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Welcome  
 
 
 
 
On behalf of the organizing commi2ee, we are glad to welcome you to the 12th Interna;onal 
Conference on Fiber and Polymer Biotechnology (IFPB2024), which is being held from 
November 12–14, 2024, at the University of Borås, Sweden. 
 
The primary goal of IFPB2024 is to foster scien;fic, professional, and social exchange among 
researchers, students, research ins;tutes, governmental en;;es, and industries engaged in 
the fields of tex;les, fibers, and polymer biotechnology. This conference serves as a plaPorm 
to explore the latest advancements, discuss emerging trends, and promote collabora;on 
among the global community of experts in these cri;cal areas. 
 
Our objec;ve is not only to strengthen and expand the scien;fic community but also to 
support the technological development of fiber and polymer biotechnology. Through the 
dissemina;on of cuRng-edge research, academic educa;on, and the forma;on of a vibrant 
network of graduate and post-graduate students, we aim to contribute to the con;nued 
growth and consolida;on of this field. 
 
We are excited to bring together leading scien;sts, prac;;oners, and innovators to share their 
knowledge and insights, and to discuss the future of tex;les, fiber, and polymer biotechnology. 
The University of Borås, with its long-standing commitment to sustainability and innova;on 
in tex;les, provides the perfect seRng for this important event. We hope that you will find 
the discussions inspiring, the research insighPul, and the connec;ons valuable. 
 
Thank you for being part of IFPB2024. We look forward to a fruiPul and s;mula;ng exchange 
of ideas over the course of the conference. 
 
 
 
Prof. dr. ir. Vincent Nierstrasz  
Chairman of the IFPB2024 organizing commi2ee 
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General Informa3on  
 
 
 
Interna;onal conference on fiber and polymer biotechnology (IFPB) focuses on research and 
development of biotechnology and enzyme technology applied to fibers and polymers. It is an 
interna;onally consolidated Congress, which is in its twelWh Edi;on and has been carried out 
so far in nine countries and three con;nents. 
 
Organizer of 12th IFPB Conference 
 
Tex;le Materials Technology (TMT) Research Group 
Department of Tex;le Technology 
The Swedish School of Tex;les 
University of Borås, Borås, Sweden 
 
Date : 12-14 November  2024 
Venue: Borås Kongress, Akademiplatsen 2, 503 32 Borås 
 
Conference Topics 
 
• Enzyma;c processes for func;onaliza;on of tex;les and fibers . 
• Enzymes for sustainable tex;le, fiber, and polymer processes. 
• Enzyme engineering for tex;le, fiber, and polymer processes. 
• Biopolymers produced by micro-organisms (microbial cell factories). 
• Future prospects in tex;le and polymer biotechnology. 
• Industrial tex;le, fiber, and polymer biotechnology. 

 
Publishing Informa@on:  
 
Title : Proceedings of the 12th Interna;onal Conference of Fiber and Polymer Biotechnology 
Publisher : IFPB2024 Organizing Commi2ee, University of Borås, Sweden  
Date of Publica;on : November 12, 2024 
Place of Publica;on : Borås, Sweden  
Format : Electronic , Edi;on 1, Volume 1 
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Organizing Commi8ee  
 
 
Prof. dr. ir. Vincent Nierstrasz, Chairman  
Dr. Sina Seipel, Member  
Dr. Mohammad Neaz Morshed, Member  
Dr. Junchun Yu, Member  
Dr. Tuser Biswas, Member 
Dr. Sweta Iyer, Member 
 
 
 

Scien3fic Commi8ee  
 
 
Allessandro Pellis, Università de degli Studi di Genova, Italy 
Artur Cavaco-Paulo, University of Minho, Portugal 
Georg Gübitz, BOKU Vienna, Austria 
Giovanni Sannia, University of Napoli, Italy 
Gianluca Ciardelli, Politecnico di Torino, Italy 
Jinsong Shen, De MonPort University, UK 
Jian Chen, University Jiangnan, Wuxi, China 
Kenzo Koike, Kao Corpora;on, Japan 
Manfred Zinn, HES-SO Valais, Switzerland 
Nick Wierckx, Forschungszentrum Jülich, Germany 
Vincent Nierstrasz, University of Borås, Sweden 
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Conference Program  
 

 
 

 
 
 

Detailed Conference Program 
 

IFPB 2024 Conference program is composed of 4 keynote lectures, 27 oral 
presentations and 8 poster presentations involving 4 scientific sessions 

during November 13 –14, 2024.  
 
 

 
 
 

 Day 1 

 
  

November 12, 2024 
Welcome Evening 

Loca@on: Borås Kongress, Borås, Sweden 
  

Host: Vincent Nierstrasz 
Professor, Department of Tex;le Technology, University of Borås, Sweden 

Time  (CET) Descrip@on  
17:00-20:00 Welcome   

Registra;on   
Networking   
Refreshment  
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Day 2 
  

  
November 13, 2024  

Conference Session 1 
Loca@on: Borås Kongress, Borås, Sweden 

Session Chair: Vincent Nierstrasz, Professor, Department of Tex;le Technology, University 
of Borås, Sweden 

Time  (CET) Descrip@on  
08:00-08:50 Registra@on 
09:00-09:30 IFPB 2024 Opening Ceremony   

Speech: Vincent Nierstrasz, Chairman of the IFPB 2024 Organizing 
Commi2ee  
Speech: Kim Bolton, Pro-Vice Chancellor of the University of Borås  
Speech: Marjan Garmroudi, Vice President of the Regional Council of 
the Västra Götaland Region of Sweden  
Speech: Cecilia Nykvist, CEO at TEKO, the Swedish branch organiza;on 
for tex;le and clothing industry 

09:30-10:00 Keynote Lecture 1: Scaling up a consolidated bioprocess for enzyma@c 
depolymeriza@on of PET waste  
Speaker: Prof. dr. Cris;ano Varrone, Aalborg University, Denmark  

10:00-10:20 

  
Coffee Break 

Hosted by Västra Götaland Region of Sweden 
 

10:20-10:35 Applica@on of bacterial lipases/esterases for removal of spin finishes 
from synthe@c fiber tex@les  
Presenter: Luís C. de Sousa, Universidade de Lisboa, Portugal. 

10:40-10:55 Recycling and valoriza@on of mul@layer tex@le waste through 
enzyma@c processes.  
Presenter: Belén Taroncher Ruiz, AIMPLAS - Plas;c research Center. 
Biotechnology department, Valencia, Spain. 

11:00-11:15 Mul@-purpose glycerol oligoesters: synthesis and proper@es  
Presenter: Francesco Maria Raboni, Università di Genova, Italy  

11:20-11:35 Microbial recycling of biodegradable biopolymers into vola@le fa\y 
acids   
Presenter: David Strik, Wageningen University, The Netherlands 

11:40-11:55 Fungal cell factories convert food waste into biopolymers for tex@le 
applica@ons  
Presenter: E. R. Kanishka B. Wijayarathna, University of Borås, Sweden 
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12:00-13:00 
 

Lunch 
Loca;on: Borås Kongress, Borås, Sweden 

 . 
  

