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Valoriza7on of food and agro-processing waste into valuable biopolymers like dietary fibers and 
polysaccharides offers promising opportuni7es for sustainable development and circular bioeconomy 
strategies. In Kosovo, the agricultural sector generates plenty of waste, ranging from fruit pomace, 
vegetable peels, and cereal bran, but lacks the facili7es for the large-scale extrac7on of these valuable 
compounds. The paper examines different approaches used in the extrac7on of dietary fibers, ranging 
from tradi7onal approaches like hot water and acid hydrolysis to green approaches like enzyme and 
ultrasound-assisted extrac7on. The characteriza7on of the dietary fibers shows different func7onal 
proper7es like emulsifica7on, thickening, and an7oxidant ac7vi7es, with waste materials like apple 
and grape pomace showing promising bioac7ve ac7vi7es. However, Kosovo faces major challenges, 
ranging from the quality of the waste material, legisla7ve challenges, and poor research facili7es. To 
address these, the study proposes the standardiza7on of the extrac7on process, the harmoniza7on of 
regula7ons with EU standards, and the promo7on of industry-academia collabora7ons. The strategic 
roadmap for the scaling up of the process for the extrac7on of fibers entails the establishment of pilot 
sites, the improvement of research capabili7es, and the promo7on of public-private partnerships. The 
overall success of the valoriza7on of fibers in Kosovo lies in the integra7on of research with industry, 
the establishment of regula7ons, and the promo7on of green technologies.  
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The valorization of food by-products represents a strategic pathway toward more sustainable food 
systems and is fully aligned with the principles of the circular economy. Among the various agro-
industrial residues, cocoa bean shells (CBSs), generated in large quantities during cocoa processing, 
are particularly promising due to their rich composition in dietary fibers, polyphenols, 
methylxanthines, and other bioactive compounds [1,2]. Rather than being treated as waste, CBSs 
can be reinterpreted as an underexploited raw material for the development of functional 
ingredients with applications in both the food and nutraceutical sectors. 
This presentation explores innovative and integrated strategies aimed at transforming CBSs into 
value-added ingredients with enhanced technological and biological properties. To assess the 
practical applicability of CBS-derived ingredients, their incorporation into a model food system was 
evaluated by adding them to muffins at an inclusion level of 7%. CBSs-enriched muffin demonstrated 
to boost SCFAs and more specifically butyrate concentration in simulated colonic environment. 
SCFAs are key metabolites associated with intestinal health, immune modulation, and metabolic 
regulation. These findings highlights favorable technological performance and promising health-
related functionality of CBSs [3] 
A central focus of the research concerns the improvement of CBS fermentability through targeted 
enzymatic treatments. These modifications were shown to promote the accessibility of fiber 
fractions to the gut microbiota, resulting in increased production of SCFAs, key metabolites 
associated with intestinal health, immune modulation, and metabolic regulation [2]. Such findings 
support the potential prebiotic role of processed CBSs and highlight their relevance as ingredients 
for gut health-oriented formulations. 
An additional important outcome of this work is the demonstration that fiber modification can be 
achieved without significant loss of antioxidant compounds. The preservation of these molecules 
during processing is essential, since it allows CBS-based ingredients to retain their functional value 
while also improving their physiological performance. This balance between structural modification 
and bioactive conservation is particularly relevant for the design of multifunctional ingredients 
capable of delivering both technological and health-promoting benefits [5].  
These observations reinforce the feasibility of translating laboratory-scale findings into real food 
applications, opening opportunities for the formulation of innovative products with added 
nutritional value. 
By advancing extraction, modification, and application strategies, this body of research contributes 
to waste reduction, resource efficiency, and product innovation, in line with the sustainability goals 
promoted by the European Green Deal [6]. More broadly, it demonstrates how food by-products can 
be successfully upcycled into solutions that can promote both human health and environmental 
sustainability. 
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Valorisation of Fruit Waste to Obtain Microalgae Biomass with High Dietary Fiber Content 
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The increasing demand for sustainable, functional food ingredients has directed attention toward 
microalgae as alternative biomass sources rich in dietary fiber. This study aimed to quantitatively 
evaluate the dietary fiber content of selected microalgal species and assess their in vitro digestibility, 
with a particular focus on their suitability as fiber-rich ingredients. In addition, the study incorporates 
a sustainability perspective by exploring the valorisation of fruit waste, specifically orange and apple 
residues, as low-cost substrates for heterotrophic microalgal cultivation. 
 
Microalgal biomasses, including species from Arthrospira, Chlorella, Isochrysis, and Nannochloropsis, 
were cultivated under controlled conditions and harvested at the late exponential growth phase. The 
biomass was dried and analyzed for total, soluble, and insoluble dietary fiber using standardized 
enzymatic and gravimetric methods. In parallel, a heterotrophic cultivation strategy was proposed, in 
which orange and apple processing wastes were pretreated via hydrolysis to produce glucose-rich 
media capable of supporting microalgal growth under dark conditions. This approach provides a dual 
benefit of reducing production costs and enabling fruit waste valorisation. 
 
The results demonstrated that microalgae contain substantial levels of dietary fiber, with total dietary 
fiber (TDF) ranging from 15% to 32% dry weight depending on species. Chlorella vulgaris and Isochrysis 
galbana exhibited the highest TDF values (28% and 32%, respectively). In contrast, Arthrospira 
platensis showed a lower TDF content (15%), consistent with its less rigid cell wall structure.  
In vitro digestibility analysis revealed an inverse relationship between dietary fiber content and 
digestibility. Species with higher insoluble fiber fractions, exhibited lower digestibility values 
(approximately 55–60%), whereas Arthrospira platensis with relatively lower fiber content or less 
recalcitrant cell walls, showed higher digestibility (up to 75–80%). These findings indicate that while 
high fiber content may reduce enzymatic accessibility, it also contributes to functional properties such 
as delayed digestion and potential prebiotic effects. 
 
The integration of fruit waste-derived substrates, particularly from orange and apple residues, offers 
a promising pathway to enhance sustainability. Heterotrophic growth on these substrates can yield 
biomass concentrations up to 1.5–2.0 g/L, comparable to or exceeding conventional media, while also 
influencing cell wall composition. Preliminary observations suggest that cultivation on fruit waste 
hydrolysates may increase polysaccharide accumulation, potentially enhancing dietary fiber content. 
 
In conclusion, microalgae represent a valuable source of dietary fiber, particularly insoluble fiber, with 
levels comparable to or exceeding many plant-based ingredients. Their functional properties, 
combined with the potential for cultivation on orange and apple waste, position microalgae as 
promising candidates for sustainable, fiber-enriched food applications. This integrated approach 
supports circular economy principles by coupling fruit waste valorisation with the production of 
nutritionally enhanced biomass. 
 
 



Waste to Wellness: Green Valoriza0on of Fruit By-products into Bioac0ve Fibers for 
Sustainable Food Systems 

 
Ikram KHARBOUCH 

 
*Biology and Health Laboratory, Faculty of sciences Ben M'Sick, University Hassan II - Casablanca 

 
The European agri-food sector generates substan@al volumes of fruit processing byproducts 

that are s@ll largely underu@lized, despite their richness in dietary fibers and bioac@ve phytochemicals. 
Their valoriza@on represents a key opportunity to support EU priori@es on circular bioeconomy, waste 
reduc@on, and sustainable food innova@on, while contribu@ng to the development of high-added-
value func@onal ingredients.  

This study inves@gates the recovery of fiber-rich frac@ons from selected fruit-derived residues 
origina@ng from industrial processing streams, including the confec@onery sector. Green and scalable 
extrac@on strategies, based on aqueous and enzyma@c-assisted treatments, were explored to enhance 
fiber yield while preserving associated polyphenols and an@oxidant compounds. The extracted 
frac@ons were characterized in terms of total dietary fiber content, soluble and insoluble fiber 
distribu@on, polyphenolic profile, and an@oxidant capacity, allowing the iden@fica@on of promising 
matrices for targeted food applica@ons.  

The results demonstrate significant variability among by-products. Grape pomace and 
strawberry calyx exhibited high phenolic contents and strong an@oxidant ac@vity, confirming their 
poten@al as an@oxidant-enriched ingredients for func@onal foods. In contrast, apricot kernels and 
cherry stems produced fiber frac@ons with dis@nc@ve physicochemical proper@es, indica@ng poten@al 
applica@ons as texture-modifying and structure-enhancing ingredients. Preliminary func@onal 
screening suggests poten@al prebio@c effects, reinforcing their relevance for gut health-oriented 
product development.  

Overall, this work highlights the poten@al of fruit by-products as sustainable feedstocks for the 
produc@on of mul@func@onal ingredients, bridging environmental benefits with nutri@onal 
innova@on. By integra@ng eco-friendly extrac@on technologies and bioac@ve compound preserva@on, 
this approach supports industrial scalability and contributes to the transi@on toward resource-efficient 
food processing. Furthermore, the outcomes provide a basis for future collabora@ve research within 
European networks, enabling harmonized methodologies, compara@ve assessment across processing 
chains, and the development of standardized valoriza@on pathways aligned with COST objec@ves.  

Keywords: circular bioeconomy, fruit by-products, dietary fiber, polyphenols, green extrac@on, 
func@onal ingredients, industrial scalability  
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In this study acid-hydrolyzed mixed vegetable waste was investigated as a sole carbon source for 
anaerobic growth and biohydrogen (H₂) production by Escherichia coli. E. coli BW25113 wild type and 
a septuple mutant lacking key hydrogenase and fermentative enzymes were cultivated during 
anaerobic fermentative conditions using vegetable waste hydrolysates (VWH) prepared at substrate 
concentrations of 5–20% (w/v) and varying dilution levels. Both strains were able to grow 
anaerobically on VWHs, confirming the effective release of fermentable substrates during acid 
pretreatment. Maximum biomass formation by the wild-type strain reached 0.46 g CDW L⁻¹ in 
undiluted 20% hydrolysate, while the septuple mutant exhibited improved growth only upon dilution, 
indicating higher sensitivity to hydrolysate derived inhibitory compounds. Fermentable carbon 
removal efficiency and H2 production were strongly dependent on substrate concentration and 
dilution level. H2 production was completely suppressed in undiluted hydrolysates but was restored 
upon dilution, with the highest cumulative H₂ production (406 NmL) observed for the septuple mutant 
grown on 20% hydrolysate at two-fold dilution. The corresponding H2 yield reached approximately 
2.4 NL H₂ g⁻¹ carbohydrate g⁻¹ biomass or 355 NmL per gram initial carbohydrate. These results 
demonstrate that VWH can support both biomass formation and competitive H2 production by E. coli, 
highlighting their potential as a sustainable platform for waste valorization and bioenergy generation.  
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Abstract  
Apple pomace, the primary by-product of juice produc$on, represents a significant agro-industrial 
waste stream rich in dietary fiber (~20% pec$n), polyphenols, and bioac$ve compounds. Despite its 
nutri$onal poten$al, most apple pomace is underu$lized, contribu$ng to environmental challenges. 
This study aimed to develop and op$mize sustainable extrac$on technologies for recovering high-
quality pec$n and dietary fibers from ‘Golden Delicious’ apple pomace using unconven$onal methods, 
and to demonstrate their applica$on as func$onal ingredients in food products within a circular 
bioeconomy framework.  
  
