for molecular detection methods such as qPCR and 
viability-based assays [4,5]. Additionally, factors such as biocide exposure, temperature 
fluctuations, and nutrient deprivation were identified as key stressors inducing the VBNC state. 
Resuscitation potential remains a critical concern, as certain conditions may allow L. 
monocytogenes to regain virulence and pose a renewed threat to public health [6]. 
Conclusion: Addressing the challenges posed by VBNC L. monocytogenes requires the 
integration of advanced detection methodologies and regulatory adaptations. Future research 
should focus on developing standardized protocols for VBNC detection and investigating the 
potential resuscitation mechanisms of this pathogen. Strengthening food safety policies with 
these insights will be crucial in minimizing the risks associated with VBNC cells in food production 
and public health [7,8]. 
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Projective Mapping (PM) is a fast technique for product comparison [1], where the participants 
place the samples on a map, grouping the ones perceived as similar. It often incorporates 
descriptive profiling methods, such as Ultra Flash Profiling [2]. Cognitive styles affect the multiple 
tactics people use to process information [3] and should be considered when selecting a 
consumer panel. This study evaluated consumer perception of different orange nectar products 
while segmenting responses based on participants' cognitive styles.  
One hundred and fifty participants assessed seven orange juice samples over two separate 
sessions. In the first session, participants evaluated overall liking using a 9-point hedonic scale. 
Subsequently, a projective mapping technique was employed, where participants positioned the 
samples on a screen-based map, based on perceived similarity/dissimilarity. After positioning the 
samples, they were invited to describe them using the Ultra Flash Profiling approach. In the 
second session, the projective mapping technique was repeated using only the packaging of the 
products. At the end of session two, participants completed the Cognitive Style Index 
questionnaire, segmenting the participants into five different styles (‘intuitive’, ‘quasi-intuitive’, 
‘adaptative’, ‘quasi-analytic’ and ‘analytic’) [4]. 
The results revealed significant differences in the overall liking scores. The projective mapping 
analysis reveals differences in the perception of orange juice. First, participants with an RV 
coefficient below 0.450 were removed once their contribution was too low for the final consensus 
perception map. Samples with a higher overall liking score are related to pleasant attributes, with 
pulp and thick texture and balanced and intense taste. The cognitive style segmentation brings a 
higher sample discrimination with the ‘intuitive’ participants characterising products in greater 
detail, on the tasting samples evaluation. When evaluating packaging, these differences in 
product discrimination according to cognitive style are less marked. 
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In canned foods, storage time and temperature can influence product quality, modifying sensory 
properties such as texture, flavour, and colour [1]. This study aimed to assess the impact of 
storage time and temperature on the acceptability of canned mackerel with vegetables in tomato 
sauce by comparing different samples stored under different conditions of time and temperature. 
The samples were evaluated three times: immediately after stability and sterility, 5 months after, 
and 8 months after. This evaluation was performed for sample storage at room temperature and 
40º C (only for T5 and T8). In each test, an independent panel of 100 consumers evaluated the 
samples on overall liking and sensory attributes, following the ISO standard 11136  and internal 
procedure PR13, an accredited method of Sense Test, in which consumers were asked to 
evaluate the overall liking using a 9-point hedonic scale and afterwards were also asked to make 
an open comment about the different aspects that they freely found on the product. The comments 
were then coded into positive and negative aspects. 
The results show that all the samples had high average scores for overall liking (>7.5). When 
comparing the products at room temperature (T0 and T5), there were no significant differences 
in the overall liking. As for the results obtained at the same storage time, T5, and at different 
storage temperatures, room temperature and 40°C, there were no significant differences in overall 
liking.  
This study was important for understanding the eventual impact of storage time and temperature 
on the overall quality and liking of tinned foods, specifically tinned mackerel with vegetables.  
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Edible insects are a sustainable, nutrient-rich alternative to meat, requiring fewer resources and 
producing lower emissions. Rich in essential amino acids, vitamins, and minerals, their protein 
offers a viable solution to rising global protein demand while reducing environmental impact [1,2]. 
This research assessed the effect of incorporating Tenebrio molitor flour on three bread types —
brioche, cereal, and wheat— each with incorporation levels of 0% (control), 5% and 10%. 
Three independent panels of 65 individuals willing to taste insect-based products evaluated the 
three samples of bread within each type. Participants were invited to rate overall liking, and their 
appreciation of appearance, odour, texture, and taste using a 9-point hedonic scale. Additionally, 
they indicated their purchase intention (yes/no) and provided an open comment, reflecting on the 
positive and negative aspects of the samples. 
Results showed that the liking scores were high for all the samples. However, an increase in the 
incorporation of Tenebrio molitor flour (10%) led to a decrease in overall liking. In brioche bread, 
significant differences were found in appearance, odour, and taste, with a marked decrease in 
liking at the highest incorporation level. Cereal and wheat bread maintained similar overall liking, 
but flavour evaluations showed a significant decrease at 10% incorporation. 
Qualitative analysis of the open comments indicated that darker colours and denser textures were 
less appreciated in the enriched samples. Negative perceptions of taste, particularly an unfamiliar 
or undesirable taste, were more pronounced in brioche at 10% incorporation. The purchase 
intention was generally lower for the 10% incorporation samples, but a 5% incorporation slightly 
increased purchase intention in cereal and wheat bread. 
Tenebrio molitor flour can be integrated into bread formulations, though the incorporation at higher 
concentrations may negatively impact liking. The findings highlight the need for further formulation 
adjustments to enhance sensory appeal. 
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Fonts, also known as typefaces, can play an important role in shaping consumers' emotions, 
perceptions and experiences [1]. Different typefaces can evoke various feelings, reinforcing or 
altering the conveyed message. Thus, typeface selection becomes particularly important in 
sensory testing, where responses can be subtly influenced by how information is presented. 
This work aimed to assess consumers' emotional response to different fonts and explore the 
influence of fonts on the overall liking, aroma intensity and willingness to purchase commercial 
tomato juice. 
Ninety-two participants were recruited, students and staff from the University of Arkansas, USA. 
In the first phase, participants were instructed to match the 12 emotional word pairs of the 
circumflex-inspired Valence × Arousal [2] emotion questionnaire with 20 different fonts, according 
to their perception, leading to the selection of the four fonts with the highest scores in each of the 
four emotional dimensions (Active, Happy, Passive and Unhappy). In a second phase, sensory 
evaluation was conducted to assess the influence of the selected fonts on the assessment of the 
evoked emotions, overall liking, aroma intensity and willingness to purchase tomato juice. 
The four typefaces with the highest emotional impact on the Active, Happy, Passive and Unhappy 
dimensions were Verdana, Candara, Consolas and Gigi.  
The sensory tasting results show no significant impact (p>0.05) of the typefaces on overall liking, 
taste intensity or purchase intention of tomato juice. Nevertheless, Verdana and Candara were 
strongly associated with active and happy emotions, while Gigi was more closely related to 
passive and unhappy feelings. Consolas has a stronger association with passive and neutral 
states. 
Typefaces can shape emotional perceptions without necessarily affecting the direct sensory 
evaluation of the product, meaning that additional research is needed to investigate their impact 
over repeated exposure. 
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Alternative proteins are a promising market in the food sector since they provide sustainable 
solutions to the currently consumed proteins. However, poor sensory or techno-functional 
properties constitute hindrances to the success of these protein products [1,2]. Therefore, the 
objectives of this work were to map the main techno-functional properties of two alternative protein 
sources (i.e., lupin beans and edible house crickets) and improve them by mixing those proteins 
in different ratios.  
Lupin protein concentrate (L) and cricket (Acheta domesticus) flours (whole -WC- and defatted -
DC-) were used. All samples were tested for main technological parameters (e.g., solubility) using 
standard methods. Afterwards, samples were mixed (insect/pulse) in 1:1, 1:3, and 1:9 ratios, and 
their solubility, foaming capacity and stability, emulsifying and gelling capacities, and water/oil 
absorption capacities (WAC/OAC) were measured. Structural characterisation was performed 
(DLS, Particle Size Distribution, SEM) to understand how the several proteins interact with each 
other. 
There was no gel/emulsion formation, while solubility showed a similar pattern: a drastic reduction 
in mildly acidic environments. Nevertheless, WC/DC solubility increased significantly when mixed, 
not affecting this property of L majorly (until 50% of WC was added). Foaming exhibited a similar 
trend, especially when DC was used, though no relevant foaming stabilities were revealed. There 
was a significant increase in WAC with insect addition.  DLS seemed to indicate protein structural 
stability even when mixed (lower zeta potential), and overall, there was an increase in particle 
size with the increasing incorporation of crickets. SEM showed particles with different shapes and 
sizes, some smoother/more porous (L) and some irregular/rougher (WC). 
There was a clear interaction between WC/DC and L, which appeared synergistically, with 
improvements being detected on several functional properties. Various treatments can be applied 
to further increase functionality, and thereby formulate food products with these novel, alternative 
and more sustainable ingredients. 
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Consumers with heightened interest in food products' health and nutritional benefits generally 
present higher willingness to try insect-based food products. As such, the development of 
functional products, such as protein bars or protein concentrates/isolates, is a promising strategy 
to increase consumer acceptance. 
The present study is market research on protein bars and protein concentrates/isolates sold in 
Portuguese retail stores, to identify key characteristics for the development of similar insect-based 
food products. For each product, information was retrieved pertaining product name, brand, price, 
ingredients list, nutritional characteristics, and nutritional claims present on the package. 
For protein bars (n = 109), protein extracts (e.g., concentrate, isolate, hydrolysate) from milk 
(61.5%) and soy (48.6%) were the most used protein ingredients. Price was heavily influenced 
by the sugar content, with the most expensive bars being associated with lower sugar content. 
On the other hand, the protein content or Protein Claim level (% of the energy value of the food 
provided by protein) were not directly correlated with the bars’ price. However, most of the 
products still presented high protein content (around 25.0%-31.0%) and Protein Claim levels 
(22.0%-34.0%). Of the claims present on the package, those related to protein were the most 
frequent (41.0%), with most protein-related claims being present as the % of protein of the 
products (50.9%). 
For protein concentrates/isolates (n = 319), the most common protein sources were derived from 
whey: concentrate (51.7%), isolate (43.9%) and hydrolysate (25.1%) while plant-based sources 
(e.g. pea, soy, rice) had much lower relative frequencies. Price was significantly influenced by 
nutritional characteristics, with the most expensive products presenting the highest Protein Claim 
(88.0%) and protein (81.2%) levels, and the lowest energy (369 kcal/100 g), lipid (2.33 g/100 g), 
saturated fat (1.2 g/100 g), carbohydrates (5.7 g/100 g), and sugars (2.0 g/100 g) content. 
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The Maçã de Alcobaça, protected geographical indication (PGI) refers to apples produced in 
Alcobaça, West region of Portugal, benefiting from its temperate climate and fertile soils. The fact 
that the fruits are certified under the PGI scheme, ensures authenticity and adherence to 
traditional farming methods [1]. A questionnaire was created and implemented using the Lime 
Survey platform to evaluate the main determinants of choice of these Maçã de Alcobaça PGI 
apples among Portuguese consumers, following an adaption of the Food Choice Questionnaire 
(FCQ) [2], as suggested by Cunha et al. (2018) [3] and assess the consumption pattern of this 
product within the context of regular dietary habits. To ensure greater representativeness, 
sampling criteria were implemented based on participants' gender, age group, education, and 
geographic location.  FCQ data was reduced following factorial analysis and dimensions scores 
were computed. Participants were clustered, following a k-means algorithm based on their FCQ 
dimensions scores. Out of 275 participating adults from both genders residing in Portugal, only 
166 were validated. The results showed that the main criteria for choosing the Maçã de Alcobaça 
IGP identified were "sensory appeal", "natural content", “health” and "concern with origin", and it 
was also found that women value more factors such as "health", "price" and "convenience", while 
men are more sensitive to the “sensory appeal” of the product. Participants were clustered into 
“Natural”, “Engaged” and “Practical”, with the “Engaged” consuming more Maçã de Alcobaça PGI 
apples per week (app. 2.5), preferably of the ‘Fuji’ variety, and with a distinct consumption of less 
popular varieties, such as ‘Casanova de Alcobaça’ or ‘Red Delicious’, with a clear preference for 
eating raw whole apples with skin, and strongly valuing its food safety attributes. This work sets 
up new perspectives on the promotion and valuation of more Maçã de Alcobaça PGI apples.  
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The maturation of spirit drinks with wood is a key process that affects its quality by enriching its 
aroma, sensory properties, and colour attributes. Honey spirit, obtained through honey 
fermentation and distillation, has a distinctive aromatic profile that differentiates it from traditional 
spirits drinks. 
This study evaluated an innovative approach to ageing honey spirit with different Acacia wood 
species to assess their impact on its volatile and colour characteristics. The three months ageing 
process was conducted on a laboratory scale using medium-toasted wood from three Acacia 
species. The honey spirit samples were analysed for volatile compounds using gas 
chromatography (GC-FID), colour attributes and Fourier transform Raman spectroscopy (FT-
Raman). 
The alcohol content of the samples remained stable, ranging from 55.9% to 56.5%, with significant 
colour variations observed. Among the major volatile compounds, methanol levels were minimal, 
while isoamyl alcohols and isobutanol were the most prevalent. The honey spirit aged with Acacia 
wood displayed distinct colour differences, with varying intensities of golden hues, indicating the 
influence of the wood species on the final product. 
The Raman technique successfully differentiated between the analysed honey spirit samples, 
revealing compositional and ageing-related variations associated with the type of Acacia wood 
used. These findings highlight the potential of Acacia wood in honey spirit, offering new 
possibilities for product innovation and differentiation in the spirits market. 
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Flavouring virgin olive oil (VOO) with different ingredients is an increasing trend to obtain new 
products. This type of food preparation is highly appreciated especially by consumers outside the 
Mediterranean countries. An innovative method of enrichment VOO is through co-processing, 
also known as co-extraction, based on the addition of culinary herbs, during the olive crushing or 
in the malaxation step. The co-processing method can improve the sensory and nutritional 
properties, as well as the shelf life of the final food preparations.  
The present work presents studies, performed for the development of new products through the 
co-extraction of ripe olives of cv. 'Cornicabra’, with low fruity flavour intensity and subject to frost, 
in presence of juniper berries (Juniper communis L.), oregano (Origanum vulgare L.), bay leaf 
(Laurus nobilis L.) or breckland thyme (Thymus serpyllum L.). The addition of culinary herbs was 
carried out during the extraction process in malaxation. Quality criteria (acidity, peroxide value, 
UV absorbance, and organoleptic evaluation) and the main fatty acids were evaluated. Fourier 
transform near infrared spectroscopy (FT-NIR) was used to study the variability of the co-
processed products. The addition of juniper berries showed the most significant changes in olive 
oils, with an increase in oleic and linoleic acids and in K270 and K232 values. Moreover, the co-
processing of olives with bay leaf showed the lowest changes in chemical composition. In 
addition, all the new products obtained by co-extraction showed improved sensory notes 
responsible for an increased value-added of these products. 
FT-NIR spectroscopy demonstrated high effectiveness in the characterization and identification 
of different co-processed oils, offering a reliable analytical tool for this purpose.   
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This study explores the impact of processing variables on the stability of nanoemulsions 
containing basil (Ocimum basilicum L.) essential oil and sunflower oil, stabilized by saponins (a 
natural emulsifier). A completely randomized experimental design was applied to identify the 
optimal formulation for long-term stability. 
A total of sixteen experiments were performed using high energy to obtain nanoemulsions with 
several concentration ratios of saponins, essential oil, and sunflower oil. The results 
demonstrated that formulations with a surfactant-to-oil ratio (SOR) of 1:1 or higher and an 
essential oil-to-sunflower oil (EO/SFO) ratio of 3:7 exhibited superior stability for at least 120 days. 
These findings highlight the potential of saponin-stabilized nanoemulsions for enhancing the 
bioactivity and controlled release of natural compounds, offering a promising approach for 
sustainable food protection and biodegradable packaging solutions. 
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The rise of healthy lifestyle trends has contributed to a growing consumption of ready-to-eat 
products, including vegetables and sprouts. Pathogens such as Listeria monocytogenes, 
Salmonella spp., and Escherichia coli have been linked to foodborne outbreaks resulting from 
contaminated produce.1 Once in contact with plant tissues, these microorganisms can adhere to 
and persist on the plant for extended periods of time. The initial contamination level plays a crucial 
role in determining their survival, spread, and persistence within plant tissues.2 
This study aimed to assess the potential exposure to L. monocytogenes, Salmonella enterica, 
and E. coli from contaminated irrigation water during sprout production. 
Mung bean irrigation water was inoculated with a cocktail of L. monocytogenes (two serotypes), 
E. coli, and S. enterica (four serotypes) at a final level of 6 log CFU/ml. Mung beans were 
germinated for 3 days in the dark at approximately 25 °C. Pathogen survival was evaluated through 
plate count enumeration. After 3 days, pathogen counts increased by around 2 log CFU/g for L. 
monocytogenes, 4 log CFU/g for E. coli, and 3 log CFU/g for S. enterica. 
These preliminary results indicate that when irrigation water is contaminated with these pathogens, 
they can survive and proliferate in mung bean sprout tissues. This represents a significant public 
health concern, as sprouts are often consumed raw, providing optimal conditions for pathogen 
growth. Future research will focus on the impact of lower initial contamination levels and the 
behaviour of pathogens in other edible plant tissues. 
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Minimally processed pineapple (MP) is significant in the fresh-cut products market due to its 
appreciated sensory characteristics and antioxidant composition, particularly its high ascorbic 
acid content. However, its shelf life is short, often less than 15 days, and typically does not exceed 
one week. The main preservation challenges include juice release, changes in sensory traits 
(colour, shine, and firmness), development of off-flavours and odours, and excessive microbial 
growth.  
This study evaluated the shelf life of minimally processed pineapple (Extra Sweet Gold variety), 
industrially produced and packed in two PET packaging formats (1 kg and 0.4 kg), identifying 
factors responsible for the loss of quality. The Extra Sweet Gold variety used in the processing 
met ripeness criteria (≥12°Brix) and was slightly immature (titratable acidity of 0.8 g citric acid/100 
g), with a high ascorbic acid content (76.9 ± 6.1 mg/100 g). The two PET packaging formats did 
not significantly (p<0.05) influence the quality changes of MP pineapple stored for nine days at 5 
± 1°C. Sensory evaluation showed marginal changes in attributes (colour, appearance, aroma, 
sweetness, acidity, firmness, and juiciness) compared to day 0, except for a pronounced off-
flavour on day 7. Ascorbic acid and total phenolic content degraded by approximately 35% and 
15%, respectively. Despite ascorbic acid loss by day 4, the remaining levels were significant 
(≈30.1±3.3 mg/100 g). Active atmosphere modification could extend shelf life, as passive 
modification did not meet the recommended gas composition (O2 and CO2). Excessive yeast 
growth, linked to unacceptable off-odours, compromised fresh quality from day 7 (≈ 6.0 
Log10CFU/g), revealing the critical factor limiting shelf life. 
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Macroalgae, consumed historically in eastern countries, has gathered western countries attention 
as an alternative and sustainable food source, demanded through consumer awareness 
regarding nutrition and at the same time environmentally friendly food production. Even though 
there is integration of macroalgae components in western diets and products, these either come 
as a utilization of specific compounds (such as agar and carrageenan) or associated to Asiatic 
cuisine (Nori consumption in Sushi), therefore not fully integrated as a daily ingredient in western 
diets [1,2]. 
In an effort to change the paradigm, and under the scope of the project MENU, a functional dessert 
was formulated based on whole macroalgae compounds, in order to better utilize the supported 
beneficial compounds within macroalgae organisms. Our research group developed novel recipes 
of pudding and mousse, being the essential ingredient the red macroalgae. Posteriorly to the 
product optimization, the group visited several schools in the Centre and Centre- South region of 
Portugal to conduct workshops regarding macroalgae ecology and the health benefits, with the 
degustation of the dessert by the students and schoolteachers for sensorial analysis. Inquiries 
were handed out to students between 15-20 years old, for them to perform sensorial evaluation 
of the product. 
Overall, the product had satisfactory results and acceptance, still some students showed some 
resistance, which could infer about the dietary habits of the population in this age gap. Literacy 
regarding the marine environment and biotechnological potentialities needs further activities of 
dissemination in the different school grades, from primary to secondary grade, potentiating the 
acceptance and introduction of macroalgae food products in consumer’s diet. 
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Due to increasing global population, securing nutritious and secure food supply is paramount. 
With the constant and aggravated depletion of our natural environments, such as water and soils 
supplies, the foundations of our food production are compromised. There is a demand for 
alternative food sources that also envision a sustainable way for the exploration of these 
foundations in which our food productions lie. In that scenario, there is a great interest in 
macroalgae biomass and resource exploration with a substantial body of evidence supporting 
macroalgae nutritious potential. Consumed for centuries in eastern countries, macroalgae 
consumption has gained interest in western societies due to their bioactive properties, awareness 
regarding nutritional food and overall sustainability in their production and consumption [1,2]. 
Macroalgae possess several advantages in comparison to land crops, with the most prevalent 
advantage being the independence of freshwater usage. However, such consumption requires 
further standardization and clearance. While land crops have been optimized for years and 
species/classes are legislated and safely consumed, consumption of macroalgae still faces 
legislative and food security barriers. 
Additionally, it is still unclear which species should be nutritiously favored and methods for 
production are still far from optimized. Harvesting and consumption of wild macroalgae should be 
avoided, as these organisms have tremendous bioactive and intrinsic compound variability and 
are susceptible to environmental alterations and pollution. 
This work focuses on the description and analysis of the bioactive and nutritional profiles of four 
macroalgae collected in the Western Portuguese coast (Undaria pinnatifida, Osmundea 
pinnatifida, Fucus vesiculosus and Calliblepharis jubata) regarding uronic and fatty acids, 
polysaccharides, pigments and phenolic content. 
This can advance our understanding of nutritional composition of various macroalgae species, 
improving our efforts into production of species with the capability to offer nutritious alternatives. 

 
Acknowledgments: The authors acknowledge the Centre for Functional Ecology—Science for People and 
the Planet (CFE; UIDB/04004/2020; https://doi.org/10.54499/UIDB/04004/2020), financed by FCT/ MCTES 
through national funds (PIDDAC) and the Associate Laboratory TERRA (LA/P/0092/2020; 
https://doi.org/10.54499/LA/P/0092/ 2020). This research was financed by the project MENU—Marine 
Macroalgae: Alternative recipes for a daily nutritional diet (FA_05_2017_011), funded by the Blue Fund under 
Public Notice No. 5-Blue Biotechnology and co-financed by the project AlgaMar4antivirus—Marine 
MacroalgaE in the prevention and treatment of ANTIviral diseases (Coronavirus SARS-CoV-2) 
(FA_07_2018_009), funded by the Blue Fund under Public Notice No. 7/2018—Scientific Research and 
Marine Technology. 
 
References: 

[1] Pereira, L., Cotas, J., Gonçalves, A.M., Seaweed Proteins: A Step towards Sustainability? Nutrients, 16 (2024) 1123. 