November 13, 2024  
Conference Session 2 

Loca@on: Borås Kongress, Borås, Sweden 
Session Chair: Cris;ano Varrone, Associate Professor, Department of Chemistry and 

Bioscience,   Aalborg University, Denmark  
Time  (CET) Descrip@on  
13:00-13:30 Keynote Lecture 2:   Closing the cycle for blended tex@les using 

biotechnology 
Speaker: Prof. dr. Georg Gübitz, BOKU, Vienna, Austria 

13:30-13:45 Lipase immobiliza@on on magne@c nanopar@cles and its applica@on 
for polyesters synthesis  
Presenter:  Francesco Papatola, Università di Genova, Italy 

  13:50-14:05 Compara@ve Analysis of Pure versus Commercial Cellulase in Co\on 
Fiber Diges@on   
Presenter: Marilés BONET-ARACIL, Universitat Politècnica de València, 
Spain 

14:10-14:25 Enzyme-mediated tuning of cellulose surface reac@vity for innova@ve 
compounding purposes   
Presenter: Mar;na Dramis, University of Milano Bicocca, Italy 

14:30-14:45 Enological Pec@nase Immobilized on Polymer Micropar@cles as 
Efficient Biocatalysts for Wine Clarifica@on.  
Presenter: Zlatan Zlatev Denchev, University of Minho, Portugal 

14:50-15:20 
  

Coffee Break + Poster Session 
  

  15:20-15:35 Enzyma@c technique for improving biodegradability and sustainable 
decomposi@on of cellulose-based tex@le materials  
Presenter: Ainhoa Sánchez Marrnez, Universitat Politècnica de València, 
Spain 

15:40-15:55 Func@onaliza@on of Melt Spun Biodegradable Polycaprolactone Fibers 
with Microcapsules  
Presenter: Umit Halis Erdogan, Dokuz Eylul University, Turkey 

16:00-16:15 Fibre fusion, func@onalized bacterial cellulose through BslA.  
Presenter: Meng Zhang, Northumbria University, UK 
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16:20-16:35 Inves@ga@on and Development of Electrospun Bacterial Cellulose 
Fibres for its applica@on in Func@onal Tex@les.  
Presenter: Subhadeep Paul, Northumbria University, UK 

16:40-16:55 Josef Ressel Center for Recycling Strategies for Tex@les  
Presenter: Jeannie Egan, University of Applied Sciences Wiener 
Neustadt, Austria 

 
 
   

   
November 13, 2024 

  
Gala Dinner hosted by Borås stad 

  
Host: Vincent Nierstrasz 

Professor, Department of Tex;le Technology, University of Borås, Sweden 
Time  (CET) Descrip@on  
18:00-22:00 Gala Dinner   

  
  
  
  

Gala Dinner Loca@on:  
  

The Company, Skaraborgsvägen 3C, 506 30 Borås  
  

(Inside the Tex;le Fashion Center Building of the University of Borås) 
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Day 3 
  

  
November 14, 2024  

Conference Session 3 
Loca@on: Borås Kongress, Borås, Sweden 

Session Chair: Georg Gübitz, Professor, Ins;tute of Environmental Biotechnology, 
University of Natural Resources and Life Sciences (BOKU), Vienna, Austria 

Time  (CET) Descrip@on  
09:00-09:30 Keynote Lecture 3: Hair and Cosme@cs  

Speaker: Dr. Kenzo Koike, Kao Corpora;on, Japan 
09:30-09:45 Next genera@on bio-hair-cosme@cs  

Presenter: Artur Cavaco-Paulo, Solfarcos, Portugal 
09:50-10:05 Biomodifica@on of Kera@n Fibers  

Presenter: Ana Tinoco, Solfarcos, Portugal 
10:10-10:25 From lab to market: Odorant Binding Proteins in cosme@cs  

Presenter: Filipa Goncalves, Solfarcos, Portugal 

10:30-10:50 
  

Coffee Break  
  

10:50-11:05 An@microbial materials by chimeric adhesive proteins  
Presenter: Alessandra Piscitelli, University of Naples Federico II, Italy 

11:10-11:25 Durable An@microbial Co\on Tex@les by Sono-enzyma@cally-
Embedded Silver-Phenolated Lignin Nanopar@cles  
Presenter: Garima Rathee, Universitat Politècnica de Catalunya, Spain 

11:30-11:45 Mul@func@onal hydrogel based on a customized polyurethane 
enzyma@cally conjugated with polyphenolic lignin, reducing 
inflamma@on in chronic wounds.  
Presenter: Clara Ma2u, Politecnico di Torino, Italy 

11:50-12:05 Tex@le Engineering Nano-Innova@ons: Changing Fibers for Superior 
Performance.  
Presenter: Pree; Singh, Indian Ins;tute of Technology, Delhi and 
Ins;tute of Chemical Technology, Mumbai 

12:10-13:30 

 
Lunch 

Loca;on: Borås Kongress, Borås, Sweden 
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November 14, 2024  

Conference Session 4 
Loca@on: Borås Kongress, Borås, Sweden 

Session Chair: Mohammad Neaz Morshed, Researcher, Department of Tex;le Technology, 
University of Borås, Sweden 

Time  (CET) Descrip@on  
 13:30-14:00 Keynote Lecture 4: Engineering Pseudomonas to use polyamides as 

carbon source for biotechnology 
Speaker: Prof. dr.  Nick Wierckx, Forschungszentrum Jülich, Germany 

 14:00-14:15 Reduc;on of air-pollu;on by PES thermofixa;on and processing of 
recycled PES tex;les using enzymes   
Presenter: Jan Marek, InoTEX Ltd., Czech republic 

 14:20-14:35 Development of enzyme-based bioprocesses for recycling and reuse of 
wool blended fabrics to support tex;les industry transi;on to a circular 
system  
Presenter: Jinsong Shen, De MonPort University, UK 

 14:40-14:55 Harnessing hydrolysis, novel nylonases and engineered bacteria 
towards an integrated upcycling approach for polyamides  
Presenter: Stephan Thies, Forschungszentrum Jülich, Jülich, Germany 

 15:00-15:15 Comparison of enzyme-based depolymeriza;on of amorphous and 
crystalline poly(lac;c acid) produced with green plas;cizer based on 
levulinic acid.  
Presenter: Chiara Siracusa, BOKU, Vienna, Austria 

 15:20-15:35 Recalcitrant feedstocks upcycling and de-coupling of 
polyhydroxyalkanoates produc;on from nutrient limita;on in 
Pseudomonas pu;da.  
Presenter:  Maria-Tsampika Manoli, Spanish Na;onal Research Council 
(SusPlast-CSIC), Biological Research Center Margarita Salas (CIB-CSIC), 
Spain 

 15:40-15:55 Bio-upcycling of various tex;le blends.  
Presenter:  Felice Quar;nello, BOKU, Vienna, Austria 

 16:00-16:30 IFPB 2024 Closing Ceremony + Swedish Fika 
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List of Posters 
  

Poster No.  Descrip@on  

1 

Tailored biorefinery approaches for the obtainment of lignin and 
polyhydroxyalkanoates  
Authors: Simona Varriale, Elisabe2a Borselleca, Luca Livio Levorato, 
Cinzia Pezzella 

