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Coffee silverskin and almond skin as dietary fiber and 
polyphenol sources: formulation, characterization and 

green extraction 
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Coffee silver skin (CSS) and almond skin are among the by-products produced in 
significant amounts but not utilized to their full potential. These skins are an excellent 
source of dietary fiber, polyphenols (including flavonoids, chlorogenic acid, caffeic 
acid, and tannins), and other unique bioactive compounds, such as caffeine, 
melanoidins, and xylooligosaccharides. Our research aimed to utilize these by-
products as a substitute for flour in bakery products. Comprehensive analyses were 
conducted, such as total dietary fiber (TDF) content, sensory, FTIR, and SEM analysis 
of muffins made with different concentrations of both these by-products. We also 
compared different green extraction techniques for polyphenol recovery. TDF in 
muffins ranged from 1.5g/100 g in the control to 3.2g/100g in the formulation where 
we used 5%CSS and 7% almond skin as a combined formulation meeting the EU 
criteria for “source of fibre” food according to EU regulation 1924/2006, and this 
formulation showed the best sensory score overall. FTIR results of formulated muffins 
confirmed the presence of functional groups associated with dietary fiber. Ultrasound-
assisted extraction (UAE) delivered consistently higher recovery across all responses 
and matrices, using roughly half the ethanol. Microwave-assisted extraction (MAE) 
was faster and slightly less energy-intensive, but at substantially lower yield. All 
models were significant (p < 0.0001) with non-significant lack of fit (p = 0.11–0.99). R² 
= 0.935–0.998, adjusted R² = 0.876–0.997, predicted R² = 0.863–0.987, adequate 
precision = 16.0–100.4, CV ≤ 5.0%. CSS and almond powder are effective ingredients 
to enrich muffins with dietary fiber, improving the overall quality of the baked muffins. 
Keywords: Dietary fiber, coffee silver skin, almond skin, functional food, food waste 
valorization 

  



Application of Chemometric Modeling and Machine 
Learning for the Optimization of Dietary Fiber Extraction 

Processes 

Muhammed Talha Akbulut*, İsmail Yılmaz 
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Dietary fiber extraction from food processing by-products is crucial for sustainability 
and the nutraceutical industry. However, traditional extraction methods are energy-
intensive and require precise optimization to maximize yield and bioactivity. This 
review explores the paradigm shift from traditional trial-and-error approaches to 
advanced chemometric modeling and machine learning (ML) over recent years. While 
Response Surface Methodology (RSM) remains the standard for optimizing 
parameters in eco-friendly processes like ultrasound-assisted extraction, it often 
struggles with highly non-linear mass transfer dynamics. Consequently, Artificial 
Neural Networks (ANN) and other ML algorithms have emerged as superior predictive 
tools, offering higher modeling accuracy with fewer experimental trials. Furthermore, 
integrating ML with rapid spectroscopic techniques enables real-time, non-destructive 
quality control. Ultimately, these data-driven optimization strategies present a robust 
framework for developing sustainable, high-yield, and cost-effective dietary fiber 
extraction protocols. 

  



Impact of Non-Thermal Processing Technologies on the 
Extraction Efficiency of Dietary Fibers 

Elif Nida Akbulut*, Ibrahim Palabiyik 
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Conventional extraction methods often suffer from low yields, prolonged processing 
times, and structural degradation of dietary fibers. To maximize recovery, innovative 
non-thermal technologies—such as ultrasound, pulsed electric fields, and cold 
plasma—have emerged as highly efficient alternatives. This study evaluates how 
these advanced techniques enhance the extraction yield and efficiency of dietary 
fibers from agro-industrial biomass. Mechanisms like acoustic cavitation, 
electroporation, and plasma-induced surface etching disrupt rigid cell walls, drastically 
accelerating mass transfer and solvent diffusivity. Consequently, non-thermal 
processing significantly increases the extraction yield of soluble dietary fibers and 
bound bioactive compounds while maintaining their structural integrity. By reducing 
extraction times and solvent consumption, these sustainable technologies directly 
optimize process efficiency and lower operational costs. Ultimately, non-thermal 
methods offer a powerful approach for high-yield valorization of agricultural by-
products into fiber ingredients. 