[2] Lomartire, S., Gonçalves, A.M.M., Algal Phycocolloids: Bioactivities and Pharmaceutical Applications. Mar. Drugs, 

21 (2023) 384. 

mailto:amgoncalves@uc.pt


 
 

114 

[D&PA 93] 

 

Design of innovative electrochemical genosensors for honey 

fraud and quality detection by botanical origin authentication  
 

Stephanie L. Morais1,2, Michelle Castanheira1,2, Eduarda Pereira1-3, Marlene 
Santos3, Valentina F. Domingues1, Cristina Delerue-Matos1, M. Fátima Barroso1,* 

 
1 REQUIMTE|LAQV, Instituto Superior de Engenharia do Porto, Instituto Politécnico do Porto, 

Porto, Portugal 
2 Departamento de Química, Faculdade de Ciências, Universidade do Porto, Portugal 

3 REQUIMTE|LAQV, Escola Superior de Saúde, Instituto Politécnico do Porto, Porto, Portugal 
* mfb@isep.ipp.pt 

 

Ensuring food safety has become a concern for companies, consumers and the government alike, 
due to the increase of fraudulent and/or adulterated food products found in the global market [1,2]. 
Some common fraudulent strategies include mislabelling a product's geographical origin and 
blending it with lower-grade substances [3].  
Among the frequently adulterated food products there is honey. Honey is a highly sought-after 
natural food with an elevated environmental, social and commercial value due to its rich nutritional 
profile and numerous health benefits. However, it is also vulnerable to adulteration [4]. Therefore, 
it is important to develop an analytical technique that can quickly, cheaply, and easily assess the 
quality and safety of honeys worldwide.  
In this work, an electrochemical genosensor for the detection of two plant species: Erica arborea 
and Castanea sativa in real honey samples was designed and optimized. The first step was the 
construction of the genosensor. For this, DNA-target probes capable of unequivocally detecting 
E. arborea and C. sativa DNA were selected and designed. As a sandwich-format strategy was 
adopted, their complementary probes were then cut into two smaller sequences to which a thiol 
group (DNA-capture) and a fluorescein (DNA-signalling) were attached. 
Using chronoamperometry, the enzymatic amplification of the electrochemical signal was 
achieved with a concentration range of 0.07 to 2.00 nM. These results were then compared to the 
DNA from certified E. arborea and C. sativa plant leaves, amplified by PCR, and 10 commercial 
honeys found in local Portuguese markets. The developed genosensor was successfully applied 
for the detection of the DNA from the extracted plant leaves and commercial honey samples. So, 
the developed genosensor is a promising cost-effective and innovative analytical method to detect 
the botanical origin of real honeys. 
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The world production of marine macroalgae, or seaweed, has more than tripled since the turn of 
the millennium, increasing from 10.6 million tonnes in 2000 to 32.4 million tonnes in 2018. Brown 
algae constitute a significant part of this production, with various species being cultivated and 
utilized across different countries [1]. For example, species such as Laminaria digitata, Laminaria 
hyperborea, Saccharina japonica, Undaria pinnatifida, and Himanthalia elongata are widely 
cultivated and used for food, alginates, and other products. Some of these species are native to 
the Iberian Peninsula and can be found along the northern beaches of Portugal and Galicia [2]. 
The brown algae are also notorious for the bioactive secondary metabolites that are described as 
having antioxidant, antimicrobial and neuroprotective activities among others [3].  
In this study, the species Undaria pinnatifida (UP) and Himanthalia elongata (HE) were analyzed 
to assess their nutritional profile, considering their lipid, amino acid, and mineral content. The 
proximate composition analysis revealed that both species contain approximately 20% mineral 
residue (ash). Their mineral profile is similar, with sodium levels around 35 g/kg of dried algae 
(dw) and potassium at approximately 80 g/kg dw. Calcium and iron were quantified at around 8 
g/kg dw.  
The protein content was determined to be 7% in HE and 10% in UP, while fiber content was 
approximately 30%. The total lipidic content was around 6% and the fatty acid profile revealed a 
predominance of palmitic acid and oleic acid. 
Regarding amino acid composition, UP contains all essential amino acids except for 
phenylalanine, whereas HE lacks only valine. Both species exhibit significant amounts (ranging 
from 50 to 150 mg of amino acid per gram of protein) of aspartic acid, glutamic acid, and arginine. 
These results highlight the potential contribution of seaweeds to nutrient uptake in the context of 
a balanced diet. 
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The deterioration of food quality and shelf life is a critical challenge in the food industry due to 
lipid peroxidation [1]. Lipid peroxidation is a chemical process that leads to the degradation of 
lipids, resulting in the formation of harmful compounds, undesirable flavors (rancidity), and 
decreased nutritional value [2,3]. Thus, this study evaluates the effectiveness of seaweed extracts 
as natural antioxidants in preventing lipid oxidation during the accelerated aging of oils typically 
used in canned fish. 
Ten seaweeds were selected: four brown (Fucus vesiculosus, Himanthalia elongata, Eisenia 
bicyclis, and Undaria pinnatifida), two green (Ulva lactuca and Codium tomentosum), and four 
red (Palmaria palmata, Gracilaria gracilis, Chondrus crispus, and Porphyra dioica). Algal extracts 
obtained through subcritical water extraction (SWE) at 140°C [4] were evaluated for their 
antioxidant potential in sunflower oil. Accelerated aging tests were conducted at 50°C over 16 
days, with aliquots collected every 4 days. Lipid oxidation was assessed by measuring the 
peroxide index (PI) as an indicator of primary oxidation products. The results were compared to 
a control sample (oil without antioxidants) and oil treated with butylated hydroxytoluene (BHT), 
providing an understanding of the effectiveness of the algal extracts in oxidative stability. Palmaria 
palmata is the best at preventing peroxide formation in this setup, with results even better than 
those obtained with BHT. Gracilaria gracilis showed the highest peroxide value, suggesting it is 
the least effective in preventing lipid peroxidation.  
These findings indicate that seaweeds have the potential to serve as natural antioxidants for food 
applications and could potentially replace synthetic alternatives. Further research is necessary to 
optimize extract concentration, evaluate their nutritional impact, assess their effect on food 
quality, and investigate the long-term influence of seaweed extracts on the shelf life of canned 
fish stored in brine and oil. 
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Orange-fleshed sweet potato (OFSP) is renowned for its high nutrient and bioactive content, and 
its transformation into flour through drying is a key postharvest preservation strategy. However, 
the nutritional, bioactive, and functional quality of OFSP flour may deteriorate over time [1], 
prompting the development of sustainable packaging alternatives that balance preservation 
efficiency with environmental responsibility [2]. This study assessed the influence of packaging 
materials on the storage stability of hot-air-dried (75 °C/20h) and freeze-dried (-41 to 30°C/70h) 
OFSP flours. The flours were packaged in three heat-sealable materials (LDPE, PLA, and PET-
Al) and stored at 25 ± 2°C for 6 months, with analysis conducted every 3 months for moisture 
content (MC), CIELab colour, total phenolic (TPC, Folin-Ciocalteu method), total carotenoid 
(TCC), and total anthocyanins (TAC) contents, antioxidant activity (AOx; DPPH and FRAP 
methods), water and oil absorption capacities (WAC and OAC), and microbiological counts. 
Packaging significantly influenced moisture uptake, with PET-Al maintaining MC below 7%, 
whereas PLA and LDPE allowed values above 12% and 8%, respectively. Hot-air-dried flours 
exhibited better colour preservation than freeze-dried counterparts, particularly in LDPE. Both 
drying methods showed a decline in TPC and FRAP over storage, regardless of packaging. TCC 
decreased in LDPE- and PLA-packaged hot-air-dried flours but remained stable in PET-Al-
packaged flours. Conversely, freeze-dried flours exhibited a TCC increase in PET-Al, while LDPE- 
and PLA-packaged flours maintained the initial TCC. TAC and DPPH-DCM values remained 
unchanged across all packaging materials. Microbial counts decreased over time across all 
packaging materials and drying methods, remaining within tolerable safety limits [3]. Hot-air-dried 
flours exhibited significant increases in WAC and OAC, whereas freeze-dried flours maintained 
constant values, regardless of packaging. These findings indicated that freeze-drying combined 
with high-barrier PET-Al packaging effectively preserved OFSP flour quality for at least 6 months 
of storage, offering promising implications for reducing postharvest losses and promoting 
sustainable food systems. 
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Extrusion is a technological process that transforms and gives better specific characteristics, such 
as texture, flavour and appearance to food products. The raw materials most used in the extrusion 
process are starch and protein-based materials and mostly tend to be cereal flours. This process 
is important because, by altering the structure of the starch and proteins in the flour, improves 
food functional properties, guarantees increased digestibility, and increases food preservation 
and safety. In pastry, the use of wheat pre-gelatinized flour allows to eliminate the pre-cooking 
and cooling stage in choux preparations, facilitating the final product preparation with the 
consequent savings in costs and time. 
This work, carried out in partnership with the company Tecpan, aimed to study different extrusion 
conditions to obtain a pre-gelatinized wheat flour with improved characteristics towards a 
commercial flour, used as reference. Extrusion was performed in a Process 11 twin-screw 
extruder (Thermo Scientific, Germany) equipped with a 2 mm die. Wheat flour was subjected to 
different extrusion conditions of barrel temperature (110-160 ºC), speed (200-700 rpm), and water 
content (12-33 %). The different extruded samples obtained were ground and physicochemical 
characterized according to water binding capacity, water solubility index, percentage of organic 
matter and ash, as well as granulometry and viscosity. The pre-gelatinized wheat flours’ 
performance was validated on a choux pastry preparation, known as profiteroles. The profiteroles 
developed were characterized in terms of its inner expansion and volume. The results indicated 
that the process of extrusion increased water absorption, water solubility, and viscosity of wheat 
flour. Additionally, different extrusion conditions promote the production of pre-gelatinized flours 
with distinct physic-chemical properties, impacting the profiteroles manufacturing process and 
quality characteristics. In sum, the conditions applied in the extrusion process must be carefully 
studied to obtain improved pre-gelatinized wheat flour for pastry applications. 
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Portugal plays a worldwide significant role in the sector of chestnuts (Castanea sativa Mill). In 
spite of its modest geographical area, Portugal occupies the second position among European 
countries as producer and also as exporter of chestnuts.  However, considerable economical 
losses still occur due to the common infestation of chestnuts by insects (weevil, Curculio elephas, 
and moths, mostly Cydia splendana).  Their larvae gradually excavate galleries in the ripe fruit 
matrix, leading to its destruction.  Moreover, chestnuts infested by insects are also more prone to 
any subsequent attack of fungi.  Some chemical solutions have been used in the past to cope 
with the problem, but more recently they have been forbidden by stricter European legislation 
based on health, ecological, and safety reasons. 
In this context, and in the scope of A2.4 – New Post-harvest technologies for chestnuts which 
belongs to the VIIAFOOD Agenda, the disinfestation problem is under study in order to evaluate 
if the radio-frequency technology can be used to disinfest chestnuts in a post-harvest scenario, 
that is, at the processing plant site.  With that purpose and so far, an industrial-scale pilot-plant 
for applying electromagnetic waves within the radio-frequency range has been conceived, 
designed and built.  The machine is about 6m long and 1m wide.  It is equipped with 4 
electromagnetic applicators, each of them connected to an independent radio wave generator 
and matching box.  A conveyor moves the chestnuts into the applicators, where they are exposed 
to the electromagnetic fields.  The machine has a continuous mode of operation and is equipped 
with a graphical user interface for human-machine interaction (HMI).  It also has a simple 
refrigerating system to keep the temperature of the main electric components at safe levels. 
This poster encompasses the building of such machine and presents its main characteristics and 
features. 
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Listeria monocytogenes is a foodborne pathogen responsible for a deadly disease - listeriosis- 
and major food recalls. Listeriosis represents the most severe human infectious disease in terms 
of hospitalization, with the highest case fatality rate of zoonotic diseases in the EU. In addition to 
suffering, functional disability and death, L. monocytogenes have a huge economic impact in food 
industry. Some strains of this foodborne pathogen can persist for months to years in Food 
Processing Environment (FPE), affecting all the food chain. These strains have a major role in 
contamination events, and consequently major impact in food industry. 
The overall objective of the GenoPheno4Trait project is to improve food safety and decrease food 
waste reducing food contamination with L. monocytogenes. This project addresses the control of 
L. monocytogenes along the food chain contributing to support human health through reducing 
listeriosis. The proposed holistic approach will augment knowledge and define control strategies 
regarding persistence of L. monocytogenes in the FPE. 
 
Keywords: Listeria monocytogenes; Food Processing Environment; Food Safety; Biocontrol 
trategies 
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Edible flowers (EFs) have been part of the human diet for centuries. With globalization and 
growing consumer awareness, the promotion of healthy diets has become a central theme in 
recent years, blending traditional lifestyles with emerging trends [1]. Anthocyanin-rich EFs not 
only provide vibrant colors but are also associated with health benefits [2, 3]. Their incorporation 
into food matrices, holds great potential to enhance their phytochemical composition, creating 
functional and innovative products aligned with consumer demand for healthier, sustainable 
options [4].  
 This work explored the incorporation of EFs into white vinegar on phytochemical content, 
aromatic profile, physicochemical and sensorial properties. The anthocyanin and polyphenol 
content of wild pansy, cosmos, and cornflower EFs, along with their fortified vinegars, were 
determined. Violanthin, apigenin-7-O-glucuronide, apigenin-7-(feruloyl)-glucoside and 
phenylacetic acid were the main polyphenols identified on wild pansy, cosmos, cornflower and 
control vinegars, respectively. Total anthocyanin and polyphenol content (TAC and TPC), 
antioxidant activity, pH, and color evolution were evaluated over a month. Cosmos vinegar 
showed the greatest color variation, and TPC increased in all fortified vinegars, with significant 
differences for wild pansy and cosmos. Wild pansy vinegar exhibited the highest antioxidant 
activity in DPPH assay. The aromatic profile of EFs and fortified vinegars, determined by GC-MS, 
identified 3-methylbutanoic acid, phenylethyl alcohol and nonanoic acid as the most abundant 
volatile compounds. Lastly, a sensorial analysis with a questionnaire was performed for both EFs 
and the vinegars and revealed cosmos vinegar as the most appreciated overall, followed by wild 
pansy and cornflower vinegar, with a similar trend observed for the EFs alone.  
 These findings demonstrate that incorporating EFs into vinegars enhances their bioactive, 
aromatic and sensory attributes, highlighting their potential for fortifying other food matrices and 
creating diverse, phytochemically rich, and bioactive products with potential health benefits.  
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Dietary habits have changed over the years, with the popularity of vegetarian and vegan diets 
increasing [1]. Total Diet Studies (TDS) are a public health tool for assessing dietary exposure to 
contaminants and beneficial substances in foods [2]. This study aimed to determine the profile of 
micronutrients and inorganic contaminants in the Portuguese population's most commonly 
consumed plant-based foods. The sampling plan followed the TDS methodology, and a total of 
five main food groups were analysed: grains and grain-based products (n=48); milk and dairy 
products (n=60); products for non-standard diets, food imitates and food supplements (n=72); 
pulses, dried fruits, oilseeds and spices (n=132); and vegetables and vegetable products (n=12). 
The 324 individual samples collected were analysed as 27 pooled samples. Each sample was 
analysed by Inductively Coupled Plasma Mass Spectrometry for thirteen elements: arsenic, 
cadmium, chromium, cobalt, copper, iodine, lead, lithium, manganese, molybdenum, selenium, 
strontium, and zinc. 
The analytical results were obtained under quality assurance conditions supported by the 
requirements described in NP ISO/IEC 17025:2017.  
The results of this study indicated that some food samples from the group of pulses, dried fruits, 
oilseeds and spices had the highest content of manganese, zinc, molybdenum and selenium. On 
the other hand, products for non-standard diets and dairy products had the highest content of 
copper and iodine, respectively. The arsenic, cadmium, and lead levels were below the limit of 
quantification for the majority of samples analysed. 
The results demonstrated that while the consumption of 100 g of foods, like chia seeds, textured 
soy protein, and Brazil nuts, significantly exceeds the Dietary Reference Value for essential 
elements like copper, manganese, molybdenum, and selenium, others, particularly within dairy 
products, fall short of these nutritional benchmarks. This study revealed that the levels of inorganic 
contaminants (arsenic, cadmium and lead) are safe for the Portuguese population in the analysed 
samples. 
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Background: Food insecurity (FI) represents a significant public health challenge with adverse 
effects on the health and development of children and families. The Fostering Smart Nutrition 
(FSN) program aimed to mitigate these effects through a community-based participatory 
approach, focusing on two core interventions: food literacy workshops and the "Super Nutri" 
mobile application.   
Methods: The food literacy workshops were targeted at children and caregivers to improve their 
knowledge and promote skills on healthy and sustainable food selection, preparation, and 
consumption. The six workshops were co-developed using insights from focus groups with 
caregivers, children, and educators and included interactive teaching methods during one year. 
The topics covered included nutrition, food budgeting, and reducing food waste, aiming to foster 
informed and healthier dietary choices and sustainable food practices. Complementing the 
workshops, the "Super Nutri" mobile application was developed to provide personalized, budget-
friendly meal suggestions based on available ingredients. The app works offline and integrates 
educational content from the workshops and practical guidance on meal preparation and 
reduction of food waste.  
Results: Initial data from the FSN program, involving 50 children aged 6-12 years from two 
socially vulnerable neighborhoods in northern Portugal, show that 48% of the households 
experience FI. Additionally, a significant proportion of children display poor dietary behaviors, 
including high sugar consumption (46%) and low intake of fruits and vegetables (56%). 
Preliminary data from the postintervention evaluation indicate improvements in food literacy and 
positive feedback from participants, suggesting increased awareness and adoption of healthier 
food practices.  
Conclusions: These preliminary findings suggest that community-based food literacy 
interventions, supported by digital tools, may mitigate the negative consequences of food 
insecurity and improve dietary habits in vulnerable populations. Further research should evaluate 
long-term effects of these interventions on food security and health outcomes.  
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Background: The growing demand for low-sugar functional foods reflects a shift toward health-
conscious lifestyles. Prebiotics like fructo-oligosaccharides (FOS) offer a promising approach to 
modulating microbiota for disease prevention [1]. Carob pulp, with sucrose and polyphenol 
richness, serves as a valuable substrate to produce FOS, with intrinsic health benefits. 
Aim: This study aimed to create a sustainable functional food product from carob pulp by 
converting its intrinsic sucrose content into FOS and enhancing its bioactive properties [2]. 
Methods: Two approaches were utilized to synthesize FOS from carob pulp extracts: (1) 
enzymatic hydrolysis using Viscozyme® L, Pectinex® Ultra SP-L, Catazyme® 25 L, and Novozym® 
960; and (2) fungal fermentation with Aureobasidium pullulans CCY 27.1.94 and Aspergillus 
ibericus MUM 03.49. 
Results: Optimal sucrose extraction was achieved using a pulp-to-water ratio of 1:3 (w/v) at 46.1 
°C for 132 minutes, yielding 86 ± 1 g/L of sucrose. Novozym® 960 generated the highest FOS 
yield (0.423 ± 0.013 gFOS/ginitial sucrose) with a purity of 29.6 ± 0.3%, while A. ibericus achieved a 
yield of 0.347 ± 0.003 gFOS/ginitial sucrose. The carob pulp extract demonstrated significant antioxidant 
activity (72.1 ± 0.2 μmol TEq/g DW via FRAP and 5.35 ± 0.05 μg/mL via ABTS), along with high 
phenolic (8.57 ± 0.04 mg GAEq/g DW) and flavonoid (2.74 ± 0.02 mg CEq/g DW) content. 
Treatment with Novozym® 960 enhanced the release of bioactive compounds, further increasing 
antioxidant activity, whereas fungal fermentation modified or reduced these phytochemicals. The 
FOS produced exhibited strong resistance to gastrointestinal digestion, with hydrolysis rates 
remaining below 10%. 
Conclusions: Carob pulp presents significant potential as a sustainable and clean-label 
alternative for producing functional foods enriched with prebiotic FOS, phenolic acids, and 
flavonoids, which have been shown to provide antioxidant, anti-inflammatory, and anti-
carcinogenic benefits [3]. A promising application involves incorporating FOS-enriched carob pulp 
flour into breakfast cereals, an approach that is currently being optimized. 
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Oral mucositis (OM) is a frequent adverse effect of cancer treatments such as chemotherapy, 
marked by the breakdown of oral mucosa integrity, inflammation, and pain [1,2]. Current methods 
to prevent and treat OM are inadequate, prompting the search for new active compounds, 
especially from natural sources like Actinidia arguta fruits, commonly designed as kiwiberry [1]. 
This fruit is well known for its therapeutic properties and health benefits, particularly the 
antioxidant, anti-inflammatory, and anticancer effects [3] attributed to the rich content in phenolic 
compounds, vitamins, and organic acids [3,4].   
This study aimed to create buccal films containing A. arguta fruit extract as active ingredient to 
alleviate the OM symptoms. The buccal films were produced by solvent casting, using 1% HPMC 
K100 LV EP, 2.5% glycerin, and A. arguta extract, which was prepared via Ultrasound-Assisted 
Extraction [3,4]. The films were evaluated for several parameters including physical 
characteristics (weight: 194.8 mg; thickness: 0.37 mm; disintegration time: 15.05 min; moisture 
content: 10.53%; swelling capacity: 55.95%), mechanical properties (resistance to extension: 
10.11 N; elongation percentage: 36.10%;  
Young’s modulus: 3440 MPa), and antioxidant activities (TPC: 6.46 mg GAE/g film; FRAP: 49.45 
µmol FSE/g film; ABTS: 3.74 mg AAE/g film; DPPH: 4.90 mg TE/g film). In vitro 2D cell assays 
showed no adverse effects on HSC-3 and TR146 oral cell lines. Crucially, the compounds release 
profile was examined using in vitro 3D cell models (TR146) and ex vivo models with porcine 
mucosa (Franz diffusion cells) combined with LC/DAD-ESI-MS quantification. The findings 
indicated significant permeation of rutin (88.32%), quercetin-3-O-glucoside (84.95%), and 
catechin (79.74%). These results underscore the substantial potential and safety of buccal films 
with A. arguta fruit extract for the prevention of OM.  
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Swine enteric colibacillosis is caused by enterotoxigenic Escherichia coli (ETEC). The disease 
affects piglets during the neonatal period or post-weaning stage, resulting in dehydration, 
diarrhoea and, in severe cases, mortality. Previous treatments included antibiotics and zinc oxide, 
which was banned for use in 2022. The increasing resistance of bacteria to antibiotics and heavy 
metals has prompted researchers to investigate alternative therapies for the prevention and 
treatment of enteric colibacillosis, including probiotics. In this study, we aimed to determine the 
antimicrobial activity of probiotics and their cell-free supernatants (CFS) against ETEC infection. 
Thus, the anti-ETEC potential of probiotics candidates (n=31) was evaluated using the spot test 
agar. For the evaluation of the antimicrobial activity of CFS against ETEC, it was used a well 
diffusion assay. The hemolytic activity and auto-aggregation capacity of probiotic strains were 
also evaluated. Our findings demonstrated that all the putative probiotics examined here showed 
somewhat effect in inhibiting the growth of ETEC, through both contact-dependent (live cells) and 
contact-independent (CFS) interactions. However, the efficacy of different probiotics was found 
to vary depending on the ETEC strains (SP11 and SP31). Through the contact-dependent 
interactions, the greatest zone of inhibition (ZOI) against ETEC strains SP11 and SP31 was 
exhibited by L. acidophilus ATCC 4356 and P. acidilactici CNCTC 6986, respectively. When 
testing the CFS derived from putative probiotics, we observed that the most promising value of 
ZOI was obtained by L. plantarum FW0BV0887 against both ETEC SP11 and ETEC SP31. The 
majority of the tested probiotic candidates demonstrated γ-hemolysis or no hemolytic activity. 

Some strains exhibited high auto-aggregation, with the highest reaching approximately 46%, 
while others showed moderate to low values. In conclusion, the study underscores the potential 
of probiotics as effective alternatives to traditional treatments for mitigating ETEC infection in 
swine. 
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Vitamin D3 (cholecalciferol) is a bioactive compound essential for calcium absorption and bone 
health whose delivery in aqueous food systems is limited due to its hydrophobicity, together with 
other constraints, including light and temperature sensitivity [1]. Pickering emulsions (PEs), 
stabilized by solid particles, offer a surfactant-free, and eco-friendly, stable encapsulation 
alternative to address this challenge [2]. Also, Pickering emulsions printability enable the 
development of 3D printed products, offering innovative solutions in personalized foods, such as 
patients with dysphagia [3].  
This study developed the encapsulation of vitamin D3 (1% g/L) in PEs stabilized by chitosan/gum 
Arabic nanoparticles (1:1, 1.5% w/v) and incorporated into foods structured through ionotropic 
gelation with calcium alginate (calcium source). The PEs were prepared with Miglyol 812N oil and 
homogenized in an Ultraturrax DI 25. The structured food was tested for its 3D printing capability 
using an extrusionbased bioprinter, aiming at applications in personalized nutrition. The 
encapsulation efficiency (EE) and vitamin D3 bioaccessibility were evaluated using an in vitro 
digestion method, simulating the oral, gastric, and intestinal phases.  
The EE reached 89.7%, demonstrating the protective effect of the vitamin in the Pickering 
emulsions. The bioaccessibility decreased throughout the digestion phases: 71.57% in the oral 
phase, 62.6% in the gastric phase, and 19.62% in the intestinal phase, likely due to micelle 
aggregation limiting vitamin D3 absorption. Nevertheless, the Pickering emulsion maintained its 
stability under gastric conditions, protecting the vitamin D3 and preventing itsr premature 
degradation.  
This study highlights the potential of chitosan/gum Arabic-stabilized Pickering emulsions for 
vitamin D3 encapsulation in functional foods. These emulsions offer a promising strategy for 
improving the delivery of lipophilic nutrients. Optimizing the formulation and the 3D-printed 
structure could enhance the intestinal absorption capacity, making this approach viable for 
functional food applications.  

   

Acknowledgments: This work was financed by the Portuguese Foundation for Science and Technology 
(FCT), by the national funds through FCT – Fundação para a Ciência e a Tecnologia, I.P., in the framework 
of the project 2022.01308.PTDC (NutriPick3D) (DOI 10.54499/2022.01308.PTDC); This work was supported 
by national funds through FCT/MCTES (PIDDAC): CIMO, UIDB/00690/2020 (DOI: 
10.54499/UIDB/00690/2020) and UIDP/00690/2020 (DOI: 10.54499/UIDP/00690/2020); and SusTEC, 
LA/P/0007/2020 (DOI:10.54499/LA/P/0007/2020). FCT the scientific employment contract (A. Santamaria-
Echart).  
  