2 

Detailed ac;vity characteriza;on and kine;c analysis of cu;nase for 
polymer degrada;on and func;onaliza;on  
Authors: Asja Feruglio, Demi Va2ovaz, Maria Antonie2a Sbordone, Lucia 
Gardossi, Fiore2a Asaro, Rita De Zorzi 

3 
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Authors: Nadya Vasileva Dencheva, Sofia da Silva Guimarães, Joana 
Barros Braz, Zlatan Zlatev Denchev 

4 
Using Enzymes in Solvents: Simple Concepts and Ambi;ous Solu;ons for 
Polyester Synthesis  
Authors: Lena Graf, Klara M. Saller, Clemens Schwarzinger 

5 

Fabrica;on of an;bacterial tex;les through digital prin;ng of func;onal 
chitosan ink.  
Authors: Media Haghi , Mohammad Neaz Morshed, Junchun Yu, Vincent 
Nierstrasz 

6 

Immobilizing redox enzymes on synthe;c tex;le through hydraulic spray 
atomizing system 
Authors: Mohammad Neaz Morshed, Hugo Matusalem, Sina Seipel, 
Vincent Nierstrasz 

7 
Func;onaliza;on of co2on fabric by fungal adhesive proteins 
Authors: Rossana Pitocchi, Giulia Fichera, Paola Cica;ello, Alessandra 
Piscitelli, Paola Giardina 

8 

Compara;ve Analysis of Pretreatment and Hydrolysis Techniques for 
Tex;le Waste Valoriza;on: Efficiency and Environmental Impact 
Authors: Francesca Stella, Nicola Cavallini, Francesca Demichelis, Silvia 
Fraterrigo, Fabio Deorsola 
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Application of bacterial lipases/esterases for removal of 
spin finishes from synthetic fiber textiles 
 
 
 
Luís C. de Sousa 1, Nazanin Ansari 2, Roland Lo2enbach 2, Jan Modregger 3, Simona Capone 3, 
Karl-Erich Jaeger 4, 5, Rebecka Molitor 4, Stephan Thies 5, Paula Vidal 6, Manuel Ferrer 6, Carla 
C.C.R. de Carvalho 1 

 
1 Universidade de Lisboa, Ins;tuto Superior Técnico, Department of Bioengineering, 
iBB,i4HB, Portugal. 
2 Schoeller Tex;l AG, Switzerland. 
3 Biosynth GmbH, Austria. 
4 Heinrich-Heine-Universität Düsseldorf, Ins;tute of Molecular Enzyme Technology, 
Germany. 
5 Forschungszentrum Jülich, Ins;tute of Bio- and Geosciences IBG-1: Biotechnology, 
Germany. 
6 CSIC, ICP, Spain. 
 
Abstract  
The removal of spin finishes from synthe;c fiber tex;les is required before the dyeing process. 
Spin finishes contain lubricants, emulsifiers, and an;-sta;c agents, among other components. 
Their exact composi;on is, however, usually not disclosed. Therefore, a method to determine 
the composi;on of the spin finishes of polyamide- and polyester-based tex;les by gas 
chromatography – mass spectrometry was developed. Ini;al analysis yielded silicones as the 
main components, with fa2y acid (FA) octyl esters also being present in the polyamide tex;les. 
AWer a deriva;za;on procedure, several FA were detected in both tex;les, confirming the 
presence of lipids in the lubricants. The removal of these lipids can be improved with the use 
of lipases that show substrate promiscuity, allowing for the hydrolysis of FA esters beyond 
their natural substrates.  Several promiscuous bacterial lipases and esterases, obtained by 
metagenomics and culturomics, were tested for the ability to reduce the concentra;on of 
lipids present in raw fabrics, in small scale studies designed to simulate the condi;ons of the 
industrial environment. These condi;ons present a significant challenge for an enzyma;c 
process, due to the low availability of the lipids a2ached to the tex;le fibers. Integrated 
bioprocess development is necessary to improve the access of the enzymes to the substrates 
to achieve a FA removal similar to the current treatment. Modifica;on of the industrial 
procedure to accommodate the use of lipases, combined with adapta;on of the enzymes, 
may allow for a significant reduc;on in the use of solvents and surfactants in the pretreatment 
of ar;ficial fiber tex;les. 
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Acknowledgement  
This research was funded by the European Union’s Horizon 2020 Research and Innova;on 
Programme, grant agreement no. 101000327 (Project FuturEnzyme). The research was also 
par;ally funded by na;onal funds from Fundação para a Ciência e a Tecnologia (FCT, Portugal) 
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Keywords 
Spin finish, Lipase/esterase, Gas Chromatography-Mass Spectrometry 
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Recycling and valorization of multilayer textile waste 
through enzymatic processes 
 
 
 
Belén Taroncher Ruiz 1, Francisco Javier Álvarez Hornos 2, Miguel Capilla Lloris 2, Helena Poy 
Andreu 2, Pablo Ferrero Aguar 1 
1 AIMPLAS - Plas;c research Center. Biotechnology department. Valencia (Spain). 
2 University of Valencia. Chemical Engineering Department - Environmental Engineering 
Group (GI2AM). Spain. 
 
Abstract  
Depolymeriza;on processes as a technique for valorizing complex materials have gained 
interest in recent years. Among them, enzyma;c recycling stands out as one of the most 
promising techniques with lower environmental impact. The selec;vity of enzymes for their 
substrates makes them ideal candidates for trea;ng mul;layer waste, such as tex;les. 
Mixtures of polyesters or natural fibers with other synthe;c polymers represent a significant 
por;on of the tex;le market. Currently, recycling these mixtures poses a challenge due to the 
need to separate the components to obtain high-quality recycled products. Enzymes can be 
used to selec;vely hydrolyze one of the materials, transforming it into a suspension composed 
of its cons;tuent monomers and leaving the other component as an unchanged solid, which 
can be easily recovered. Co2on/polyester blends have been processed using this technique. 
Firstly, various pretreatments were carried out to target the co2on frac;on and facilitate 
enzyme access. Subsequently, celluloly;c enzymes were employed to transform the 
pretreated co2on into a monomeric suspension, composed of glucose. The resul;ng solid was 
recovered by filtra;on, and the monomeric suspension was used in a fermenta;on process to 
obtain lac;c acid and its subsequent polymeriza;on into PLA. Enzyma;c hydrolysis showed a 
yield of 85%, while for the fermenta;on to lac;c acid, it was nearly 100%. The recovered solid 
was analyzed by IR and TGA, showing a similarity with virgin polyester of over 90%. These 
results demonstrate the possibility of obtaining high-value-added products from mul;layer 
tex;le waste through enzyma;c processes. 
 
Acknowledgement: 
Work supported by Valencian Innova;on Agency, grant number INNEST/2022/318. 
 