  



From Waste Fibers to Wearable Textiles: Advances and 
Future Perspectives in 3D-Printed Nanocellulose-

Reinforced Hydrogel Systems 

Cansu Aras* 

Department of Textile Engineering, Bursa Uludag University, Bursa, 16059, Turkiye 
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3D printing and hydrogel technologies are creating new possibilities for flexible and 
responsive textile materials. Recent studies have demonstrated 3D-printed hydrogel 
actuators, hydrogel-based textile composites, and moisture-responsive wearable 
systems. Cellulose-based materials have also gained attention as renewable 
components for sustainable and functional textiles. This poster reviews recent 
developments at the intersection of 3D printing, hydrogels, cellulose nanofibrils, and 
wearable textiles, with a focus on their responsive behavior and potential applications. 
Based on these developments, the use of cellulose nanofibrils derived from 
lignocellulosic or textile waste is discussed as a future approach for reinforcing 
printable hydrogel systems. Combining waste-derived nanocellulose, hydrogel 
printing, and textile substrates may provide new opportunities for sustainable and 
responsive wearable textile materials. 
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Olive Pomace: Recovery Efficiency 
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Olive pomace is the major semi-solid waste generated during olive oil production and 
remains an underutilized source of protein for potential food and nutraceutical 
applications. In this study, twelve extraction routes were compared using deseeded 
and defatted olive pomace, including conventional alkaline extraction at pH 11 for 
different extraction times (1h, 2h, 3h, 4h and overnight) concentrated NaOH 
treatments, and autoclave-assisted alkaline extraction. The deseeded and defatted 
pomace fractions contained 7.22% and 7.17% crude protein, respectively. Protein 
recovery was evaluated using Kjeldahl analysis for crude protein and the Bradford 
assay for soluble protein. Among the tested conditions, autoclave-assisted alkaline 
extraction at pH 11 with overnight treatment resulted in the highest recovery, yielding 
6.97% crude protein and 27.4 ± 2.5 mg soluble protein per gram of extract. Addition 
of NaOH immediately before autoclaving gave comparable results, whereas autoclave 
pretreatment alone was less effective. In contrast, highly concentrated alkali treatment 
using 10 M NaOH at a 1:100 g/ml solid-to-solvent ratio produced the lowest recovery, 
with 0.87% crude protein and soluble protein below the limit of quantification. Bradford 
values corresponded to only 25–45% of Kjeldahl-derived protein, further indicating that 
a substantial fraction of extracted nitrogen was not present as soluble Bradford-
reactive protein. FTIR analysis was used to compare the overall chemical profiles of 
the extracts. Differences were observed particularly in the protein-associated amide 
regions. Amide A and B were mainly related to N–H stretching, Amide I (1600–1700 
cm⁻¹) to C=O stretching of peptide bonds, Amide II (1500–1600 cm⁻¹) to N–H bending 
and C–N stretching, and Amide III (1200–1400 cm⁻¹) to C–N stretching and N–H 
bending. Bands in the fingerprint region, especially around 1000–1200 cm⁻¹, may also 
reflect C–O and C–O–C vibrations from co-extracted carbohydrate-related 
components. Since the extracts were not purified protein fractions, contributions from 
non-protein constituents such as lignin should also be considered. Overall, autoclave-
assisted alkaline extraction at pH 11 was the most promising condition for obtaining 
protein-containing extracts for subsequent enzymatic hydrolysis and peptide 
production. 

  



Sustainable Micellar Extraction of Curcuminoids from 
Curcuma longa 

Assya Bellaadem*,1,2 Gregor Lavrič,3 Gasan Osojnik,1 Kamal K. Mohaideen,1 Blaž 
Likozar,1 Filipa A. Vicente1 

¹ Department of catalysis and chemical engineering, National Institute of Chemistry, 
Ljubljana Slovenia 

² Faculty of Chemistry and Chemical Technology, University of Maribor, Maribor 
Slovenia 