Methods Applied  
Two innova$ve extrac$on technologies were systema$cally inves$gated and compared with 
conven$onal methods: (1) Ultrasound-Assisted Extrac$on (UAE) employing 100% amplitude at 37 kHz 
frequency, and (2) Microwave-Assisted Extrac$on (MAE) using magnetron powers of 450 W and 650 
W at 2450 MHz. Extrac$on parameters were op$mized through systema$c varia$on of pH (1.0–2.5, 
adjusted with citric acid), solid-to-liquid ra$o (1:10–1:20), and extrac$on dura$on (UAE: 15–30 min; 
MAE: 5–10 min). Physicochemical proper$es including extrac$on yield, equivalent mass, methoxyl 
content, esterifica$on degree, anhydrogalacturonic acid content, total polyphenol content, and 
an$oxidant ac$vity were determined. Extracted pec$n was applied as a binding and coa$ng agent in 
vegetable bars (dried apples, prunes, sour cherries, rosehip powder) and apple pomace powder was 
used as a sugar subs$tute (25–100%) in biscuits. Products were evaluated for sensory quality, 
physicochemical parameters, and microbiological stability during storage.  
  
Main Results Obtained  
MAE demonstrated superior extrac$on efficiency, yielding 19.88% pec$n compared to 9.91% from 
UAE—a 2.01-fold increase. MAE-extracted pec$n exhibited 85% higher equivalent mass (1879–2262 
g/mol vs. 378–1927 g/mol), while UAE produced pec$n with higher methoxyl content (6.81% vs. 
6.39%) and esterifica$on degree (73.78% vs. 71.37%). Both methods yielded pec$n with comparable 
total polyphenol content (12.98–13.05 mg GAE/g) and an$oxidant ac$vity (16.39–18.86 µmol TE/g). 
Vegetable bars formulated with MAE-extracted pec$n maintained excellent quality over 360 days of 
storage, with controlled moisture reduc$on (30.0% to 23.6%), stable pH (3.61 to 3.95), and preserved 
an$oxidant ac$vity (24.85 to 20.14 µmol TE/100g). Biscuits with 25–50% sugar subs$tu$on by apple 
pomace powder showed no significant sensory differences from controls while providing increased 
dietary fiber content, reduced caloric value, and maintained microbiological stability for 30 days.  
  



Conclusions and Implica8ons  
This research demonstrates that unconven$onal extrac$on technologies (UAE and MAE) offer 
sustainable, efficient alterna$ves to conven$onal methods for valorizing apple pomace, significantly 
reducing solvent consump$on, energy use, and processing $me. The extracted highmethoxyl pec$n 
and dietary fiber-rich powders serve as versa$le func$onal ingredients in food formula$ons, 
contribu$ng to product stability, nutri$onal enhancement, and sensory quality. This work exemplifies 
circular bioeconomy principles by transforming agro-industrial waste into highvalue ingredients, 
addressing both environmental sustainability and food innova$on challenges within the European 
food system.  
  
Keywords: apple pomace valoriza$on, ultrasound-assisted extrac$on, microwave-assisted extrac$on, 
dietary fiber, high-methoxyl pec$n, circular bioeconomy, func$onal food ingredients.  
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Plasma-assisted extrac>on of bioac>ve compounds has emerged as a promising technology that meets 
several criteria for green extrac>ons: reduced solvent consump>on, shorter extrac>on >mes, lower 
energy requirements, and suitability for thermolabile compounds. This method uses non-thermal or 
cold plasma, a par>ally ionized, non-equilibrium gas composed of electrons, ions, radicals, and 
photons. Reac>ve oxygen and nitrogen species (RONS) are generated mainly when energe>c electrons, 
ions, and excited species interact with working gas molecules such as N2, O2, and H2O. These 
interac>ons produce short- and long-lived species that can exist in both gas and liquid phases, 
especially when plasma interacts with moisture or extrac>on solvents. RONS play an important role in 
plasma-assisted extrac>ons by par>cipa>ng in the structural modifica>on of biomass, inducing surface 
etching, pore forma>on, and cell wall disrup>on. These effects facilitate mass transfer and solvent 
penetra>on, enhancing extrac>on yields. In the chemical transforma>on of bioac>ve compounds, 
RONS can modify func>onal groups, affect an>oxidant ac>vi>es, induce oxida>on or degrada>on 
depending on treatment >me and intensity, and break down complex macromolecules into smaller, 
extractable compounds. The type and concentra>on of RONS depend on the working gas composi>on 
and opera>ng condi>ons such as voltage, frequency, and treatment >me. Monitoring and quan>fying 
RONS is challenging due to the short life>mes of radicals, which complicate accurate detec>on, the 
complex reac>on environment in plasma-gas-liquid systems, matrix interference during measurement, 
and the lack of standardized protocols. Op>cal emission spectroscopy (OES), a non-invasive diagnos>c 
sensor, is used to monitor and control light emiSed by excited atoms and molecules in plasma. OES 
enables qualita>ve and quan>ta>ve analysis of plasma because each species emits radia>on at 
characteris>c wavelengths. Coupling OES with plasma-assisted extrac>on provides real->me 
diagnos>cs, process op>miza>on, and reproducibility. This paper presents OES monitoring of RONS in 
non-thermal plasma produced in the liquid or gas phase in a glass reactor (volume 300–1000 mL) 
containing a point-to-plate stainless steel electrode configura>on. Plasma is generated by the high 
voltage electrical discharge (HVED) technique. The high voltage electrical discharge (25 kV, 120 Hz, 1 
min treatment >me) passes through a capacitor charged with a pulsed high voltage power supply 
IMPEL HVG60/1 (IMPEL GROUP Ltd., Zagreb, Croa>a). Air is used as the working gas, and test 
measurements to op>mize opera>ng condi>ons are performed with dis>lled water as a possible 
solvent. Plasma spectroscopy is conducted using an Ocean FX extended range op>cal emission 
spectrometer, model OCEAN-FX-XR1-ES (Ocean Op>cs, Orlando, FL, USA). Emission from a specific 
volume in the plasma chamber is collected by transferring op>cs (an op>cal fiber with or without a 
collima>ng lens) to the spectrometer and, aeer data processing, to a computer. The detected RONS 
appear in the expected wavelength ranges: NO (200–300 nm), OH (306–310 nm), and N2 (300–400 
nm). In the NIR region (800–1000 nm), intense emission lines are observed and used to calculate the 
electron temperature and electron density in the plasma. A deeper understanding of RONS dynamics 
will support the development of more efficient, selec>ve, and sustainable extrac>on technologies. 
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Abstract  
Olive pomace represents a major agro-industrial by-product with significant potenMal for valorizaMon 
within circular bioeconomy frameworks. In this study, a mulM-stage processing strategy was developed 
to convert olive pomace into microcrystalline cellulose (MCC) through the integraMon of microwave-
assisted sulfuric acid hydrolysis and high-pressure homogenizaMon (HPH), and benchmarked against 
convenMonal acid hydrolysis.  
ConvenMonal treatments were conducted using sulfuric acid concentraMons between 5% and 58%, 
with and without HPH (900 bar). In contrast, microwave-assisted hydrolysis was performed using 
substanMally lower acid concentraMons (0.5–1.5 M) and short processing Mmes (1–3 min), followed by 
HPH at varying pressures (50–900 bar). Structural and morphological transformaMons were evaluated 
using X-ray diffracMon (XRD), Fourier-transform infrared spectroscopy (FTIR), and scanning electron 
microscopy (SEM).  
XRD analysis confirmed the preservaMon of cellulose I structure in all samples, while microwave-
assisted treatments resulted in sharper diffracMon peaks, indicaMng enhanced crystallinity despite 
reduced acid usage. SEM observaMons revealed that microwave–HPH combinaMons promoted a more 
fragmented and fibrillated structure compared to the compact morphology observed in convenMonal 
samples. FTIR results further supported the effecMve removal of lignin and hemicellulose, confirming 
successful cellulose purificaMon. The applicaMon of HPH intensified structural refinement by reducing 
parMcle size and improving homogeneity, parMcularly at higher pressures.  
Overall, the combined microwave–HPH approach enabled efficient MCC producMon under milder 
chemical condiMons and significantly reduced processing Mmes.  
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Medicinal and aromatic plant (MAP) industries generate nearly 30 million tons of waste annually. 
While these residues are often treated as environmental liabilities, they are actually rich in structural 
polysaccharides. In a circular economy framework, these solid wastes (SWs) are repurposed as 
secondary raw materials to extract high-quality natural fibers, reducing the reliance on wood-based 
cellulose. The fiber quality of plant residues is determined by their proximate composition, typically 
characterized by cellulose, pectic polysaccharides and lignin. Cellulose is the primary crystalline 
polymer providing mechanical strength to the fiber. Pectic polysaccharides are the complex, water-
soluble fibers (pectin-like) located in the primary cell wall. Lignin is the "glue" that binds cellulose and 
hemicellulose, which must be managed to access pure fibers. Traditional fiber extraction often 
involves harsh chemicals and long processing times, but novel green methods like Vacuum 
Microwave-Assisted Extraction (VMAE) enhance recovery efficiency by using microwave energy to 
cause "in-situ" pressure buildup and cell wall rupture. Operating under vacuum allows for the 
preservation of the fiber's structural integrity by preventing thermal degradation while increasing the 
porosity of the waste for more effective subsequent extraction. For the specific recovery of soluble 
pectic polysaccharides, Vacuum Microwave Enzyme-Assisted Extraction (VMEE) is employed, 
combining enzymatic degradation with microwave energy to target pectin-rich regions in alcohol-
insoluble residues. The fibers recovered from residues such as Lavender (Lavandula angustifolia) and 
Melissa (Melissa officinalis) exhibit specific properties determined by HPLC sugar profiling, which 
allows them to be used as natural stabilizers in complex systems like double emulsions or to improve 
the rheological and textural qualities of food products. Transitioning from disposal methods like 
landfilling or incineration to fiber recovery offers dual benefits by mitigating greenhouse gas emissions 
and transforming low-cost, deodorized residues into high-value functional ingredients. Ultimately, the 
sequential use of vacuum and microwave energies represents a breakthrough in green technology, 
enabling the industry to move toward a zero-waste biorefinery model that prioritizes sustainable, bio-
based fiber recovery. 
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Recent studies 1–3 have shown that hydrogels with superaerophobic surfaces represent an effecMve 
method for enhancing bubble detachment from electrodes during gas evoluMon reacMons. Efficient 
bubble removal reduces surface blockage and improves mass transfer, thereby increasing the overall 
efficiency of electrochemical processes such as water spliQng. However, hydrogels developed for this 
purpose have been primarily petroleum-derived, highlighMng the need for sustainable bio-based 
alternaMves.  
In this work, sodium periodate was used to oxidize naMve starch [Figure 1], converMng it into 
dialdehydic starch, a reacMve compound capable of forming covalent crosslinks with chitosan. 
Hydrogel networks were subsequently formed via Schiff-base (imine) bond formaMon between 
aldehyde groups of dialdehydic starch and amino groups of chitosan [Figure 2].  
 