Keywords:  
Tex;le blends, depolimeriza;on, enzymes, fermenta;on, biopolymer. 
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Multi-purpose glycerol oligoesters: synthesis and 
properties 
 
 
 
Francesco Maria Raboni 1, Andrea Gala;ni 1, Luca Banfi 1, Renata Riva 1, Alessando Pellis 1 
1 Università degli Studi di Genova, Dipar;mento di Chimica e Chimica Industriale, via 
Dodecaneso 31, 16146, Genova, Italy 
 
Abstract  
In this work the principles of Green Chemistry were applied to the bio-catalyzed synthesis of 
different biobased oligomers to create molecules with similar proper;es to polyethylene 
glycol, one of the most used products of the petrochemical industry. Glycerol was chosen as 
the common monomer to enhance the polymer’s hydrophilic behavior and provide side chain 
func;onali;es for post-polymeriza;on modifica;ons, thanks to its free secondary hydroxyl 
group. The central alcoholic func;on was mostly leW untouched thanks to the selec;vity of 
the used biocatalyst, lipase B from Candida antarc*ca, and the selected opera;onal 
condi;ons. For the co-monomers different short and medium chain biobased diester (succinic, 
adipic and sebacic) were employed, resul;ng in the forma;on of biodegradable and 
biocompa;ble macromolecules. Moreover, the adipic acid containing oligomers were also 
enzyma;cally func;onalized with small fa2y acids and pep;des, to fine tune their proper;es 
and enlarge the scope of the project, providing compounds of poten;al interest in many 
different areas such as cosme;c and pharmaceu;c. Extensive work was also done in the 
characteriza;on of these molecules, a job that brought its own challenges, mainly derived 
from the five different isomeric structures incorporated in the polymeric chain, each one 
giving off dis;nct signals at the NMR. AWer the synthesis, the proper;es were inves;gated first 
theore;cally by calcula;ng the hydrophilic-lipophilic-balance and then prac;cally, by 
performing emulsion and water-contact-angle analysis to confirm the predicted behavior. 
Great efforts were also dedicated to developing a complete environmentally friendly process, 
by avoiding harmful solvents and reagents and unsustainable purifica;on methods like 
column chromatography. 
 
Keywords 
Glycerol polyesters, enzyma;c polycondensa;on, amphiphilic molecules, sustainable 
synthesis, enzyma;c catalysis. 
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Microbial recycling of biodegradable biopolymers into 
volatile fatty acids 
 
 
 
David Strik 1, Jin Yong 1, Weishen Zeng 1, Kasper de Leeuw 1, 2, Merel Wi2eman 1 
1 Wageningen University - Environmental Technology, Wageningen, The Netherlands 
2 ChainCraW B.V., Amsterdam, The Netherlands 
 
Abstract  
Biodegradable plas;c products made from biopolymers are increasingly used in our society. 
Shoes, furniture, complex food packaging, bags, etc., are used and typically not recycled. To 
foster a circular society, effec;ve end-of-life strategies should be developed. PHA 
(polyhydroxyalkanoates), PLA (polylac;c acids), and TPS (thermoplas;c starch) are three 
major biodegradable biopolymer-containing plas;cs. Here, the approach is to use these 
biodegradable plas;cs as feedstocks for open-culture fermenta;on processes to extract 
vola;le fa2y acids (VFA), part of the so-called carboxylate plaPorm. Several companies are 
currently producing VFA at a commercial scale from biomass residues to provide, e.g., feed 
addi;ves, lubricants, and plant growth promoters, as well as to produce PHA bioplas;cs. 
This study explored the ini;al stages for the u;liza;on of PHA (commercial grade raw 
materials), PLA (an actual vegetable packaging material), and TPS (an agricultural mulch film) 
by open-culture anaerobic fermenta;on into carboxylates. Various experiments were 
conducted where pre-hydrolyzed plas;cs were added to bioreactor serum flasks containing 
microbial growth media. PHA hydrolysate output containing 3-hydroxybutyrate and/or 
crotonate was seemingly completely metabolized into acetate and n-butyrate. PLA was 
hydrolyzed into lac;c acid and consequently converted into a spectrum of vola;le fa2y acids, 
including acetate and longer carbon-length biochemicals. TPS was partly hydrolyzed and also 
yielded some acetate while also retaining other biochemicals. These findings support that 
once sufficient end-of-life biodegradable plas;cs are available, biodegradable biopolymer-
containing plas;cs could also be used as feedstock and theore;cally reproduce PHA in a 
closed-loop method. 
 
Selected references 
Materials 2023, 16(7), 2693; h2ps://doi.org/10.3390/ma16072693 
Microorganisms 2023, 11(8), 2103; h2ps://doi.org/10.3390/microorganisms11082103  
 
Acknowledgements:  
CSC Scholarship, NWO Take-off 
 
Keywords 
PHA, PLA, TPS, Mixed culture, Recycling, Vola;le Fa2y Acids 
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Fungal cell factories convert food waste into 
biopolymers for textile applications 
 
E. R. Kanishka B. Wijayarathna 1, Akram Zamani 1 
1 Swedish Centre for Resource Recovery, University of Borås, Borås SE-501 90 Sweden 
 
 
Abstract  
Fungi are known as nature’s recyclers that decompose organic waste and return nutrients to 
the soil. They can synthesise biopolymers such as chi;n and chitosan in their cell walls, which 
can be extracted to produce new materials. Cul;va;ng fungi on food waste offers both waste 
valorisa;on and cost-effec;veness benefits to the material produc;on process. In this study, 
various food waste streams were used to grow fungi to produce materials applicable in diverse 
fields. The nutrient-rich liquid extracted from pretreated food waste served as the substrate 
for submerged cul;va;on of the filamentous fungus Rhizopus delemar in a bubble column 
reactor, and the cell wall frac;on was isolated from the harvested biomass using mild alkali 
treatment. A hydrogel, prepared from the extracted cell wall frac;on mixed with dilute lac;c 
acid, was used as the spinning dope to produce monofilaments with proper;es comparable 
to natural fibres through wet-spinning and dry-gel spinning. The wet-spun monofilaments 
exhibited a tensile strength of 65 MPa, which increased to 140 MPa aWer post-treatment, 
while the dry-gel-spun monofilaments showed a maximum tensile strength of 103 MPa. 
Furthermore, the solid residues leW aWer extrac;ng nutrients from food waste were processed 
to purify cellulose, which adds extra value to the process. These findings suggest that the 
conversion of food waste into biopolymers using fungi is a promising method for producing 
renewable tex;le materials. 
 
 
Keywords: Fungi, Bioploymers, Tex;le materials, Chi;n, Chitosan 
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Lipase immobilization on magnetic nanoparticles and its 
application for polyesters synthesis 
 
Francesco Papatola 1, Sawssen Slimani 1, 2, Davide Peddis 1, 2, Alessandro Pellis 1 
1 Università di Genova, Dipar;mento di Chimica e Chimica Industriale, Via Dodecaneso 31, 
16146, Genova, Italy. 
2 CNR, Is;tuto di Stru2rua della Materia, nM2-Lab, Monterotondo Scalo (Roma), 00015, 
Italy. 
 