References:  

[1] M. Guttoff, A. H. Saberi, & D. J. McClements, Formation of vitamin D nanoemulsion-based delivery systems by 

spontaneous emulsification: Factors affecting particle size and stability. Food Chemistry, 171, 117–122 (2015). 

https://doi.org/10.1016/j.foodchem.2014.08.087  

[2] X. Yin, J. Lu, W. Du, Q. Wu, L. Han, S. Su, Encapsulation of β-carotene in Pickering emulsions stabilized by self-

aggregated chitosan nanoparticles: Factors affecting β-carotene stability, Int J Biol Macromol 277 (2024) 133696. 

https://doi.org/10.1016/j.ijbiomac.2024.133696.  

[3] J. Hou, M. Liu, Y. Liu, R. Chuang, H. Zhang, L. Zheng, H. Li, N. Xia, Y. Ma, A.M. Rayan, M. Ghamry, Strategy to kill 

two birds with one stone: High internal phase Pickering emulsions to modulate 3D printed pork texture as a dysphagia 

diet, Food Chem 463 (2025) 141319. https://doi.org/10.1016/j.foodchem.2024.141319. 



 
 

129 

[NS&BE 8] 

 

Polyphenols as enhancers of emulsifying and antioxidant 

properties of egg and yeast protein emulsions: understanding 

the molecular interactions behind their technological and 

functional potential  
  

Ana Catarina Ribeiro1, Carlo Bravo1, *, Rui Miguel Ramos1, Ricardo Dias1, Nuno 
Mateus1, Victor de Freitas1, Rosa Pérez-Gregorio1,2,3, Susana Soares1, *   

  
1REQUIMTE, LAQV, Department of Chemistry and Biochemistry, Faculty of Sciences, 

University of Porto, Rua do Campo Alegre, s/n, 4169-007 Porto, Portugal   
2 Food and Health Omics Group, Food and Agroecology Institute, University of Vigo, Campus 

As Lagoas, s/n, 32004 Ourense, Spain  
3 Food and Health Omics Group, Department of Chemistry and Biochemistry, Galicia Sur Health  

Research Institute (IISGS), SERGAS-UVIGO, 32002 Ourense, Spain  
 * carlo.bravo@fc.up.pt; susana.soares@fc.up.pt  

  
Alternative protein sources, such as yeast protein extracts (YPE), are gaining popularity due to 
their sustainability, affordability, and health benefits compared to animal-based proteins1. 
However, their limited emulsifying capacity and off-flavors have hindered widespread adoption. 
In this context, polyphenols have emerged as a promising strategy to enhance the techno-
functional properties of alternative proteins due to their natural ability to bind proteins2.  
This study investigates the molecular interactions between polyphenols and two dietary proteins, 
exploring how these interactions can be optimized through technological processes to improve 
the functional properties of polyphenol-protein complexes in mayonnaise-based emulsions3. 
Specifically, we examined the interactions between two polyphenol-rich extracts (PEs)—green 
tea extract (GTE), rich in flavanols, and blueberry extract (BE), rich in anthocyanins—and two 
model proteins: enolase (ENO), representing YPE, and ovalbumin (OVA), from egg white.  
Spectroscopic analyses (UV-Vis, FTIR, and fluorescence) revealed significant alterations in the 
secondary and tertiary structures of the proteins, particularly under acidic conditions (pH 3.5). 
Additionally, these polyphenol-protein interactions enhanced the emulsifying properties of both 
ENO and OVA while conferring antioxidant activity, as demonstrated by square-wave 
voltammetry.  
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Entomophagy, the practice of eating insects, has gained prominence in recent years as a 
nutritious, environmentally and economically beneficial alternative to meat protein [1]. However, 
the introduction of insects for human consumption in Western countries is facing some resistance 
mainly due to cultural issues. Insects are a good source of nutrients, with a high percentage of 
high-quality proteins that, when digested, can generate bioactive peptides with beneficial 
physiological effects [2]. Some peptides mediate their bioactivity by inhibiting target enzymes, 
such as dipeptidyl peptidase IV (DPP-IV) and somatic angiotensin-converting enzyme (sACE), 
which are used as modern therapeutic approaches for diabetes and hypertension prevention, 
respectively. According to the WHO, >1.13 billion adults have hypertension and >422 million 
people live with diabetes (95% with type 2). The purpose of this study is to present scientific 
evidence to support the aforementioned benefits and to disseminate this information to potential 
stakeholders and general public. 
Firstly, an in silico approach was employed to identify bioactive peptides resulting from the 
simulated gastrointestinal digestion of proteins from Acheta domesticus (house cricket) [3], one 
of the four species regulated by the European Union as novel foods (Regulation (EU) 2022/188; 
Regulation (EU) 2023/5). This approach led to the identification of a group of 3 peptides, which 
were subsequently identified by LC-MS/MS in the in vitro digesta of A. domesticus and their sACE 
inhibitory capability demonstrated in vitro [4]. While further validation in vivo is still required to 
substantiate the antihypertensive capabilities of the peptides, the present findings indicate the 
potential health benefits of entomophagy and underscore the efficacy of in silico methodologies 
to predict bioactive peptides derived from food sources. 
These findings may contribute to a paradigm shift in consumer perception regarding insect 
consumption. This is particularly relevant in the current era where information is readily available, 
and marketing has a significant influence on consumer behaviour. 
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Food allergies are a problem of public health, representing a current societal challenge. To protect 
the food-allergic consumers, it is urgent to exploit efficient analytical tools able to quantify food 
allergens. Currently, analytical methods can either target proteins or DNA, although there is still 
no consensus on the most adequate target, nor on the type of analytical technique [1]. This work 
intends to provide protein- and DNA-based methods with high efficiency for allergen detection 
and potential to be applicable in quality control laboratories or industrial context.  
Different methodologies based on real-time PCR and ELISA technologies are presented as case 
studies to detect plant/animal allergenic foods (tree nuts/cow’s milk), highlighting their 
advantages/drawbacks and applicability [2-7]. For DNA as a target analyte, novel single-tube 
nested real-time PCR approaches have been advanced to detect several tree nuts (hazelnut, 
almond, walnut, pistachio and cashew nut) in processed foods, targeting allergen-encoding 
genes. All systems provided high specificity (no cross-reactivity) and sensitivity, allowing 
quantifications between 5-50 mg/kg of the target nut in distinct matrices (cakes, biscuits, ice-
creams). For protein as a target analyte, two indirect ELISA were developed targeting one cow’s 
milk allergen each (β-lactoglobulin and caseins), with the latter presenting higher sensitivity (10 

mg/kg), especially when analyzing extremely processed food matrices (e.g., autoclaved 
sausages). 
In this context, the selection of the analytical method should is challenged by various parameters 
(sensitivity, specificity, target allergenic food, type of food matrix and degree of processing) and 
the purpose of the analysis. Herein, efficient allergen detection methods are proposed able to 
protect 90-99% of food allergic consumers, although its selection needs to be carefully considered 
on a case-by-case basis. At present, all these systems have been fully developed, validated and 
applied in our lab, providing useful tools for routine analysis and addressing the challenges of the 
food industry. 
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Shellfish allergies are concerning health conditions due to their high prevalence, persistence and 
severity of clinical symptoms. Recently, with the authorisation of 4-insect species (Tenebrio 
molitor, Alphitobius diaperinus, Acheta domesticus and Locusta migratoria) for human 
consumption within the European Union (EU), the complexity of food allergen management has 
increased, since insects act as primary sensitisers and/or as cross-reactive species [1,2]. 
Therefore, this works intends to (1) optimise the extraction of allergens from the 4-EU regulated 
insects and (2) provide information on protein allergenicity of different species of shellfish 
(crustaceans/molluscs) and insects as affected by food processing and digestibility. 
In the first case, 16 protein extraction protocols were tested for the 4-insect species, selecting a 
simple/fast extraction protocol (one-step incubation with 100 mM Tris-HCl+4% SDS, pH 7.6, 
buffer at 60°C/2h) as the most efficient in isolating insect allergens. Most of the insect allergens 
were IgE-reactive with sera from crustacean-allergic patients, showing their potential cross-
reactivity with shellfish allergens [3]. In the second case, different food processing treatments 
(boiling, roasting, baking, frying, grilling) were performed in shellfish (shrimp, lobster, octopus, 
etc) and insect species. In general, food processing (thermal treatments) increased the 
allergenicity of shellfish/insects, especially in the case of tropomyosin (panallergen), which might 
be related to the structural alteration of certain allergens turning their epitopes more accessible 
to IgE-binding. Despite these results, there was a commercial flour of A. diaperinus that did not 
show allergenicity with sera from crustacean allergic patients, but whose industrial processing 
treatments were not disclosed. The digestibility of insects is currently being tested, but the 
digestibility of shellfish seems to decrease their protein allergenicity. 
This work demonstrated the potential cross-reactivity of insects in shellfish allergic patients and 
the potentiality of processing to modulate crustaceans/molluscs and insect allergenicity towards 
the development of hypoallergenic foods formulations. 
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Currently, awareness about the safety and quality of food supplements has been increasing. Plant 
food supplements (PFS), including plant extracts and botanical-based formulas, are among the 
most popular and widely consumed. However, despite their benefits, the lack of effective 
regulation increases the probability of contamination and mislabelling/adulteration, particularly the 
substitution with other botanicals. Bacopa monnieri, commonly known as bacopa or Brahmi, is a 
traditional medicine with several pharmacological properties, being used specifically as nerve 
tonic and nootropic booster [1] and, therefore, it is included in PFS. This work aimed at developing 
a new method for the detection and quantification of bacopa in PFS using nanoplate digital PCR 
(ndPCR). Recently, digital PCR has arisen as a newsworthy alternative to real-time PCR for plant 
species detection in processed and complex foods.  
The proposed new ndPCR method exhibited high sensitivity, acceptable performance parameters 
and robustness, being applied to commercial samples of PFS. The transfer of real-time PCR to 
ndPCR was successfully accomplished. Compared to real-time PCR, the nanoplate digital PCR 
probe-based method was more sensitive, not being affected by matrix components. 
The present work demonstrates the applicability of ndPCR for the detection of botanical species 
in complex and processed matrices for the first time, emphasizing its feasibility as a novel 
sensitive and specific tool to verify labelling compliance of PFS. 
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 Spirulina (Arthrospira platensis and Arthrospira maxima) is a widely cultivated cyanobacteria, 
accounting for over 30% of global 'microalgal' biomass production [1]. It is recognised for its rich 
nutritional profile, containing 50 to 70 g/100 g of protein, polyunsaturated fatty acids (PUFA), 
essential vitamins (B1, B2, B3, B6, B9, B12, C, D, E), minerals (K, Ca, Fe, Mg, Zn) and 
antioxidants such as β-carotene and phycocyanins. Spirulina has been associated with several 
health beneficial properties, including the reduction of blood sugar levels, decreased blood 
pressure, reduced inflammation, among other bioactivities [2]. Consequently, spirulina is 
marketed as a valuable and strategic ingredient in the domain of functional food innovations. 
Spirulina-based products have been available in the European Union (EU) market since before 
15 May 1997, with historical consumption records dating back to the 16th century in regions such 
as Mexico [3].  
In response to the growing demand for nutrient-dense, sustainable protein sources, we have been 
developing four novel protein food formulations/products incorporating spirulina with alternative 
proteins to enhance both nutritional value and consumers’ appeal. A survey of consumers was 
conducted to assess market viability, evaluating awareness, interest and acceptance of 
spirulinabased products, as well as other protein alternatives. Subsequently, a sensory evaluation 
was conducted to evaluate key attributes such as taste, texture, colour acceptance and overall 
consumers’ perception.  
The results obtained from this study are encouraging, demonstrating the feasibility of integrating 
spirulina into innovative food products, while providing valuable insights into consumer 
preferences and sensory acceptance. Having in mind the rising demand of sustainable and 
health-promoting foods, spirulina-based formulations present a promising opportunity for food 
innovation, industrial-scale production and commercialisation.  
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Food allergy is a global health problem, whose prevalence seems to be increasing [1]. Presently, 
food allergen monitorization and allergy diagnosis is a challenging task, which highlights the 
unmet need for the advancement of highly sensitive and specific biosensors for allergen detection 
and allergy diagnosis. Biosensors have become increasingly important tools due to their 
simplicity, speed, ease of use, feasibility of automation and low cost. This work intends to present 
our latest biosensor advances for quantifying various food allergens (soybean/hazelnut) and total 
IgE in serum (allergy diagnosis).  
For food allergen monitoring, several biosensors have been advanced targeting soybean and 
hazelnut allergens (Gly m Ti/Cor a 14, respectively) by distinct biorecognition platforms, namely 
molecular imprinting polymer (MIP), antibodies (IgG) and allergen-encoding genes (DNA) [2-6]. 
All systems enabled high specificity/sensitivity, allowing quantifying food allergens in the range of 
0.1-10 mg/kg in matrix. Sensitivity levels depended on the biorecognition platforms, with 
immunosensor and MIP attaining the best limits of detection (0.1-1 mg/kg), regardless the target 
(soybean/hazelnut allergens) and the food matrix/processing (biscuits, hams, sausages) [3-6]. All 
biosensing systems were suitable for detecting traces of soybean/hazelnut in processed and 
complex foods, protecting 95-99 % of food-allergic patients. 
For allergy diagnosis, an immunosensor targeting total IgE in the sera of food-allergic patients is 
currently being developed as a rapid and in situ alternative to the typical serological IgE 
determination performed at specialized laboratories/hospitals.  
In this context, biosensors can be considered as useful strategies to quantify: (1) food allergens 
in situ (automated potential), aiding food industry to manage food allergens; and (2) IgE, based 
on the immunorecognition of specific molecular markers, thus aiding the clinical diagnosis of food 
allergy. All the systems are in placed and ready for testing according to the need of food industry. 
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Enterotoxigenic Escherichia coli (ETEC) is a major cause of enteric infections in swine, leading 
to significant economic losses in the swine industry [1]. Fimbriae, particularly F18-type, is a key 
virulence factor responsible for the initial adhesion of ETEC to intestinal epithelial cells, commonly 
associated with post-weaning diarrheal infections. Traditionally, this disease has been treated 
with antibiotics, but growing antimicrobial resistance has called for alternative approaches [2].  
Aptamers, small single-stranded DNA or RNA oligonucleotides with specific 2D/3D structures, 
offer a promising strategy to block the initial adhesion of F18-ETEC. This work focuses on the in 
vitro selection of aptamers using an innovative cell-SELEX method targeting F18-ETEC and 
evaluating their affinity dissociation constant (𝐾𝑑) to identify highly specific candidates.  
Cell-SELEX begins with a random library of chemically synthesized oligonucleotides subjected to 
iterative steps of incubation with the target (F18+ ETEC), sorting, and amplification, culminating 
in a pool of sequences with high target affinity. The 𝐾𝑑 was measured by incubating aptamers at 
varying concentrations with a constant bacterial cell count (≈108 CFU/mL).  
The selected aptamers demonstrated low 𝐾𝑑 values, that ranged from 67.61 nM [95% CI: 24.12–
174.7] to 146.8 nM [95% CI: 54.44–405.6], reflecting strong binding affinities. Statistical analysis 
showed no significant differences between the selected aptamers for the target. Future work 
should focus on specificity assays with other bacterial species to determine the most suitable 
candidates for further development.  
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Insect-derived proteins are gaining interest as an alternative to traditional animal proteins due to 
concerns over greenhouse gas emissions, land use, and water consumption in livestock 
production [1]. Insects offer high protein contents, a complete amino acid profile, and versatility 
for food applications. Although a few studies suggest their digestibility may match or exceed that 
of traditional proteins, it varies by species and processing methods [2, 3]. Thus, assessing their 
digestibility, allergenicity and inflammatory potential is crucial for evaluating their suitability as 
food ingredients.  
In this work, dehydrated Hermetia illucens (also known as Black Soldier Fly, BSF) and Tenebrio 
molitor (TM) larvae, as well as the defatted insect meals, and protein extracts (PE) obtained after 
a meticulous protein extraction optimization and characterization, were subjected to in vitro 
gastrointestinal digestions, following the INFOGEST protocol [4]. The samples were desalted and 
analyzed by nanoLC-MS/MS. The allergenicity potential of the resulting peptides were predicted 
in silico using the AllerCatPro 2.0 web server [5]. The pro-inflammatory response of BSF and TM 
meals and their corresponding PE was assessed using a transwell-based human intestinal 
epithelial cell model consisting of differentiated Caco-2 and HT-29-MTX co-cultures [6].   
For BSF samples, 1076 peptides (0.6-3.6 kDa) were identified, with 0.2 % in the PE, and 0.9 % 
in the larvae and meal showing strong allergenicity potential. For TM, 1329 peptides (0.6-3.9 kDa) 
were identified, with 0.9 % in the PE, 3.9 % in the meal and 2.6% in the larvae predicted as 
allergenic. Despite these results, further tests are needed to confirm the allergenicity potential of 
these insect-based ingredients. None of the insect samples induced a significant pro-
inflammatory response under the tested conditions – monitored through IL-8 release -, supporting 
their potential as sustainable food ingredients.   
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Fish, as a key component of a balanced diet, providing essential nutrients that support children’s 
growth and cognitive development [1]. Nutrition in early life is increasingly considered an 
important factor influencing future health, meaning that early experiences with various flavours 
and textures play a key role in shaping long-term eating habits [2]. School programmes have the 
potential to promote the influence of peers and incorporate repeated exposure to healthy foods, 
which is known to increase acceptance over time [3].  
The study assessed the preferences of 192 primary school children aged 6–10 years for two 
sustainable typical Portuguese dishes: “Massada de Peixe’’ - pasta cooked with Atlantic bonito 
and “Arroz de Peixe” - rice cooked with Atlantic bonito. Participants rated their appreciation of 
each dish on a five-point hedonic scale ranging from 1 (dislike extremely) to 5 (like extremely). 
The goal was to identify the preferred dish for potential inclusion in school canteen menus and to 
examine how age and appreciation levels influence preferences. 
Using logistic regression analysis, the study examined the relationship between dish preference 
(pasta or rice) as the dependent variable and ‘’Age’’ and ‘’Appreciation’’ as independent variables. 
Results indicated that older children, who had a high appreciation of fish-based meals, 
significantly preferred rice with Atlantic bonito. On the other hand, younger children, particularly 
six-year-olds, preferred pasta with Atlantic bonito, showing a lower overall appreciation for fish 
dishes. 
These results underscore the importance of designing sustainable school menus that align with 
children’s taste preferences to improve acceptance and reduce food waste.  
The study emphasizes the value of incorporating sensory assessments and consumer feedback 
into menu development processes. 
Furthermore, it underlines the role of knowledge and education in fostering acceptance of 
sustainable meals, suggesting that initiatives aimed at increasing awareness of fish consumption 
and sustainability can improve the appeal of such dishes among young customers. 
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Hemp (Cannabis sativa L.) is a multifunctional, sustainable crop with a positive environmental 
impact, belonging to the Cannabaceae family. It is cultivated for the production of textiles, food, 
paper, biofuels, medicines, and hygiene products [1, 2]. The seeds of Cannabis sativa L., 
particularly low-THC varieties, are recognized for their nutritional value. They contain high-quality 
proteins, such as edestin and albumin, which provide a complete profile of essential amino acids, 
comparable to protein sources like soy and whey [3–5]. Hemp seeds contain 25-35% oil with 
significant nutritional properties, rich in polyunsaturated fatty acids (PUFAs), including linoleic acid 
and α-linolenic acid. This characteristic makes them a promising option for applications in both 
the food and cosmetic industries, standing out as a versatile and beneficial ingredient [4, 6, 7]. In 
addition to being rich in lipids, hemp seeds have a diverse nutritional composition, including 
proteins (20–30%), carbohydrates (10–15%), insoluble fiber, vitamins, and a variety of essential 
minerals such as phosphorus, potassium, magnesium, sulfur, calcium, iron, and zinc [4, 8]. 
Equally relevant is the fact that hemp seeds are valued for their bioactive compounds, such as 
phenolics, tocopherols, lignan amides, and peptides, which confer antioxidant and anti-
inflammatory activities [9–11]. These benefits make hemp a promising functional food for 
improving public health, reducing the risk of chronic diseases without significant interventions [12, 
13]. The seeds of Cannabis sativa L. stand out for their nutritional value, containing high-quality 
proteins, beneficial lipids, and bioactive compounds with antioxidant and anti-inflammatory 
properties. Their benefits for human and animal health, along with their potential for food and 
cosmetic applications, reinforce their role as a promising functional food in promoting well-being 
and preventing diseases. 
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Cellulose nanocrystals are revolutionizing the food industry, opening new possibilities both in the 
development of active packaging and in innovative formulations for creamy and pasty foods. This 
study explores the behavior of cellulose nanocrystals during in vitro digestion, using both a 
conventional reactor and a microfluidic (on-chip) system, based on the Infogest protocol. During 
in vitro digestion it was observed the impact of gastro and intestinal conditions could affect the 
aglommeration of cellulose nanocrystals and impact their behaviour in contact with intestinal cells. 
Furthermore, the impact of nanocrystals on human microbiota health was assessed through the 
evaluation of short fatty acids profile and advanced PCR techniques, and the effects of 
fermentation products on intestinal epithelial integrity was analyzed using cellular models (Caco-
2 and HT29-MTX). 
In order to evaluate the safety of CNC in food applications, cytotoxicity and genotoxicity tests 
were performed using human intestinal cell lines. Caco-2 cells were exposed to different CNC 
concentrations for 24 h, and then cell viability and DNA damage were assessed by resazurin 
conversion assay and alkaline comet assay, respectively. 
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Industries have been making efforts to replace sugar in foods by using sweet tasting molecules. 
However, most of the currently available solutions provide off-taste profiles, alongside with the 
loss of texture perceived by the consumer as negative [1]. Besides sucrose, fructose and glucose, 
many oligosaccharides can provide sweetness and texture to foods, but without significant caloric 
contribution. These include fructooligosaccharides (FOS), yacon carbohydrates that are unable 
to be metabolized by human digestive enzymes given their backbone structure composed of a 
sucrose unit extended by 1)→Fruf-(β2→ chains [2]. Therefore, FOS comprise carbohydrates that 
might build up a perfect carbohydrate solution for sugar reduction in foods by providing 
sweetness, texture, and promoting gut health. Based on this hypothesis, this work studied the 
functional properties of FOS-rich syrups obtained from yacon, an inulin-rich tuberous root 
characteristic of the Andean region [3]. To achieve this, yacon juice was extracted and 
concentrated until obtaining a syrup of 80 °Brix. The obtained syrup was then used as a sugar 
replacer in strawberry formulations. The syrup was also studied concerning the stability of FOS 
upon simulated gastrointestinal digestion, including gut fermentation. 
The yacon syrups contained different FOS structures, including 1-kestose, nystose and 1,1,1-
kestopentaose. When replacing 50% of sugar in strawberry formulations, FOS increased the 
firmness of the formulation from 30 g to 85 g, reflecting the strong water retention capacity of the 
syrups. When submitted to gastrointestinal simulation, it was observed that the syrups were able 
to promote the growth of Bifidobacterium and foster the production of short chain fatty acids. The 
capacity of FOS to maintain sweetness and texture of foods with reduced sugar content, while 
contributing to the maintenance of gut health, showcase the potential of sweet-tasting 
oligosaccharides as a premium sugar reduction strategy. 
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Eriobotrya japonica, commonly called loquat, is a fruit tree from the Chinese subtropical region. 
Its diverse organs have been used for thousands of years in traditional medicine, namely leaves. 
In fact, the leaves of this plant contain phytoconstituents, such as phenolics, with therapeutic 
properties, making them capable of neutralizing inflammation, diabetes, cancer, bacterial 
infection, aging, pain, allergies, and other health problems. However, studies investigating in vivo 
metabolism, bioavailability, and structure-activity relationships, as well as the potential toxicity of 
these extracts in animal or cellular models are poorly explored [1-3]. 
This study aimed to find out the LC₅₀ of hydro-ethanolic extract from Eriobotrya japonica leaves 
from Azores region on zebrafish embryos as a part of toxicological analysis.  
Briefly, two hours after fertilization, the animals were collected and then subjected to different 
concentrations of hydro-ethanolic extract of Eriobotrya japonica leaves (0, 25, 50, 100, 200, and 
400 mg/L) in E3 buffer for 96 hours with replacement of the solution and recording of mortality at 
24h, 48h, 72h, and 96h [4]. 
After 96h, the LC50 was calculated at the end of the experiment and a value of 189.8 mg/L was 
obtained. According to OECD guidelines (OECD, 2013), LC50 values ranging from 10 to 100 mg/L 
are harmful, 1 to 10 mg/L are toxic, and any value below 1 mg/L is highly toxic [5]. Thus, the LC50 
value of the leaf extract under study was higher than the value suggested by the guideline, 
indicating that it can be considered safe. Additional studies with LC₁₀ and other values closer to 