 
 Starch Dialdehydic Starch   

Figure 1: Prepara$on of dialdehydic starch  

 
Figure 2: Graphical visualiza$on of hydrogel forma$on via Schiff-base covalent bonding 
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With an appropriate polymer 
composiMon and molecular 
parameters, porous hydrogel 
materials exhibiMng sufficient 
(super)aerophobicity were obtained 
[Figure 3], characterized by measuring 
the underwater bubble contact angle. 
Such structures promote rapid bubble 
detachment from electrode surfaces, 
reducing gas accumulaMon and 
improving the accessibility of acMve 
catalyMc sites.  
By varying polymer concentraMon, the 
aerophobicity, gelaMon kineMcs, and 
porosity of the hydrogels could be 
systemaMcally controlled [Figure 4]. 
GelaMon dynamics, including gelaMon 
Mme and storage modulus 
(mechanical sMffness), were 
measured by rheometry.  
The ability to tune hydrogel 
properMes is important for opMmizing 
the interacMon between the coaMng 
and evolving gas bubbles during 
electrochemical reacMons. The 
materials also  
demonstrated sufficient stability 

Figure 4: Influence of polymer concentra$on on gela$on $me,          
30 min storage modulus, and bubble contact angle  
under alkaline condiMons (pH 12), indicaMng potenMal compaMbility with typical electrolytes used in 
water-spliQng systems. From a materials perspecMve, the combinaMon of adjustable network 
structure, porous morphology, and biobased origin makes these hydrogels a promising pla`orm for 
further development of funcMonal coaMngs. Future work will focus on opMmizing coaMng durability 
and evaluaMng their long-term performance under electrochemical operaMng condiMons.  
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Abstract 
Polylactic acid (PLA) is a promising biodegradable polymer for food packaging, yet its weak mechanical 
and barrier properties limit its application. Reinforcing PLA with cellulose fiber is promising, but 
compatibility is often hindered by the hydrophilic nature of cellulose versus the hydrophobic nature 
of PLA. To address this, cellulose was modified with maleic anhydride (MA) to form ester bonds with 
surface hydroxyl groups, reducing polarity. Therefore, this study aimed to develop PLA-based films 
incorporating 1, 3, and 5 wt% maleic-anhydride-modified microfibrillated cellulose (MMFC) and 
nanofibrillated cellulose (MNFC) and to systematically evaluate their physical, mechanical, and barrier 
properties. Both cellulose types were chemically modified through a MA reaction in 
dimethylformamide at 90 °C for 15 h, followed by ethanol addition, centrifugation, and drying at 60 
°C for 16 h. Composite films (1, 3, and 5 wt% MMFC/MNFC) were prepared via solvent-casting in 
chloroform with 5 wt% polyethylene glycol. Solutions were stirred, ultrasonicated, cast into petri 
dishes, and dried for 24 h at 25 °C and 50% ERH and characterized. 
The thickness of the films ranged from 0.033 to 0.059 mm and increased with cellulose loading. Color 
analysis revealed increased yellowing and higher ΔE values as cellulose content increased, with the 
highest ΔE observed in films containing 5% MNFC (ΔE = 0.91). The incorporation of MMFC and MNFC 
increased water contact angles due to MA-induced esterification of cellulose hydroxyl groups and 
increased fibril surface roughness, which enhanced surface hydrophobicity.  Tensile strength 
increased from 37.28 MPa for neat PLA to 42.41 MPa and 40.02 MPa for films containing 3% MMFC 
and MNFC, respectively, while decreasing at 5% loading. Elongation at break remained unchanged at 
1–3% incorporation. Heat-seal strength improved from 63.85 N/m for neat PLA to 75.27 and 78.34 
N/m for 3% MMFC and MNFC films, respectively. However, 5% loading reduced strength due to fiber 
aggregation and disruption of matrix continuity. The water vapor transmission rate (WVTR) decreased 
from 4.44 g/m2.24 h for neat PLA to 3.93 g/m2.24 h with 3%MMFC and 4.01 g/m2.24 h with 3% MNFC 
indicating a more tortuous pathway for vapor diffusion. However, at 5% loading, WVTR increased 
likely due to fibril aggregation and the formation of microvoids, which facilitate vapor permeation and 
disrupt the uniform structure of the matrix. Cellulose incorporation significantly reduced light 
transmission, particularly in the UV region. Neat PLA showed high transmittance (77.6% UV-C, 81.4% 
UV-B, 85.6% UV-A, 85.8% visible; 1.69 Abs/mm opacity), while 5% MMFC exhibited the strongest UV 
blocking effect (56.7%, 61.4%, 64.2%, 64.2%, and 3.47 Abs/mm, respectively). These improvements 
are attributed to enhanced photon scattering, which reduced UV transmission while maintaining film 
transparency and improving protection for light-sensitive food products. 
Overall, moderate incorporation (1–3%) of modified cellulose fibrils significantly improved the 
physical, mechanical, barrier, and photoprotective properties of PLA films, whereas excessive loading 
(5%) caused aggregation and reduced interfacial compatibility. These results highlight the potential of 
MMFC- and MNFC-reinforced PLA films for sustainable packaging of moisture- and UV-radiation 
sensitive foods. 
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Abstract 
 
Polylac2c acid (PLA), a biodegradable polymer derived from renewable resources, has aCracted 
considerable aCen2on as a sustainable alterna2ve to petroleum-based plas2cs. However, its rela2vely 
low mechanical strength and limited barrier proper2es restrict its broader applica2on in food 
packaging. To address these limita2ons, cellulose fibers were incorporated as reinforcing agents; 
however, the inherent incompa2bility between hydrophilic cellulose and hydrophobic PLA requires 
surface modifica2on. Therefore, cellulose was modified with maleic anhydride (MA) to form ester 
bonds with surface hydroxyl groups improving interfacial compa2bility with PLA. In this study, 
biodegradable composite films were prepared by incorpora2ng 1, 3, and 5 wt% MA–modified micro- 
and nanofibrillated cellulose (MMFC and MNFC) into the PLA matrix. PEG 400 (5%) was used as a 
plas2cizer, and the films were produced via solvent cas2ng. The condi2oned films were characterized 
in terms of their structural (FTIR and XRD), thermal (DSC), and morphological (FE-SEM) proper2es.  
 
FTIR results confirmed the successful gra[ing of MA onto the surfaces of MFC and NFC. The low 
cellulose content caused the overall spectra of the composite films to closely resemble neat PLA, while 
subtle spectral changes clearly indicated the presence of MA-modified cellulose within the PLA matrix. 
XRD analysis showed that the characteris2c PLA diffrac2on peaks remained unchanged at 1–3% MMFC 
and MNFC loadings, whereas increasing the loading to 5% intensified the peak at 2θ = 22.9°, sugges2ng 
that the fillers acted as nuclea2ng agents and promoted PLA crystalliza2on. DSC revealed that the 
incorpora2on of MMFC and MNFC slightly increased the glass transi2on temperature (Tg) from 57.9 
°C (neat PLA) to 60.4–62.8 °C, while the cold crystalliza2on temperature (Tcc) decreased from 107.2 °C 
to as low as 94.9 °C, indica2ng restricted chain mobility and enhanced nuclea2on. In contrast, the 
mel2ng temperature (Tm) remained rela2vely unchanged within the range of 154.1–159.0 °C. FE-SEM 
revealed that films containing 1% and 3% MMFC or MNFC exhibited rela2vely smooth and uniform 
surfaces, indica2ng good fiber dispersion and compa2bility with the PLA matrix, whereas the addi2on 
of 5% filler led to fiber aggrega2on and rougher surface morphologies. These findings demonstrate 
that low loadings (1% and 3%) of MMFC and MNFC can effec2vely improve the thermal, structural and 
morphological proper2es of PLA-based films, highligh2ng their poten2al for sustainable packaging 
applica2ons. 
 
Keywords: PLA, Microfibrillated cellulose, nanofibrillated cellulose, maleic anhydride, thermal, 
structural and morphological proper]es 
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The growing demand for sustainable materials has accelerated the development of bio-based 
alternatives to petroleum-derived products. We present the design and fabrication of lightweight, 
multifunctional foams derived from hemp stalk waste and complementary biopolymers and 
bioproducts, including lignin, xylan, pectin, and glycerol. A freeze-drying approach combined with 
thermally induced citric acid crosslinking enables the formation of highly porous and tunable foam 
structures. A total of 25 formulations were investigated to evaluate the influence of composition on 
structural, mechanical, thermal, and absorption properties. The resulting foams exhibited ultra-low 
densities (13–153 mg/cm³) and high porosities (up to 99%), with microstructural transitions from 
nanofibrillar to microfibrillar networks depending on formulation. The materials demonstrated 
excellent absorption capacities of up to 50 g/g for water, 51 g/g for rapeseed oil, and 46 g/g for 
kerosene, along with good recyclability over multiple cycles. Thermal conductivity values ranged from 
0.040 to 0.046 W/m·K, positioning these foams as competitive candidates for sustainable insulation 
materials. This work demonstrates a versatile platform for converting agricultural waste into high-
performance, biodegradable materials with applications in environmental remediation, filtration, and 
thermal insulation. 
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Lignocellulosic fibres have a complex structure that depends on the pulping method applied to obtain 
them. This includes conventional processes such as kraft and thermomechanical pulping, as well as 
newer methods, including sulfur-free and DES approaches applied to wood and food biomass side 
streams. 
 
Fibre structural characterisation involves various methodologies, including optical methods, electron 
microscopy, atomic force microscopy, and X-ray microtomography. These methods can be applied at 
different scales to assess fibre dimensions (length and width), fibre splits, fibre collapsibility, fines, and 
nano-/microfibrils. However, most microscopy assessments reported in the literature have been 
performed subjectively, primarily based on visual evaluation. 
 
This presentation provides an overview of various microscopy techniques and the required sample 
preparation, with a focus on computerized image analysis for quantifying the detailed fibre 
morphology. This development is being further complemented by modern artificial intelligence (AI) 
approaches to optimize the quantification. 
 
Finally, fibres provide an excellent raw material for the fabrication of plastic-free products, aligning 
with current efforts to valorise fibres and replace single-use plastic items. Recent examples of 100% 
thermoformed fibre products are presented. 
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Magnetic Resonance as a Development and Monitoring Tool for Valorising Fiber 
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The family of Magnetic Resonance (MR) techniques encompasses the well-known imaging technique 
(MRI), chemical shift spectroscopy (NMR) and the less familiar Time Domain Nuclear MR (TDNMR). 
These complementary techniques have value throughout the whole circular economy of food waste 
fiber reprocessing. In this work we present two applications of these techniques to demonstrate the 
diversity in their applicability and their power in supporting the development of new laboratory scale 
processes, on-line monitoring of production and for quality assurance of raw materials and products. 
We present early results using a low-cost benchtop TDNMR detected approach to fiber content using 
enzymatic digestion on apple pomace and compare this to traditional gravimetric analysis, considering 
methods for improving the speed and accuracy. This has the potential to allow for rapid semi-
automated screening of raw materials to estimate fiber content before commencing processing. We 
also will show how MRI can be applied to functional foods to measure gastric emptying times (which 
are directly correlated with satiety) for foods prepared with different quantities of fiber. Integrating 
MRI in this way for functional food (or pharmaceutical) product development allows a more scientific 
approach to predicting satiety than area under curve of subjective self-reporting. For both of these 
applications, we will discuss the challenges associated with implementation in the product 
development cycle alongside their benefits and drawbacks in contrast to more traditional approaches. 
We will also outline the initial steps needed to integrate such approaches to existing workflows to 
promote their ongoing adoption in processes which valorise fiber from food waste sources.  
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The rapid determina<on of fiber frac<ons is essen<al for the effec<ve revalorisa<on of agri-food side-
streams. As the industry transi<ons towards a circular economy, the development of valorisa<on 
strategies for those frac<ons diverted into the food and feed waste stream requires precise, real-<me 
chemical profiling to drive the sustainable transforma<on of residues into valuable resources. Near-
Infrared (NIR) spectroscopy provides a rapid, non-destruc<ve and high-throughput analy<cal solu<on 
that support fiber characterisa<on and facilitates the transi<on to industrial-scale fibre upcycling. This 
work reviews research carried out by the Department of Animal Produc<on and the Department of 
Bromatology and Food Technology of the University of Cordoba (Spain), focusing on the op<misa<on 
of NIR applica<ons for fiber analysis across the food and feed value chains. In the animal feed sector, 
robust calibra<ons were developed for fiber determina<on in a wide range of compound feeds 
(including poultry, caRle, ovine, and equine diets) as well as forage grasses. Model op<misa<on 
included the evalua<on of pretreatments and the use of linear and non-linear chemometric methods 
to enhance predic<ve performance and robustness. Furthermore, the versa<lity of NIR was 
demonstrated in complex food matrices, specifically assessing fiber dynamics in asparagus. By 
examining the influence of cul<vars, harvest <mes, and post-harvest storage (refrigera<on and 
modified atmospheres), it was highlighted how NIR spectroscopy func<ons as a high-precision tool for 
evalua<ng fibre composi<on. Finally, to ensure industrial feasibility, the cri<cal challenge of calibra<on 
transfer is addressed. Effec<ve protocols were established to transfer models between predispersive 
and postdispersive instruments, as well as from benchtop laboratory devices to portable sensors. This 
capability is essen<al for monitoring fiber consistency at the point of waste genera<on or processing, 
allowing for the efficient use of the agro-processing waste.  
  