³ Pulp and Paper Institute, Ljubljana Slovenia 

* assya.bellaadem@ki.si 

Downstream processing plays a vital role in production across numerous industries. 
Nevertheless, such processes are frequently complex, energy-demanding, and 
require substantial material inputs, which can lead to costs accounting for as much as 
80% of total production expenses. As the focus shifts toward more sustainable and 
economically viable solutions, there is a growing need for innovative downstream 
strategies that enhance efficiency while preserving productivity. In this work, a greener 
method for the extraction of curcuminoids from Curcuma longa is presented, based on 
the use of micellar systems. The approach integrates solid–liquid extraction (SLE) and 
liquid–liquid extraction (LLE) into a unified process, thereby improving overall 
performance. The SLE medium, consisting of a buffer and a biodegradable surfactant, 
facilitates the formation of an aqueous micellar two-phase system (AMTPS), which 
functions as a specific type of LLE. By optimizing both SLE and LLE parameters, 
curcuminoid recovery above 95% was achieved in the surfactant-rich phase. In 
addition to extraction efficiency, the results indicate potential applications in smart 
packaging. The surfactant-rich phase exhibits notable stability, retaining its structure 
for over 50 hours under UV irradiation, with approximately 20% degradation. 
Furthermore, these systems were successfully utilized in paper dyeing, where AMTPS 
mixtures produced stronger coloration with increasing ionic liquid content. This 
behavior contrasts with conventional systems lacking ionic liquids, where higher 
concentrations did not lead to enhanced color intensity. Overall, the results highlight 
the potential of this approach for the development of sustainable materials with 
practical applications and the potential to replace synthetic pigments. 
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using natural deep eutectic solvents: Effect of Process 
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Due to the increasing amounts of biomass residues generated worldwide, the 
development of sustainable strategies for waste valorization has become a necessity. 
This study examines the utilization of sunflower meal (SFM), which, due to its 
abundance and high availability, holds great potential for the recovery of bioactive 
components, such as phenolic compounds.  A promising alternative to widely used 
conventional organic solvents is extraction with natural deep eutectic solvents 
(NADESs). To develop an optimal extraction method, different NADES constituents 
were selected, including betaine, choline chloride, lactic acid,  sorbitol, fructose, and 
glycerol.  Key process parameters, such as liquid-to-solid ratio, water addition, and 
temperature, were varied. The highest phenolic content and antioxidant activity were 
obtained at 60 ℃ using betaine lactic acid or glycerol (1:2) NADES with 40% water 
and a liquid-to-solid ratio of 1:10.  The present study demonstrates the potential of 
NADES as a green method for preparing phenolic-rich extract from SFM. 

  



Hansen Solubility Parameter-Guided Optimization of 
Binary Solvents for Predictive Lignin Nanoparticle 

Synthesis 

Esranur Kaya*, Ronald Marquez, Marc Delgado-Aguilar 

LEPAMAP-PRODIS research group, University of Girona. C/ Maria Aurèlia 
Capmany, 61 – 17003 Girona (Spain) 

* esranur.kaya@udg.edu 

Lignin nanoparticles (LNPs) represent highly promising bio-based nanomaterials with 
widespread potential in adhesives, coatings, and antibacterial applications, but their 
synthesis is frequently hindered by the complex structural and chemical heterogeneity 
of technical lignins. Currently, the design and optimization of binary solvent/antisolvent 
systems for LNP nanoprecipitation relies predominantly on empirical, trial-and-error 
experimental screening, as traditional single-parameter Hildebrand models fail to 
capture non-ideal interactions. To address this research gap, this study develops a 
predictive, Hansen Solubility Parameter (HSP)-guided optimization strategy to 
establish a rational thermodynamic basis for binary solvent selection. By mapping the 
three-dimensional dispersion, polar, and hydrogen-bonding cohesive forces of the 
polymer, the thermodynamic compatibility of the lignin-solvent system is quantified via 
the HSP distance, Ra. This framework systematically links polymer–solvent 
thermodynamic compatibility, molecular dissolution, and solvation to the subsequent 
phase-separation stages of supersaturation, nucleation, and particle growth. Rather 
than using calculated parameters to predict specific conformation or nucleation 
mechanics, the scientific novelty lies in utilizing the Ra parameter space as a predictive 
design and optimization tool to replace empirical experimentation. Ultimately, this 
HSP-guided approach shifts technical lignin processing toward a rational, concept-
driven framework, providing a deeper thermodynamic understanding of 
macromolecular assembly during LNP formation. 

  



Wood-based polymer composites for additive 
manufacturing 

Artem Chystiakov, Osama Ziada, Sheikh Ali Ahmed, Janka Kovacikova* 

¹ Faculty of Technology, Department of Mechanical Engineering, Linnaeus 
University, Växjö, Sweden (Artem Chystiakov, Osama Ziada, Janka Kovacikova) 

² Faculty of Technology, Department of Forestry and Wood Technology, Linnaeus 
University, Växjö, Sweden (Sheikh Ali Ahmed) 

³ Faculty of Civil Engineering, Department of Materials Engineering and Physics, 
Slovak University of Technology in Bratislava, Bratislava, Slovakia (Artem 

Chystiakov) 

* janka.kovacikova@lnu.se 

Wood-based polymer composites (WPCs) combine the aesthetic and thermal 
properties of wood with the durability and elasticity of polymers, offering a sustainable 
alternative for large-scale additive manufacturing (LSAM). However, layer-wise 
printing introduces porosity and interlayer anisotropy that limit structural performance. 
This study characterized the mechanical and physical properties of a WPC processed 
via fused granular fabrication (FGF) on a gantry-based LSAM system, to support 
orientation-aware design and minimal support structures. Hollow cubes were printed 
and cut into specimens (250 × 25 × 3 mm) oriented at 0°, 30°, 45°, and 90° to the 
printing direction. Tensile and flexural strength were highest at 0° (15.39 MPa and 
26.05 MPa, respectively) and decreased by 72% and 69% at 90°, with the modulus of 
elasticity dropping by 71% over the same range, confirming pronounced print-
orientation-dependent anisotropy driven by weaker interlayer bonding. The material 
further exhibited a Brinell hardness of 179.9 N/mm², water absorption of 19.75% with 
minimal dimensional change, and thermal conductivity of 0.1553 W/m·K. Microscopic 
analysis revealed porosity and uneven fiber distribution at the printed interfaces, 
highlighting the need for process optimization. These findings establish orientation as 
a critical design parameter for WPC-based LSAM and form the basis for future work 
on parameter studies and computational modelling to improve print quality and 
structural performance. 