LC₅₀ will be carried out to ensure the extract is safe. 
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The winery industry generates a significant amount of by-products such as grape pomace, seeds, 
stems, and lees [1]. These by-products have been traditionally used as animal feed or for 
composting. However, due to their high content of bioactive compounds, they have gained interest 
in the food industry for their potential use as functional ingredients in the development of new 
foods with nutraceutical properties.  
The bioactive compounds present in this industry’s by-products include phenolic compounds, that 
have been associated with several health benefits such as antioxidant, anti-inflammatory, anti-
cancer, and cardio protective effects. If fact, several in vitro, in vivo, and clinical studies have 
demonstrated that food products enriched with wine industry by-products possess even cardio 
protective properties [2]  
Therefore, the inclusion of these by-products in food production has many health benefits and 
represents an excellent opportunity to recycle waste streams and add value to the wine industry.  
In this context, the aim of this study was to evaluate the effects of the incorporation of wine lees 
from the Douro region in the formulation of crackers, regarding the taste, appearance, and 
functional properties. The development of a cracker formulation, using winery by-products as a 
health promotor, offers a second life to something that is usually considered waste [3]  
Based on previous studies, it is expected that the incorporation of lees into bread formulations 
will increase the antioxidant capacity of the product. Moreover, this study will also assess the 
taste, appearance, and functional properties of the crackers to determine its overall quality [4].  
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Soluble polysaccharides and oligosaccharides are prebiotic compounds that promote the growth 
of beneficial gut bacteria and contribute to improved health. Industrial juice production results in 
juices with moderate amounts of soluble dietary fibre because most polysaccharides that 
constitute the dietary fibre are retained in the pulp. Incorporation of glucanases and pectinases 
into the juice production process can therefore enrich the juice with soluble fibre and possible 
prebiotic effects. Apple cloudy juice was only composed of 4 % of fibre (dry basis), mainly pectic 
polysaccharides. Polysaccharides (mostly insoluble fibre rich in cellulose and pectic 
polysaccharides) are retained in pulpe (41-37 %) after the industrial juice processing. Hydrolysis 
of apple pomace with endo- and exo-cellulase released a high amount of material (63.9 %), 
composed of monosaccharides and a variety of cellulose and xyloglucan oligosaccharides. 
Hydrolysis with pectin lyase, polygalacturonase, and pectin methylesterase released 57.7 % 
material composed of pectic polysaccharides and derived oligosaccharides, showing a wide 
variety of oligosaccharide structures. Then, they were fermented with fecal inocula, increasing 
the concentration of short-chain fatty acids (SCFAs). When compared with the non-treated 
enzymatically pomace was observed a larger increase in propionate followed by acetate and 
butyrate, and high amounts of γ-aminobutyric acid (GABA) and 5-hydroxytriptophane (5-HTP) 
during fermentation. Enzymatic treatment with pectinases improved the intestinal microbiota with 
the promotion of psychobiotics, and the production of neurotransmitters. 
In lignified by-product materials, more drastic strategies need to be used to recover 
polysaccharides and oligosaccharides with prebiotic activity. Pine nut skin, a by-product obtained 
during pine nut processing, is a source of insoluble dietary fiber1. Subcritical water extraction 
allowed to obtain an extract rich in phenolic compounds and mono- and oligosaccharides, and an 
extract rich in pectic polysaccharides and xyloglucans2. The fermentation of mono- and 
oligosaccharides and phenolic compounds did not cause a significant microbial shift upon 
fermentation. Nonetheless, it stimulated significantly (p< 0.05) the growth of the prebiotic 
Bifidobacterium adolescentis and the short-chain fatty acids production, specifically acetate and 
propionate. Pectic polysaccharides and xyloglucans had an impact on the microbiota composition 
similar (p< 0.05) to fructooligosaccharides used as positive control, also increasing the 
abundance of B. adolescentis. The core microbiome upon these polysaccharides’ fermentation 
was composed of multiple butyrate producers, which lead to an increase (p< 0.05) of butyrate 
concentration. Besides, it was observed a microbial utilization selectivity towards xyloglucans in 
detriment to rhamnose-containing pectic polysaccharides and type II arabinogalactans. The 
highest concentration of GABA was attained at 24 h of fermentation, with a decrease at 48 h. This 
decrease can be related to the utilization of GABA to produce succinic acid. Pine nut skin can be 
considered a source of soluble oligo- and polysaccharides with prebiotic effect, promoting the 
growth of psychobiotics which may help reduce depression, anxiety, and modulate mood. 
 

Acknowledgments: This work was funded by VIIAFOOD-1.2.2. FFV Fruit Fractioning and Valorization from PRR 
(Programa de Recuperação e Resiliência). Authors acknowledge the FCT financial support through LAQV/REQUIMTE 
(10.54499/UIDB/50006/2020, 10.54499/UIDP/50006/2020, and 10.54499/LA/P/0008/2020), and through 
UIDB/04469/2020 unit and LA/P/0029/2020 within the PT2020 Partnership Agreement, thank FCT/MCTES for PhD grants 
(SFRH/BD/136471/2018, SFRH/BD/06268/2021 and SFRH/DB/139884/2018), and E.Coelho research contracts (DL 
57/2016/CP1482/CT0038, 2023.08855.CEECIND). 
 

References: 

[1] S. P. Silva, P. Ferreira-Santos, G. R. Lopes, S. F. Reis, A. González, C. Nobre, V. Freitas, M. A. Coimbra, E. Coelho, Carbohydr. 

Polym. Technol. Appl., 7 (2024) 100508. 

[2] S. P. Silva, F. Coreta-Gomes, M. A. Coimbra, E. Coelho, LWT, 197 (2024) 115934. 



 
 

145 

[NS&BE 24] 

 

Understanding the motives behind the consumption of cow’s 

milk and its plant-based substitutes in two contrasting 

European markets 
  

Sofia Sousa1,2, Diogo Aguiar2, Jorge C. Oliveira3, Luís M. Cunha1,2* 
 

1 GreenUPorto/INOV4Agro, Faculty of Sciences, University of Porto, 4485-646 Vila do Conde, Portugal 
2 DGAOT, Faculty of Sciences, University of Porto, 4485-646 Vila do Conde, Portugal 

3 School of Engineering and Architecture, University College Cork, College Road, T12 YN60 Cork, Ireland 
* lmcunha@fc.up.pt 

 
In Europe, cow’s milk faces competition from plant-based milk substitutes (PBMS), which are 
gaining popularity, especially among young consumers1-6. We studied the determinants of cow's 
milk and PBMS consumption in two distinct market contexts: Ireland (major world milk producer 
and consumer, especially pasteurised7) and Portugal (less dominant market, mostly UHT8). 
Young adults (n=645, 18-35 years) completed a self-administered online questionnaire 
disseminated through the University of Porto and University College Cork academic communities. 
The motives behind the consumption and non-consumption of cow’s milk and PBMS were 
assessed using four 10-item 7-point anchored scales. Exploratory and multigroup confirmatory 
factor analyses were used to identify factors within each scale and confirm measurement 
invariance across countries. Binary logistic regression was performed to quantify associations 
between cow’s milk/PBMS consumption and sociodemographic and dietary characteristics. 
Among cow’s milk consumers (57.2% of all participants), the Portuguese preferred UHT milk 
(93.8%) and the Irish pasteurised milk (95.8%). Among PBMS consumers (54.4%), almond “milk” 
was the most popular (Portugal: 67.3%; Ireland: 74.1%). PBMS consumption (and cow’s milk non-
consumption) were generally related to health and environmental sustainability motivations, while 
taste was the main reason for preferring cow’s milk over PBMS. Gender, education, level of trust 
in different sources of diet-related information, dietary patterns and food restrictions showed 
significant associations with cow’s milk and PBMS consumption, although differently among 
Portuguese and Irish consumers. 
This study highlights the importance of optimising specific product characteristics of cow’s milk 
and PBMS, with a special focus on the sensory profiles and the environmental and health impacts 
of these product categories, to approach young consumers’ expectations. Solid scientific 
information on these topics must be produced and communicated to consumers to enable 
informed food choices. 
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Consumers are becoming increasingly sceptical and cautious about the foods they buy and 
consume [1,2]. The attitudes and behaviours of Portuguese consumers about food chain fraud 
remain little understood [3,4]. This study evaluates consumers’ perceptions, attitudes, and 
reported behaviours toward food fraud. A total of 368 participants, recruited through digital 
devices, fully answered a self-reported questionnaire in LimeSurvey. Descriptive statistics, χ2 
test, the Mann-Whitney test, or the Wilcoxon test were used, where appropriate. Factor analysis 
was applied to reduce the main dimensions of the questionnaire, and binary logistics regression 
was also computed to evaluate the determinants of carrying out self-protective behaviours to 
minimise the risk of exposure to food fraud.  
Consumers are generally aware of the motivations of food fraud perpetrators, namely the 
motivation to obtain greater profits. They also reveal great concerns about health in the context 
of food fraud, emphasising measures to prevent it; they also present low levels of trust in products, 
systems, and authorities. This is emphasised by consumers previously exposed to food fraud. 
Meat, fish, poultry, and dietary supplements represent the categories most vulnerable to food 
fraud, and e-commerce, traditional markets, and foodservice channels are the most susceptible 
stages in the food supply chain. Older consumers and women appear to understand food fraud 
better. Although consumers intend to report food fraud when facing a food fraud situation, only a 
few have been reported by official channels. Self-protective behaviours to minimise the risk of 
exposure to food fraud include the type of store, brand, packaging, product origin, and search for 
food fraud information. Consumer´s perception of fraudsters' motivations, health concerns, 
measures to prevent food fraud, level of trust in products, systems and authorities, age, and 
previous exposure to fraud seem to be involved in adopting these behaviours. 
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Among the many seaweed species, Porphyra dioica (red, Rhodophyta) is highlighted for it´s 
important nutritional profile, in particular, it´s richness in compounds with antioxidant capacity. 
This work investigates the antioxidant capacity and total phenolic content of enzyme-assisted 
extracts (employing either  a protease -alcalase®, or one of the two cell wall degrading 
carbohydrases - cellulase®  and Viscozyme® - a multi-enzyme complex of carbohydrases) from 
the seaweed Porphyra dioica (PD) obtained from land-based fully controlled cultivation systems 
under the Integrated Multi-Trophic Aquaculture (IMTA) sustainable concept and provided by 
ALGAplus® (Aveiro, Portugal). Total phenolic content was determined by the Folin-Ciocalteu 
method. Antioxidant capacity was measured by three different complimentary in vitro assays: 
ABTS total antioxidant capacity, DPPH free radical, and oxygen radical absorbance capacity 
(ORAC)). Results are presented in Table 1.   
Highest total phenolic content, total antioxidant capacity and oxygen radical absorbance capacity 
were obtained for the extraction with alcalase (PDa), whereas the cellulase extraction (PDc) 
registered the highest results for DPPH free radicals. Viscozyme extraction showed no additional 
value on phenolic content and antioxidant capacity in comparison with cellulase extraction. This 
study presents promising applications of enzyme-assisted extraction for obtaining antioxidant-rich 
extracts from the red seaweed P. dioica.   
 Table 1. Total phenolic content and antioxidant capacity of Porphyra dioica enzyme-assisted extracts obtained with 

alcalase, cellulase, or viscozyme.   

 

PD alcalase 

Total phenolic content 

mg Gallic acid 

Equiv/g dry extract 

DPPH 

mg Trolox 

Equiv/g dry extract 

ABTS 

mg Trolox 

Equiv/g dry extract 

ORAC 

mg Trolox 

Equiv/g dry extract 

14.73 ± 0.23a 0.2525 ± 0.013a 20.04 ± 0.44a 130.01 ± 8.99a 

PD cellulase 9.37 ± 0.49b 0.3028 ± 0.026a 12.58 ± 0.36b 104.33 ± 5.40b 

PD viscozyme 9.54 ± 0.42b 0.2960 ± 0.018a 11.88 ± 0.61b 111.39 ± 3.86b 
a–b, in a column: different letters indicate significant differences (p<0.05) between enzyme-assisted procedures.  
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 The transformation of food systems is key to combating malnutrition and food insecurity, focusing 
on sustainability, the preservation of biodiversity, and equitable access to healthy diets. In this 
context, the adoption of friendly processing techniques, such as the germination of grains like 
quinoa, could play a fundamental role. Although germination has been shown to improve various 
aspects of quinoa's nutritional, functional, technofunctional, and sensory profiles, its effects on 
these factors can be complex. Quinoa varieties Rosada de Huancayo (RH) and Pasankalla (PK) 
from Perú, were washed, disinfected, and germinated at different combinations (T1-T9) of 
temperature (15 °C, 20 °C, 25 °C) and time (24h, 48h, 72h). After the process, the grains were 
dried and prepared for analysis. Mineral determination was performed using ICP-OES 
spectroscopy, while antioxidant capacity was evaluated with DPPH, ABTS, and ORAC assays. 
Additionally, techno-functional properties were analyzed. Germination increased calcium and 
sodium levels in both quinoa varieties (p<0.05). In Pasankalla, T9 (25 °C, 72h) maintained 
molybdenum levels.  However, a decrease in the concentration of other key minerals, such as 
iron and magnesium, was observed in germinated quinoa compared to non-germinated quinoa 
(p<0.05). The ABTS method showed a significant increase in antioxidant capacity in Rosada de 
Huancayo (p<0.05). Regarding the technofunctional properties, Pasankalla exhibited better 
swelling power, oil absorption capacity, and emulsification activity (EA) (p<0.05). Water 
absorption capacity (WAC) in T8 was similar to non-germinated quinoa (p>0.05). In Rosada de 
Huancayo, T9 and T7 showed significant differences in WAC and EA compared to the control. 
Germination time/temperature combinations affected differently the mineral profile, antioxidant 
capacity, and technofunctional properties of quinoa grains. While improvements were observed 
in calcium and sodium levels, and some functional properties, other minerals and antioxidant 
capacity decreased. Germination shows promise for modifying quinoa’s properties but requires 
careful evaluation of process conditions based on intended use. 
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The food industry must offer healthful, appealing products. Natural colorants like anthocyanins 
from black carrots are gaining attention as safer alternatives to synthetic ones [1]. However, their 
instability under different conditions poses challenges [2]. 3D printing is a promising tool for 
creating personalized food, particularly for those with specific dietary needs like dysphagia [3]. 
Double emulsion systems provide a potential solution by safeguarding sensitive compounds while 
attaining desirable properties for 3D printing [4]. This research examines anthocyanin-rich double 
emulsion gels for 3D printing, emphasizing bioactive compound protection and suitable textural 
properties for dietary uses. The experimental approach followed the methodology described in a 
previous study with modifications [5]. Briefly, the water-in-oil-in-water (W₁/O/W₂) double 
emulsions (DE) were prepared using black carrot extract (8 wt.%) in the inner aqueous phase, 
corn oil with PGPR (5 wt.%) as the oil phase, and an external aqueous phase containing gelatine 
at various concentrations (4%, 6.5%, and 10 wt.%), gum Arabic (6.5 wt.%), and Tween 80 (3 
wt.%). All formulations’ encapsulation efficiency reached 99.97%, and anthocyanin 
bioaccessibility was significantly improved. The DE_6.5% formulation (i.e., the DE with 6.5% 
gelatine) showed the highest bioaccessibility (36.10±0.022%), representing a 3.64-time increase 
compared to the free form (9.91±0.02%). Rheological studies demonstrated that increasing 
gelatine content promotes the formation of a denser polymer network, improving the structural 
stability and printability of the emulsion gels. The 6.5% and 10 wt.% gelatine formulations 
produced 3D-printed structures with good shape retention and stability. Texture analysis showed 
the highest hardness in DE_10% (135.58±5.38 g), suitable for dysphagia diets. The printed 
structures also conform with the International Dysphagia Diet Standardization Initiative (IDDSI) 
criteria. This study shows that combining double emulsion gels with 3D printing creates a 
promising method for developing functional foods that protect bioactive compounds and meet 
dietary needs, especially for individuals with swallowing difficulties.  
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Mushroom consumption in Portugal have been increased 10-15% per year, mostly due to their 
organoleptic properties, and following current market trends such as the consumption of healthy, 
vegan or high protein food 1. The national production is 5.3 ktons per year, from which 5 to 10% 
are by-products, which are currently used as fertilizer or feed, with low added commercial value2. 
However, these by-products are a rich source of polysaccharides, like β-glucans with potential 
hypocholesterolemic effect3,4 as well as proteins. 
In this work, extraction and characterization of different fractions containing polysaccharides and 
proteins from Agaricus bisporus by-products was addressed. Ethanolic and aqueous extracts of 
Agaricus bisporus by-products resulted in low yield of soluble (13%) and high yield of insoluble 
(39%) polysaccharides. The fractions are rich in sugars (37-60%) with glucose as a major 
component (44-73%mol). The final residue (WIR) (53% carbohydrates; 69%mol glucose; 19%mol 
glucosamine) yielded 39% of initial mushroom contained an insoluble glucan with similar 
quantities of (β1→4)-Glc (30%) and (β1→6)-glucan (23%). Its insolubility could be due to the 
presence of (1→4)-GlcNAc (11%) and GlcN (1%), resulting in chitin-glucan complex, and to the 
presence of 28% of protein.  
The amount of β-glucans, chitin and protein may be promising for development of functional 
ingredients which can be used on the development of hypocholesterolemic food ingredients or 
nutritional and organoleptic claims, such as protein content and umami taste, respectively, which 
will contribute for the valorisation of mushroom by-products. 
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Coffee brew is well prevalent in human diet with several recognized health benefits [1,2]. These 
bioactive properties have been related with the chemical diversity which composes the coffee 
beverage, although structure-function relationships are still not disclosed. One of the compounds 
most prevalent in coffee brew are the soluble fibres, composed by arabinogalactans and 
galactomannans polysaccharides, and melanoidins, which may impact on cholesterol metabolism 
by several mechanisms  [3].  
The effect of chemically characterized coffee and polysaccharides rich fractions on cholesterol 
bioaccessibility was accessed using an in vitro intestinal model. Coffee as well as the 
arabinogalactans and galactomannans polysaccharides rich fractions were shown to decrease 
cholesterol solubility, due to their capacity to sequestrate bile salt. [4,5] Moreover, coffee soluble 
fibres, namely arabinogalactans and melanoidins rich fractions were also evaluated regarding the 
outcome of their fermentability using an in vitro colonic fermentation model. [6] Both fractions 
decreased the acetate: propionate ratio, which is indicative of a potential HMG-CoA reductase 
inhibition. Melanoidin rich fraction also show to decrease the conversion of primary to secondary 
bile salts. As secondary bile salts are more prone to emulsify cholesterol, their decrease will lead 
to a decline on cholesterol bioaccessibility and bioavailability. To investigate coffee and 
melanoidins effect on cholesterol metabolism in vivo, experiments using mice (C57BL/6) 
subjected to a high-fat diet (HFD) were performed, showing that coffee and melanoidins treatment 
led to higher levels of plasma total cholesterol and increase HDL-cholesterol levels. In addition, 
coffee samples decreased HFD-induced body weight gain and lipid accumulation, and improved 
insulin resistance. 
This study demonstrates that coffee can have an impact on cholesterol metabolism, suggesting 
potential for developing functional food ingredients from coffee extracts to fight cardiovascular 
diseases, which is one the leading causes of death worldwide. 
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This study aimed to assess the effectiveness of nutritional therapy in preventing or treating 
neurodegenerative disorders. To achieve this, decoctions from 5 culinary plants - turmeric 
(Curcuma longa L.), rosemary (Salvia rosmarinus Spenn.), lemon basil (Ocimum basilicum L. var. 
citriodorum), spearmint (Mentha spicata L.) and winter savory (Satureja montana L.) - were 
evaluated for their ability to combat reactive oxygen species (ROS), reactive nitrogen species 
(RNS), and enzymes associated with Alzheimer’s disease. The total phenolic content ranged from 
43.2 mg gallic acid equivalent (GAE)/g extract in turmeric to 327.3 mg GAE/g extract in rosemary. 
While lemon basil, spearmint, rosemary and winter savory decoctions displayed significant 
superoxide anion radical scavenging activity (IC50 values between 46.8 and 62.0 µg/mL), winter 
savory was the least active of this group against nitric oxide radical (IC50=314.5 µg/mL). Rosemary 
extract was the most active inhibitor of cholinesterases, exhibiting IC50=1068.4 µg/mL for 
acetylcholinesterase and IC50=858.8 µg/mL for butyrylcholinesterase. Turmeric decoction, with 
the lowest phenolic content, showed the least promising results among the tested extracts. 
This study demonstrates the potential of culinary plant decoctions as nutritional therapies for 
neurodegenerative disorders. Rosemary exhibited the most promising results, showing high 
activity in scavenging free radicals and inhibiting cholinesterases, suggesting its potential to be 
included in a functional food or food supplement. 
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Andiroba oil is extracted from the seeds of Carapa guianensis Aubl. (Meliaceae), a tree native to 
the tropical regions of Central and South America, particularly the Amazon rainforest. Known for 
its medicinal and cosmetic properties, andiroba oil has been traditionally used by indigenous 
communities for centuries. Rich in bioactive compounds, it offers a wide range of therapeutic 
applications [1]. The oil promotes wound healing by enhancing fibroblast activity and collagen 
synthesis, while its high content of essential fatty acids helps restore the skin's natural barrier, 
accelerating the healing of wounds, burns, and ulcers. These properties make it a valuable 
ingredient in dermatological applications. In the cosmetic industry, andiroba oil is valued for its 
moisturizing and soothing effects on the skin. It can be found in formulations of creams, lotions, 
and hair care products, where it acts as an emollient, improving skin texture and hair 
manageability. Additionally, its anti-aging potential, attributed to its antioxidant properties, helps 
protect the skin from oxidative damage caused by environmental factors such as ultraviolet 
radiation [2]. Despite its extensive potential, andiroba oil remains little explored by both industry 
and the scientific community. This study aimed to characterize the fatty acid profile and evaluate 
the antioxidant activity of andiroba oil.  
The fatty acid profile was analyzed using gas chromatography with flame ionization detection 
(GC-FID) after fatty acid derivatization with methanol/sulfuric acid/toluene (2:1:1, v/v/v). The 
antioxidant potential was determined in vitro through DPPH free radical scavenging activity and 
reducing power assay, using trolox as a positive control. The results revealed that the lipid fraction 
of andiroba oil is predominantly composed of oleic, palmitic, and linoleic acids. Additionally, it 
demonstrated high antioxidant activity in both DPPH free radical scavenging and reducing power 
assays. This research enhances the understanding of andiroba oil's composition and bioactive 
potential, opening new avenues for its application in different sectors. However, further studies 
are needed to fully explore its bioactive and pharmacological potential and ensure its safe 
application in the industrial sector. 
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Enterotoxigenic E. coli (ETEC) infections lead to significant costs for the swine industry worldwide 
[1]. Bacterial fimbriae (F4/F5/F6/F18) allow the adhesion of the bacteria to epithelial cells, and 
when both the immunological systems and the gut microbiota are poorly developed, ETEC 
colonizes and produces one or more enterotoxins (LT/STa/STb) that can have local and systemic 
effects [3,4]. Therefore, it is of prime importance to monitor and characterize ETEC in the swine 
industry to develop mitigation strategies.  
In this study, we aimed to isolate and characterize ETEC strains from faecal porcine samples. 
Therefore, it was developed a PCR-based method to detect their major virulence factors 
(toxins/fimbriae). This procedure was divided into two procedures, firstly the collected faecal 
samples were enriched and then pre-screened for the presence of genetic determinants of toxins 
(ST/LT/Stx2) by real-time PCR (qPCR). Secondly, the positive enrichments were plated in 
Tryptone Bile X-glucuronide (TBX) agar and incubated at 37 ºC for 24 hours. Fifty characteristic 
E. coli colonies were then extensively screened for the presence of toxins (STa/STb/LT/Stx2e) 
and fimbriae (F4/F5/F6/F18/F41) by multiplex-PCR. The development of this PCR-based method 
was done using ETEC controls harbouring the above-mentioned toxins/fimbriae.  
For qPCR, the primer efficiency, exclusivity/inclusivity, and limit of detection (LOD) in ETEC 
isolates and artificially inoculated real samples were evaluated to validate the methodology. For 
the multiplex-PCR, exclusivity/inclusivity assays were performed for both sets (toxins/fimbriae). 
Therefore, our results showed that the qPCR method could detect concentrations ranging from  