Keywords: Near Infrared Spectroscopy, food and feed sectors, fiber content determina<on, fast and 
non-destruc<ve analysis, fiber valoriza<on.   
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Olive pomace, a major by-product of the olive oil industry, is a lignocellulosic biomass that remains 
largely underutilized despite its potential as a source of cellulose-based materials. The presence of 
lignin and hemicellulose limits the direct utilization of cellulose from this matrix and purification steps 
are required to obtain functional cellulose fractions. In this study, the role of bleaching treatment in 
the production of microcrystalline cellulose (MCC) from olive pomace was investigated. The produced 
material was characterized in terms of its chemical composition, structural properties, morphology, 
crystallinity, and thermal behavior using compositional analysis, FTIR spectroscopy, SEM imaging, X-
ray diffraction (XRD), and thermogravimetric analysis (TGA). Water–material interactions were further 
examined through moisture sorption isotherms and time-domain nuclear magnetic resonance (TD-
NMR) relaxometry. The results showed that bleaching effectively reduced lignin and hemicellulose 
fractions and produced a cellulose-rich material with structural characteristics comparable to 
commercial MCC. In addition, the anticaking performance of the produced MCC was evaluated using 
an icing sugar model system. Functional evaluation also indicated that the produced MCC reduced 
caking in icing sugar systems. Overall, the findings demonstrate the potential of olive pomace-derived 
MCC as a sustainable functional ingredient and highlight the importance of bleaching in improving 
cellulose purity and performance. 
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According to the official AACC defini5on, dietary fibers (DF) are the edible parts of plants or analogous 
carbohydrates that are resistant to diges5on and adsorp5on in the human small intes5ne with 
complete or par5al fermenta5on in the large intes5ne. DF include polysaccharides, oligosaccharides, 
lignin and associated plant substances. Each dietary fiber may display different beneficial physiological 
effects depending on its structural characteris5cs. Hence, quan5fica5on and adequate characteriza5on 
of DF present in foods is of utmost importance. Unfortunately, there is not a single method that fulfils 
all requirements needed to analyse DF.   
Briefly, AOAC has stablished various methods to determine the total DF content, mostly using an 
enzyma5c/gravimetric approach. OMen5mes these methods do not provide informa5on about the 
type of DF present in a food product. Therefore, an in-depth characteriza5on of DF should be 
complementary carried out to aPain detailed characteriza5on of the DF at stake. To achieve this, 
various analy5cal techniques are necessary to study the molecular weight and chemical structure (i.e. 
sugar composi5on, glycosidic linkage composi5on, sugar sequence and organiza5on) of the DF. 
Chromatography- and mass spectrometry-based methods are mostly employed to characterize DF. In 
this communica5on, an overview of the different methods that can be used to characterize DF, from 
total quan5fica5on to extrac5on and detailed characteriza5on, will be discussed.  
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Dietary fibers are indigestible food components associated with multiple health benefits and disease 
prevention. The average intake of dietary fibers does not meet the nutritional recommendation in 
Western countries, and therefore new strategies to integrate higher quantities and variations of 
dietary fibers into our diets are needed. Lignocellulosic biomass has recently been considered a novel 
and ecologically sustainable source of dietary fibers. Lignin and hemicelluloses represent abundant 
but underutilized industrial by-products of agriculture and forest industries, whose valorization 
potential is being actively studied. We have found that lignin and hemicelluloses greatly increase 
emulsion stability, encouraging their usage in different areas, such as food sciences and oral drug 
delivery. Furthermore, they exhibit potential health benefits via supporting the growth of beneficial 
bacteria and suppressing the detrimental ones in the gut, supporting the production of short chain 
fatty acids and diminishing the production of potentially harmful branched-chain fatty acids. Lignin 
was metabolized in rat large intestine and some of the metabolites were absorbed into the blood 
stream and further metabolized to carboxylates, glucuronides, and sulfonates that were measured in 
the urine. The results increase our understanding of the metabolic fate and potential health effects of 
dietary fibers and can be used in valorization of lignocellulosic biomass as food ingredients. Wood 
fibers can be utilized as ecological food stabilizers, supporting holistic valorization of renewable 
resources including current industrial waste and by-product streams via bioprocesses, to produce 
diversified value-added end-products.  
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The development of "precision prebiotics" requires enzymatic systems capable of synthesizing fibers 
such as fructooligosaccharides (FOS) with specific degrees of polymerization (DP), as the physiological 
benefits of these fibers are highly dependent on their chain length. Traditional industrial production 
using wild-type (WT) fructosyltransferases is often limited by severe substrate inhibition and a lack of 
control over product distribution. We used protein engineering of an inulosucrase from Lactobacillus 
gasseri (LgFTase) to overcome these industrial hurdles and produce a tailored FOS mixture specifically 
optimized for gut microbiome modulation. Using directed evolution, multiple generations of LgFTase 
variants were developed and characterized. In the fifth round of evolution, three lead variants were 
isolated and shown to possess novel surface mutations that were distal to the active site. Structural 
modeling via AlphaFold suggested that these mutations improved performance through global 
structural stabilization rather than direct active-site modification. Notably, a specific variant exhibited 
a 15-fold increase in the substrate inhibition constant (Ki  - 1450 mM), allowing for efficient operation 
at high sucrose concentrations. These variants also displayed enhanced operational flexibility, with 
thermal optima shifted to while maintaining a precise product profile of DP 3–7. To facilitate scalable 
production, the engineered enzymes were immobilized on a Sepharose matrix in a continuous-flow 
system. This configuration allowed for the steady-state synthesis of FOS with enriched short-chain 
proportions (DP 3–7), effectively limiting the formation of long-chain polymers. Characterization of 
the produced FOS via HPLC confirmed a consistent and reproducible product composition across 
varying flow rates. The biological efficacy of these tailored fibers was evaluated using in vitro 
anaerobic fermentation models with human fecal samples and specific gut-associated bacterial taxa. 
The enzymatically synthesized FOS induced a significant drop in pH and a marked increase in the 
production of health-promoting short-chain fatty acids (SCFAs), particularly acetate and butyrate. 
While this research focuses on the enzymatic synthesis from sucrose, the robustness and high-
temperature stability of these engineered variants offer a promising technological bridge for 
agricultural waste valorization. Such biocatalysts could potentially be implemented to transform 
sucrose-rich side streams from agricultural processing into high-value, structurally defined prebiotic 
fibers, aligning enzymatic precision with sustainable waste-to-fiber strategies. 
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Driven their unique organolepAc properAes and a growing demand for healthy, vegan, and 
high protein foods, mushroom consumpAon was expanding at a robust rate of 10% per year globally[1]. 
The global mushroom market size was 19.65 Ktons[2], from which approximately 60 Ktons are by-
products, which are currently used as ferAlizer or feed[3]. Given that these by-products are a rich source 
of proteins and polysaccharides, specifically β-glucans which possesses potenAal hypocholesterolemic 
acAvity[4,5] they represent a significant opportunity for high value potaAon.  

In this work, extracAon and characterizaAon of different fracAons containing polysaccharides 
and proteins from Agaricus bisporus by-products was addressed targeAng its valorisaAon as funcAonal 
ingredients, with potenAal hypocholesterolemic effects.   

Ethanolic, aqueous and alkaline extracts of Agaricus bisporus by-products resulted in low yield 
of soluble (29%) and high yield of insoluble (54%) polysaccharides. The fracAons are rich in 
carbohydrates (37-83%) being glucose the major monosaccharide residue (44-96 mol%) determined 
by GC-FID of alditol acetates derivaAves. The water insoluble residue (WIR) resulAng from hot water 
extracAon was shown to be composed by 53% carbohydrates from which 69 mol% was glucose and 
19mol% was glucosamine. This corresponds to 39% yield of iniAal mushroom where the insoluble 
glucan contains similar quanAAes of (1→4)-Glc (30 mol%) and (1→6)-Glc (23 mol%) determined by 
glycosidic linkages analysis using GC-MS. Furthermore, this fracAon also comprises the presence of 28 
mol% of protein as well as (1→4)-GlcNAc (11 mol%) and t-GlcNAc (1 mol%) linkages characterisAc of 
chiAn. This residue was submiaed to alkali extracAon (NaOH 1M) leading to a supernatant 
(Sn_1M.NaOH) rich in carbohydrates (83%) mainly glucose (96 mol%) with a yield of 16% regarding to 
the iniAal mushroom. The characterisAc glycosidic linkages profile was (1→4)-Glc (43 mol%) and 
(1→6)-Glc (26 mol%). From the supernatant dialysis a precipitate (ppt_Sn1M.NaOH) was obtained 
amounAng 57% of carbohydrates from which 94mol% was glucose. The yield obtained was 3% of iniAal 
mushroom being the characterisAc glycosidic linkages the following (1→3)-Glc (39 mol%) and (1→4)-
Glc (24 mol%). The residue (R_1M.NaOH) obtained was composed by 60 % of carbohydrates with 53 
mol% of glucose and 42mol% of glucosamine. The yield obtained was 12% of the iniAal mushroom 
with (1→3)-Glc (5 mol%), (1→4)Glc (6 mol%) and (1→6)-Glc (12 mol%), characterisAc linkages of β-
glucans, together with (1→4)GlcNAc (25 mol%), configuring an enrichment of chiAn.   