  



Application and impact of novel extraction technologies 
for  xyloglucan from nasturtium seeds (Tropaeolum majus) 

Simon Körber*¹², Özlem Özmutlu Karslioglu¹, Ute Weisz² 

¹ Institute of Food Technology, Weihenstephan-Triesdorf University of Applied 
Sciences, Freising, 85354, Germany 

² Plant Proteins and Nutrition, Technical University of Munich, Freising, 85354, 
Germany 

* Simon.Koerber@hswt.de 

Introduction: Research at HSWT (Weihenstephan-Triesdorf University of Applied 
Sciences) and partnerships with industry stakeholders enable the RegioTexFood 
project, which aims to optimize food supply chains by developing cultivation concepts 
for raw materials like nasturtium used in hydrocolloids, proteins, and fibers. Various 
cultivation systems are considered, including open-field and indoor vertical farming 
systems. Underutilized plants are introduced as sustainable sources of texturizing 
ingredients. Green technologies like pulsed electric fields (PEF), ultrasound, and high-
pressure homogenization are used to enhance the extraction efficiency of xyloglucan. 

Aim: The enhancement of extraction processes, the potential synergistic outcomes of 
combining innovative, green extraction methods, and the consequent impact on the 
rheological and functional characteristics of the extracted texturizing ingredients were 
identified as pivotal objectives of the present study. 

Methods: Hexane defatting was performed as described by Nguyen et al. (2019) [1]. 
The polysaccharide xyloglucan is extracted from defatted nasturtium seed flour using 
hot-water extraction. The hot-water extraction method was adapted from 
Limsangouan et al. (2020) with minor modifications [2]. Ultrasound-assisted extraction 
is being investigated both in comparison with conventional extraction and in 
combination with it. 

Results: Hexane defatting of the nasturtium seed powder (1:10 w/v, 5 min, two steps) 
reduced fat content from 10.43 ± 1.10 % to 0.31 ± 0.04 %. The protein content 
increased from 19.10 ± 0.11 % in the raw material powder to 21.20 ± 0.09 % in the two-
step defatted powder. The extraction methods yielded a powder with thickening 
properties, indicating that nasturtium seeds contain the polysaccharide xyloglucan [3]. 
The rheological properties, content, and purity of the extracted thickening agent are 
being confirmed through further analysis. The use of ultrasound in the extraction 
process increased the xyloglucan yield from tamarind seeds, as reported [4]. 

Conclusion: Recent research indicates that nasturtium seeds have potential for 
extracting thickening agents, a possibility attributable to the presence of xyloglucan in 
the seeds [3]. New green technologies can improve the extraction process of 
xyloglucan. 

[1] Nguyen TT, Jittanit W, Srichamnong W. Production of xyloglucan component 
extracted from tamarind ( Tamarindus indica ) seeds using microwave treatment for 
seed decortication. J Food Process Preserv 2019;43. 
https://doi.org/10.1111/jfpp.14055. [2] Limsangouan N, Charunuch C, Sastry SK, et 
al. High pressure processing of tamarind (Tamarindus indica) seed for xyloglucan 
extraction. LWT 2020;134:110112. https://doi.org/10.1016/j.lwt.2020.110112. [3]



 FRY SC. The Structure and Functions of Xyloglucan. Journal of Experimental 
Botany 1989;40:1–11. [4] Jiang X, Yang T, Li Y, et al. Ultrasound‐assisted extraction 
of tamarind xyloglucan: an effective approach to reduce the viscosity and improve the  
Α ‐AMYLASE  inhibition of xyloglucan. J Sci Food Agric 2023;103:4047–57. 
https://doi.org/10.1002/jsfa.12366. 
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The production of corn grain generates substantial quantities of plant residues, 
amounting to about 3.0 tonnes of wet cobs per hectare of cultivated corn (Blandino et 
al., 2016). Corn cobs are the second largest by-product of corn biomass, accounting 
for almost 19% of the corn grain mass. The valorisation of this agricultural by-product 
value chain was assessed as part of the Interreg Central Europe project TeBiCE 
(Territorial Biorefineries for the Circular Economy). This contribution summarises the 
potential applications of corn cob biomass in the context of the circular bioeconomy.  
This example illustrates potential applications in various fields and is therefore a good 
basis for extrapolation to other similar agricultural biomass by-products. 