2 × 10−5 to 2 × 10−3 ng.µL-1, depending on the target gene, demonstrating high sensitivity and 
specificity. In addition, the multiplex PCR technique was successfully validated using ETEC 
control strains. In conclusion, this method has great potential for routine use in the rapid detection 
of ETEC strains in livestock, given its robust performance and reliability. 
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Traditional cooked hams processed with low brine injection levels are muscle foods highly 
consumed around the world because they show nice appearance and palatability, they are almost 
fat free and are very interesting nutritionally. However, the conventional technological process 
also makes use of negative impact additives in consumers due to potential health concerns, 
mainly the addition of nitrite and inorganic phosphates (1,2). The aim of this study was to 
investigate the technological and sensory impact of replacing phosphate with natural 
polysaccharides for the processing of whole muscle pork cooked hams with low brine extension 
level, contributing to the development of clean-label meat products. 
Forty formulations were prepared by replacing phosphate with carrageenan, fructo-oligosacharide 
fibers (citrus and inulin) and rice/corn starches. The formulations with carrageenan and citrus fiber 
presented higher L* values compared to samples with phosphate (control) (P<0.05), showing that 
their utilization could favor lighter colored products due to the opaque color properties of their 
gels. a* values of all phosphate substitutes were lower than control (P<0.05) but no significant 
differences were obtained in b* values. Cook losses varied between 7.4-14.6%, presenting the 
formulations with phosphate lower values than all the other formulations (P<0.05). The 
formulations with phosphate, rice and corn starch presented higher hardness (69.4N, 67.6N, 
64.1N, respectively) than carrageenan and citrus fiber (55.2N and 52.7N, respectively). The 
formulations with carrageenan and citrus fiber presented similar values to the control for the 
tenderness, slice cohesion and color homogeneity evaluated sensorially. 
The present study is a new approach for use healthier ingredients with similar functionality to 
phosphate in cooked meat products. The results indicated that the use of carrageenan and citrus 
fiber as alternative ingredients to phosphates may be a good strategy for the production of clean-
label cooked meat products. 
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Brassicaceae microgreens are emerging functional foods rich in (poly)phenols (1) being ideal to 
indoor cultivation where light is artificially supplied and can be tailored to optimize composition 
(1). However, their fate upon ingestion remains largely unknown, limiting the understanding of 
their true impact on health. Most (poly)phenols present low absorption in the small intestine, 
reaching the colon for further catabolism (2). Gut microbiota modifies these compounds, 
impacting their bioaccessibility and potential health effects (2). Therefore, this study investigated 
the in vitro digestion and colonic fermentation of two radish microgreens (Raphanus sativus) 
cultivars, Daikon and Red Rambo, grown under different light conditions in vertical farming, 
exploring how cultivar and light influence (poly)phenol catabolism. Gastrointestinal digestion was 
simulated using the INFOGEST in-vitro static protocol. In vitro batch colonic fermentation was 
performed according to validated protocols (Bresciani et al. (3), Dall’Asta et al. (4), Di Pede et al. 
(5)). (Poly)phenols and respective catabolites were analysed by UHPLC-ESI-QqQ-MS/MS. 
After digestion most (poly)phenols remained in the residual fraction reaching the colon, where 
microbial fermentation produced more bioavailable catabolites. Cultivar differences generally 
outweighed the effects of light treatments. Red Rambo retained twice the (poly)phenols of Daikon, 
influencing fermentation outcomes. Cinnamic acid derivatives, particularly sinapoyl malate and 
sinapine, dominated both cultivars, while flavonoids and anthocyanins, in Red Rambo, 
contributed with further complexity. Fermentation of these compounds produced important 
amounts of phenylpropanoic acids including dihydrocaffeic and dihydroferulic acids, and other 
low molecular weight catabolites. Other important microbiota-derived catabolites included sinapic, 
ferulic, p-coumaric, dihydroferulic, dihydrocaffeic, and 4-hydroxyphenylpropanoic acids.  
Proposed catabolic pathways for most (poly)phenols are outlined, with the pathway for the most 
abundant (poly)phenol, sinapoyl malate, being outlined for the first time. These relevant findings 
lay the foundation for future in vivo studies to delve deeper into compound absorption and 
bioactivity upon consumption of radish microgreens. 
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This study aimed to valorise apple juice pulp by developing an apple roll-pulp snack. Cherry and 
bilberry extracts were tested for colour improvement, while ingredients like agave syrup and 
maltodextrin were added to modulate the product flavour and texture. Polyphenols content and 
antioxidant stability were assessed. 
The roll-pulp retained 80% and 66% of its polyphenol content (Folin-Ciocalteu and HPLC 
quantification, respectively), with antioxidant activity retention of 84% (DPPH) and 90% (FRAP). 
This stability confirms that the dehydration process minimally degrades bioactive compounds,1 
preserving their health benefits.2 
Among the different drying methods studied. Dehydration yielded the best texture, while agave 
syrup enhanced flavour and appearance. Agave syrup and maltodextrin improved texture by 
reducing hardness, chewiness, and gumminess, compared to just roll-pulp of 100% pulp, while a 
water activity of 0.60 reflecting a potential microbiological stability. These findings highlight the 
role of ingredients, processing, and additive interactions in optimizing the nutritional, 
physicochemical, and sensory qualities of apple pulp snacks. A survey to assess the agreeability 
and pleasantness of the product was also conducted with potential consumers. 
This study explores upcycling apple juice pulp into a nutritious snack that retains bioactive 
compounds and antioxidant activity. 
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The recovery of food by-products for developing innovative materials offers a sustainable 
approach to addressing global challenges, namely regarding zero waste and environmental 
conservation. Among these innovations, pH-responsive membranes or films fabricated from food 
byproducts, such as starch, chitosan, alginate, and other biodegradable polymers, have emerged 
as promising tools for monitoring food shelf life. These membranes integrate natural, pH-sensitive 
pigments capable of detecting spoilage through colorimetric changes triggered by shifts in pH 
levels, which result from the release of volatile compounds during food degradation. In this work, 
we were able to covalently link two different pH-responsive natural-inspired dyes (10-azidopropyl-
4’-hydroxypyranoflavylium and 4’-hydroxy-10-aminoethylcabamoylpyranoflavylium) into alkyne-
modified chitosan and aldehydemodified potato wash starch, respectively, by different techniques 
such as Layer-by-Layer assembly technology and casting. Both free dyes and pH-responsive 
membranes were fully characterized and evaluated using buffer solutions at different pH levels 
and biogenic amine-enriched model solutions, which demonstrates the feasibility and 
effectiveness of these membranes as sensitive materials for food spoilage monitoring.  
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Active and intelligent packaging technologies offer promising solutions to address current and 
important issues in the food system, among which are food waste reduction (1), foodborne 
diseases (2) or, food fraud (3). The use of these technologies can lead to the improvement of the 
traceability, detection of contaminants in food, investigation of contamination outbreaks, and the 
combat of counterfeited products, which have a crucial role in ensuring the safety and quality of 
packaged food. Carbon dots (CDs) emerge as a novel and powerful solution in the development 
of intelligent and active packaging, due to their exceptional optical properties, high 
biocompatibility, and versatility (4). Their use can enable enhanced monitoring and safety in food 
supply chains via their integration into packaging systems.  
In this work, bio-based CDs were prepared using the hydrothermal synthesis method, sodium 
alginate (2 %, 32.5 mL) and urea (2.5 M, 10 mL), at 180 ºC for 11 h. The produced CDs presented 
a quantum yield of 5.1 %, an excitation wavelength of around 330 nm, and an emission 
wavelength of around 410 nm. Three solutions of increasing CDs concentration were produced 
and were incorporated into porous polyethylene (PE) by mixing in a horizontal mixer, and extruded 
via blown film extrusion, with virgin PE, to yield thin films (~0.035 mm). Produced PE films showed 
no significant differences regarding color (ΔE<1) and mechanical analysis. Unliked the PE control 
film, the PE CD loaded films displayed fluorescence under UV light (~365 nm, Figure 1). The 
developed CD-loaded films can produce fluorescence under UV light, while remaining transparent 
under are under visible light, demonstrating potential for their use in the development of invisible 
tags for intelligent packaging solutions. 

 

Figure 1. PE film under UV light (~365 nm) (left – control PE film; right – CD-loaded PE film) 
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Food waste is a pressing challenge for public health and environmental sustainability, with an 
estimated 59 million tonnes generated annually in the European Union [1]. This substantial waste 
compromises the resilience of agrifood systems, intensifies food insecurity, and hampers efforts 
toward achieving a circular economy [2]. The insect Black soldier fly larvae (BSFL) present a 
promising and innovative approach to addressing these issues by efficiently converting organic 
waste into valuable outputs, such as high-protein animal feed and fertilisers [3]. Despite the 
industrial valorisation of agricultural by-products, BSFL’s potential to fully utilise food waste 
remains subject to some legal restrictions [4]. 
This study, conducted in collaboration with Ingredient Odyssey SA – EntoGreen, investigated the 
suitability of food waste as a substrate for BSFL production and assessed the larvae's 
bioremediation potential for reducing foodborne pathogens. An industrial-scale trial was 
performed over 14 days, using 114 test units with food waste-based substrates and 144 control 
units with Gainesville Diet, a standard insect feed. Two tonnes of food waste sourced from 
restaurants in Santarém, Portugal, were collected and prepared by removing physical 
contaminants such as plastic, cutlery, and cans. The food waste was then mixed with wheat bran, 
and its moisture was adjusted to 70% to create an optimal substrate. Measurements, including 
larval weight and substrate temperature, were taken every other day, while microbiological 
analyses followed ISO standards to detect pathogens and enumerate microorganisms.  
Results showed that food waste substrate significantly enhanced larval growth and bioconversion 
rates while bioremediating pathogens, including Bacillus cereus, Vibrio spp., and Salmonella spp. 
These results highlight the potential of BSFL to transform food waste into valuable resources 
while mitigating microbial risks, demonstrating a scalable and sustainable solution for food waste 
valorisation and contributing to a circular economy. 
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On the Mediterranean coast, the olive industry generates millions of tonnes of waste annually, 
including olive pits. These residues, known for their hardness, are ideal as reinforcements in 
composite polymeric materials, transforming waste into valuable resources [1]. The Olive Pit 
project leverages this potential by developing biodegradable shoe shapers using olive pits and 
polylactic acid (PLA), offering an alternative to traditional fossil-derived shoe forms. By achieving 
bio-compostability, the project aims to close the product’s life cycle, repurposing it as fertiliser to 
support olive production.  
This study compares the environmental impacts of conventional shoe shapers made from 
acrylonitrile butadiene styrene (ABS) or polypropylene (PP) with novel biodegradable shoe 
shapers developed in the project. Various formulations were produced, incorporating differing 
proportions of olive pits, PLA, and additives, while maintaining the rheological properties essential 
for the product's success.  
A prospective Life Cycle Assessment (LCA) was performed in compliance with ISO14040:44 
standards [2, 3], adopting a cradle-to-gate approach. The declared unit was defined as the raw 
materials needed for one pair of shoe shapers. Environmental impacts were assessed using the 
ReCiPe Midpoint Hierarchist perspective method (v 1.09) available on SimaPro software (v 
9.6.0.1). Primary data were provided by PIEP and Safiplás, and secondary data were sourced 
from the Ecoinvent database (v 3.10).  
Initially, virgin PLA formulations were tested to create a sustainable shoe shaper, but high 
environmental impacts led to a shift towards recycled PLA. Results show that formulations 
incorporating olive pits achieve lower environmental impacts than baseline materials, 
demonstrating the advantages of recycled and bio-based materials. Future research should focus 
on the biodegradability benefits at the end-oflife stage, which could promote the growth of new 
olive trees and foster a sustainable, regenerative approach within the olive industry.  
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Lime (Citrus aurantifulia) by-products, generated in large quantities by the citrus processing 
industry, are rich in bioactive compounds such as phenolics and flavonoids [1]. These compounds 
possess antioxidant and health-promoting properties [2], making lime by-products a promising 
ingredient for developing functional foods while addressing food waste and sustainability 
challenges [3]. This study aimed to evaluate the incorporation of lime by-product extract at 
different concentrations (1%, 1.5%, and 2%) into muffin formulations (corresponding to control, 
M1, M2 and M3 formulations) to assess its effects on functional and sensory properties.  
Muffins were analyzed for their antioxidant properties, individual phenolic compounds (using 
Ultra-High Performance Liquid Chromatography combined with Time-of-Flight Mass 
Spectrometry - UHPLC-ToF-MS), lipid oxidation stability (via Thiobarbituric Acid Reactive 
Substances Assay - TBARS), and sensory acceptance. The sensory evaluation included 9-point 
hedonic scale and Just About Right scales to assess consumer preferences.   
The findings demonstrated that baking partially degraded phenolic compounds, yet significant 
levels of bioactive compounds, particularly flavonols and flavanones, were retained. For example, 
the level of hesperidin ranged from 0.136 to 14.41 μg/g (in M3) in doughs and ranged from 0.006 
to 13.6 μg/g in muffins, with M3 showed the highest total phenolic content (96.51 μg/g). Lipid 
oxidation stability varied among formulations, with M1 showing the highest stability and consumer 
acceptance. In contrast, M3 exhibited a pro-oxidant effect and was associated with increased 
bitterness, resulting in lower sensory scores. These results highlight the importance of optimizing 
extract concentrations to balance functional benefits and sensory appeal in baked goods. 
Incorporating lime by-product extract enhances muffins' functional potential and aligns with 
sustainability goals by valorizing food waste. Future research could explore the rheological and 
physical characteristics of muffins, as well as strategies to maximize phenolic compound retention 
during baking. This research contributes to functional food innovation and waste valorization, 
providing actionable insights for the development of sustainable, health-promoting baked 
products.  
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The transition to sustainable food systems is essential to address global challenges such as 
climate change, biodiversity loss and public health crises [1]. Current food production and 
consumption patterns contribute to environmental degradation, while dietary choices strongly 
influence health outcomes and planetary sustainability [2]. Supporting dietary decisions with 
robust scientific evidence is therefore essential for meaningful and informed change [3]. 
This work aims to discuss the intersection of food system transitions, dietary health impacts and 
sustainability, highlighting the importance of a comprehensive evidence-based approach to guide 
decisions at individual and systemic levels. By integrating methodologies such as Risk-Benefit 
Assessment (RBA) and Life Cycle Sustainability Assessment (LCSA), this study provides an 
approach to evaluating foods, dietary patterns and food choices. RBA considers risks (e.g. food 
contaminants) and benefits (e.g. beneficial nutrients), while LCSA assesses the environmental, 
social and economic dimensions of food production and consumption. 
Inspired by the ALTERNATIVA project [3], the integration of these two perspectives, 
complemented by additional tools such as Multi-Criteria Decision Analysis (MCDA), will be 
explored and synthesised. The combination of these methodologies enables a dual-angle 
approach that quantifies health outcomes alongside sustainability metrics, providing a framework 
for balancing dietary health benefits with sustainable food systems. 
This approach not only informs recommendations for healthier and more sustainable diets but 
also supports policymakers and stakeholders in developing strategies for food system 
transformation. By bridging gaps between food system actors and aligning public health goals 
with environmental sustainability, this evidence-based framework promotes a holistic vision for 
the agri-food sector and empowers consumers and stakeholders to make better choices that 
benefit both humans and the planet. 
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Grape pomace (GP) is the main viticultural by-product, representing up to 25 % of the overall 
grapes used during the winemaking process [1]. GP composition is mainly cellulose, 
hemicellulose, lignin, pectin and polyphenols [1,2 ,3], that could be valorised into useful products. 
This work aimed to exploit a "zero waste biorefinery cascade", using green technologies, including 
ohmic heating (OH) and subcritical hydrolysis (SWH). Both technologies have been used for GP’s 
valorization [2,3]. However, in this work GP was fractionated in a sequential methodology of OH 
followed by SWH, that, to the best of the authors’ knowledge, there is no current reported data 
about the use of this combined strategy. All fractions produced will be further applied in 
development of new products or to improve existing ones. 
Red and white GP were dried at 45 ºC and milled. OH was performed using a ratio of 1:20 (gdw 

GP: mL ethanol at 45 %). Extraction occurred at 80 ºC, using an electrical field of 3.5 V/cm, during 
60 min. Each SWH run used two of OH solid fractions and 400 mL of dH2O, and occurred at 180 
ºC. At the end of each treatment, the extracts were filtered and the solid fractions were dried at 
60 ºC, while the liquid extracts were preserved at -20 ºC for further analysis. The resulting 
fractions were analysed for their sugars and polyphenols content. 
Results showed that OH resulting liquid extracts were mainly polyphenol-enriched and SWH liquid 
extracts had high amounts of sugars and polyphenols. The resulting solid fractions were mainly 
composed by cellulose and lignin. Moreover, all liquid extracts displayed antioxidant activities.  
The sequential OH-SWH fractionation of GP shown as promising strategy for its integral 
valorisation, and the resulting extracts could have potential applications in human nutrition, 
cosmetics and biopolymers production. 
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Mountain Rural Areas (MRAs) have always faced challenges due to their biogeographical 
location. Nowadays, MRAs vitality is not only weakened by their particular vulnerability to climate 
change1, but also by significant demographic aging and fragility of agri-food systems, which are 
often based on low-productive and low-value-added practices and an unskilled/underqualified 
workforce - typical of low-density territories2. Although positive discrimination measures for these 
territories have been implemented in recent years, their impact remains limited in attracting 
population and investment and, thus, reversing the demographic circumstances of these areas3. 
Effective strategies for attracting people to MRAs should emphasize MRAs’ unique territorial 
capital and identities, valorise their regional endogenous resources, and leverage their historical, 
cultural, and natural heritages, creating distinctive solutions that improve current residents' lives 
while attracting new inhabitants. These strategies require local participation for addressing place-
specific challenges of MRAs4. Simultaneously, it is imperative to enhance the sustainability and 
the competitiveness of agricultural and agri-food sectors of MRAS through technological and 
social innovation5.  
The Interior+ project aims at the sustainable revitalization of MRAs of Alto Minho, Beira Baixa, 
and Beiras e Serra da Estrela. For that, Interior+ is building a Model Region for the valorisation 
of regional endogenous resources of MRAs, to be replicated in other MRAs. Here, we present the 
Interior+ strategy for a Model Region. This strategy firstly implements comprehensive surveys to 
agri-foods producers to gather first-hand information about their needs, aspirations, and 
capacities for innovation. Additionally, it includes a full assessment of key socio-economical, 
technological and environmental challenges and opportunities of agri-foods value chains 
identified in each target MRA. Finally, it mobilizes resources, transfers knowledge and 
encourages the implementation of technological and social solutions in order to create resilient 
and prosperous MRAs, aligned with the EU Rural Agenda priorities. 
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Lignin nanoparticles represent an emerging class of sustainable nanomaterials that can improve 
the valorisation of this abundant biopolymer through new applications [1]. This study focused on 
optimizing the production of lignin nanoparticles through sonication, using as few chemicals as 
possible while achieving small particle sizes and maintaining colloidal stability. To avoid 
aggregation and sustain stability, two surfactants were tested. Nanoparticles were characterized 
using Dynamic Light Scattering (DLS) and Transmission Electron Microscopy (TEM) to evaluate 
their size distribution and morphology. Through the optimization of sonication parameters (lignin 
load, amplitude, and time), spherical lignin nanoparticles with sizes ranging from 200 to 300 nm 
were obtained. TEM confirmed the particle size measurements obtained through DLS and 
provided information about particle morphology and aggregation. Results show that adding 
surfactant is essential to avoid aggregation of nanoparticles and maintain their stability.  
The developed methodology demonstrates a simple and efficient approach for producing 
spherical lignin nanoparticles, contributing to the advancement of lignin valorisation strategies 
and expanding potential applications of this biopolymer. 
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The valorisation of agricultural wastes by extracting bioactive compounds represents a promising 
approach in sustainable biotechnology. This study investigated the antibacterial properties of 
lignin extracted from grape stalks, evaluating its efficacy in both solid and dissolved forms against 
three relevant bacterial strains: Escherichia coli, Pseudomonas aeruginosa, and Staphylococcus 
aureus.  
Lignin was isolated from grape stalks using deep eutectic solvents (DES) [1]. The extracted lignin 
was subjected to micronization and dissolved using Tween 80. The assays were conducted by 
mixing the bacterial inoculum with lignin extracts in 24-well plates maintained under constant 
agitation. After 24 hours, serial dilutions were performed in 0.1% peptone water and planted on 
Mueller-Hinton agar to determine CFU/ml. Results show that solid lignin has antimicrobial activity 
against S. aureus but is ineffective for the other two bacterial strains. Dissolved lignin had better 
performance and had an antimicrobial effect against all three bacteria, especially P. aeruginosa 
and S. aureus. These results show that lignin bioavailability is improved when dissolved, as 
expected. Nonetheless, it is interesting to notice that solid lignin also has some potential, namely 
against S. aureus. This fact is essential because lignin is difficult to dissolve and often requires 
harsh chemicals that can limit its applicability. For example, using solid lignin with antimicrobial 
properties could be important for biological applications. 
In conclusion, this study shows the potential of lignin extracted from grape stalks as an 
antibacterial agent, demonstrating enhanced efficacy in its dissolved form, while revealing a 
promising activity of solid lignin against S. aureus, paving the way for sustainable and versatile 
applications in biotechnology. 
 
Acknowledgments: This work was supported by National Funds from FCT - Fundação para a Ciência e a 
Tecnologia through project UIDB/50016/2020. Funding for author Ana C. Cassoni was provided by 
Fundação para a Ciência e a Tecnologia – Portugal (via the PhD fellowship ref. SFRH/BD/143198/2019). 

 
References: 

[1] A .C. Cassoni, I. Mota, P. Costa, M. Vasconcelos, & M. Pintado, International Journal of Biological Macromolecules, 

220 (2022) 406-414. 