To access hypocholesterolemic potenAal, the effect of characterized fracAons on cholesterol 
bioacessibility using a simplified in vitro intesAnal model was studied. The results show that 
ppt_Sn1M.NaOH decreased 5% of cholesterol bioacessibility contrary to the other fracAons. This 
decrease was related with the higher content of (1→3)-Glc of this fracAon. Indeed, using as posiAve 
control a mixed linked β(1→3)/(1→4)-glucans from oat and barley, which are well accepted as 
cholesterol reducing ingredients by EFSA also show a decrease of 72-78% in cholesterol solubility, 
highlighAng the relevance of structures containing together β(1→3)-Glc and (1→4)-Glc on this acAvity. 
The strategy that allowed to obtain the β-glucan structures with hypocholesterolemic potenAal was 
alkaline extracAon followed by neutralizaAon and dialysis of supernatant.   
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Growing consumer demand for residue-free food, retailer commitments, stricter policies aimed at 
reducing synthetic chemical pesticides use, and the expansion of organic agriculture are driving 
research toward safer and more sustainable crop protection strategies. At the same time, plant 
diseases are estimated to cost the global economy more than USD 220 billion annually, reducing crop 
yield and quality while contributing to food price increases and food insecurity. Among the most 
promising alternatives, chitosan has emerged as a versatile bio-based tool for plant protection. 
Chitosan [β-(1,4)-2-amino-2-deoxy-D-glucose)] is a natural biopolymer obtained by the deacetylation 
of chitin, the second most abundant polysaccharide in nature after cellulose. Chitosan is recognised 
for its antimicrobial activity, elicitation of plant defence responses, and its ability to form protective 
films and coatings. Our studies demonstrated that chitosan can be effectively applied along the entire 
crop chain, from seed to postharvest stages. In seed treatments, chitosan showed effective control of 
the main seedborne pathogens of cabbage, including Alternaria alternata and Alternaria brassicicola. 
Under field conditions, it showed efficacy against grapevine downy mildew and powdery mildew, 
caused by Plasmopara viticola and Erysiphe necator respectively. In postharvest applications, chitosan 
reduced fruit decay caused by Botrytis cinerea and Monilinia spp., while contributing to improved fruit 
preservation. These results confirm the broad-spectrum potential of chitosan as a sustainable 
alternative to conventional pesticides. However, further large-scale validation trials are needed to 
optimise dosages, formulations, and application strategies under diverse crops, environmental 
conditions, and production systems. 
 
Keywords: AnWfungal acWvity, Chitosan, Seedborne, pre and postharvest disease 
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This study evaluates the anDtumorigenic efficacy of innovaDve funcDonalized tomato products, 
specifically leathers and snack bars. The biological acDvity was assessed using MTT cell viability assays 
across a diverse panel of human cancer cell lines, including Caco2 (colon adenocarcinoma), HT29 
(colorectal adenocarcinoma), SKMEL30 (melanoma), and U87MG (glioblastoma).  
Experimental results revealed a significant, dose-dependent reducDon in cell viability across all tested 
cell lines. While lower concentraDons (1 mg/ml) showed negligible inhibitory effects, higher 
concentraDons (5 mg/ml and 10 mg/ml) led to substanDal growth suppression. The anDtumorigenic 
potency was significantly influenced by the specific product formulaDon. Baseline tomato sauce (TS) 
formulaDons exhibited the lowest inhibitory acDvity, whereas products forDfied with olive powder (O) 
and plant-derived proteins, such as Rubisco (R) or Pea (P) protein, demonstrated enhanced efficacy.  
The most potent effects were observed at the 10 mg/ml concentraDon, parDcularly in formulaDons 
containing both olive powder and protein addiDves (TS+O+R and TS+O+P). The HT29 and Caco2 colon 
cancer lines appeared parDcularly sensiDve, with viability dropping as low as 40–50% in certain 
protein-enriched snack bar and leather treatments. These findings indicate that the strategic 
enrichment of tomato-based funcDonal foods with olive and plant proteins provides a synergisDc 
inhibitory effect on cancer cell proliferaDon, suggesDng high potenDal for these products as health-
promoDng dietary intervenDons.  
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The valorization of fruit and vegetable by-products offers a sustainable pathway for obtaining 
bioactive compounds with functional potential. This study investigates beetroot and raspberry by-
product powders as sources of natural antioxidants and pigments, focusing on their characterization, 
functionality, and bioactive properties. Ultrasound-assisted extraction (UAE) was applied under 
identical conditions with varying temperature, time, and ultrasound power to evaluate differences in 
extraction performance. 
The extracts were characterized in terms of antioxidant activity (DPPH, ABTS), total phenolic and 
flavonoid contents, pigment yield, color parameters (CIELAB), and UV–Vis spectra, while molecular 
weight distribution was assessed by HPLC–SEC. Raw materials were analyzed using FTIR, SEM, and ICP-
OES to understand their structural and compositional influence. 
 
Raspberry extracts showed higher flavonoid content (390–530 mg CE/100 g) and antioxidant activity, 
while beetroot exhibited superior pigment yield. Principal component analysis (PCA) explained 75.1% 
of the total variance which revealed clear separation of samples according to both plant matrix and 
extraction treatment, highlighting differences between bioactivity-driven and pigment-driven 
extraction trends. Results highlight that intrinsic material properties govern extract functionality, 
supporting the sustainable use of agro-industrial by-products as bioactive ingredients. 
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From Bio-Based Polysaccharides to Functional Aerogels for Food Applications 
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The transition towards a circular bioeconomy places a strong emphasis on extracting and utilizing 
natural fibers to create sustainable, high-value materials. To support these goals, this study explores 
how extracted bio-basedpolysaccharides, specifically chitosan, sodium alginate and xanthan gum, can 
be transformed into advanced aerogels for applications in food processing. Supercritical CO2 drying is 
a key step in the development of these functional materials. Unlike other drying methods, which often 
cause structural collapse, this advanced technique protects the fragile, three-dimensional network of 
biopolymers. Operating under gentle conditions, it produces highly porous, low-density materials 
without leaving behind any harmful solvent residues, making it an environmentally friendly and safe 
process for food-grade applications. The resulting aerogels have large surface areas and adjustable 
water absorption properties, which allow them to perform effectively in diverse, complex 
environments. In practical food systems, these bio-based materials have proven highly efficient as 
adsorbents in liquid processing. They have been successfully used to clarify beverages such as iced tea 
and to safely remove oxidation products from used frying oil for regeneration. Furthermore, their 
open porous structure provides an effective microenvironment for enzyme immobilization, 
significantly improving stability, accessibility, and reusability of enzymes during food processing. Thus, 
integrating natural polysaccharide fibers with advanced supercritical drying techniques could offer a 
practical, scalable way to add value to bio-based resources, contributing directly to more sustainable, 
circular food technologies. 
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The valorization of fiber-rich agro-food residues is an important strategy for developing sustainable 
bioprocesses within the circular bioeconomy. The aim of this study was to evaluate selected 
lignocellulosic by-products as alternative carbon sources for microbial biomass production by 
Yarrowia lipolytica KKP 379. Four agro-industrial residues, namely tea waste, wheat straw, sugar beet 
pulp, and orange peels, were subjected to acid hydrolysis and compared for their initial reducing sugar 
content, sugar utilization during cultivation, and ability to support yeast biomass formation. 
Hydrolysates were prepared with 1% H2SO4 and used as cultivation media in both non-supplemented 
and supplemented variants. A medium containing 4% glucose served as the control. The initial 
concentration of reducing sugars in the hydrolysates was measured before cultivation. Shake-flask 
cultures were conducted, and samples were collected at 24, 72, and 120 h to monitor residual sugars 
and biomass production. 
The tested hydrolysates differed markedly in their initial reducing sugar content. Sugar beet pulp 
hydrolysate contained the highest level of reducing sugars (44.51 ± 6.55 g/L), followed by orange peel 
hydrolysate (37.64 ± 1.17 g/L). Wheat straw and tea waste hydrolysates showed substantially lower 
values, 12.99 ± 0.39 g/L and 8.34 ± 0.33 g/L, respectively. These differences were reflected in yeast 
growth. Among all tested substrates, sugar beet pulp hydrolysate proved to be the most effective for 
biomass production. In the supplemented medium, biomass reached 12.20 g/L after 72 h and 
remained high at 10.50 g/L after 120 h. Orange peel hydrolysate also supported efficient growth, 
yielding 10.05 g/L biomass in the supplemented variant after 120 h. In contrast, tea waste and wheat 
straw hydrolysates were less effective in non-supplemented media, but supplementation significantly 
improved biomass production, increasing the final biomass from 3.86 to 6.97 g/L in tea waste 
hydrolysate and from 1.37 to 5.08 g/L in wheat straw hydrolysate. The glucose control reached 10.86 
g/L biomass after 120 h. 
The results demonstrate that fiber-rich agro-food residues can be effectively upgraded via hydrolysis 
and bioconversion into value-added microbial biomass. Among the tested materials, sugar beet pulp 
showed the greatest potential as a low-cost substrate for Y. lipolytica cultivation, and nutrient 
supplementation substantially improved the performance of low-sugar hydrolysates. These findings 
support the use of agro-industrial residues as promising feedstocks for sustainable biomass 
production. 
 
Keywords: Yarrowia lipolyTc, biomass, food waste, lignocellulose 
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Background: 
Reducing the consumpEon of animal-based products and developing innovaEve, sustainable, 

ethical, nutriEous, and health-promoEng alternaEves has become a global priority. Single-cell proteins 

(SCP) are alternaEve proteins produced through the fermentaEon of microorganisms, such as yeast, 

filamentous fungi, bacteria, and algae. These sustainable protein sources exhibit rapid growth and 

producEvity and can be culEvated using industrial by-products, contribuEng to a low carbon footprint 

and supporEng circular economy strategies. Beyond high protein content, SCP biomass presents a 

valuable nutriEonal profile, parEcularly due to the presence of dietary fiber components derived from 

microbial cell walls, including β-glucans and chiEn. Yeasts, especially Saccharomyces cerevisiae (SC), 

are one of the most extensively studied and industrially explored microorganisms for SCP producEon, 

largely due to their well-established use in the food and biotechnology industries. Regarding microbe-

derived proteins, mycoproteins from filamentous fungi such as Fusarium venenatum (FV) have gained 

increasing aVenEon due to their meat-like texture (e.g. Quorn™ products)[1]. This study aimed to 

produce and characterize SC and FV biomass at a pilot scale and evaluate their potenEal as funcEonal 

food ingredients for the development of nutrient-rich products.  

Methodology: 
 SCP biomass was produced through controlled fermentaEon at pilot plant scale using a 

BIOSTAT Cplus fermenter, with total and working volumes of 30 and 20 L, respecEvely. Proximate 

composiEon was determined according to AOAC standard methods. Chemical characterizaEon 

included the quanEficaEon of total dietary fiber and glucans using enzymaEc assay kits. Mineral 

composiEon was analyzed by inducEvely coupled plasma (ICP), while amino acid and faVy acid profiles 

were determined by high-performance liquid chromatography (HPLC) and gas chromatography with 

flame ionizaEon detecEon (GC-FID), respecEvely. AddiEonally, anEoxidant capacity (ABTS and ORAC) 

as well as ACE and α-glucosidase inhibitory acEviEes were evaluated. Technological properEes, 

including water and oil holding capaciEes, foaming and emulsifying properEes, were also assessed. 

Findings: 
SC exhibited a higher total protein content (32.06% of dry weight-DW) compared to FV (16.35% 

DW), with similar protein solubilizaEon levels (45.64-43.67%). Total (45.20% DW), insoluble (38.43% 

DW), and soluble (6.77% DW) dietary fiber were also higher in SC, with β-glucan and α-glucan 

concentraEons of 7.35 and 16.73% DW, respecEvely. FV exhibited higher fat (4.70% DW) and ash 

(7.75% DW) content. FV biomass is an excellent source of phosphorus, potassium, and magnesium, as 

well as oleic, linoleic, and palmiEc acid. Both species showed balanced amino acid profiles, with high 

levels of essenEal amino acids. 