 
Abstract  
To sa;sy the increasing request for biobased and biodegradable polymers, in line with the 
“European green deal”, the ability of enzymes to transform natural and non-natural 
compounds into polymers is considered as an  environmentally friendly alterna;ve to the 
tradi;onal chemical synthe;c pathways. Improving enzyme’s ac;vity and stability as well as 
preserving selec;vity is a must and can be achieved by immobilizing the biocatalyst on the 
surface of metal oxide nanopar;cles. The aim of this work is to design a smart plaPorm 
consis;ng of spinel iron oxides (MeFe2O4- Me: Fe2+ and Co2+) nanopar;cles (i.e., single 
magne;c nanopar;cles, ordered aggregates of nanopar;cles) with op;mized morpho 
structural (i.e., par;cles size, shape and crystallinity), textural (i.e., high surface area) and 
magne;c proper;es. Candida antarc*ca lipase B (CaLB) was immobilized on the 
nanopar;cles’ surface inves;ga;ng the op;mal bioconjuga;on condi;on and the biochemical 
characteriza;ons to assess enzyma;c ac;vity. Once immobilized on magne;c nanopar;cles 
surface, CaLB was tested for enzyma;c polymeriza;on reac;on to synthesize polyesters 
star;ng from renewable monomers such as adipic acid and 1,8-octanediol. The percentage of 
conversion of substrate monomers was studied by Nuclear Magne;c Resonance analysis 
(NMR), and the molecular weights of the polyester products were analyzed by gel permea;on 
chromatography (GPC). The enzyme recyclability over several cycles of condensa;on reac;on 
was also demonstrated. As final step, a personal view on further research will be given 
discussing the idea of a synergis;c ra;onal design of the magne;c and biocataly;c component 
to produce novel magne;c nano-architectures.  
 