 



 

169 

[S&EC 12] 
 

 Linking Landscape, Environment, Agriculture and Food 

towards a more sustainable agri-food value chain 
 

Joana Costa1,*, David Fangueiro1, Luis Goulão1, Anabela Raymundo1, Isabel 
Sousa1 

 
1LEAF-Linking Landscape, Environment, Agriculture and Food Research Centre, Instituto 

Superior de Agronomia, Universidade de Lisboa, Lisboa, Portugal 
* joanacosta@isa.ulisboa.pt  

 

LEAF (Linking Landscape, Environment, Agriculture and Food) is a research centre hosted by 
Instituto Superior de Agronomia - ULisboa, with the mission to conduct comprehensive research 
to advance transformative knowledge by linking landscape, environment, agriculture and food, 
followed by knowledge transfer through education, training and science dissemination, 
contributing to the sustainable progress of society.  
LEAF creates knowledge from landscape, soil and water management, through plant, animal and 
food sciences, to food and feed processing, co-producing innovation with stakeholders from the 
agricultural sector, natural resources management, and agro-food industry, to respond to societal 
needs, with a strong contribution to Planetary Health, and covering the whole food value chain. 
LEAF is therefore uniquely positioned to generate knowledge through a holistic approach. Our 
3D dimensions are defined by climate neutrality, bioeconomy and Planetary Health, including 
smart and digital drivers. This demonstrates our global value chain approach from the territory to 
people, using SMART thinking at different scales, from biomolecules and cells to precision 
agriculture and landscape planning.  
LEAF is strongly committed to support the ongoing disruptive societal transitions towards 
sustainable development, driven by AI integration, adoption of clean energy, and ensuring 
sustainable and affordable food systems for healthy diets. It is attentive to societal needs on 
responsible production and consumption, driven by the current demographic transitions, including 
human mobility, growing peri-urban populations and ageing.  
Our strong background in Agricultural and Environmental Sciences, together with our commitment 
to contribute to societal needs resulted in the identification of Focal Strategic Areas of research 
for 2025-29, to be presented herein. These are a) Landscape Planning, Design & Policies, b) Soil 
& Water Management, c) Inputs’ Reduction for “Greener Ways of Farming”, d) Grapevine & Wine 
Value Chain, and e) Transitions to Sustainable, Healthy and Affordable Food & Feed.   
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The global shift towards health-conscious and environmentally sustainable practices has 
intensified the demand for natural pigments in the food industry. Natural colourants are 
recognized as promising clean-label solutions, aligning with consumer preferences [1,2]. Saffron 
by-products (SBP), which represent approximately 93% of the biomass generated during saffron 
production, offer significant potential. Being predominantly composed of tepals, SBP are rich in 
anthocyanins and flavonols with a notable antioxidant capacity [3,4], representing a valuable 
source for producing natural functional colourants. This study aimed to valorise SBP, focusing on 
the optimization of a hydroalcoholic extraction process to maximize the anthocyanin yield (AY), 
extraction yield (EY), and total anthocyanin content (TAC).  
Response surface methodology, following a Central Composite Face-Centered was used, varying 
the parameters: solid-to-solvent ratio (1:125 – 1:40g/mL), ethanol content (0-100%, pH2), and 
extraction time (10-60 min). Seventeen extracts were produced and characterized in terms of 
TAC (pH differential method and HPLC-DAD-UV), antioxidant activity (ORAC), and colour 
properties (CIELAB method). The optimal extraction conditions were identified, enabling an EY of 
71.1%, an AY of ≈100%, and a TAC of 1.13g/100gd.ext.. The ethanol content was the parameter 
with the most significant impact in all responses. Increasing ethanol content led to a decrease in 
EY, AY, TAC, and ORAC. The antioxidant activity of the extract obtained at optimal conditions 
was 2234 µmol TEAC/g of dried extract with kaempferol-3-sophoroside, delphinidin-3,5-
diglucoside, and kaempferol-3-sophoroside-7-glucoside as the main contributors. A significant 
reduction in the extraction time and solid-to-solvent ratio (1:125g/mL) was achieved in this work 
compared to previous studies [5], while maximizing the recovery of SPB-anthocyanins.  
This work supports the development of an alternative and sustainable anthocyanin-rich extract 
from SBP with improved bioactivity for potential application as a natural colourant in the food 
industry. 
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The growing interest in novel nutraceutical sources has heightened the demand for efficient and 
cost-effective biocompound alternatives [1]. In this context, the circular economy presents an 
abundant supply of low-value proteins that can be enhanced to improve their nutritional and 
functional properties [2,3]. This study aimed to evaluate five different protein hydrolysates derived 
from animal by-products processed by ETSA S.A., comparing them to a high-quality fish protein 
(CPSP90). These hydrolysates were assessed for their proximate composition, amino acid 
profile, peptide molecular weight distribution, as well as their potential antioxidant activity and role 
in bacterial growth dynamics.  
The hydrolysates exhibited distinct chemical and functional properties reflecting their diverse 
origins. Crude protein content ranged from 55.1–89.5% DM, with Shark Hydrolysate (SH) and 
Swine Hydrolysate (SWH) containing the highest protein levels. Essential amino acids were most 
abundant in the Fish Hydrolysate (FH) while non-essential amino acids were predominant in SH. 
Insect hydrolysate (IH), showed the highest antioxidant activity among the hydrolysates, which 
could be connected to the abundance of low molecular weight peptides (<1 kDa) and high content 
in aromatic amino acids, such as tryptophan and tyrosine. SWH demonstrated the highest 
solubility across different pH (3-7) and strongly modulating bacterial proliferation, selectively 
inhibiting the growth of opportunistic pathogens when compared to CPSP90. 
In conclusion, the evaluated hydrolysates exhibited distinct chemical and functional properties, 
reflecting their diverse sources. SWH’s superior solubility and selective antibacterial activity, 
alongside the potent antioxidant capacity of IH underscore their potential as functional ingredients 
in animal feeds. These findings highlight the value of animal by-products in advancing functional 
feed solutions within a circular economy framework. 
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In recent years, there has been a growing concern on the need for healthier diets and more 
nutritional food options. Bread, is one of the most widely consumed foods in daily life, has become 
a focus of research aimed at enhancing its nutritional value [1]. However, the food sector is a 
major contributor to environmental impacts, including ecosystem degradation, increased 
greenhouse gas emissions, and land use [2]. Incorporating insect-based products into food 
production represents a promising strategy for improving the nutritional profiles of various foods, 
including bread. Currently, the production of insects for the food sector has been increasing 
significantly in Western countries, creating a new bio-industrial sector and an opportunity to 
reduce the carbon footprint of consumed proteins in these countries [3].  
When developing new food products, it is crucial to evaluate their potential environmental impacts 
early in the process to identify potential hotspots and challenges before scaling up production [4]. 
This study investigated the trade-offs when assessing the potential environmental impacts of food 
items, focusing on how the selected functional unit influences comparative results.  
Based on data from the literature, a life cycle assessment study was conducted, considering three 
functional units: mass of bread, caloric content, and protein content. The results indicate that 
using a mass-based functional unit yields better environmental outcomes for simpler bread 
recipes comprising mainly flour, yeast, and water. On the other hand, when nutritional value-
based functional units, such as caloric content, are applied, the results shift in favour of bread 
types that include additional ingredients like vegetable oils and small amounts of animal-based 
products.  
These findings will contribute to developing life cycle approaches to assess the potential 
environmental, social, and economic benefits or drawbacks of incorporating insect-based 
products into the food sector. 
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The rise in the global population has led to increased food consumption, resulting in significant 
agri-food residues. Portugal, as the 8th chestnut producer in the world [1], generates a significant 
amount of chestnut by-products, such as shells, burrs and leaves. Trás-os-Montes region, in the 
northeast of Portugal, comprises 85 % of the national chestnut production [2]. Therefore, the 
CyChest project seeks to repurpose these residues by extracting valuable compounds and 
integrating them into high-valueadded products. The main objective of this work is to extract 
cellulose from chestnut burrs and utilise it as a stabiliser for Pickering emulsions (PE).  
Cellulose extraction comprises pre-treatments, alkali hydrolysis, and bleaching treatment [3]. The 
optimisation study of hydrolysis parameters revealed that temperature is the critical factor, 
processing time has no effect, and a lower alkali concentration is sufficient to remove a significant 
amount of lignin. The optimisation of the bleaching treatment confirmed that temperature remains 
the critical parameter, while the choice of bleaching agent influences the cellulose content and 
crystallinity achieved. The final extract comprises 72% cellulose and 16% lignin, with a whiteness 
index of 82%. The resulting particles measure 55 µm in size, possess a negative surface charge, 
exhibit hydrophilic properties, and show a non-organised form of the cellulose fibres with a rough 
surface and a spherical shape.  
A stable PE (20:80 O/W; sweet almond oil) was achieved with 0.8 wt% of cellulose extracted, 
exhibiting a droplet size of 12 µm and two mechanisms of stabilisation: a network between the 
larger cellulose particles and adsorption of the smaller particles onto the oil surface. This PE 
remains stable for a month. This work represents progress toward sustainability and a circular 
economy by creating emulsion-based products through the valorisation of chestnut burrs, a by-
product of chestnut production.  
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Food waste has been regarded as a natural resource of valuable ingredients, such as phenolic 
compounds [1]. Valorisation of industrial by-products by extraction of bioactive compounds has 
attracted attention in the last years, as well as their incorporation in cosmetic, food, and 
pharmaceutical products. Castanea sativa Mill.is an abundant chestnut species in the south of 
Europe, with historical significance and economic relevance nowadays. Chestnut shells are 
usually wasted despite being rich in polyphenols [2,3].   
This work intended to optimise the Soxhlet extraction of chestnut shells, by selecting the most 
suitable shell condition and extraction solvent using fresh chestnut shells and ones that underwent 
domestic oven and brulage temperatures. The aim was also to stabilise the extracted compounds 
by complex coacervation, using biocompatible polymers: gum Arabic and chitosan. Soxhlet 
extractions were done with whole and ground shells from different pre-treatments and mixtures 
with different ethanol-water ratios. Folin-Ciocalteu’s method was used to quantify the total 
phenolic content in the extracts. The highest yield of these compounds was obtained with ground 
shells due to the increased transfer area by grinding. Water and the mixture with 10% ethanol at 
were the two most effective extraction solvents. Fresh shells had the highest phenolic content 
while brulage shells had the lowest one, which suggests a relation between heat pre-treatment 
and the phenolic compound content. Through optical microscopy, microencapsulation led to 
better results with PGPR 4150, with visible polynuclear microcapsules. The particle size 
evaluation indicated that particles had a smaller size by number, but most of the core material 
was encapsulated in bigger particles. The mean diameter ranged from 20.29 ± 0.85 μm to 24.00 
± 1.27 μm.  High encapsulation efficiencies, determined by Folin-Ciocalteu’s method, were 
obtained (99.71% to 99.81%).  
The work provided relevant data on the valorisation and stabilisation of chestnut shell bioactive 
compounds, which are valuable in the food, cosmetic, and pharmaceutical industries.  
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The depletion of natural resources threatens the sustainability of future generations, highlighting 
the importance of circular bioeconomy. In these models, waste is not discarded but incorporated 
into the production line, transforming into useful products. In this scenario, cacao presents itself 
as an opportunity, using the shells to extract pectin, a polysaccharide with various applications in 
the food, pharmaceutical and cosmetic industries. Less traditional methods such as ultrasound, 
microwave and subcritical fluid have already been reported in the extraction of pectin, but ohmic 
heating (OH), which is more energy efficient, has not yet been explored. It uses an electric field 
to raise the temperature of the sample uniformly, with low energy consumption and high efficiency, 
making it an environmentally friendly method. Based on this, the objective of this work was to 
extract pectin from the cacao shell by OH. For this, a mild treatment (20kHz, 2–7 V/cm, 60°C, 
30min) was applied in an citric acid solution (pH 2), in a 1:20 ratio, which resulted in an average 
yield of 3%, similar to that obtained from cacao by Alava, et. al. (2021) with enzymatic hydrolysis, 
showing that the ohmic treatment under the applied conditions has an effect similar to that of the 
enzymatic complex used by them. Pereira et al. (2021) also observed similar results between the 
OH and conventional methods in the extraction of Gracilaria vermiculophylla, showing its potential 
to extract compounds with greater efficiency and lower energy expenditure, and it is 
recommended to test more severe conditions such as time and elevated temperatures. It is 
concluded, therefore, that OH is not only promising, but is also aligned with the principles of 
circular bioeconomy due to its energy efficiency and lower environmental impact, standing out for 
innovation and sustainability. 
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Environmental challenges associated to conventional plastic packaging have driven the search 
for ecofriendly alternatives [1]. The food industry, one of the largest consumers of plastic, also 
generates significant amounts of waste and by-products from various sources [2,3]. These agro-
industrial residues, rich in bioactive compounds with potent antioxidant and antimicrobial 
properties, can be repurposed to extend the shelf life of food products, not only reducing 
dependence on synthetic additives but also mitigating the environmental impact [4,5].  
The present study aimed to assess the bioactive potential of agro-industrial by-products, including 
Punica granatum L. peel, and Castanea sativa hedgehog, to evaluate the possibility of 
incorporating one of these extracts as a source of bioactive compounds in composite films. To 
prepare the crude extract, we employed a solid-liquid extraction process, followed by freeze-
drying to obtain the dried extracts. A screening of the extracts was conducted to evaluate their 
antimicrobial activity using the Minimum Inhibitory Concentration (MIC) method against key 
pathogens, including Listeria monocytogenes, Pseudomonas aeruginosa, Escherichia coli, and 
Klebsiella pneumoniae. Punica granatum L. showed MIC values ranging from 1.95 mg/mL to 3.91 
mg/mL, while the hedgehog extract of Castanea sativa showed MIC values between 0.250 mg/mL 
and 1.00mg/mL. Subsequently, the bestperforming extract was forward analysed. Castanea 
sativa hedgehog extract demonstrates significant antioxidant activity, with a Trolox Equivalent of 
Antioxidant Capacity (TEAC) value of 172,64 ± 8,23 (mg Trolox/ g) as determined by the 2,2′-
azinobis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) assay and 7,29 ± 0,26 (mg Trolox/ g) by 
Ferric Reduction Antioxidant Power (FRAP) assay. Overall, this study highlights the promising 
role of these agro-industrial by-products as a promising natural source of bioactive compounds 
for future applications in bioactive packaging materials.   
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The European Green Deal and Farm to Fork strategy highlight the need to reduce synthetic 
pesticide use by 2030, addressing concerns about their persistence in the environment and 
associated risks to human health. In response, natural alternatives to synthetic pesticides are 
being explored. Olive oil industry by-products, such as olive pomace (OP) and olive leaves (OL), 
are abundant and low-cost sources of bioactive compounds. Besides presenting antioxidant 
activity (AA) [1,2], OP and OL extracts may also exhibit antimicrobial properties like other plant-
based extracts [3,4], making them potential candidates for sustainable phytosanitary applications.  
This study is focused on extracting bioactive compounds from olive oil by-products and evaluating 
their potential to combat crop pests, acting as a biocompatible antioxidant and plant antifungal 
agent. As a first study, solid-liquid extraction was conducted using solvents of varying polarities 
at different temperatures. The efficiency of the extractions was evaluated, the AA of extracts was 
measured by the ORAC method, and its antifungal activity was then assessed in vitro against 
Botrytis cinerea and Venturia pyrina using an antimicrobial susceptibility testing method based on 
the antagonistic effect between the extract and the fungal targets. Regarding AA, OL extracts 
exhibited higher values than OP extracts, with maximum values of 119.20 ± 4.33 mgGAE/gextract for 
the ethanol Soxhlet OL extract. This value is comparable to those of commercial antioxidants like 
butylated hydroxytoluene (BHT) and α-tocopherol. In the antifungal assays, the extracts obtained 
from both by-products using apolar solvents exhibited activity against Botrytis cinerea. The most 
active extracts against Venturia pyrina came from OP and were obtained with different organic 
solvents, including ethanol and n-hexane, among others. 
In conclusion, olive oil by-products are a promising source of phytosanitary ingredients. However, 
further research is needed to purify and concentrate bioactive compounds to enhance their 
effectiveness and explore sustainable alternatives against other pests. 
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The olive oil industry generates large amounts of byproducts, among which are olive pomace 
(OP) and leaves (OL) [1]. These matrices are rich sources of hydroxytyrosol and oleuropein, 
phenolic compounds with several health-promoting bioactivities [2]. This study aimed to evaluate 
the anti-inflammatory and anticancer potential of natural extracts obtained from OP and OL, 
thereby contributing to the valorization of these byproducts.   
Given the critical role of chronic inflammation in tumorigenesis, advanced cell-based models 
representing intestinal inflammation and colorectal cancer were employed. The anti-inflammatory 
potential of the extracts was assessed using a physiologically relevant model of the inflamed 
intestinal mucosa, composed of enterocytes, goblet cells, and antigen-uptake facilitator microfold 
(M)-cells, in Transwell® devices. The antiproliferative effects of the extracts were assessed using 
different colorectal cancer cell lines: 1) HT29, derived from a primary tumor; and 2) LoVo, with 
metastatic characteristics. These cells were cultured in 3D models, which are more representative 
of the architecture of tumors. In the intestinal inflammation model, 0.5mg/mL OL extract was 
capable of significantly decreasing up to 32% the release of IL-8, a pro-inflammatory cytokine, 
into the cellular media. Conversely, both extracts could significantly prevent the loss of monolayer 
integrity (up to 99%) caused by the induced inflammatory stimulus, as measured by the trans-
epithelial electrical resistance. These effects may be partially explained by the presence of 
hydroxytyrosol and oleuropein. The OP and OL extracts inhibited proliferation in both HT29 and 
LoVo, with EC50 values of 1.11±0.22mg/mL and 1.45±0.13mg/mL, respectively. These effects 
could be attributed not only to the presence of hydroxytyrosol (EC50=2.65±0.79mg/mL in HT29 
and 2.24±0.02mg/mL in LoVo) but also to eventual additive or synergistic interactions among 
other phenolic compounds present in the extract.  
Overall, the extracts derived from the olive oil industry byproducts are promising sources of 
bioactive compounds with anticancer and anti-inflammatory properties, with potential for 
application in nutraceutical formulations.  
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The Rocha pear (Pyrus communis L. cv 'Rocha') is of significant economic value in Portugal, 
particularly in the Oeste region, where it holds Protected Designation of Origin status and is one 
of the country’s most important fruit export [1]. However, its cultivation faces a serious threat from 
European pear scab caused by the fungus Venturia pyrina, which severely impacts both yield and 
fruit quality [2]. Traditional management of this disease relies heavily on chemical fungicides, but 
the European Green Deal’s goal of reducing pesticide use by 50% by 2030 underscores the 
urgent need for sustainable alternatives [3]. 
Bacteria with antimicrobial properties present a promising solution for controlling pear scab, as 
their vast diversity offers significant potential for biopesticide development [4]. However, efficient 
screening methods are crucial, as field evaluations are time-consuming and dependent on natural 
infection cycles, making them impractical for rapid screening. In vitro inhibition assays and 
detached leaf methods have been widely used to assess the efficacy of biological control agents 
against various pathogens [5], but their adaptation for V. pyrina remains underexplored. 
This study introduces optimized in vitro methods for evaluating and quantifying the inhibitory 
activity of bacterial strains against V. pyrina. To further assess bacterial effectiveness in planta, 
we developed a detached leaf assay using Rocha pear leaves, which enables the examination of 
interactions between bacteria, the pathogen, and the host plant. Additionally, two complementary 
quantification methods were established: an imaging-based approach with ImageJ to measure 
lesion severity and a real-time qPCR assay for precise molecular quantification of V. pyrina DNA 
in pear leaves. 
These tools enabled us to correctly detect and quantify effective bacterial strains with antifungal 
properties, contributing to the development of sustainable pear scab management strategies for 
Rocha pear cultivation while aligning with the European Green Deal's objectives. 
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Among the most pressing challenges in crop protection is the control of Botrytis cinerea, the 
pathogen responsible for gray mold, which threatens a broad range of economically valuable 
crops worldwide [1]. Although several chemical fungicidal compounds are currently used to 
control B. cinerea, the rising demand for sustainable agricultural practices has intensified the need 
for biological alternatives [2]. 
In this work, we demonstrate the potential of two novel bacterial isolates, Pseudomonas sp. 
NFX104 and Serratia sp. NFX21, obtained from Portuguese natural rhizosphere/soil samples, to 
inhibit the growth of B. cinerea. In vitro dual-culture plate assay demonstrated that both strains 
produced compounds that significantly inhibited the growth of B. cinerea with activity comparable 
to Serenade®, a commercial biopesticide based on a Bacillus strain [3]. Moreover, detached 
tomato leaf assays (cv. Money Maker) showed that the application of the bacterial strains led to 
decreased B. cinerea pathogenicity, with lesion reductions of 73.1% (NFX104) and 63.7% 
(NFX21), comparable to that of a commercial solution (Serenade®, 68.80% reduction). 
Genomic analysis revealed the presence of several biosynthetic gene clusters involved in the 
production of antifungal compounds in the bacterial strain’s genomes. Strain NFX104 harbored 
clusters for 2,4-diacetylphloroglucinol and hydrogen cyanide production, which are known to have 
antifungal properties [4,5]. Strain NFX21 genome contained several chitinase genes and a cluster 
involved in pyrrolnitrin biosynthesis, involved in fungal antagonism [6,7]. 
Ultimately, the obtained results underscore the potential of NFX104 and NFX21 as effective 
biological control agents against gray mold. Their ability to produce diverse antifungal 
compounds, combined with their proven efficacy in controlling B. cinerea both in vitro and in 
planta, positions them as valuable tools in the development of sustainable crop protection 
strategies contributing to the transition toward more sustainable agricultural practices. 
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The winemaking sector is one of the most important worldwide, which translates into the 
production of huge amounts of by-products, such as grape pomace and stalks, with high 
environmental impacts [1]. These by-products represent potential sources of natural polyphenols, 
and due to their recognized health-promoting properties, several studies have focused their 
efforts on their efficient extraction [2]. 
This study aims to determine the potential of the wine by-products as source of antioxidants for 
their potential incorporation in food products. For that, three environmental-friendly extraction 
techniques, namely ultrasound-assisted extraction (UAE), microwave-assisted extraction (MAE), 
and subcritical water extraction (SWE), were tested and compared with a conventional extraction 
(CE) using grape by-products from two varieties (Tinta Miúda and Cerceal Branco). The extracts 
were assessed for total phenolic content (TPC), total tannin content (TTC), and 
antioxidant/antiradical activities (FRAP and ABTS assays). 
Among the tested methods, SWE enables us to recover the highest amount of polyphenols. The 
Cerceal Branco grape stalk extract obtained via SWE at 150 °C exhibited the highest TPC (17.0 
± 0.2 mg GAE/g fresh weight (fw)), while the Tinta Miúda grape stalk extract showed the strongest 
antioxidant activity (FRAP = 15.9 ± 0.3 mg AAE/g fw; ABTS = 20.9 ± 1.0 mg AAE/g fw). Ongoing 
research focuses on identifying the specific phenolic compounds responsible for the exhibited 
properties using high-performance liquid chromatography with diode array detection. 
These findings demonstrate that SWE is a highly efficient and sustainable technique for extracting 
bioactive compounds from grape by-products. By integrating such green technologies into the 
food industries, this research contributes to circular economy strategies, transforming winemaking 
by-products into high-value functional ingredients. 
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The bioactive potential of cork extracts has gained increasing attention due to their remarkable 
antioxidant and anti-inflammatory properties. This study aims to evaluate the therapeutic potential 
of cork-based formulations by analyzing the effects of different concentrations and combinations 
of cork extracts on anti-aging properties and overall product efficacy. Various formulation 
strategies were explored to maximize the bioactivity of cork extracts, particularly their ability to 
combat oxidative stress and inflammation. To achieve this, six colorimetric assays were 
conducted to assess the antioxidant capacity of cork extracts, providing a comprehensive 
evaluation of their bioactive properties. The results revealed a strong antioxidant profile across all 
assays, indicating a high concentration of bioactive compounds with free radical-scavenging 
properties. The presence of polyphenolic compounds and other antioxidative agents was 
confirmed, demonstrating their ability to mitigate oxidative stress. Additionally, the data showed a 
concentration-dependent effect, where higher extract concentrations correlated with enhanced 
antioxidant activity. The study also highlighted the influence of different extract combinations on 
overall efficacy, emphasizing the importance of formulation strategies in optimizing cork’s 
bioactive potential. These findings support the application of cork extracts in cellular protection, 
particularly in formulations designed to counteract oxidative damage and inflammation-related 
aging processes. The results underscore the significant antioxidant properties of cork extracts, 
making them promising candidates for use in cosmetic and biomedical applications. Given their 
potential to reduce oxidative stress, further research should focus on optimizing extraction 
methods and formulation techniques to enhance their stability, bioavailability, and therapeutic 
effectiveness. 
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The INNOECOFOOD project is designed to develop and promote eco-innovative strategies to 
improve the sustainable production and marketing of agro-ecological products with high nutritional 
value in Africa. This will be achieved by pioneering production/business ECOHUBs and boosting 
local aquaculture farms to innovatively develop the value chains of catfish and tilapia, spirulina 
and insects to produce certified marketable food and feed products and ingredients, based on the 
"farm to fork" approach. INNOECOFOOD aims to 1) build four sustainable and innovative rural 
agribusiness ECOHUBs, using renewable energy for production, processing and marketing 
activities to address the AU and EU green deal and trade; 2) optimize the production of ethical, 
eco-farmed fish, spirulina and insects, sustainable feeds and post-harvest processing 
technologies using sensors, AI and IoT technology; 3) scope suitable vegetable 
products/ingredients and up cycle fish, spirulina and insect coproducts towards novel products by 
solar powered drying and extrusion processing, using AI sensors and IoT; 4) validate the 
nutritional and sensory quality, microbiological and chemical safety, consumer acceptance, 
valuate environmental impacts with Life Cycle Assessment (LCA), and implement certification 
schemes for fish, spirulina and insect based products/ingredients targeting marketing and 
consumption; 5) create a database and locally train 120 young people and 120 women in the 
ECOHUBs and 5000 rural workers.  
Among the activities carried out by CIIMAR are 1) production of tilapia to assess the impact of a 
feed formulated with local raw materials (in Portugal) mimicking ingredients available in partner 
countries, compared to a commercial diet; 2) optimisation of a strategy for upcycling seafood by-
products to produce protein hydrolysates with good biological activities; 3) collaboration in the 
drafting of two technological and analytical procedure manuals and 4) definition of an appropriate 
LCA strategy to assess the environmental impact of the production processes of manufactured 
products. 
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Currently, Polyethylene Terephthalate (PET) stands as one of the most broadly utilized polymers 
in food packaging. However, recent years have witnessed significant research efforts aimed at 
developing alternative materials capable of replacing PET and other petroleum-based plastics in 
food-related applications. In this regard, biopolymers derived from renewable raw materials are 
considered particularly promising alternatives. When biodegradable they further support the 
transition to a more sustainable, and green economy, while their durable properties, such as 
resistance to chemical and enzymatic reactions, enhance their applicability in diverse contexts. 
Within this framework, the NEWPACK project aims to develop a new generation of packaging 
materials by integrating the following innovations: (I) the use of renewable raw materials as 
alternatives to PET, with compositions that, in the event of accidental release into the marine 
environment, pose no harm to aquatic life and may even have a nutritional effect upon ingestion; 
(II) the incorporation of active packaging systems formulated with natural ingredients to optimize 
the shelf life of food products; and (III) the implementation of intelligent packaging equipped with 
sensors capable of providing real-time information on product storage conditions and enabling 
tracking throughout the supply chain, thereby reducing food waste. 
This groundbreaking project has undergone several key phases, including the selection of 
monomers and the formulation of polymers through comprehensive in vitro and in vivo testing 
with marine fish, specifically gilthead seabream (Sparus aurata). These tests aimed to evaluate 
the ecotoxicological and physiological responses of the fish to candidate monomers, determining 
their toxicity levels through ingestion, assessing their lethal concentrations for aquatic organisms, 
and selecting monomers and corresponding lethal doses for polymer synthesis. 
The design of this novel packaging material represents a significant advancement in reducing the 
carbon footprint associated with packaging systems. Furthermore, it paves the way for innovative 
circular economy approaches, particularly in the context of food packaging applications, including 
edible oil products. 
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This study presents an Organizational Life Cycle Assessment (O-LCA) of Colab4Food, a research 
and development (R&D) company specializing in sustainability assessment, ingredient research, 
regulatory services, market analysis, and food databases for the agrifood industry. Unlike 
traditional LCAs focused on products, an O-LCA evaluates the environmental footprint of an entire 
organization, offering insights into the carbon emissions associated with daily operations and 
tasks. The primary objective of this study is to quantify Colab4Food’s carbon footprint and develop 
a replicable framework for assessing the environmental impact of research collaborations. 
The study adopts an O-LCA approach aligned with ISO 14072 [1], encompassing direct and 
indirect emissions from operational activities. Key impact sources include energy consumption, 
employee commuting, business travel, office consumables (e.g., printing paper), and water 
usage. The reporting unit for the assessment was 1st Quarter of 2024 work done by 22 employees. 
Data collection was based on activity records, utility bills, and employee surveys, with emissions 
quantified using emission factors from recognized databases like Ecoinvent [2]. Preliminary 
results indicate that Colab4Food's operations generate approximately 1.04 tons of CO₂-
equivalent emissions per employee over 1st Quarter of 2024. The largest contributions come from 
business travel and employee commuting, highlighting mobility as a critical area for emission 
reduction. 
This assessment not only quantifies the carbon footprint of an R&D-focused organization but also 
provides a methodological framework for conducting O-LCAs in similar research collaborations. 
The framework integrates primary and secondary data sources, ensuring a comprehensive 
evaluation of an organization's environmental impact. Insights from this study can guide 
sustainability strategies for Colab4Food, such as optimizing remote work policies, reducing non-
essential travel, opting for public transportation and carpooling among employees improving 
resource efficiency. Ultimately, this research demonstrates how research and development 
organizations can systematically assess and reduce their environmental footprint. 
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In Portugal, Casa Mendes Gonçalves is a reference company in the production of sauces and 
condiments. In 2023, 18,928 tonnes of sauces and condiments were produced, and only 0.5% 
were valorised for reutilisation [1]. Industrial sauce operations generate waste streams with 
interesting characteristics, such as high nitrogen and carbon content, making them attractive for 
upcycling through fermentation [2]. 
This work aimed to produce and characterise a fermented ketchup stream (KCFFM) to be 
incorporated into the target product. The first step was to ferment the ketchup waste stream 
(containing sorbate) at a laboratory scale. Stream samples were diluted 1:4 (25% incorporation) 
with demineralised water, inoculated with a consortium of three lactic acid bacteria and one yeast, 
and allowed to ferment at room temperature for 7 days. During fermentation, samples were 
collected, and pH, TSS and titratable acidity were analysed. Metabolites produced by the 
consortium were evaluated at the end of the fermentation.  
The KCFFM's pH at the beginning of fermentation was 3.35 and ended at 2.80, while the TSS 
values show glucose consumption through a decrease in ºBrix, from 9.20 to 7.50 ºBrix. According 
to the consortium's fermentative metabolism, the titratable acidity at the end of the fermentation 
reached 1.25g/100g of fresh biomass, which is consistent with the increase in the concentration 
of organic acids throughout the fermentation, reaching lactic acid values of 1.34g/100g of fresh 
biomass.  
In a second phase, pilot-scale fermentations were carried out by Casa Mendes Gonçalves and 
used in a new formulation of the target ketchup containing 40% of the fermented product. 
Nutritional and physical analyses of the new product were performed to evaluate the impact of 
the fermented stream on the developed prototype. Shelf life was determined through drop tests. 
Comparing the target to the reformulated prototype showed promising results due to the similarity 
to the target. 
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Broccoli (Brassica oleracea var. italica) has acquired considerable relevance in the last few years 
as a health-promoting food [1]. Broccoli stalks (softer/upper part) and florets, plant parts with 
commercial interest, are a small part of the edible total aerial biomass of the plant (~15 %). The 
potential consumption of stalks (harder/lower part) and leaves would increase productivity and 
sustainability of the broccoli value-chain by increasing yield from 15 % up to as much as 83 % [2]. 
In this project, fermentation was used to up-cycle broccoli co-products, namely leaves, to develop 
and optimize a new fermented food ingredient. Lactic acid bacteria (LAB) and yeast consortiums 
were tested as inoculum for broccoli leaves fermentation. The natural microbiota was isolated and 
identified by DNA sequencing, and LAB and yeasts were selected for their potential as inocula. 
Selected strains were obtained commercially and previously tested using drop-test methodology 