The results also suggest that SC possesses higher anEoxidant capacity, namely 70.55 and 

109.66 µmol Trolox equivalent (TE)/g DW for ABTS and ORAC, respecEvely. In contrast, FV exhibited 



stronger anE-hypertensive potenEal (IC₅₀ of 20.88 µg/mL). SC exhibited higher α-glucosidase inhibitory 

acEvity (36% at 68 mg/mL). Regarding technological properEes, FV showed a higher water and oil 

holding capacity, while both biomasses presented comparable foaming properEes and good 

emulsifying capacity.  

Conclusions: 
This study demonstrated that both biomasses possess relevant nutriEonal, funcEonal, and 

technological properEes, reinforcing the potenEal of SCP as a sustainable funcEonal ingredient. Future 

work will focus on product development, as well as bioaccessibility, bioavailability, and associated 

health benefits. 

 

Topics: CharacterizaEon, funcEonality, and bioacEve potenEal of extracted fibers  

 

Keywords: Single-cell proteins; Saccharomyces cerevisiae; Fusarium venenatum; FuncEonal 

ingredients. 
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Introduction: The agro-industrial sector represents a rich source of lignocellulosic residues with 
significant valorization potential through bioprocessing strategies, particularly when utilized as carbon 
sources to support microbial activity. Specifically, agro-industrial residues such as pineapple, lemon 
peel, acorn peel, grape pomace and coffee spent grounds within the SSF matrix can improve substrate 
porosity, enhance nutrient availability, and provide additional bioactive precursors to be released 
through enzymatic activity. Additionally, the potential incorporation of sea by-products (Spirulina 
platensis) introduces a nitrogen rich component that can effectively balance the carbon/nitrogen 
(C/N) ratio of the matrix, thereby enhancing microbial growth and metabolic performance, promoting 
circular bioeconomy strategies for resource efficient and sustainable bioprocesses. In this study, five 
different agro-industrial residues were mixed with S. platensis by-product (SPSB) as substrate for A. 
oryzae bioprocessing, following by the evaluation of protein content and antioxidant activity. 
Methodology: The evaluation englobed the compatibility of the microorganism (radial growth 
evaluation, water absorption index (WAI), critical moisture point (CMP) and pH); following, a 120 h 
fermentation was performed according to previously optimized conditions (previously stage). Then, 
antioxidant activity (ABTS and FRAP,), flavonoid content, and total protein content (Kjedahl) [1]. 
Results: The evaluation of the by-products potential as substrates revealed low pH values (3.51 ± 0.01 
– 5.143 ± 0.03). Additionally, the WAI and CMP values fall within the range reported in the literature 
as suitable for the development of solid-state bioprocesses. Regarding radial growth assessment, 
similar growth rates (mm/h) were observed compared to those reported for other by-products in the 
literature for Aspergillus spp., with the highest growth rates obtained for lemon peel (0.36 ± 0.06), 
grape pomace (0.37 ± 0.06), and coffee spent grounds (0.35 ± 0.06), which can be explained by their 
rich nutritional composition [2]. Also, the antioxidant activity and the flavonoid content increased at 
least 2 times (ABTS, FRAP and Flavonoids), and the total protein content of fermented biomass 
increase between 20 – 50 %. Given these promising results, the study was conducted to maximize the 
valorisation showing the best combination to reach higher antioxidant activity. Conclusion: This 
research aims to valorize agro-industrial by-products and microalgae residues for the development of 
novel biofunctional ingredient while promoting sustainable bioprocessing approaches by industrial 
symbiosis. 
 
Key words: Agro-industrial by-products, Industrial symbiosis, Sustainable biorefinery, Novel proteins.  
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In the recent years, an emerging practice involves substituting synthetic food additives with plant-
derived bioactive chemicals, primarily obtained from plant-based products and by-products, in line 
with the principles of sustainability and the circular economy. This is the case of fiber rich ingredients, 
that can be authorized by the European Commission to be applied as thickeners, gelling agents, 
stabilizers, among others, as food additives. 
 
The risk assessment for food additives is a multi-step scientific process to ensure public safety by 
identifying hazards and evaluating exposure to potential risks. It involves the evaluation of new food 
additive composition, how it interacts with food, its potential toxicological effects and the estimation 
of the potential exposure along the diet of the European consumers. 
 
Since 2026, each new food additives applications must follow the Guidance on the scientific data 
requirements for an application for authorization of a food additive submitted under Regulation (EC) 
No. 1331/2008.  All new food additives based on fiber rich extracts are consider as complex mixtures, 
this makes its risk assessment somewhat challenging, especially when it comes to identifying potential 
risks and evaluating their impact. 
 
In this sense, the new approach in the risk assessment of fiber rich extracts will be reviewed paying 
special attention to the key points to be consider for it possible application as a new food additive in 
Europe. Moreover, some examples of fiber rich new food applications recently assessed by the EFSA 
will be highlighted. 
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Protein extraction from green biomass creates more than one valuable side stream. Alongside the 
protein fraction, it also generates a fiber-rich press cake and sugar-rich brown juice that can support 
further product development. At the University of Hohenheim, these streams are being considered 
within an integrated biorefinery approach. The press cake offers potential as a raw material for fiber-
based products and materials, while the brown juice can serve as a feedstock for platform chemicals 
such as 5-HMF and levulinic acid. The Hohenheim biorefinery concept shows that both streams are 
produced in relevant amounts, which makes them interesting not only scientifically but also from a 
future scale-up and application perspective. 
 
This work focuses on the scale-up perspective of linking these routes instead of treating the remaining 
streams as low-value residues. The aim is to move beyond single-product thinking and to improve the 
overall efficiency and relevance of green biomass biorefineries. In this context, fiber valorization and 
chemical valorization should not be seen as competing options, but as connected pathways that can 
strengthen each other. A biorefinery that produces feeding for animals, fiber products and platform 
chemicals from the same biomass has a stronger basis for industrial interest, regional implementation 
and long-term economic viability. The broader concept also matches the goals of reducing imported 
feed dependence, improving circularity, and creating more value from agricultural side streams. 
Work carried out at the University of Hohenheim already provides a useful basis for this discussion. In 
the grass biorefinery process, brown juice was identified as a promising second-generation sugar 
source for hydrothermal conversion, while the solid side stream remains relevant for material-
oriented routes. In lab-scale trials, the brown juice contained about 104 g/L total sugar and the 
conversion experiments showed that 5-HMF formation started at around 160 °C. The highest 5-HMF 
production was reached about 5 minutes after the system reached 200 °C, while levulinic acid 
increased later in the process. These results are important because they show that side streams from 
biomass fractionation can already deliver technically meaningful intermediates, but they also make 
clear that further optimization is still needed before moving toward larger-scale implementation. 
 
This work also highlighted several practical questions that are highly relevant for scale-up. Further 
conditioning of the brown juice is needed to remove remaining components that may intensify 
carbonization and additional dilution is required because the sugar concentration in the raw stream 
is higher than what is typically used in practice. In addition, the experiments showed that process 
reproducibility and reactor reliability matter strongly for obtaining robust results, which is exactly the 
kind of issue that becomes even more important when moving from lab work to pilot or technical 
scale. 
From an industry perspective, the key question is how such side streams can move from promising 
laboratory materials to reliable process inputs. This includes handling variation in biomass quality, 
improving stream stability and consistency, identifying realistic product routes for fibers and 
chemicals, and integrating these valorization steps into existing processing lines. By combining fiber 
use with platform chemical production, the University of Hohenheim’s approach shows how green 
biomass biorefineries can move beyond a single-output model and develop into broader value-chain 
systems. This is where scale-up becomes especially important: not only as a technical step, but as a 
framework for connecting research results, industrial needs and regional bioeconomy opportunities. 
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The increasing interest in sustainable food production has led to growing attention toward the 
valorization of agro-industrial by-products. Residues generated during the production of macadamia 
oil and the processing of Brazil nuts represent valuable sources of dietary fiber and other bioactive 
compounds. These by-products contain significant amounts of insoluble and soluble fibers that can 
contribute to improved gastrointestinal health, regulation of blood glucose levels, and reduction of 
cholesterol absorption. Dietary fibers derived from macadamia and Brazil nut residues may also 
support the growth of beneficial gut microbiota, thereby promoting overall metabolic health. In 
addition, the presence of associated phytochemicals and antioxidants may enhance their functional 
properties and provide protective effects against oxidative stress. The incorporation of such fiber-rich 
by-products into food formulations offers a promising approach for developing functional foods while 
simultaneously reducing food waste and improving the sustainability of nut processing industries. 
Therefore, the utilization of macadamia oil and Brazil nut processing residues as sources of dietary 
fiber represents a valuable strategy for both nutritional improvement and circular economy 
development in the food sector. 
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One of the growing ecological challenges is the transi5on from fossil-based resources to renewable 
and sustainable alterna5ves. Biomass is increasingly recognised as a promising feedstock for 
developing sustainable industrial processes. Among the various types of biomass, starch-rich materials 
are of par5cular interest due to their wide range of poten5al applica5ons. However, extrac5ng starch 
from these sources remains challenging, as structural proper5es and solubility behaviour can 
significantly affect extrac5on efficiency and oPen result in low yields. Potato peelings, oPen overlooked 
as a by-product of the food processing industry, are a rich source of starch and therefore present an 
interes5ng opportunity for valorisa5on. Their starch content, which cons5tutes a significant frac5on 
of their composi5on, makes them a promising resource for starch recovery. Deep eutec5c solvents 
(DES) have recently emerged as an alterna5ve approach for biomass processing, as they can be tailored 
for specific applica5ons, including the dissolu5on of poorly soluble biopolymers such as starch. The 
precise combina5on of hydrogen bond acceptors (HBAs) and hydrogen bond donors (HBDs) can 
significantly influence solvent–solute interac5ons and thus enhance starch solubility. In this work, DES 
composed of generally recognised as safe (GRAS) compounds were designed and inves5gated. The 
dissolu5on behaviour of starch in DES systems was studied to beZer understand the underlying 
solubilisa5on mechanisms. In par5cular, the influence of water on the solvent structure was examined 
by inves5ga5ng both water-in-DES and DES-in-water regimes. Hansen Solubility Parameters, which 
characterise solvent polarity and affinity towards solutes, were used to support the selec5on of 
suitable HBA:HBD combina5ons for improving starch solubility. Based on these findings, the most 
promising DES systems were subsequently applied to the extrac5on of starch from potato peels. This 
approach contributes to improving the u5lisa5on of potato peel waste while providing further insight 
into starch dissolu5on in DES media and suppor5ng the development of more sustainable extrac5on 
strategies.  
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Downstream processing is a criDcal component of producDon across many industries. However, these 
processes are oIen complex, energy-intensive, and require significant material input, which means 
they can account for up to 80% of overall producDon costs. As industries increasingly pursue 
sustainable and cost-effecDve soluDons, the development of innovaDve downstream processing 
techniques has become essenDal for improving efficiency while maintaining high producDvity. In this 
context, this study introduces a more sustainable approach for extracDng curcuminoids from Curcuma 
longa using micellar soluDons. The proposed method combines solid–liquid extracDon (SLE) and 
liquid–liquid extracDon (LLE) into a single integrated process, improving overall efficiency. The SLE 
solvent, composed of a buffer and a biodegradable surfactant, enables the formaDon of an aqueous 
micellar two-phase system (AMTPS), which represents a specialized form of LLE. OpDmizaDon of both 
SLE and LLE condiDons resulted in a curcuminoid recovery exceeding 95% in the surfactant-rich phase. 
Beyond efficient extracDon, the findings also highlight the potenDal of these systems for smart 
packaging applicaDons. The surfactant-rich phase demonstrates strong stability, maintaining its 
structural integrity for more than 50 hours under UV exposure with only about 20% degradaDon. These 
systems were also successfully applied for paper dyeing, where mixed AMTPS produced more intense 
coloraDon with increasing ionic liquid concentraDon, in contrast to convenDonal systems without ionic 
liquids, in which increasing concentraDon did not enhance color intensity. Overall, these findings 
demonstrate the capability of this approach to support the development of sustainable materials with 
pracDcal real-world applicaDons.   
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Introduc)on  
The extrac;on of bioac;ve compounds from olive mill waste has gained significant a0en;on due to 
their poten;al health benefits and sustainability implica;ons [1]. Enzyma;c hydrolysis, par;cularly 
using pec;nase, has shown promise in enhancing the release of these compounds [2]. This study aims 
to op;mize enzyma;c parameters through factorial experimental designs and evaluate the influence 
of sulphur dioxide and drying temperature on extrac;on efficiency, and assess phenolic and 
an;oxidant ac;vity through specific assays.  
  