 
Keywords: magne;c nanopar;cles, CaLB, enzyme immobiliza;on, enzyma;c 
polycondensa;on, recyclability 
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Abstract  
Cellulases are widely used to treat co2on fibers for tex;le processing and bio-refinement. The 
enzyma;c breakdown of cellulose into glucose is a cri;cal step in evalua;ng enzyme efficiency. 
However, discrepancies can arise when using commercial enzyme prepara;ons, which may 
contain addi;ves affec;ng the outcomes. 
This study aims to compare the efficacy of a commercial cellulase prepara;on and a pure 
cellulase enzyme in diges;ng co2on fibers. The fibers were filtered using 1.2 µm glass fiber 
filters, and the glucose concentra;on was determined using the 3,5-dinitrosalicylic acid (DNS) 
method. The presence of reducing agents and possible gelling effects in the commercial 
enzyme prepara;on was also evaluated by quan;fica;on of the residue retained on the filters 
and its analysis by scanning electron microscopy. 
Treatment with pure cellulase resulted in the release of measurable amounts of glucose, 
confirming its enzyma;c ac;vity. In contrast, the commercial cellulase prepara;on had 
reducing agents that interfered with the measurement of glucose, and the resul;ng solu;on 
gelled causing sugar reten;on on the filter. 
Pure cellulase provided a more reliable glucose yield, while study revealed the commercial 
enzyme prepara;on introduced non-cellulase components that affected glucose 
quan;fica;on and filtra;on. Future studies should inves;gate the composi;on of commercial 
enzymes for more accurate comparisons. 
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Abstract  
Cellulose is the most abundant natural polymer occurring on the Earth, and it can be produced 
with high purity by various bacterial species. It has a highly diverse applica;on: the 
modifica;on of its func;onal groups is thus a key factor for proper;es tuning. Moreover, the 
hydroxylic moie;es’ intra- and intermolecular hydrogen bonding ensure this polymer a high 
crystalline structure whose preserva;on is of great importance if used as reinforcing material. 
In this study, Komagataeibacter sucrofermentans is used as natural cellulose producing strain, 
and the bacterial cellulose obtained has been enzyma;cally modified with organic acids by 
using lipases from Pseudomonas cepacia and Candida antarc*ca (PCL and CaLB). The 
forma;on of an ester bond star;ng from acrylic, octanoic and cis, cis-muconic acids has been 
assessed by A2enuated Total Reflectance Fourier-Transform Infrared (FTIR-ATR) analysis and 
Thermodesorp;on - Gas Chromatography - Mass Spectrometry analysis (TD-GC-MS). The 
reten;on of crystallinity pa2ern and the polymer thermal stability has been assessed through 
Wide-Angle X-Ray Diffrac;on (WAXRD) and Thermogravimetric Analysis (TGA) respec;vely. 
Subsequently, cellulose modified with acrylic acid has been used into a model elastomeric 
compound and a commercial peroxide used as vulcanizing agent. The mechanical and dynamic 
proper;es of the compound have been tested, resul;ng in a general reinforce of the system 
compared to the control samples prepared with non-deriva;zed cellulose. Here we present 
the main data collected both on the func;onalized polymer and from the obtained 
elastomeric compound, showing that this is a promising approach for fine tuning the final 
desired proper;es of the materials. 
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Abstract  
One of the key areas of polymer biotechnology is the use of high molecular weight compounds 
as supports for enzymes, enhancing their u;lity in industrial applica;ons. Free pec;nase is 
commonly employed as a biocatalyst in wine clarifica;on; however, its removal, recovery, and 
reuse are not feasible. To address these limita;ons, this study focuses on the immobiliza;on 
of a commercial pec;noly;c prepara;on (Pec) onto highly porous polymer micropar;cles 
(MP). Seven micropar;culate polyamide (PA) supports, namely PA4, PA6, PA12 (with and 
without magne;c proper;es), and the copolymeric PA6-12 MP, were synthesized via ac;vated 
anionic polymeriza;on of various lactams. Pec;nase was non-covalently immobilized on these 
supports through adsorp;on, forming Pec@PA conjugates. Compara;ve ac;vity and kine;c 
studies revealed that the Pec@PA12 conjugate exhibited more than twice the cataly;c 
efficiency of the free enzyme, followed by Pec@PA6-Fe and Pec@PA4-Fe. All Pec@PA 
complexes were tested in the clarifica;on of industrial rosé must, demonstra;ng faster 
performance compared to the free enzyme. Some immobilized biocatalysts supported up to 
five consecu;ve reuse cycles, maintaining up to 60% of their ini;al ac;vity and achieving 
complete clarifica;on within 3–36 hours. These findings highlight the poten;al for industrial 
applica;on of non-covalently immobilized pec;nase on various polyamide micropar;cles, 
with possibili;es for customiza;on of the conjugates' proper;es. 
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Abstract  
The use of immobilized enzymes in enhancing the biodegradability of co2on tex;les is of great 
interest for sustainable tex;le waste management. Understanding how enzyme ac;vity 
influences biodegrada;on rates is crucial for op;mizing tex;le disposal strategies. This study 
aims to assess the impact of enzyme immobiliza;on on the biodegradability of co2on fabrics, 
compared to microcrystalline cellulose and co2on treated with both ac;ve and inac;vated 
enzymes. Biodegradability was evaluated by measuring CO₂ produc;on over 75 days when 
the fabrics were buried in soil, as a proxy for microbial degrada;on. The study compared 
untreated co2on, co2on treated with immobilized enzymes, co2on with inac;vated enzymes 
(via thermal treatment), and microcrystalline cellulose as reference. CO₂ emissions were 
monitored to quan;fy the biodegrada;on levels in each sample. The results indicated that 
microcrystalline cellulose exhibited the lowest biodegradability, with significantly lower CO₂ 
produc;on. Among the co2on samples, the highest biodegradability was observed in the 
fabric treated with immobilized enzymes that had been inac;vated by heat. This was followed 
by the co2on treated with ac;ve immobilized enzymes, while untreated co2on exhibited the 
lowest biodegradability of all the co2on samples. Although enzyme immobiliza;on can 
enhance the stability and sustainability of degrada;on processes, thermal inac;va;on of 
enzymes unexpectedly increased biodegrada;on rates in co2on fabrics. This suggests that not 
only enzymes but others, such as structural changes in the co2on fibers, may play a role in 
facilita;ng biodegrada;on. Further research is needed increasing ;me and to clarify the 
mechanisms involved and op;mize immobiliza;on techniques for tex;le waste management. 
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Abstract  
In the early 20th century humankind met with the synthe;c polymers that are currently being 
used as raw materials for several industrial products. In recent years, however, there has been 
a growing interest in the development of biodegradable polymers around the world due to 
concerns over environmental pollu;on. The produc;on of fibers from synthe;c biopolymers 
is a niche market in the applica;on range of biodegradable polymers. Poly (ԑ-caprolactone) 
(PCL) is a member of petrochemical raw material based biodegradable polyesters. Numerous 
studies have applied spinning techniques for processing fibers from PCL and its copolymers. 
The thermoplas;c nature, low mel;ng point and high extensibility of PCL makes it a favorable 
candidate for processing with melt-spinning method. Several studies have inves;gated the 
produc;on of PCL fibers via melt-spinning; however, there is s;ll significant room for 
improvement in fiber proper;es with func;onaliza;on. In this study, microcapsule doped 
func;onal PCL filaments were produced by using a lab-scale melt spinning device. 
Microcapsules were obtained by using biodegradable Poly(3-hydroxybutyrate-co-3-
hydroxyvalerate) as shell polymer and Momordica Charan;a L. plant extract in olive oil as core 
material. Neat and microcapsule-doped fibers was analyzed under three main headings: 
structural, thermal, and func;onal proper;es. The addi;on of microcapsules did not cause a 
significant change in the structural and thermal proper;es of the fibers as expected. Besides, 
the an;bacterial ac;vity test results indicate that microcapsule doped PCL fibers has 
an;bacterial effect. This func;onaliza;on can extend the field of applica;on of PCL fibers in 
medical tex;les by taking the advantage of its biodegrada;on proper;es. 
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Abstract  
There is increasing interest in u;lising biological approaches to produce sustainable tex;le. In 
nature, biological materials are synthesised and func;onalised by construc;ng complex 
structures composed of different molecules. For example, biofilms, which provide protec;on 
for bacterial cells, cons;tute a range of func;onali;es through the addi;on of extracellular 
molecules including proteins which enhance strength, flexibility, and hydrophobicity.    
Inspired by biofilm forma;on, we explored the possibility of func;onalising bacterial cellulose 
through protein BslA. BslA is a hydrophobic protein involved in biofilm forma;on of Bacillus 
sub*lis, which when applied to bacterial cellulose, could produce a versa;le, water repellent 
biomaterial that could then be used in tex;le applica;ons such as a sustainable leather-like 
tex;le. 
BslA was expressed recombinantly with a cellulose-binding module (CBM) and then applied 
to bacterial cellulose (ex-situ) or added to ini;al growth media (in-situ) of cellulose-producing 
bacteria, Komagataeibacter xylinus. The topography was observed using atomic force 
microscopy and changes to hydrophobicity were analysed using water contact angle tes;ng. 