[3]. For the fermentation assay, combinations of five LAB (both homo and heterolactic) and three 
yeasts were tested in consortia. Different sodium chloride concentrations were tested to enhance 
LAB activity and limit potential contaminations (0.3, 0.5 and 1 % w/w). Furthermore, the initial pH 
value was adjusted to 4.5 using acetic acid (10 % w/w). Fermentation pH was monitored daily.  
The best fermentation conditions (consortium and NaCl) were selected considering the ability to 
decrease pH rapidly, as well as the production of organic acids, total pH decrease and preliminary 
sensory analysis. The fermentations reached pH values under 3.5, a good indicator of food safety. 
The best results (significant, p < 0.05) for pH value decrease after 24h of fermentation were 
obtained when Weissella confusa, an autochthonous bacteria present in the broccoli co-product, 
was part of the fermentation consortium. After upscaling assays, broccoli leaves could be a 
potential sustainable ingredient for the food industry. 
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Food waste management remains a critical global challenge, with its impact continuing to increase 
[1]. The juice industry, in particular, faces substantial issues related to the large quantities of by-
products generated during fruit processing [2].  
During the industrial processing of apple juice, a solid residue known as apple pomace is 
generated. Although this by-product contains a high concentration of essential nutrients and 
bioactive compounds, it is frequently discarded, resulting in both economic losses and 
environmental challenge [3]. To mitigate waste and enhance its value, this study aimed to develop 
children’s cookies enriched with enzymatically treated apple pomace using Rapidase Fiber.  
This study was developed in collaboration with SUMOL + COMPAL company and assessed the 
phenolic profile, antioxidant capacity, and nutritional composition of apple pomace flour before 
and after enzymatic treatment. Cookies were formulated with three levels of pomace 
incorporation: 0% (control), 11% hydrolyzed apple pomace, and 11% non-hydrolyzed apple 
pomace, followed by sensory analysis. The findings demonstrated that enzymatic treatment 
altered the dietary fiber composition, increasing soluble polysaccharides and enhancing the 
phenolic compound content in the hydrolyzed pomace sample, which was 19.6% higher than in 
its non-hydrolyzed counterpart. This modification contributed to an improvement in antioxidant 
capacity. Enzymatically treated apple pomace exhibited significantly lower ash content, while 
protein and fat levels remained largely unchanged, except for pomace sample 1, where fat content 
decreased post-hydrolysis. Cookies enriched with both hydrolyzed and non-hydrolyzed apple 
pomace received higher sensory scores than the control, particularly in terms of sweetness, 
overall acceptability, and purchase intentention. These findings suggest that enzymatic treatment 
of apple pomace represents a promising strategy for its incorporation into children’s food products 
and the development of innovative functional foods.  
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It is well established in the scientific community that agro-food by-products represent economic 
advantages and contribute to circular economy [1]. For instance, wine industries of Região 
Demarcada do Douro involve the production of large quantities of by-products [2], such as grape 
stems (GSt), grape pomace (GP), grape vine shoots (GVS), grape seeds (GSe), or wine lees 
(WL), presenting a remarkable valuable composition in phytochemicals, such as phenolic 
compounds [3], with putative health-promoting qualities, including anti-aging, cardioprotective, 
antibacterial, anti-inflammatory, and anticancer properties [4]. 
The objective of this study was to explore the phenolic composition and bioactive properties of 
different winery by-products (WBPs) from white and red grape varieties of the Douro Demarcated 
Region. To accomplish this aim, several methodologies were employed, including the 
assessment of total phenolic content (TPC), ortho-diphenols content (ODC), flavonoids content 
(FC), enzymatic inhibitory activity through tyrosinase and elastase inhibition assays, and 
antioxidant capacity determination using 2,2-diphenyl-1-picrylhydrazyl (DPPH), Ferric Reducing 
Antioxidant Power (FRAP), and 2,2-azino-bis (3-ethylbenzothiazoline-6- sulfonic acid) 
diammonium salt (ABTS) assays. A solid-liquid extraction method employing a mixture of ethanol 
and water (50:50, v/v) was utilized to extract phenolic compounds from the WBPs. TPC exhibited 
a significant positive correlation with FC (r=0.837) and FRAP (r=0.952), as well as between FC 
and FRAP (r=0.909). Additionally, ODC displayed significant positive correlations with DPPH 
(r=0.946) and ABTS (r=0.898). The identification of phenolic compounds presented in GSt by 
HPLC-DAD was performed. Among the various WBPs investigated, GSt and GSe (Viosinho, 
Malvasia Fina, and Fernão Pires) demonstrated the highest values of phenolic content and 
antioxidant capacity, compared to other WBPs. Furthermore, the GSe (Viosinho, Malvasia Fina, 
and Fernão Pires) displayed the highest values of anti-elastase and anti-tyrosinase activities. This 
study highlights the potential of WBPs as valuable sources of bioactive compounds with 
antioxidant and enzymatic inhibitory properties, reinforcing their applicability in nutraceutical and 
cosmetic formulations. 
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Every year, millions of tonnes of fish are wasted globally, and Portugal, one of the highest 
consumers of fish per capita, is particularly affected. The fish processing industry generates large 
amounts of co-products (20-80% of fish weight), which, within a circular economy and zero-waste 
framework, can be reused as valuable resources. In response to this challenge, the Fish Matter 
project was launched to create a platform connecting co-products generators with companies 
specialised in their transformation into added-value raw materials [1]. Among the promising 
solutions, fish protein hydrolysates (FPH) have emerged as an approach for converting co-
products into value-added products. 
This study explores the potential of FPH production from five Portuguese fish processing co-
products: heads and bones of black scabbardfish (BS; ArtesanalPesca, C.R.L., Sesimbra) and 
gilthead seabream (Vivid Foods Lda., Atalaia), trimmings from hake and Nile perch (Gelpeixe, 
S.A., Loures), and salmon heads (Auchan S.A.). Enzymatic hydrolysis was performed using food-
grade endo- and exopeptidases in both single- and two-stage processes. The chemical 
composition, mineral profile, fatty acid content, and metal concentrations of co-products and dried 
FPH were analysed. Additionally, the hydrolysis yields as well as biological properties of FPH 
were also determined. 
All FPH generally followed the chemical profile of their respective co-products, showing a rich 
protein and mineral composition with minimal metal content, except for BS-derived FPH. Single-
stage hydrolysis with two enzymes yielded the highest protein recovery [2] but resulted in higher 
fat content compared to hydrolysis with a single enzyme. The findings highlight the enzymatic 
hydrolysis as an effective valorisation strategy, producing bioactive FPH with antioxidant and 
antihypertensive properties [2,3]. This approach not only enhances the nutritional and economic 
value of fish co-products but also contributes to waste reduction and the development of functional 
ingredients for food and nutraceutical applications. 
 
Acknowledgements: Gelpeixe, Alimentos Congelados S.A. (Loures, Portugal), Vivid Foods, Lda (Atalaia, 
Portugal), and ArtesanalPesca—Organização de Produtores de Pesca, C.R.L. (Sesimbra, Portugal) for 
supplying the co-products. 
Funding: This work was developed within the scope of the “BLUE BIOECONOMY INNOVATION PACT” 
(Project No. C644915664-00000026) funded by NextGenerationEU, under the incentive of “Agenda for 
Business Innovation” of the recovery and resilience plan (PRR). This work was also supported by 
Portuguese Foundation for Science and Technology (projects: UIDB/04077/2020, UIDB/ 04423/2020 and 
UIDP/04423/2020). 

 
References: 

[1] Fish Matter Project webpage, URL: https://fishmatter.pt/ (accessed 1.29.25) 

[2] M. Sapatinha et al., Marine Drugs, 23 (2025) 14. 

[3] C. Pires et al., Foods, 13 (2024) 2418.



 

191 

[S&EC 34] 

 

Study of the phenolic composition of wines from grapevines 

irrigated with treated wastewater  
  

Cátia Costa1, *, Igor Gonçalves2, Maria Manuel Maia3, Cristina Carlos1, Ana  

Alexandra Oliveira1 and Ana Novo Barros1  
 

1 Centre for the Research and Technology of Agroenvironmental and Biological Sciences,  
CITAB, Inov4Agro, Universidadede Trás-os-Montes e Alto Douro, UTAD, Quinta de Prados,  

5000-801 Vila Real, Portugal  
2 Douro Viticulture Development Association (ADVID), 5000-033 Vila Real, Portugal  

3 Poças – Sociedade Vinícola Terras de Valdigem (SVTV), 4400-337 Vila Nova de Gaia, 
Portugal  

* catiac@utad.pt  
   

Water scarcity in the agricultural sector is a current problem that requires effective solutions, so 
as not to compromise food production for the world population, which is expected to reach 9 billion 
inhabitants by 2050 [1,2]. In Portugal, the Região Demarcada do Douro, where viticulture 
predominates, has suffered from water scarcity [3], making it necessary to resort to irrigation of 
vineyards so that production does not decrease [4]. Additionally, several countries have chosen 
to irrigate vineyards with treated wastewater in order to mitigate the problem of water shortage.    
The objective of this work was outlined following the problem previously exposed, through a 
partnership between 4 companies and the University of Trás-os-Montes and Alto Douro, which 
developed a project to irrigate vineyards with treated urban wastewater (TWW), with different 
irrigation percentages (30% and 60% crop evapotranspiration (Etc)), in the Douro Superior sub-
region. The wines produced from the resulting grapes were analyzed for their phenolic 
composition using HPLC–DAD–ESI-MS/MS to assess the impact of treated wastewater irrigation 
on phenolic profiles in comparison to wines derived from grapes irrigated with drinking water.  
After this analysis, it was observed that wines produced from grapes irrigated with drinking water 
(water hole 30% ETc and water hole 60% ETc) and with treated wastewater (TWW 30% ETc and 
TWW 60% ETc) presented a similar phenolic profile, however, both were different from that 
observed in wines obtained from grapes that were not irrigated.  
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Whey, a byproduct of the dairy industry, has a considerable environmental impact due to its high 
organic load, which can deplete oxygen in aquatic ecosystems and disrupt ecological balance [1]. 
To mitigate this issue, circular economy principles have been applied to valorise whey in new life 
cycles through its reintegration in food production systems for new products’ development. A 
crucial step in this process is microbiological stabilization, which ensures safety and extends 
usability and shelf-life [2]. The aim of this study was to analyse the impact of different processing 
technologies, at a pilot scale, in microbiological and physicochemical properties of liquid whey, 
namely ultrasound (US, 20 KHz, 600 kJ.L-1, 50 ºC), laminar flow ultraviolet radiation (UV, 337 
mJ.cm-2, 3254 J.L-1, 3 mW.cm-2, 35 ºC),  high pressure processing (HPP, 600 MPa, 5 min, 18 ºC) 
and conventional pasteurization (CP, 70 ºC, 25 min). Processed samples were compared to non-

processed liquid whey (NPLW) through microbiological analyses (total aerobic mesophiles, 