Methodology   
Olive pomace was stabilised by freeze-drying at −80°C or by sodium metabisulfite treatment (10–20%), 
followed by homogenisa;on, aXer which full factorial designs were applied to op;mise extrac;on 
condi;ons. In Experiment 1, enzyma;c extrac;on using pec;nase was evaluated by varying 
temperature (25–60°C), pH (3–5), and enzyme concentra;on (0–10%) over 3 hours. In Experiment 2, 
the combined effects of drying temperature (40–80°C), sulphur dioxide (0–20%), and enzyme ra;o (0–
10%) were assessed over 24 hours to examine preserva;on and thermal influences. In Experiment 3, 
the role of the chemical environment was inves;gated using buffer systems across pH 2.0–9.2 and 
ethanol–buffer mixtures (20–70% v/v) at room temperature for 2 hours. All extracts were subsequently 
analysed using spectrophotometric assays and validated HPLC methods to determine phenolic 
composi;on and an;oxidant ac;vity.  
  
Results  
In Experiment 1, TPC and TFC were maximised at moderate temperature (40°C), pH 5, and high enzyme 
levels, confirming enhanced enzyma;c release of phenolics, whereas high temperature without 
enzyme reduced extrac;on; in contrast, TdOPC and FRAP were highest at low temperature (25°C) and 
pH 5 without enzyme, indica;ng greater stability under mild condi;ons, while CUPRAC showed par;al 
dependence on enzyme concentra;on. In Experiment 2, TPC increased at higher temperature (80°C), 
sugges;ng thermal release, whereas TFC and TdOPC were maximised at 60°C with high SO₂ and 
enzyme, highligh;ng the stabilising effect of SO₂ and the nega;ve impact of excessive heat. In 
Experiment 3, extrac;on efficiency was governed by pH and solvent composi;on, with acidic 
condi;ons favouring TFC and procyanidins, TdOPC and CUPRAC were enhanced at moderate pH and 
higher ethanol levels, while yield increased under alkaline condi;ons due to improved mass transfer.  
Conclusion   
Phenolic extrac;on from olive pomace is controlled by enzyma;c condi;ons, temperature, and 
extrac;on chemistry. Moderate temperatures with enzyme enhance TPC and TFC, while mild 
condi;ons favour TdOPC stability and an;oxidant ac;vity. Thermal treatment increases release but can 



cause degrada;on unless stabilised by SO₂. Extrac;on efficiency is further governed by pH and solvent 
composi;on, with compound-specific responses.  
  
References  

1. Soares, T.F., Alves, R. C. and Oliveira M. B. 2024 ‘From Olive Oil Produc;on to ByProducts: Emergent 
Technologies to Extract Bioac;ve Compounds’, Food Review Interna;onal. 3342-3369.   

2. Linelle de Oliveira Santos, K., Cortez Daccache, I.S. and Soares de Castro, R.J. 2022 ‘Synergis;c Ac;on 
of Mul;ple Enzymes Resul;ng in Efficient Hydrolysis of Banana Bracts and Products with Improved 
An;oxidant Proper;es’ Processes. 10(9), 1807.   
  
  
  
  



Understanding the effect of extrusion on fiber and phenolic compounds of strawberry 
pomace in starch-based extrudates 

 
Jeimmy Rocío Bonilla Méndez a, b,, Jeffrey León Pulido b, Sylvie Bureau c, and Carine Le Bourvellec c 

 

a International Agroindustrial Biotechnology Center, Faculty of Agricultural Sciences, University of 
Cauca, Popayán, Cauca, 690001, Colombia 

b Faculty of Engineering, EAN University, Bogotá D.C., 111321, Colombia 
c INRAE, Avignon University, UMR SQPOV, F-84000 Avignon, France 

 
Poster presentation  
 
Strawberry byproducts (SBP), i.e. pomace, generated during juice extraction, are rich in fiber and 
phenolic compounds, offering potential for functional ingredients. This study evaluated the hypothesis 
that interactions between fiber and phenolic compounds in extruded snacks may confer to phenolic 
compounds a protection against extrusion-induced degradation. The study was designed to test this 
through controlled snack formulations with tapioca starch: either SBP, isolated cell wall, isolated 
phenolic extracts, or a combination between cell walls and phenolic compounds. Mid-Infrared 
spectroscopy (FTIR), microscopy (SEM), and chemical analysis confirmed that extrusion significantly 
reduced anthocyanins and flavonoids, except kaempferol-3-O-glucuronide and (-)-epicatechin for 
which content increased under certain conditions. Regarding, cell wall composition 
rhamnogalacturonans were the most affected, while hemicelluloses and cellulose remained stable. 
Cell wall presence favored proanthocyanidin retention, especially highly polymerized forms of flavan-
3-ol units. These findings highlight the cell wall role in conferring phenolic compounds protection 
against extrusion-induced degradation. This new knowledge opens avenues for optimizing extrusion 
processes to enhance the nutritional quality of plant-based products, particularly those incorporating 
phenolic-rich byproducts. 
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Beet processing generates large amounts of waste, particularly pomace, which is rich in dietary fiber 
and whose potential benefits remain largely unexplored. Soluble dietary fiber extracted from red 
beetroot waste can be utilized to produce higher-value products, thereby promoting the sustainable 
use of agricultural resources. The purpose of this work was to extract soluble dietary fiber from 
beetroot pomace and to evaluate its suitability for nisin encapsulation. Nisin is a well-known peptide 
composed of 34 amino acid residues. It is synthesised by the food-grade lactic acid bacterium 
Lactococcus lactis subsp. lactis. Nisin is active against Gram-positive bacteria, including Clostridium 
botulinum and Listeria monocytogenes. It is approved by the US Food and Drug Administration for its 
applications in food products and assigned the number E234 as a food additive in the EU. 
The beetroot pomace used for the extraction of soluble dietary fiber was freeze-dried and powdered. 
A conventional extraction method and two non-conventional techniques, microwave-assisted 
extraction and pulsed ultrasound-assisted extraction, were used and optimized. Finally, the extracted 
soluble fiber was precipitated with isopropyl alcohol and dried. The extraction yields were 12.3%, 3.1% 
and 7.1%, respectively. The solubility of the dried extracts was analyzed and was found to be 27.4 ± 
1.4 mg/mL. The total carbohydrate content was determined in the obtained dried extracts and was 
found to be equal to 938 ± 42 mg/g. FT-IR analysis showed the presence of pectin in the soluble fiber 
fraction. Analysis using the Bradford method did not detect any protein impurities. Dynamic light 
scattering showed that the obtained material had a negative surface charge at a large range of pH 
value. Preliminary experiments demonstrated that the extracted soluble fiber could be used to 
encapsulate the antimicrobial peptide nisin.   
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Agro-industrial residues such as fruit pomace are an abundant yet underuLlized source of 
lignocellulosic fibers for material applicaLons. In this study, bilberry (Vaccinium myrAllus L.) pomace 
was invesLgated as a renewable, fiber-rich material for paper producLon. The study aimed to 
determine the fiber composiLon of bilberry pomace and evaluate its suitability for papermaking. The 
pomace was analyzed for cellulose, hemicellulose, and lignin content using established analyLcal 
methods. Paper sheets were produced in a laboratory sheet-forming system by parLally replacing 
cellulose pulp with bilberry pomace (BP1–BP3). The resulLng materials were evaluated for basic 
mechanical and opLcal properLes. IncorporaLng bilberry pomace enabled the producLon of visually 
disLncLve papers with a characterisLc light blue color from naturally present anthocyanins and a 
slightly grainy texture. Pomace addiLon affected both mechanical and opLcal properLes; higher 
incorporaLon levels reduced tensile strength, whereas lower levels enabled the producLon of 
funcLonal materials with acceptable properLes. Compared to extract-based approaches, direct 
uLlizaLon of pomace resulted in more pronounced modificaLons of both structural and visual 
characterisLcs. Overall, the results show that bilberry pomace is a promising fiber-rich material, 
parLcularly as a source of structural polysaccharides, and can be used for specialty paper producLon 
by parLal subsLtuLon of convenLonal pulp. This approach supports the valorizaLon of agro-industrial 
residues and advances circular bioeconomy strategies.  
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During the last years, there has been an increasing focus on developing gluten-free snacks using pulse-
cereal blends enriched with different sources of dietary fiber obtained from agro-industrial by-
products. Besides their nutritional value and functional properties, pulses are notable to promote 
sustainable food systems. The functional quality, and specifically the fiber content of extruded snacks 
made from pulses can be improved by incorporating fruit by-products (peels, leaves, seeds, pulp 
waste), and passion fruit skin has emerged as a key ingredient in this field. Since the juice industry 
discards nearly half of the fruit's mass (closed to 50%), revalorizing these nutrient-dense peels not 
only minimizes environmental impact but also adds significant nutritional value to new food 
formulations. This work aimed to investigate the influence of fiber-rich ingredients incorporation, 
particularly passion fruit skin and Fibersol®, on the dietary fiber (total, soluble and insoluble) and 
arabinoxylans (total and water soluble) content of different rice-chickpea blends (raw and extruded), 
destinated to the elaboration of gluten-free, snack-type products. Total dietary fiber and their fraction 
(soluble and insoluble) were quantified by applying official AOAC enzymatic–gravimetric methods 
993.19 and 991.42. Arabinoxylans (total and water-soluble) were estimated following a colorimetric 
method. Despite the complexity of the analyzed food matrices, the statistical analysis carried out 
consisted of the inclusion in the ANOVA of two-way interactions, demonstrated that the individual 
fortification with passion fruit significantly impacted the arabinoxylan content (total and water-
soluble), as well as the insoluble dietary fiber fraction. These outcomes have implications for health, 
as arabinoxylans have demonstrated potential benefits for control of several diseases, including 
diabetes and cardiovascular diseases. Moreover, insoluble dietary fiber is essential to the normal 
function of the intestinal tract. The obtained results suggested that passion fruit by-products let 
enhance the composition of different pulse-cereal blends, constituting an interesting way to improve 
the food quality of gluten-free snacks-type products. 
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Abstract  
The environmental issues caused by petrochemical plas=cs, along with the growing awareness of 
society on these ma@ers, highlight the urgent need to develop materials with similar proper=es that 
are both environmentally and economically viable1. Macroalgae can be the source for these materials.   
Sulfated polysaccharides, such as ulvan from Ulva genus (7-29 % d.w.basis)2 3 emerge as alterna=ves 
for film produc=on 4. However, to ensure their prac=cal applica=on, namely in food packaging 
solu=ons, it is necessary to develop formula=ons to improve film proper=es such as low mechanical 
resistance and water-solubility5.    
On the other end the biopolyesters- polyhydroxyalkanoates (PHA), produced by bacteria are excellent 
candidates, offering physical and mechanical proper=es comparable to conven=onal plas=cs 6. 
However, they are not economically viable, as the primary cost driver is the carbon sources required 
for bacterial growth7.   
In this study, Ulva rigida carbohydrates were upgraded to ulvan films and PHAs. Ulvan was extracted 
from the cell walls through hot water treatment. The ulvan was recovered via precipita=on using 
ethanol and integrated into a film matrix along with sodium carboxymethyl cellulose (CMC), pec=n or 
sodium alginate and  glycerol as plas=cizer. The films composed of ulvan, CMC, and glycerol 
demonstrated the best mechanical proper=es. However, ulvan alone did not exhibit the ability to form 
viable films.  
The remaining seaweed carbohydrates were pre-treated by autohydrolysis in a pressure reactor and 
the recovered solids enzyma=cally treated to glucose-rich hydrolysates.  These were incorporated into 
culture media as the sole carbon source in preliminary shake flask assays using Halomonas halophila 
as PHA-producer. These assays have shown this halophile to be tolerant towards poten=al inhibitors 
produced during the hydrolysis (HMF- hydroxymethyl furfural) and to have a high capacity to produce 
P3HB.   
Fed-batch cul=va=ons were carried out in a 300 mL reactor with H. halophila, using the hydrolysate as 
the sole carbon source in the feed. A maximum produc=on of 33.8 g/L and  
a maximum produc=vity of 0.23 g/L/h of P3HB were recorded, with no sta=s=cally significant 
differences compared to the control.    
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Abstract:   
Agro-industrial by-products represent promising raw materials for the valorisation of antioxidant 
dietary fibre (ADF)-rich ingredients within circular food systems. ADF refers to dietary fibre matrices 
intrinsically associated with antioxidant compounds, mainly polyphenols, which may contribute to 
both bioactive and techno-functional properties. Despite their potential, the suitability of agro-
industrial side streams as sources of upcycled ADF is highly matrix-dependent, varying according to 
fibre composition, structural organisation, and the nature of associated phenolic compounds. The 
identification of the most promising sources, therefore, requires an integrated evaluation 
encompassing fibre composition, structural features, functional behaviour, and phenolic-associated 
bioactivity. In this work, a comparative multi-matrix approach was applied to screen plant-based side 
streams and identify those with the greatest potential for the future production of upcycled ADF 
concentrates.  
Six by-product matrices - olive pomace, apple pomace, pruning vine, almond hulls, brewer's spent 
grain, and tomato pomace - were dried and milled using a rotor mill followed by a cyclone mill. Samples 
were characterised for particle-size distribution and dietary fibre fractionation, including total dietary 
fibre (TDF), insoluble dietary fibre (IDF), and soluble dietary fibre (SDF). Fourier-transform infrared 
spectroscopy (FTIR) was used to assess the main functional groups across matrices. Techno-functional 
properties were evaluated through water retention capacity (WRC), swelling capacity (SC), water 
solubility index (WSI), and oil retention capacity (ORC) (Jagelavičiūtė et al., 2025; Yu et al., 2018). 
Bioactivity was assessed through total phenolic content (TPC) and antioxidant capacity (AOX), 
considering free and bound phenolic fractions (Marçal et al., 2024).  Principal component analysis 
(PCA) was applied to explore relationships among all evaluated parameters.  
All by-products exhibited high TDF contents (approximately 38-79%), with IDF as the predominant 
fraction (approximately 32-76%). Pruning vine and olive pomace showed the highest IDF levels 
(approximately 75.4% and 50.4%, respectively), while apple pomace and tomato pomace presented 
higher SDF contents (approximately 15.4% and 11.2%, respectively). Particle size distribution also 
differed markedly: almond hulls and olive pomace were enriched in fine particles (<50 µm), whereas 
tomato pomace was dominated by coarser fractions (150-250 µm). Almond hulls and tomato pomace 
exhibited the highest WRC (approximately 19.5 and 18.3 g/g, respectively), apple pomace the highest 
SC (approximately  
3.5 mL/g), and pruning vine the highest ORC.  
Regarding bioactivity, olive pomace presented the highest AOX (approximately 659.4 µmol TEAC/g dw), 
followed by pruning vine (approximately 535.4 µmol TEAC/g dw) and almond hulls (approximately 
378.5 µmol TEAC/g dw). TPC was highest in almond hulls and olive pomace, with notable contributions 
from the bound phenolic fraction. Although higher TPC was generally associated with higher AOX, 
pruning vine displayed elevated antioxidant activity despite moderate TPC levels, suggesting 
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differences in the individual potency of its phenolic profile (Karastergiou et al., 2024). PCA revealed 
clear discrimination among matrices, reflecting integrated differences across all evaluated parameters.  
Overall, these by-products displayed matrix-dependent profiles in fibre composition, particle size, 
functional properties, and phenolic-associated bioactivity, supporting their differentiated selection for 
specific extraction strategies and applications. These findings provide a robust screening framework 
for the future valorisation of upcycled ADF concentrates with potential relevance for gut health 
promotion.  
  