Blandino M., Fabbri C., Soldano M., Ferrero C., Reyneri A., 2016, The Use of Cobs, a 
By-Product of Maize Grain, for Energy Production in Anaerobic Digestion, Italian J. of 
Agronomy, 11, 754, https://doi.org/10.4081/ija.2016.754. 
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Biomass-derived polysaccharides are promising feedstocks for the development of 
sustainable hydrogel membranes because they are renewable, biodegradable, and 
chemically modifiable into functional materials with tunable swelling, hydration, and 
transport behavior. Among the most relevant candidates are chitosan, cellulose, 
starch, and alginate, which can be processed through chemical modification, blending, 
and crosslinking to obtain membrane-forming hydrogel systems. A major challenge in 
their development, however, is not only achieving the desired functionality, but also 
ensuring reproducibility between independently prepared batches. This poster 
presents a proposed development and monitoring workflow in which batch-variability 
assessment is integrated directly into the process of polysaccharide-based hydrogel 
membrane design. In the proposed approach, biomass-derived polysaccharides are 
first selected and chemically tailored toward membrane-relevant properties, after 
which the resulting materials are formulated into hydrogel systems. Fourier-transform 
infrared (FTIR) spectroscopy is then used as a rapid analytical tool to monitor 
structural changes introduced during modification and to compare independently 
prepared batches. To evaluate reproducibility, the FTIR datasets are coupled with 
multivariate analysis, where principal component analysis enables visualization of 
replicate clustering and outlier detection, and PERMANOVA is used to distinguish 
within-batch variability from true between-batch differences. The aim of the proposed 
workflow is to connect biomass valorization, functional material development, and 
analytical process control within a single framework. Such an approach could support 
more systematic optimization of polysaccharide modification procedures and provide 
a transferable strategy for monitoring quality and reproducibility in the development of 
sustainable hydrogel membrane materials. 
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The textile industry is among the most polluting sectors worldwide, generating large 
amounts of waste, while less than 12% is recycled. Textile residues are 
heterogeneous and contain dyes and finishing additives that hinder biological 
valorisation. This work evaluated sulfuric and acetic acid hydrolysis of two 100% cotton 
post-industrial knitted textile wastes: untreated raw fabric and finished black fabric. 
Sulfuric acid hydrolysis mainly released glucose and achieved higher sugar recovery 
from untreated fabric (9.43%) than finished fabric (7.49%). Conversely, acetic acid 
hydrolysis produced greater sugar release from the finished fabric, suggesting that 
addictive’s influence carbohydrate accessibility under acidic conditions. Subsequently, 
alcohol-based liquid–liquid extraction was investigated as an integrated downstream 
strategy to concentrate sugars while removing HMF, dyes, and other hydrophobic 
contaminants. Overall, these findings highlight process integration as a key strategy 
to the full valorization potential of textile waste, advancing sustainable biorefineries 
and accelerating the transition towards a circular bioeconomy. 
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Oat pulp (OP), a fiber-rich by-product generated during oat milk production, retains 
significant amounts of β-glucan and other dietary fibers that remain underutilized 
despite their well-documented health benefits, including cholesterol-lowering and 
glycemic-modulating effects (1). Lactic acid bacteria (LAB) fermentation represents a 
sustainable approach for the valorization of this by-product while improving its 
nutritional and functional properties. Fermentation has been shown to hydrolyze 
complex carbohydrates and reduce antinutritional factors without necessarily affecting 
structurally stable polysaccharides such as β-glucan (2). Although commercial starter 
cultures are commonly used, strains isolated from the targeted food matrix are 
particularly attractive due to their adaptation to the substrate and their potential to 
better preserve or even enhance fiber-related functionality. The objective was to 
compare the nutritional and bioactive profiles of hot air-dried (HAD) OP and of OP 
fermented with selected LAB strains previously isolated from oat flour. Among the 
strains evaluated, L. plantarum subsp. Argentoratensis showed the most promising 
results. Following fermentation of OP for 16 h at 37 °C, the levels of total phenolic 
compounds (TPC) and γ-aminobutyric acid (GABA) increased approximately 
threefold, reaching around 250 mg GAE/100g of dry matter (d.m.), and 4 mg/100g 
d.m., respectively. Interestingly, β-glucan content was preserved at around 6.5 g/100g 
d.m., while antioxidant activity (ORAC) increased compared with HAD-OP, reaching 
600 mg TE/100g d.m.. Overall, these findings demonstrate the potential of oat-derived 
LAB strains as starter cultures for the production of a fermented OP ingredient with 
enhanced bioactive properties, contributing to the sustainable valorization of oat-
processing by-products. 