psychrophiles, thermophiles and lactic acid bacteria) and physicochemical analyses (pH, 
viscosity, precipitate). All treatments significantly reduced the count of total aerobic mesophiles, 
with overall reductions of 4.05 (CP), 4.47 (UV), 1.97 (HPP) and 5.16 (US) log units relatively to 
NPLW. Regarding lactic acid bacteria, were observed logarithmic reductions of 4.31 (CP), 4.31 
(HPP), 2.4 (US) relatively to NPLW. Psycrophiles and thermophiles final counts were 13 CFU/mL 
or undetectable levels. Physicochemical analyses revealed a reduction of the amount of 
precipitate by 37% with US, 22% with HPP, and 28% with CP, when compared with NPLW. No 
changes were observed in pH and viscosity. UV treatment had the biggest increase of all 
treatment with the amount of precipitate 114% higher than NPLW. In future studies, shelf-life 
assessment and structural analysis of proteins processed by different methods should be 
conducted.  
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The wine industry faces challenges in managing substantial quantities of byproducts, mainly 
grape stems. 1 They have demonstrated favorable application in dentistry. Thus, this study aimed 
to explore the innovative use of grape stem polyphenols as a sustainable approach to managing 
periodontal diseases better. The recent scientific literature reveals that grape stem extracts, rich 
in polyphenols, exhibit potent antibacterial and anti-biofilm activities against key periodontal 
pathogens, including Porphyromonas gingivalis, Aggregatibacter actinomycetemcomitans, and 
Fusobacterium nucleatum. These polyphenolic compounds significantly inhibit bacterial 
adhesion, a crucial step in pathogen colonization. Moreover, these byproduct-derived 
polyphenols show remarkable anti-inflammatory properties, suppressing proinflammatory 
cytokines production; exhibit potent antioxidant activities, effectively scavenging reactive oxygen 
species and enhancing cellular antioxidant defenses, mitigating oxidative stress-induced damage 
in periodontal tissues; 2 and they can inhibit osteoclastogenesis while promoting osteogenic 
differentiation, potentially preserving alveolar bone integrity Furthermore, their oral application 
could also favorably modulate the periodontal microbiome.1,2 Thereby, utilizing grape stems for 
oral health applications presents a promising solution to wine industry waste management and a 
sustainable way to treat periodontal diseases; in addition, this approach aligns with circular 
economy principles, transforming a low-value byproduct into a high-value resource for healthcare, 
reducing environmental impact and creating new economic opportunities. These findings suggest 
that grape stem polyphenols represent a sustainable, multi-targeted approach to periodontal 
disease management. Their natural origin, broad spectrum of beneficial activities, and 
contribution to waste valorization make them attractive candidates for developing novel, eco-
friendly therapeutic strategies. 3,4 Future research should focus on optimizing extraction 
methods, assessing environmental benefits, and conducting clinical trials to harness the potential 
of grape wholly stem polyphenols in periodontal health and sustainable resource management. 
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Watermelon albedo, the white part of the rind, is often discarded as waste, but it holds significant 
potential for various food applications due to its rich biomolecules content and their bioactive 
potential. Considering these issues, this work aims to use albedo, after stabilization by 
dehydration, to develop a snack rich in pectic polysaccharides and citrulline.  
A Microwave Hydrodiffusion and Gravity (MHG) equipment was used to stabilize the samples by 
dehydrating the initial watermelon albedo [1] by applying different power conditions. 
Simultaneously, the material diffused in the extracts was collected and their content in free sugars 
and citrulline was evaluated. The dehydrated albedo was also ground into flour and subsequently 
characterized for its content of polymeric and free sugars, uronic acids, and methyl esterification 
degree of pectic polysaccharides. For sensory analysis, the dehydrated albedo was treated as a 
“snack”. A non-trained panel used a hedonic scale to measure the sensory quality of the snack 
using 5 parameters: 1—dislike a lot, 2—dislike, 3—indifferent, 4—like, and 5—like a lot. The 
evaluation form given to the panellists listed different parameters with scores ranging from 1 to 5.  
The dehydration process allowed the recovery of extracts containing citrulline and free sugars in 
their composition, although most of them remained in the dehydrated samples. The powder 
chemical composition revealed polymeric sugars correlated with pectin, associated with the 
presence of uronic acids, potentially with regions of xylogalacturonans and rhamnogalacturonans, 
due to the presence of xylose, galactose and rhamnose residues. This identified albedo as a 
potential source of pectic polysaccharides. The sensorial results showed a positive position 
towards the snack, with space for improvement (e.g. using sweet/salt taste-enhancers). In 
conclusion, this study identified an opportunity for watermelon albedo use, creating a food product 
with potential nutritional value when stabilized through the dehydration process. 
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Active packaging can be used to increase the food products' shelf-life, while maintaining their 
nutritional quality, ensuring safety and preventing food waste. Active packaging is produced with 
an active agent that interacts with the food, being the active agent added to the packaging by two 
main strategies: the incorporation into the polymeric matrix by extrusion, or application on the film 
surface by coating technologies [1]. In this work, active films were produced by adding an 
antioxidant through two processes: extrusion and ultrasonic spray coating. The extrusion process 
is the most used process to produce food packaging, where the materials experience progressive 
heating and pressure until melting, and after the material cools, they obtain their shape. The 
ultrasonic spray coating process is a new technology that allows the production of thin film layers 
on substrates at room temperature. The materials used to produce films were polyethylene (PE) 
and bioplastic (Mater-bi®). The α-tocopherol (α-TOC) a vitamin with antioxidant properties, was 
selected as the active agent. After the production of the active films, the antioxidant activity, 
mechanical and optical properties were studied. Moreover, the dispersion of coatings was 
evaluated by scanning electronic microscopy (SEM). Results showed that it is possible to 
incorporate α-TOC into polymeric films using the extrusion process and the ultrasonic spray 
coating. The SEM images showed a good distribution of the active agent by both processes. The 
active agent showed a good antioxidant activity when to the films by extrusion and ultrasonic 
spray. However, the ultrasonic spray coating strategy, where temperature is not used, showed to 
be the most promising in maintaining the antioxidant properties of the TOC. 
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Fruit and vegetable by-products account for 44% of global food waste yet hold potential for food  
innovation. Apple pomace, a by-product of apple juice extraction, consists of flesh and skin 
(94.5%), seeds (4.1%), and stems (1.1%). Ginger residue, a by-product of the herbal medicine 
and beverage industries, is rich in dietary fiber and bioactive compounds with anti-inflammatory 
and anti-cancer properties. Apple and ginger pomace, generated during juice extraction and food 
processing, contains significant amounts of bioactive compounds, minerals, dietary fiber, and 
carbohydrates, offering potential applications in sustainable food ingredient development. 
This study characterises an apple and ginger pomace from the production of juice, from Frubaça 
(Copa, Alcobaça, Portugal), to evaluate its potential for producing a sugar-rich syrup with 
functional properties. Nutritional composition was assessed using AOAC methods, while total 
phenolic compounds were determined using the Folin-Ciocalteu method. Associated antioxidant 
activity was determined via ABTS and DPPH assays. The reducing sugars were quantified by 
High-Performance Anion-Exchange chromatography with Pulsed Amperometric Detection 
(HPAE-PAD).Apple and ginger pomace contains a significant sugar content, with glucose and 
fructose representing 22.2±2.36 g/100 g and 9.71±1.42 g/100 g DM. Additionally, the presence 
of phenolic compounds (5.31 ± 0.54 mg GAE/g DM, free phenolics) suggested potential health 
benefits, corroborated by its antioxidant potential (ABTS 7.98 ± 1.69 mg TE/g DM and DPPH 5.33 
± 0.89 mg TE/g DM), making this by-product suitable for functional food applications and 
supporting its valorisation in syrup production. Developing a sugar-rich syrup from apple and 
ginger pomace could provide an alternative to conventional sweeteners while incorporating 
antioxidant properties. Future research will focus on optimizing the extraction of reducing sugars. 
This study highlights the potential of apple and ginger pomace as a sustainable ingredient, 
contributing to waste reduction and the development of innovative food products with added 
nutritional, functional value with sustainable character. 
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Around 15% of fruits and vegetables are estimated to be discarded and wasted in Europe, 
representing a significant environmental and economic problem. In Portugal, the production of 
table grapes contributes to this, with fresh fruit companies recording losses of up to 25% due to 
rejection for quality reasons. This study aimed to evaluate the consumer perception of 
implementing a circular economy approach to developing new food products, particularly 
developing a new product incorporating industry-discarded table grapes from Portugal.  
An online questionnaire was carried out among Portuguese consumers, including a free word 
association task related to the concepts: ‘Sustainable Food’ and ‘Upcycled Food’, attitudes 
towards fruit leather rolls and grape leather rolls, and determinants of acceptance and 
consumption behaviour. 
The study revealed a positive perception among consumers regarding consuming upcycled foods 
despite the lack of knowledge inherent in this type of product. There was also a positive correlation 
between consumers with sustainable attitudes and their intention to consume fruit leather rolls 
made from discarded table grapes (Spearman's coefficient = 0.257; p < 0.001). 
This study contributes to the idea that there are good prospects for the Portuguese market to 
accept new food products based on table grapes that would otherwise go to waste, thus reducing 
the sector's environmental impact and promoting the circular economy. 
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In Portugal, a country with a rich winemaking tradition, the wine production chain generates a 
considerable amount of winery by-products (WBPs), including grape stems, which are produced 
in large quantities over a short period. During the destemming phase, approximately 30 kg of 
stems are produced for every 1000 kg of grapes harvested [1]. This presents a promising 
opportunity for valorization, aimed at developing innovative products for the industrial sector, with 
potential health benefits due to their rich polyphenolic composition.  
In this work, the polyphenolic profile of extracts from grape stems of seven white grape varieties 
collected from the Região Demarcada do Douro was determined using high-performance liquid 
chromatography coupled with a photodiode array detector and electrospray ionization multi-stage 
mass spectrometry (HPLC-PDA-ESI-MSn). The ferric-reducing antioxidant power (FRAP) and 
radical scavenging capacity were also assessed using 2,2-diphenyl-1-picrylhydrazyl (DPPH•) and 
2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS•+) radicals. Furthermore, the study 
investigated the anti-aging and skin depigmenting activities of these extracts. In this study, 
proanthocyanidins and catechin derivatives (PCDs), phenolic acids, and flavonols were identified 
and quantified. Among the varieties studied, the extracts from ‘Códega do Larinho’ presented one 
of the highest polyphenol concentrations. It also showed the highest results for antioxidant 
capacity and elastase and tyrosinase inhibition. Pearson’s correlation analysis showed a 
significant positive correlation between certain PCDs with both FRAP and DPPH assays, as well 
as between the identified flavonols and anti-elastase activity [2]. These findings highlight the 
potential health benefits of grape stem polyphenols to promote antioxidant and anti-aging activity, 
thereby substantiating their usage across several industries. 
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Consumers are becoming increasingly sceptical and cautious about the foods they buy and 
consume [1,2]. The attitudes and behaviours of Portuguese consumers about food chain fraud 
remain little understood [3,4]. This study evaluates consumers’ perceptions, attitudes, and 
reported behaviours toward food fraud. A total of 368 participants, recruited through digital 
devices, fully answered a self-reported questionnaire [5] in LimeSurvey . Descriptive statistics, χ2 
test, the Mann-Whitney test, or the Wilcoxon test were used, where appropriate. Factor analysis 
was applied to reduce the main dimensions of the questionnaire, and binary logistics regression 
was also computed to evaluate the determinants of carrying out self-protective behaviours to 
minimise the risk of exposure to food fraud.  
Consumers are generally aware of the motivations of food fraud perpetrators, namely the 
motivation to obtain greater profits. They also reveal great concerns about health in the context 
of food fraud, emphasising measures to prevent it; they also present low levels of trust in products, 
systems, and authorities. This is emphasised by consumers previously exposed to food fraud. 
Meat, fish, poultry, and dietary supplements represent the categories most vulnerable to food 
fraud, and e-commerce, traditional markets, and foodservice channels are the most susceptible 
stages in the food supply chain. Older consumers and women appear to understand food fraud 
better. Although consumers intend to report food fraud when facing a food fraud situation, only a 
few have been reported by official channels. Self-protective behaviours to minimise the risk of 
exposure to food fraud include the type of store, brand, packaging, product origin, and search for 
food fraud information. Consumer´s perception of fraudsters' motivations, health concerns, 
measures to prevent food fraud, level of trust in products, systems and authorities, age, and 
previous exposure to fraud seem to be involved in adopting these behaviours. 
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Stemphylium vesicarium is a plant-pathogenic fungus that poses a significant challenge to pear 
production, where it causes brown spot of pear (BSP) [1]. The “Rocha” pear, an exclusively 
Portuguese variety of high importance, has been experiencing substantial losses due to BSP [2]. 
The rise of fungicide resistance and concerns about their environmental impact have driven the 
search for sustainable control strategies. In this context, essential oils (EOs) have emerged as 
eco-friendly alternatives to synthetic fungicides due to their strong fungicidal properties [3]. This 
study aimed to evaluate the efficacy of three essential oils - lemon eucalyptus, prince herb and 
lemon thyme - in inhibiting the growth of S. vesicarium isolated from "Rocha" pear showing BSP 
symptoms. To mitigate the volatility and instability of these compounds, the oils were 
encapsulated with HI-CAP® 100, a modified starch-based encapsulating agent. In vitro, atomized 
samples of these three encapsulated EOs – each at concentrations of 15% and 30% – were 
tested against S. vesicarium strains. The antifungal activity of these encapsulated EOs was 
assessed by culturing S. vesicarium on potato dextrose agar (PDA) supplemented with varying 
concentrations of the formulations: 80 mg/mL, 40 mg/mL, 20 mg/mL, 10 mg/mL and 1 mg/mL. At 
15%, prince herb and lemon thyme completely inhibited fungal growth at a minimum concentration 
of 20 mg/mL, while at 30%, they were effective at a minimum concentration of 10 mg/mL. In 
contrast, lemon eucalyptus failed to achieve complete inhibition of strain growth at any 
concentration tested. Sustainable strategies that reduce reliance on synthetic products are crucial 
for ensuring food security while safeguarding both the environment and human health [3]. This 
study demonstrated that encapsulated essential oil effectively control the growth of S. vesicarium 
from “Rocha” pear at low concentrations, highlighting their potential as a natural alternative to 
synthetic fungicides. 
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Cynara cardunculus L. (cardoon) is a resilient perennial crop that is highly productive under 
extremely challenging conditions. Even though its flowers are used in the cheese-making 
process, its bioactive- rich leaves are largely discarded [1]. This study assessed the antioxidant 
and antimicrobial potentials of fresh and dried cultivated cardoon leaves (var. altilis DC) using 
ethanolic and methanolic extracts as well as the effects of oven-drying with forced air circulation 
on the bioactive profile.Dried leaf extracts showed better antioxidant activity than fresh leaf 
extracts, despite having a greater polyphenol profile. A total of 16 compounds were identified, and 
luteolin, apigenin, and chlorogenic acid were the most prevalent. The highest antioxidant activity 
was presented by dried leaf extracts for both the methanolic (EC50 = 0.8 mg/mL, AAC = 279.67) 
and ethanolic (EC50 = 2.1 mg/mL, AAC = 448.06) solvents. 
Gram-positive bacteria were more sensitive to ethanolic and methanolic extracts than Gram-
negative bacteria. With lower minimum inhibitory concentration (MIC) and minimum bactericidal 
concentration (MBC) values (125–2000 μg/mL) across most of tested bacteria, the dried leaf 
ethanolic extract showed greater antimicrobial activity. Although Aspergillus fumigatus was only 
mildly inhibited, dried leaf extracts demonstrated superior antimicrobial effectiveness compared to 
fresh leaf extracts. 
These studies demonstrate the potential benefits of using dried cardoon leaves in the food, 
cosmetic, and pharmaceutical industries because of the bioactive components they have. These 
findings encourage sustainable production and consumption, which align with the goals of the 
United National Sustainable Development Goal 12, as well as the principles of circular economy. 
Cardoon leaves can be further transformed into relevant products in the current industrial world 
while simultaneously ensuring economic and environmental sustainability. 
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Background: The food industry generates significant by-products, contributing to environmental 
challenges and resource inefficiencies. In response, there is growing interest in valorising these 
by-products, recognising their potential as sources of valuable compounds with economic and 
nutritional benefits (1). Among these, brewer’s spent yeast (BSY) and okara are promising 
residues rich in proteins, fibres, and other bioactive compounds (2, 3). These by-products align with 
sustainability and circular economy principles, making them ideal candidates for transformation 
into high-value food ingredients. 
Methods: This study focused on valorising BSY and okara by-products through integrated 
processing to obtain alternative protein-rich ingredients. Pre-treatment methods such as drying, 
milling, and thermal hydrolysis were employed to optimise the extraction of nutrients and bioactive 
compounds to enhance the functional properties of the resulting ingredients. The extracted 
ingredients were comprehensively characterised for their protein content, fibre composition, 
antioxidant activity, and techno-functional properties. Subsequently, salty cracker prototypes 
were developed by incorporating these functional ingredients. The physicochemical properties of 
the crackers were evaluated, including texture (assessed via texture profile analysis), colour 
(measured using the CIELAB system), and water activity. These analyses aimed to determine the 
suitability of the ingredients for food applications and their impact on the final product quality. 
Results: The developed functional ingredients exhibited high nutritional value, particularly in 
protein and dietary fibre content. Crackers formulated with these upcycled ingredients 
demonstrated desirable textural properties, supporting their potential as sustainable, health-
promoting snacks. 
Conclusion: This research underscores the feasibility of using food industry by-products as 
valuable functional ingredients for innovative food applications. By integrating BSY and okara into 
cracker formulations, this study promotes resource efficiency, contributes to sustainability goals, 
and aligns with the principles of the circular economy in food production. 
Keywords: Food by-products, functional ingredients, sustainable food innovation. 
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This study aimed to explore the potential of using chestnut shell fibers as a reinforcement agent 
in biodegradable starch-based film. Two different extraction methods for obtaining fibers from 
chestnut shells were compared and characterized: (i) the alkaline method, which has been used 
in previous studies [1] and involves a high concentration of 5% NaOH, producing residues that 
require further treatment, and (ii) the mechanical method, which is considered more sustainable 
and avoids the need for chemicals. The fibers obtained through both methods were analysed 
using FTIR-ATR, and since they showed similar characteristics, only the mechanically treated 
fibres were used to prepare films with 10% and 15% fiber content (by weight relative to starch). 
The commercial potato starch-based films, reinforced with chestnut shell fibers, were created 
using the Solvent Casting technique.  
To simulate real-life conditions for food packaging, the films were exposed to four different 
combinations of temperature and light, reflecting the conditions in which the films might be used. 
They were evaluated for mechanical, optical, moisture, and solubility properties at four-time 
intervals: control (0 days), 2 days, 1 week, and 2 weeks. 
The results demonstrated that the mechanical extraction method was a more sustainable option, 
as it eliminated the need for NaOH and reduced the generation of toxic residues. Overall, the 
exposure conditions did not significantly affect the films' mechanical, optical, or physicochemical 
properties compared to the control films. 
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This study explored the potential of brewing spent yeast (BSY) as an adsorbent for tannins from 
a chestnut shell extract (CS-tannin extract). The extract was obtained through an alkaline 
treatment (5% NaOH (v/v)) to recover cellulosic material from chestnut shells, which requires 
further valorisation. Various BSY treatments, including lyophilization, immobilization in calcium 
alginate beads, and alkaline and acid treatments, were tested to determine the best tannin 
adsorption capacity. The BSY material underwent characterization before and after the 
experiments, including point of zero charge (pHPZC) determination, Fourier transform infrared 
(FT-IR) analysis, and scanning electron microscopy with energy dispersive spectroscopy 
(SEM/EDS). 
Equilibrium was achieved within 10 minutes, with the highest biosorption capacity of CS-tannin 
extract observed in lyophilized BSY, which showed a value of 31.81 ± 3.08 mg Tannic Acid 
Equivalents g⁻¹ yeast. The Sips isotherm model fitted well to the data, suggesting that tannin 
biosorption onto residual yeast cells is a chemisorption process. FT-IR analysis revealed several 
functional groups in the BSY, particularly carboxyl, amino/hydroxyl, and amide groups, which play 
a key role in tannin biosorption. 
These results demonstrate that BSY, a valuable by-product of the brewing industry, is an effective 
biosorbent for tannins from the disposal solution resulting from chestnut shell cellulosic material 
extraction. Further research is needed to better understand the specific interaction mechanisms 
and explore the practical applications of tannin-enriched BSY. 
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The agrifood industries are responsible for large amounts of waste generated every year. Spent 
coffee grounds (SCGs) have an estimated annual production of 60 million tons. The need for 
ways to enhance their valorization and reuse is immense. Aligned with the principles of circular 
economy, SCGs were used to produce antioxidant-rich extracts for the remediation of 
contaminated soils. Zero valent iron nanoparticles (nZVI) have been extensively researched for 
remediation, as these particles are highly reactive, and have been reported to have great 
remediation potential. In this work, the extracts of SCGs were used for the green synthesis of 
nZVI, with particle sizes below 100 nm. These nZVI were utilized for the remediation of soil and 
water contaminated with venlafaxine, an antidepressant increasingly more present in waters and 
soils. Different amounts of nZVI were utilized, at different concentrations of venlafaxine. The 
utilization of nZVI resulted in the removal of venlafaxine, even at a very high concentration (10 
mg/L). The obtained results show the potential for the use of green synthesized nZVI from 
agrifood wastes in the removal of contaminants from waters and soils. 
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The excessive use of fossil-based plastics has led to severe environmental issues, including 
pollution and resource depletion [1]. To address this challenge, biocomposites derived from agro-
industrial residues emerge as a promising alternative [2]. This study focuses on developing 
sustainable candle holders using non-commercial chestnuts, a significant waste product from the 
chestnut industry in Portugal. The biocomposites were produced via hot compression molding at 
120 ºC, with optimized formulations containing up to 75% chestnut and no glycerol, while a natural 
shellac-based bioresin was applied as a hydrophobic coating. 
A comparative Life Cycle Assessment (LCA) was conducted to evaluate the environmental 
performance of different candle holder production scenarios. Scenario A represents the direct 
combustion of chestnuts for energy generation. Scenarios B1–B3 correspond to chestnut-based 
candle holders, with B1 including glycerol and shellac considering final landfilling, B2 excluding 
both additives but also ending in landfill, and B3 following the same formulation as B2 but 
incorporating recycling at the end of life. Finally, Scenarios C1–C2 refer to PE-based candle 
holders, where C1 involves landfill disposal and C2 integrates recycling. 
LCA results show that Scenario A has the lowest environmental impact due to its simplicity and 
minimal processing. However, among candle holders, Scenario B3, produced without glycerol or 
shellac and incorporating recycling, proved the most sustainable, with lower environmental 
burdens than PE-based alternatives, particularly in global warming and fossil resource scarcity. 
Additionally, degradation tests showed that chestnut-based composites fully degraded within 120 
days, with or without shellac, reinforcing their biodegradability and environmental benefits. 
These findings highlight the potential of chestnut-based biocomposites as a circular economy 
solution, reducing reliance on fossil-based materials and mitigating plastic pollution. Future 
studies should focus on process optimization and industrial scalability to enhance the 
sustainability of these biomaterials. 
 
Funding: This work received financial support from FCT/MCTES (UIDB/50006/2020 DOI 
10.54499/UIDB/50006/2020) through national funds and by the project Chestfilm, supported by “La Caixa” 
Foundation and Fundação para a Ciência e Tecnologia through the 4th edition of Promove program “O 
Futuro do Interior”. This work also received financial support from the PT national funds (FCT/MECI, 
Fundação para a Ciência e Tecnologia and Ministério da Educação, Ciência e Inovação) through the project 
UID/50006 -Laboratório Associado para a Química Verde - Tecnologias e Processos Limpos. 
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The increasing emphasis on waste reduction within sustainability and a circular economy has 
prompted the exploration of agricultural by-products as valuable resources. In the Douro region, 
over 20 million tonnes of winery by-products are generated annually, with most being discarded 
or used in low-value applications. This compromises the economic sustainability and 
competitiveness of the winery industry [1]. Data from our group identified grape stems as a rich 
source of polyphenols with promising pharmaceutical potential due to their antioxidant, anti-
inflammatory, and anticancer properties. However, their effects on prostate cancer (PCa), the 
leading cause of cancer-related mortality in men remain largely unexplored. 
In this study, polyphenols were extracted and characterized from four grape stem varieties 
representative of the Douro Region: Tinta Amarela, Sousão, Touriga Franca, and Touriga 
Nacional. Touriga Nacional exhibited the highest phenolic content, particularly proanthocyanidins 
and catechin derivatives, along with strong antioxidant activity. Consequently, the extract from 
this variety for selected for biological evaluation in PCa cells. The extract reduced reactive oxygen 
species (ROS), induced membrane disorganization, promoted G0/G1 cell cycle arrest, and 
increased necrosis in PCa cells, while having no impact on non-cancerous prostate cells.  
This study highlights the dual benefits of mitigating the environmental footprint of the winery waste 
while providing sustainable innovative co-adjuvant therapies for PCa. Additionally, it supports 
economic and environmental sustainability by reducing waste management costs and enhancing 
the marketability of the winery industry through sustainable practices. 
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and the strategic funding of the UIDB/04469/2020 unit. Additionally, support was provided by LABBELS – 
Associate Laboratory in Biotechnology, Bioengineering and Microelectromechanical Systems, 
LA/P/0029/2020. The authors acknowledge CITAB – UTAD and CEB – UMinho for providing the necessary 
conditions for the development of this work and Rozès winery industry for supplying the grape stem varieties 
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Agricultural by-products, often regarded as waste, are a valuable yet underutilized resource with 
potential applications in food and other industries [1,2]. Valorising these by-products addresses 
environmental challenges linked to waste disposal while promoting sustainable resource use and 
economic benefits. Butternut pumpkin (Cucurbita moschata), a widely cultivated vegetable, 
produces significant by-products like pulp, seeds, and peel during processing [3]. Rich in 
nutritional and bioactive compounds, the by-products hold promise for developing health-
promoting foods [4]. 
This preliminary study aimed to evaluate the phenolic composition and antioxidant capacity of 
pumpkin pulp (P), seeds (S), and peel (C). Three independent samples of each by-product, 
obtained from the processing industry, were analysed. Methanolic extraction was performed to 
quantify total phenolic compounds (TPC, mg GAE/100 g fresh weight (fw)) and antioxidant activity 
(AOx) using DPPH (mg GAE/100 g fw) and FRAP (mmol FeSO₄•7H₂O/100 g fw) methods.  
The results revealed considerable TPC concentrations in all the by-products, with values of 13.2 
mg GAE/100 g fw for pulp, and 14.2 to 18.8 mg GAE/100 g fw for seeds and peel, respectively. 
The AOx activity, measured by DPPH, was 937 µmol TE/100 g fw for pulp but was significantly 
higher for seeds and peel, at 1253 and 1381 µmol TE/100 g fw, respectively. FRAP values were 
significantly lower, with no notable differences among the pumpkin parts. A strong correlation was 
observed between TPC and DPPH (r = 1.00; p < 0.05). 
Traditionally discarded as waste, these by-products have shown significant potential as functional 
food ingredients, indicating that their valorisation could support more sustainable production 
practices and the creation of health-promoting food products. This study underscores the 
importance of utilizing pumpkin and its by-products in their entirety, providing innovative solutions 
to minimize waste while enhancing the nutritional and functional benefits of pumpkin-derived 
products. 
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The MICROORC project (https://www.microorc.eu/ ) aims to provide business innovations for 
monitoring and orchestrating the microbiome and by that reduce the amount of avoidable food 
waste – by developing tools, technologies, services, and guidelines for i) improved food process 
control, accurate shelf life prediction and dynamic date labelling, and ii) extension of shelf life by 
bioprotection and packaging technologies that control the growth of spoilage or pathogenic 
organisms. Five areas are selected for the potential for predicting and extending shelf life, 
reduction in food waste and fostering a sustainable food system: 
•Predictive analytics models incorporating microbiome information to predict shelf life 
• Time-temperature indicators (TTIs), sensoring and smart label solutions for dynamic shelf life 
labelling 
• Rapid detection assays for microbial indicators of food spoilage 
• Microbiome based protection technologies to replace synthetic chemicals and increase shelf life 
and safety 
• Novel packaging solutions targeting spoilage for sustainable development and increased shelf 
life 
MICROORC will support the transition to more sustainable and healthy food systems by 
considering raw chicken and salmon as well as plant-based meat analogues. To guide and 
demonstrate the industrial, social and economic relevance of the MICROORC innovations, the 
project will evaluate consumer acceptance and the environmental sustainability aspects of all 
stages of the product life cycle, identify and help resolve legislative and regulatory challenges to 
implementation of new technologies, and propose a novel policy framework for microbiome 
control in the food system. A multinational, multi-actor and trans-disciplinary consortium including 
cutting-edge companies and experienced research institutions has been established to develop 
and pilot tools, technologies and guidelines that utilize and control microbiomes for fighting food 
waste to ensure transition to more sustainable food production and consumption. Portugal is 
represented by Universidade Católica Portuguesa, Vizelpas – Comércio de Artigos Plásticos 
Limitada, Lusiaves-Indústria e Comércio Agro-alimentar e Primor Charcutaria Prima. 
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The current European food system operates under a ‘Lose-Lose-Lose-Win’ model, where only 
large food corporations’ benefit at the expense of the environment, public health, and the public 
sector. The project FEAST, Food Systems that support Transitions to Healthy and Sustainable 
Diets, aims to shift towards a ‘Win-Win-Win-Win’ food system by advancing research, innovation, 
and stakeholder-driven solutions that promote healthier and more sustainable diets across 
Europe. 
Aligned with the EU Green Deal, Farm to Fork Strategy and the prioritisation of One Health 
approaches, FEAST adopts an interdisciplinary approach to co-design practical, scalable, and 
community-driven solutions. The project prioritizes behavioural dimensions of food system actors, 
often overlooked in policy and innovation, to ensure effective and lasting change. Crucially, 
FEAST is committed to a just and equitable transition, placing vulnerable groups at the centre to 
address health inequalities and empower all European citizens.  
FEAST project aims to make it easy for every person in Europe to eat a delicious, healthier and 
more sustainable diet. To achieve this, FEAST, led by the University of Heidelberg, pursues four 
interlinked objectives: (1) identifying barriers and facilitators influencing dietary behaviour across 
diverse socio-economic and cultural contexts; (2) co-creating innovative tools and strategies to 
support informed food choices; (3) empowering individuals to adopt healthier and more 
sustainable dietary behaviours; and (4) boosting the adoption of evidence-based food and health 
policies through co-designed communication strategies and monitoring frameworks. 
Over five years, FEAST will work collaboratively with food system stakeholders—including 
producers, distributors, retailers, and consumers—to drive systemic change and accelerate the 
transition to resilient, fair, and sustainable food systems in Europe. 
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The project PAS-GRAS, led by the Center for Neuroscience and Cell Biology of the University of 
Coimbra (CNC-UC). “PAS-GRAS” involves partners from 8 European countries. 
The EU-funded PAS-GRAS project aims to develop interdisciplinary research and innovation 
strategies that can change the paradigm of obesity prevention and treatment, providing practical 
solutions for healthy living in contemporary society through the prevention and reversal of obesity 
and associated metabolic problems, focusing on four critical age groups: prepubescent children 
(3-9 years), adolescents (10-18 years), young adults (19-25 years) and adults (25-55 years).  
To this end, PAS-GRAS is structured around four fundamental pillars, firstly, the project will 
develop a personalized risk assessment tool (RAT), an algorithm designed to predict obesity 
onset and its complications, thereby enabling early intervention strategies. Secondly, it will design 
and implement RAT-based personalized interventions by integrating non-pharmacological 
lifestyle modifications, particularly Mediterranean Diet components, alongside pharmacological 
approaches targeting metabolic and neuroendocrine mechanisms. Thirdly, the initiative will 
engage and educate target groups through interactive digital tools, offering simplified RAT access 
and personalized diet and physical activity programs to promote sustainable behavioral changes. 
Finally, it will expand its reach across Europe by collaborating with healthcare centers, schools, 
sports clubs, municipalities, and public authorities to promote health and nutrition literacy, 
reinforcing a continent-wide campaign against obesity. 
The anticipated outcomes include a significant reduction in overweight and obesity prevalence—
15% in adults and 30% in children and adolescents by 2050. This effort aims to decrease obesity-
related complications, reduce reliance on pharmaceutical and surgical interventions, and 
establish the Mediterranean Diet as a cornerstone for a healthier and more sustainable future. 
With a multidisciplinary research team spanning 12 top-tier universities and institutions, alongside 
contributions from civil organizations, patient groups, and industry partners, PAS-GRAS is set to 
make a lasting impact on obesity prevention and management in Europe. 
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Food Chase - Food Supply-Chain Ecosystems for Sustainability, is an international cooperation 
project under the Erasmus+ programme, led by Cosvitec - University and Enterprise, involving 
partners from Portugal, Italy, Greece, Cyprus, Turkey, Romania, and Switzerland. This project is 
an European collaborative initiative dedicated to addressing the general issue of food loss and 
waste throughout the supply chain by fostering collaboration between key stakeholders, 
educational institutions, businesses, and policymakers. The aim of the project is to develop 
innovative solutions that promote sustainability in the agri-food sector. 
Key objectives include establishing collaborative networks to innovate food supply chain training, 
developing a comprehensive model that defines competencies required to reduce waste, to 
standardize food loss reduction efforts and introducing a specialized curriculum to create the 
Farm-To-Fork Specialist role. This framework informs the development of a specialized training 
curriculum designed to upskill professionals and introduces the Farm-to-Fork Specialist role by 
bridging knowledge gaps and providing targeted training. These efforts aim to transform 
educational systems and offer new job opportunities in the agri-food sector.  
The project anticipates a multi-level impact across the agri-food sector, driving structural changes, 
introducing innovations in education and business systems, and supporting improvements in agri-
food businesses by integrating project methodologies and outputs into regular activities, partner 
organizations aim to foster collaboration with diverse actors, ultimately enhancing sustainability 
in the food industry. 
Beyond education, Food Chase supports structural innovation in food supply chains, encouraging 
systemic change and policy recommendations. The project’s long-term impact includes improved 
resource efficiency, reduced environmental footprint, and a more sustainable food economy 
across Europe. 
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