Acknowledgements: This work was supported by the UPFibre project – Unlocking the bioactive 
potential of upcycled antioxidant dietary fibre via machine learning (Project ref. 2023.13351.PEX; DOI: 
10.54499/2023.13351.PEX). We would also like to thank the scientific collaboration under the FCT 
project UID/50016/2025 and LA/P/0076/2020  
(https://domi.org/10.54499/LA/P/0076/2020).  
References:  

• Jagelavičiūtė J, Šimkutė S, Kairė A, Kaminskytė G, Bašinskienė L, Čižeikienė D. (2025). Physicochemical 
Characterization of Soluble and Insoluble Fibers from Berry Pomaces. Gels. 11(10).   
https://doi.org/10.3390/gels11100796   
  

• Yu G, Bei J, Zhao J, Li Q, Cheng C. (2018). Modification of carrot (Daucus carota Linn. var. Sativa Hoffm.) 
pomace insoluble dietary fiber with complex enzyme method, ultrafine comminution, and high 
hydrostatic pressure. Food Chemistry. 333-40.  
https://doi.org/10.1016/j.foodchem.2018.03.037   
  

• Marçal, S., Sousa, S., Araújo-Rodrigues, H., Silva, I.V., Campos, D.A., Pintado, M. (2024). Impact of 
washing and freezing on nutritional composition, bioactive compounds, antioxidant activity and 
microstructure of mango peels. Food Chemistry.  
Vol. 442, 38368, ISSN 0308-8146.  
https://doi.org/10.1016/j.foodchem.2024.138368   
  

• Karastergiou, A., Gancel, A.-L., Jourdes, M., & Teissedre, P.-L. (2024). Valorization of  
Grape Pomace: A Review of Phenolic Composition, Bioactivity, and Therapeutic Potential. 
Antioxidants, 13(9), 1131.  https://doi.org/10.3390/antiox13091131  

https://doi.org/10.54499/LA/P/0076/2020
https://doi.org/10.54499/LA/P/0076/2020
https://doi.org/10.54499/LA/P/0076/2020
https://doi.org/10.3390/gels11100796
https://doi.org/10.3390/gels11100796
https://doi.org/10.1016/j.foodchem.2018.03.037
https://doi.org/10.1016/j.foodchem.2018.03.037
https://doi.org/10.1016/j.foodchem.2024.138368
https://doi.org/10.1016/j.foodchem.2024.138368
https://doi.org/10.3390/antiox13091131
https://doi.org/10.3390/antiox13091131


Produc'on of Value-Added Bioac've Fibers from Beverage Industry  
Diatomite Filtra'on Wastes via Microbial Fermenta'on: A Circular  

Biorefinery Approach  
 

La#fe Sakallı Aktürk 
 

*Uludağ Beverage,Bursa Technical University PhD Student 
 
When evalua#ng food wastes, filter aids which are generally not subjected to any recovery process 
pose a significant environmental challenge. Diatomite (kieselguhr), a natural mineral of biological 
origin, is an organic sediment composed of fossilized siliceous shells of microscopic algae known as 
"diatoms". Subjected to calcina#on, this material is widely used in the beverage industry for sugar 
syrup filtra#on. By adding it to the filtered liquid in a controlled dosing manner, the filter cake's 
porosity is maintained, achieving the desired clarifica#on. However, a high-organic-load "diatomite 
mud" waste emerges post-process, which is oMen leM unu#lized.  
In this study, an integrated biorefinery model was ini#ated to recover the aforemen#oned waste for 
the produc#on of value-added products. In the ini#al stage, the waste sludge was centrifuged at 5000 
rpm for 15 minutes, separa#ng into an inorganic silica-containing pellet and a supernatant with a 
significantly high organic load. Analyses revealed that the supernatant frac#on contained sugar syrup 
with a value of 60 Brix. Comprehensive microbiological analyses (Total Viable Count at 22°C and 37°C, 
E. coli/Coliform, and Yeast) of the raw diatomite sand, pellet, and supernatant frac#ons were 
completed. While the microbial load in the raw material and pellet was zero (0), total viable counts 
and yeast growth were observed in the supernatant. Microbial iden#fica#on tests detected 
Sphingomonas paucimobilis, Staphylococcus vitulinus, and Candida pelliculosa. To pave the way for 
controlled biotechnological processes, this contaminated supernatant was sterilized in an autoclave at 
121°C for 15 minutes.  
In the planned biotechnological phases, this supernatant will be diluted (to ~5 Brix) and its pH adjusted 
(4.5-5.5) to create a suitable bio-matrix. Submerged and mixotrophic fermenta#on processes will be 
ini#ated using halotolerant microalgae/cyanobacteria (Dunaliella sp., Halothece sp.) or Saccharomyces 
cerevisiae to convert free carbon into bioac#ve polysaccharides. Different microorganisms can also be 
evaluated. Following fermenta#on, two organism-based purifica#on protocols are designed for 
downstream processing. In the microalgae route, extracellular EPS fibers will be purified through cold 
ethanol precipita#on and lyophiliza#on. In the alterna#ve yeast route, insoluble cell-wall Beta-
(1,3)/(1,6)-Glucan fibers will be isolated post-harvest u#lizing microwave-assisted green extrac#on 
(MAE) and controlled cell lysis without toxic solvents.  
An#cipated data will confirm that the diluted waste is an ideal bio-matrix for microbial fiber synthesis 
without external nutrient supplementa#on. The produced polysaccharide frac#ons will func#on as 
"clean label" nutraceu#cal fibers exhibi#ng immunomodulatory and thickening proper#es in beverage 
formula#ons. Consequently, this research aims for the in-situ biological synthesis of fibers from waste 
sugars, presen#ng an innova#ve alterna#ve to obtaining fibers from lignocellulosic sources through 
harsh chemical methods. Ul#mately, by transforming a costly industrial burden into high-value 
func#onal ingredients, this integrated biorefinery approach pioneers a sustainable, zero-waste circular 
bioeconomy model for the beverage sector.  