We have demonstrated that BslA was able to increase the hydrophobicity of the cellulose 
surface, as well as enhance the tensile strength and decrease the Young’s modulus. Addi;onal 
tes;ng showed an increase in the fire retardancy of BslA treated fibers and degrada;on study 
has demonstrated that cellulosic materials have greater biodegradability when they are 
coated with BslA comparing to the commercial coa;ngs. Therefore, it was concluded that 
func;onalising cellulose using a recombinant protein did increase the hydrophobicity to the 
same extent as conven;onal chemical treatments without comprising the biodegradability. 
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Abstract  
In recent ;mes development of biopolymers produced by micro-organisms for fabrica;on of 
fibres and tex;le products has been primarily due to their biodegradability, biocompa;bility, 
reduced environmental impact and consumer needs. Bacterial cellulose (BC) generated from 
certain genera of bacteria is a highly pure form of cellulose, known for its crystallinity, water 
reten;on and mechanical proper;es and these proper;es can be u;lised for applica;ons in 
func;onal tex;les, medical and healthcare and wearable sensors. Dissolu;on of cellulose 
involves usage of harmful and toxic solvents such as sulfuric acid, carbon disulphide, 
dimethylacetamide/Lithium Chloride, etc. which have high environmental impact and are 
difficult to recycle.  This research involves synthesis of a novel ionic liquid which has low 
vola;lity, lesser environmental impact, high recyclability and can dissolve BC. BC pellicles 
produced from K. xylinius was used for solubility and rheology study in ionic liquids was to 
assess the spinnability of the solu;on. Change in chemical structure of the anions and ca;ons 
of ionic liquids resulted in different solubility of BC. This research also inves;gates the 
parameters like concentra;on of polymer, syringe flow rate, needle gauge, voltage and 
distance between syringe and collector plate for op;misa;on and fabrica;on of bacterial 
cellulose fibres. Further func;onalisa;on of the surface hydroxyl groups of BC with ionic 
liquids can impart superhydrophobic behaviour to electrospun BC fibres and nonwoven 
fabrics. Finally, this research contributes towards development of an effec;ve fibre 
manufacturing technique using eco-friendly solvent spinning and fabrica;on of pris;ne and 
composite BC electrospun fibres using co-axial spinning setup. 
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Abstract  
The Josef Ressel Center’s “ReSTex – Recovery Strategies for Tex;les” project addresses one of 
the central issues on the way to more sustainable socie;es and bioeconomies: the recycling 
of tex;les. The focus is on u;liza;on of cellulosic tex;les and the separa;on of cellulosic 
blends, such as co2on/polyester, or “polyco2on”. The Ressel Center is funded by the Chris;an 
Doppler Research Associa;on (CDG) and is located at the University of Applied Sciences 
Wiener Neustadt Biotech Campus Tulln. The project will tackle the scien;fic challenges 
associated with the industrial implementa;on of tex;le recycling together with its scien;fic 
partners, two ins;tutes at the University of Natural Resources (BOKU) and one at TU Wien, 
Vienna, and three partner companies: a tex;le rental company who provides sorted star;ng 
material of known composi;on and two companies that provide PET recycling machines and 
seek to op;mize their processes for fibrous material and enlarge their porPolio to tex;le 
recycling machinery. 
Two general recycling routes will be explored: first, cellulose hydrolysis by cellulase enzymes 
to convert cellulose to fermentable carbohydrates and microcrystalline cellulose while 
purifying the remaining PET frac;on from polyco2on blends; second, the selec;ve dissolu;on 
of cellulosic blended tex;les to separate the co2on and PET frac;ons in polymeric form 
without extensive degrada;on. An overview about the structure and tasks of this research 
project and results from ini;al work phases will be presented, including topics like mechanical 
pretreatment of co2on/PET blends, chemical ac;va;on procedures, evalua;on of condi;ons 
for enzyma;c ac;on, and screening of commercially available enzyme formula;ons. 
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Abstract  
Colora;on and relaxing are commonly used process in hair cosme;cs. These repeated 
treatment lead to high degrada;on of kera;n hair fibers.  Kera;n binding pep;des made their 
way into cosme;cs as ac;ve cosme;c ingredients to reinforce hair in the last 5 years. A 
compara;ve perspec;ve of this technology and other bonding build will be made. The next 
genera;on bio-hair-cosme;cs based on mul;-func;onal protein and pep;des will be 
presented. Fusion proteins and pep;des containing kera;n binding modules and other 
func;ons will be presented. The advantage of the new genera;on of these new ac;ve is based 
the novel func;ons can be taken at the surface of hairs enhancing further the property of hair 
fibers. Examples from products already on the market will be given. 
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Abstract  
Hair is a natural fiber made up principally of kera;n, a structural protein that contains a high 
sulfur content from the amino acid cysteine, responsible for the forma;on of very strong 
bonds. Structurally, the hair shaW is divided in three different main regions, the cu;cle, the 
cortex and the medulla, that are related with hair characteris;cs like mechanical strength, 
shine, combability, moisture and volume. Kera;n fibers, par;cularly those found in human 
hair, exhibit a complex structural and chemical proper;es that are essen;al to characterize 
when developing new hair cosme;c products. U;liza;on of biomime;c and bio-based 
products in cosme;c products, can be used to improve or restore the proper;es in damaged 
hair. However, a proper characteriza;on is essen;al. This characteriza;on involves the use of 
advanced techniques to understand the kera;ns fibers’ morphology, as well as their chemical 
and mechanical proper;es. Several measurement techniques are reported in the literature to 
measure the kera;n fibers’ proper;es with the main purpose of proving the efficacy of 
cosme;c products. Some of these methods include evalua;on of fibers’ mechanical resistance 
and combability through a texture analyzer, thermal stability by differen;al scanning 
calorimetry, cosme;c ingredients localiza;on by fluorescence microscopy, among others. The 
integra;on of these advanced techniques ensures a complete approach to characterize the 
effects of new cosme;c products on the kera;n fibers, accelera;ng the development of 
innova;ve hair care products. 
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Abstract  
Vertebrate odorant-binding proteins (OBPs) are small carrier proteins (~ 20 kDa) secreted by 
the nasal epithelium into the mucus at high concentra;on (~ 10 mM). OBPs have been 
observed in a variety of mammalian species such as cows, pigs, mice, rabbits, bears, and 
humans. They share a conserved scaffold made of eight an;parallel beta-sheets flanked by a 
short alpha-helix located close to the C-terminus. The beta-barrel defines a central apolar 
cavity, whose role is to bind hydrophobic compounds such as odorant molecules. Despite its 
ac;vity, OBPs are reported to be structurally stable and resistant to thermal and proteoly;c 
degrada;on. They can be easily expressed recombinantly in bacteria, and their binding 
proper;es can be modified using mutagenesis to design mutants with desired specific binding 
proper;es. OBPs have, thus, great poten;al to be used for biotechnological applica;ons and 
as sensing elements. In 2022, the mechanism of fragrances releases by OBPs in presence of 
an electrolyte solu;on was patented (WO/2022/003655) and are now being explored as ac;ve 
for novel dry shampoos. In this commercial product the formula;on demonstrated the 
efficacy to remove sweat smell and release of fragrance giving a pleasure sense for the 
consumer. 
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Abstract  
Surface modifica;on and func;onaliza;on are oWen achieved by physio or chemical 
treatments that can involve ;me-consuming steps, hazardous reagents, and harsh condi;ons. 
These drawbacks can be overcome by using self-assembling proteins, such as fungal 
hydrophobins. These proteins can form stable layers on different surfaces and serve as 
anchoring points for molecules of interest, thus working as plaPorms to develop func;onal 
materials. In par;cular, Class I hydrophobins are characterized by a high propensity to form 
amyloid fibrils and to efficiently and easily adhere to several surfaces by direct deposi;on. 
The layers formed by the Class I hydrophobin Vmh2 from Pleurotus ostreatus adhered on 
different materials have been exploited by our research group in various applica;on fields, 
both to modify surface proper;es and to immobilize other proteins and/or pep;des. Taking 
advantage of gene;c fusion techniques, we designed and produced chimeric proteins built by 
fusing the adhesive moiety of Vmh2 to various biotechnologically relevant proteins. 
Following this approach, Vmh2 has been recently fused with an an;microbial pep;de and 
used for func;onalizing different surfaces, e.g. polystyrene, and bacterial cellulose, a material 
that has mul;ple advantages, including biodegradability, low cost, and excellent mechanical 
proper;es. The chimeric protein has proven to adhere to both materials successfully. A strong 
decrease in biofilm forma;on and a good bactericidal effect have been proven. 
These findings demonstrate how the use of biomolecules in simple processes can be an 
alterna;ve strategy to obtain func;onal materials. 
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Abstract  