(1) Martínez-Villaluenga C, Peñas E. Health benefits of oat: current evidence and 
molecular mechanisms. Curr Opin Food Sci. 2017;14:26-31. 
doi:10.1016/j.cofs.2017.01.004 (2) Petrova P, Petrov K. Lactic acid fermentation of 
cereals and pseudocereals: ancient nutritional biotechnologies with modern 
applications. Nutrients. 2020;12(4):1118. doi:10.3390/nu12041118 
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Growing pressure within the EU to reduce synthetic and unsustainable material inputs 
in agriculture and horticulture presents an opportunity for bio-based fiber alternatives. 
Presented here is a conceptual bio-based fiber application that valorizes 
complementary land and sea waste streams. The proposed material platform 
combines a lignocellulose base derived from agricultural waste reinforced with oyster 
shell, macroalgae (Ulva spp.), and cured with citric acid. The whole Ulva biomass 
contributes multiple useful compounds, notably ulvan, a sulfated polysaccharide that 
has been shown to contribute to material wet strength and as an elicitor for plant 
systemic resistance and water use efficiency. Oyster shell provides mineral structural 
and buffers pH during material degradation. Compared to other lignocellulose-only 
materials, the proposed fiber platform is expected to improve wet strength, flexibility, 
and moisture control mechanisms in addition to potential agronomic benefits for plants 
and soil. 
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Absorbent pads are widely used in fresh-food packaging to control liquid exudates and 
extend shelf life. However, their multilayer structure and complex end-of-life 
management raise important sustainability concerns. In this context, biopolymer-
based aerogels represent promising alternatives because of their high porosity, 
biodegradability, and potential for functionalisation with bioactive compounds. This 
study investigated bacterial cellulose aerogels as dual-functional absorbent pads 
capable of both absorbing exudates and releasing bioactive compounds. Bacterial 
cellulose films were converted into aerogels through solvent exchange followed by 
supercritical CO₂-drying and were compared with reference materials produced by air-
drying (xerogels) and freeze-drying (cryogels). The resulting materials were 
characterised in terms of density, specific surface area, wettability, and water 
absorption capacity. Based on their physicochemical properties, the aerogels were 
selected for functionalisation with vanillin through supercritical CO₂-impregnation. 
Their performance as dual-functional pads was subsequently evaluated during 
raspberry storage. The vanillin-functionalised aerogel pad improved the retention of 
raspberry visual quality compared with a commercial petroleum-based pad, 
demonstrating its potential as a more sustainable active packaging solution for fresh 
produce. 
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Hemicellulose (HC), the second most abundant renewable component of 
lignocellulosic biomass, has gained increasing attention because of its functional and 
technological properties and its potential applications in food formulations. Moreover, 
HC can serve as a substrate for the production of xylooligosaccharides (XOS), which 
are considered potentially prebiotic compounds due to their ability to support the 
growth and activity of beneficial gut microorganisms. Therefore, both HC and HC-
derived XOS represent promising ingredients for the development of innovative and 
functional food products. Among lignocellulosic biomasses, olive stones (OS), 
generated as a by-product during extra virgin olive oil production, represent a rich but 
still underexplored source of hemicellulose, accounting for approximately 20–30 wt% 
of their composition. Despite their potential, OS remain largely underutilized, while the 
olive industry generates an estimated 4.1–5 million tons of this residue annually. Their 
valorization as a source of HC and XOS could therefore contribute to a more efficient 
use of agro-industrial biomass while enabling the recovery of high-value food 
ingredients. In this context, the present study investigated OS as an alternative source 
of HC and its subsequent conversion into XOS. HC was extracted from olive stone 
powder (OSP), obtained by drying, milling, and sieving OS collected from a local oil 
milling facility. The extraction involved alkaline treatment of OSP with NaOH, followed 
by acidification with HCl and purification of the recovered HC through ethanol 
precipitation. The obtained HC was characterized for its chemical and 
physicochemical properties and subsequently subjected to acid hydrolysis with HCl to 
produce XOS. Both HC and XOS were then fermented in vitro using simulated human 
gut microbiota. Complete hydrolysis showed that HC was mainly composed of xylose 
(94.8% w/w), glucuronic acid (4.4% w/w), and arabinose (1.1% w/w). XOS were 
predominantly composed of xylose (87.1% w/w), glucuronic acid (10.8% w/w), and 
arabinose (3.0% w/w), together with smaller amounts of galactose (1.3% w/w) and 
rhamnose (0.6% w/w). Furthermore, in vitro fermentation of both HC and XOS resulted 
in significant short-chain fatty acid (SCFA) production. Acetic, propionic, and butyric 
acids were predominantly produced from HC, while XOS fermentation mainly resulted 
in the production of formic, acetic, and propionic acids. Overall, these findings highlight 
the potential of HC and XOS recovered from OS as value-added ingredients with 
technological and potentially prebiotic functionalities. The proposed approach 
provides a promising strategy for the valorization of an underutilized olive industry by-
product, supporting the development of innovative food ingredients within the 
framework of sustainability, circular economy, and more efficient utilization of agro-
industrial resources. This research was funded by the project VALOstones – 
“Valorization of olive stone by-product as a green source of innovative and healthy 



value-added products in the context of the circular bioeconomy and sustainability”- 
part of the PRIMA Program supported by the European Union and funded by the 
national funding bodies of five Participating States (Tunisia, Italy, France, Morocco 
and Turkey). Project ID 1837. 
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Lignin is a promising bio-based antioxidant for the development of functional polymeric 
materials. While synergistic effects between lignin and low-molecular-weight 
antioxidants have been widely investigated, the possibility of synergistic antioxidant 
behavior in polymer systems where lignin acts as the sole antioxidant remains less 
understood. In this study, lignin extracted from olive mill solid waste (OL) was 
incorporated into polyvinyl alcohol (PVA) films and electrospun nanofibers at 
concentrations ranging from 0 to 11 wt%. The antioxidant performance of the resulting 
materials was evaluated relative to values predicted by the rule of mixtures. Both PVA 
films and fibers exhibited antioxidant activities substantially higher than the expected 
additive response, demonstrating a pronounced synergistic effect. The strongest 
enhancement was observed at 4 wt% OL, reaching 480% in films and 971% in fibers, 
whereas sodium lignosulfonate produced a maximum enhancement of 33%. 
Spectroscopic and thermal characterization indicated that the observed synergy was 
associated with intermolecular interactions within the PVA–lignin system and was 
strongly influenced by material morphology. Overall, the results demonstrate that lignin 
recovered from olive mill solid waste can provide highly enhanced antioxidant 
functionality in PVA-based materials, supporting its potential use in sustainable active 
packaging and other functional polymer applications. 
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Starch is a renewable biopolymer widely used in the food, pharmaceutical and 
packaging industries. However, its semi-crystalline structure and extensive intra- and 
intermolecular hydrogen bonding hinder its dissolution in conventional solvents, 
limiting its efficient processing. In this context, the development of more sustainable 
solvent systems is important to advance biomass valorisation and reduce dependence 
on fossil-derived processing technologies. Deep eutectic solvents (DES) have 
emerged as promising alternatives for biomass processing due to their tunable 
physicochemical properties. By selecting suitable combinations of hydrogen bond 
acceptors (HBAs) and hydrogen bond donors (HBDs), DES can be designed to 
promote interactions with starch and improve its dissolution. Despite the increasing 
interest in these solvents, the role of water in DES systems is still not fully understood. 
Water strongly affects the characteristic hydrogen-bond network of DES and, 
consequently, solvent–solute interactions. In particular, the transition from water-in-
DES to DES-in-water structures is expected to influence solvent functionality and 
starch dissolution. Therefore, this work investigates the relationship between DES 
structure, water content and starch solubilisation. A range of DES composed of 
generally recognised as safe (GRAS) components were prepared and evaluated. 
Nuclear magnetic resonance spectroscopy (NMR) was used to follow the 1H water 
chemical shift as a function of water content, allowing the transition from a DES-
dominated structure towards an aqueous solution regime to be identified. These 
structural changes were then correlated with starch dissolution to determine the water 
composition range in which the solvent behaviour changes from DES-like to aqueous-
like. Hansen solubility parameters were additionally used to assess solvent–polymer 
compatibility and support the selection of suitable HBA combinations. Overall, the 
results provide further insight into the structural behaviour of DES–water mixtures and 
its impact on starch dissolution. The correlation between the 1H NMR water chemical 
shift, disruption of the DES hydrogen-bond network upon dilution, and starch 
solubilisation provides a basis for tailoring solvent composition towards more efficient 
starch processing and broader biomass applications. 

This research was founded by the Slovenian Research Agency under research core 
funding P2-0152 and research projects NC-0024 and NC-24002. This work was also 
supported by the Foundation for Science and Technology through FCT/MCTES 
(PIDDAC): CIMO, UIDB/00690/2020 (DOI: 10.54499/UIDB/00690/2020) and 
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The growth of the global population has resulted in a need for maximal utilization of 
existing bioresources. Enzyme-assisted extractions are green techniques that 
promote the release of bound bioactive compounds by disrupting plant cell structures, 
thereby improving extraction yields. In this study, polyphenols were extracted from 
rapeseed meal using Pectinex® Ultra SP-L, Viscozyme® L, Cellic® CTec3, 
Rapidase®, Rohapect® Decanter, Pectinex® XXL and Rohapect® MPE. The 
reactions were performed in acetate buffer (pH 4.5) at 50 °C for 4 h, with the buffer 
serving as the control. Rapidase® and Rohapect® Decanter produced the highest 
polyphenol contents (473.13 and 497.58 mgGAE/mL, respectively), with different 
composition than control sample, characterized by higher sinapic acid and lower 
sinapine contents. Rapidase® also yielded the highest reducing sugar content (28.82 
mmolGlu/mL), followed by Viscozyme® L (25.91 mmolGlu/mL). Antioxidant activity 
assessed by ABTS, DPPH, FRAP, and CUPRAC, expressed as RACI, indicated 
Rapidase® as the most effective enzyme. 
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Oat pulp (OP), the main by-product of oat milk production, is an underutilised source 
of dietary fiber (DF) and phenolic compounds (PC) with potential for the development 
of functional food ingredients. This study evaluated the effect of 15 enzymatic 
treatments, including carbohydrolases (X1-X4), proteases (P1 and P2) and their 
combinations, on DF composition and the release of PC from OP. Enzymatic 
hydrolysis reduced the insoluble fiber while increasing oligosaccharides. The greatest 
increase was observed for treatments X3+P1 and X4+P1 (≈10 g/100 g dw, 
respectively). Because X4+P1 also promoted a greater release of PC and antioxidant 
activity, it was selected for further optimisation. Additional experiments evaluating 
enzyme dosage and hydrolysis time showed that prolonged hydrolysis (18h) 
maximised PC release, whereas shorter treatments, particularly 3h, favoured 
oligosaccharide production. These findings demonstrate that controlled enzymatic 
processing can tailor DF composition and functionality, supporting the sustainable 
upcycling of oat pulp into value-added functional ingredients. 
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Anthocyanins are polyphenolic plant pigments known for their antioxidant and 
antimicrobial properties, which make them promising compounds for a range of 
applications. Deep eutectic solvents (DES) have gained increasing attention as 
alternative extraction media due to their biodegradability, tunable composition, and 
potential stabilising effects. In this work, twelve DES were evaluated for the extraction 
of anthocyanins from bilberry pomace. The most promising systems were 
subsequently assessed in terms of anthocyanin stability, followed by optimisation of 
key extraction parameters, namely solid–liquid ratio and temperature, using response 
surface methodology. The two best-performing systems differed only in the type of 
hydrogen bond acceptor but exhibited distinct anthocyanin stability during storage. 
One of the systems effectively preserved the extracted compounds under both room-
temperature and refrigerated conditions. Process optimisation of this system further 
identified temperature as the most influential parameter, whereas the second system 
showed a limited ability to describe the observed experimental variability. The 
proposed approach contributes to greener extraction strategies by combining 
alternative solvents with the valorisation of fruit pomace as a food industry by-product. 
Importantly, the results demonstrate that comparable extraction efficiencies during 
initial solvent screening do not necessarily translate into similar performance during 
storage and process optimisation, highlighting the importance of considering these 
aspects early in solvent selection. 

This study was financially supported by the Slovenian Research Agency under 
research core funding P2-0152 and by the Ministry of Science, Technological 
Development and Innovation of the Republic of Serbia (Grant No. 451-03-34/2026-
03/200116). 
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Recent studies have shown many potential applications of hydrogels in numerous 
fields for energy systems. Hydrogel-based materials are promising alternatives to 
alkaline liquid electrolytes,[1] selective gas-permeation membranes,[2] and 
superaerophobic coatings for increasing bubble removal in gas production systems.[3] 
This study focused on the preparation and characterization of bio-based hydrogel 
combining chitosan and modified dialdehyde starch (DAS) as a crosslinking agent. We 
demonstrate the tuning of structure-property relationship of hydrogels by varying the 
concentration and molecular weight of chitosan. Initial swelling stability test performed 
in a strongly alkaline medium (from neutral up to pH 12) showed that the hydrogels 
maintained their swelling properties during 7 days. Additionally, the aerophobicity, 
gelation kinetics, and porosity of the hydrogels could be systematically controlled, with 
several formulations reaching superaerophobicity. Gelation dynamics, including 
gelation time and storage modulus (mechanical stiffness), were measured by 
rheometry. Hydrogel coating performance on electrode was evaluated by contact 
angle measurement and electrochemical analysis. With their tunable structure, 
porosity, and bio-based origin, these hydrogels are a promising platform for functional 
coatings. 

The authors acknowledge the financial support from the Slovenian Research Agency 
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Doctoral Programme (HE MSCA SoE and Janko Jamnik Doctoral Scholarship, 
National Institute of Chemistry). 
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