The urgent need for infec;on control in healthcare facili;es has spurred the development of 
highly efficient an;bacterial tex;les.1 This study presents a novel approach for enhancing the 
an;bacterial proper;es of co2on medical tex;les using a single-step sono-enzyma;c process. 
The method involves the coa;ng of co2on fabrics with an;bacterial silver phenolated lignin 
nanopar;cles (AgPheLig NPs) and gallic acid (GA) to create durable and biocompa;ble 
materials.2 AgPheLig NPs play a crucial role in impar;ng an;bacterial efficacy to the 
tex;les.3 While cellulose substrates typically require pre-ac;va;on for stable NP adhesion, our 
approach addresses this challenge by simultaneously deposi;ng AgPheLig NPs using 
ultrasound and synthesizing a bio-based adhesive through enzyma;c cross-linking of GA using 
laccase. The role of laccase in the process is pivotal, serving as the catalyst for the enzyma;c 
oxida;on of GA, a non-toxic phenolic biomolecule. Through this enzyma;c reac;on, GA is 
polymerized to form a biopolymer network, facilita;ng the firm adhesion of AgPheLig NPs 
onto the fabric surface.2 Further, the an;bacterial ac;vity was tested against Gram-posi;ve 
(Staphylococcus aureus) and Gram-nega;ve (Pseudomonas aeruginosa and Escherichia coli) 
bacteria to validate a broad-spectrum efficacy. The resul;ng AgPheLig NPs-GA coated fabrics 
exhibited durable an;bacterial proper;es, retaining over >95% effec;veness even aWer 
undergoing 60 washing cycles at 75 °C hospital laundry regime. This novel method shows great 
poten;al in crea;ng highly effec;ve, durable, and biocompa;ble an;bacterial fabrics, 
addressing the cri;cal need for infec;on-resistant materials in healthcare facili;es. 
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Abstract  
Chronic wounds present a challenging clinical scenario characterized by sustained 
inflamma;on, a2ributed to elevated levels of reac;ve oxygen species (ROS) and matrix-
degrading enzymes, such as myeloperoxidase (MPO) and matrix metalloproteases (MMPs). 
Hydrogels have gained considerable interest as poten;al therapeu;c agents for this condi;on 
due to their capability to retain moisture and modulate drug release kine;cs. Within this 
context, synthe;c polymer-based hydrogels have emerged as par;cularly promising 
candidates due to their tuneable chemical composi;on and reproducibility. Herein, we 
present a novel approach to address chronic wound inflamma;on via the development of a 
supramolecular hydrogel system comprising α-cyclodextrins (αCDs) and custom-made 
polyurethane (PU) enriched with lignin-based an;oxidants. A green synthesis approach, based 
on the oxida;ng ac;vity of the enzyme laccase, was exploited for both producing the phenols-
enriched lignin-based material and conjuga;ng it to the synthesised polyurethane. 
Characteriza;on of the resul;ng polymeric material reveals enhanced free radical scavenging 
ac;vity and inhibi;on of MMP and MPO. Addi;onally, the modified PU could interact with 
αCDs, yielding a stable hydrogel formula;on with therapeu;c poten;al in modula;ng 
inflammatory responses. Addi;onally, the hydrogel can control the release of both hydrophilic 
and hydrophobic compounds that could further contribute to the hydrogel’s versa;lity and 
therapeu;c efficacy. Therefore, this innova;ve mul;-func;onal system holds considerable 
promise as a therapeu;c strategy for trea;ng inflammatory condi;ons. 
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Abstract 
In the realm of tex;le engineering, nanotechnology has become a revolu;onary force that has 
made it possible to achieve previously unheard-of improvements in fabric quali;es and 
usefulness. This study inves;gates the incorpora;on of nanopar;cles into tex;les and 
provides a thorough synopsis of the mutually beneficial interac;on between tex;les and 
nanotechnology. The integra;on of nanopar;cles and nanofibers into tex;le architectures is 
discussed, which results in improved mechanical strength, durability, and customised 
capabili;es including flame resistance, waterproofing, and an;bacterial quali;es. The 
research explores the several nanotechnological techniques used on tex;le surfaces, such as 
layer-by-layer assembly, electrospinning, and dip coa;ng, and clarifies how these techniques 
affect the overall func;onality of tex;les. In addi;on, the study looks at sustainable methods 
for the synthesis and use of nanomaterials as well as the environmental effects of 
nanotechnology in tex;les. This research adds to a be2er knowledge of the opportuni;es, 
difficul;es, and moral issues surrounding the nano-enabled tex;le revolu;on as it keeps 
pushing the limits of tex;le engineering. 
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Abstract  
The risk of intensive emission of air pollutants during high-temperature fixa;on of PES tex;les 
(at temperatures above 185°C) is a problem in terms of eco-toxicology.  With the current 
intensive search for an efficient circular economy implementai;on within the tex;le chain, 
processing of PES waste tex;les and their reuse becomes one of important part of poten;al 
fibre – to fibre recycling strategy. Consequently, the overmen;oned air-pollu;on problem is 
also expanding into the field of PES recycling. This is caused by spinning and treatment 
lubricants and fabric soWeners contained on the PES substrate, which decompose under the 
condi;ons of high-temperature processing and are released into the air. 
A new – environmentally friendly single-bath enzyma;c pre-wash procedure was developed 
and verified under opera;ng condi;ons (InoTEX, TESIL Fibres Ltd.), which takes place at a low 
bath temperature of 40°C by use of the specially customised esterase based enzyma;c agent 
(TEXAZYM PE-RF – InoTEX) in combina;on with a non-ionic fa2y alcohol polyglycol ether 
based scouring agent. 
The lecture will present resul;ng analyses of residual fabric soWeners aWer enzyma;c single-
bath washing upstream of the thermofixa;on process of PES and rPES substrates. In addi;on 
to cleaner technology and environmental protec;on, the system supports the transi;on to a 
circular economy in tex;le and fibre produc;on. To evaluate the emerging bio-based cleaner 
processing system, large volume PES automo;ve interier (car seed cover) fabrics were used. 
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Abstract  
There are constant demands to reduce the nega;ve impact to the environment of tex;le 
materials through being more sustainable and recyclable. The new challenge facing the global 
tex;les industry is to develop technologies for upcycling, recycling, and reuse of tex;le waste 
to achieve tex;le circularity. Blended fabrics have proved difficult to recycle due to fibres being 
in;mately blended and the lack of innova;on to enable separa;on of different fibre 
components, so blended tex;les oWen end up being disposed in landfills or by incinera;on.   
Enzyme-based biotechnology has demonstrated its poten;al to provide innova;ve solu;ons 
to improve tex;le performance proper;es and reduce the nega;ve impact of tex;le 
produc;on on the environment. In this current research, enzyme-based biotechnology 
processes were explored for recycling and reuse of wool/bast fibre blended fabrics from post-
consumer and/or manufacturing waste streams. Individual fibre components were separated 
and recovered for re-processing back into yarns for fabric produc;on. Bast fibres are regarded 
as sustainable fibres for tex;les due to requiring almost no water or pes;cides during 
cul;va;on. Recycling and reuse of bast fibres from waste tex;le materials could contribute 
towards u;lising land for other types of farming and making energy and water savings from 
processing. The current research has also demonstrated the poten;al to extract and reuse 
dyes from waste tex;les for tex;le colora;on. These research outcomes demonstrate 
poten;al opportuni;es to reduce the environmental impact of tex;le produc;on and support 
the global tex;le industry transi;on to a circular system. 
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Abstract  
Alipha;c polyamides (PA), or nylons, are widely used in the tex;le and automo;ve industry 
due to their high durability and tensile strength, but recycling rates are currently below 5%. 
Chemical recycling of PA is possible but typically yields mixtures of monomers and oligomers1. 
Microbial upcycling may provide the opportunity to overcome this drawback. However, the 
porPolio of known enzymes ac;ng on nylon is scarce and efficient nylon oligomer metabolism 
has not been known so far. 
To this end, we accessed six novel nylonase candidates that showed varying sequence 
iden;;es ranging from 84.2 % to 30.0 % towards the previously characterized NylCp22. On the 
other hand, we engineered Pseudomonas pu*da KT2440 to the synthe;c metabolism of 
typical C6-PA monomers such as adipic acid3,  6-aminohexanoic acid, ε-caprolactam and 1,6-
hexamethylenediamine guided by adap;ve laboratory evolu;on. The heterologous 
expression of nylonases in this strain resulted in a strain that could metabolize linear and cyclic 
nylon oligomers resul;ng from straighPorward acidic hydrolysis. We demonstrated the 
produc;on of polyhydroxybutyrate (PHB) polyesters from C6-PA monomers and PA6 
hydrolysates as the sole carbon and nitrogen source. This study provides the first microbial 
host for the biological conversion of PA monomers and mixed PA hydrolysates to a value-
added product. Thereby, we lead the path for establishing sustainable end-of-life solu;ons for 
fishing nets, clothing, and technical materials. 
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Abstract  
Poly (lac;c acid) is one of the most established biobased plas;c applied in packaging. 
Nevertheless, mechanical proper;es are quite limited by its intrinsic bri2leness, therefore 
compounding with lower molecular weight compounds, such as plas;cizers, represents a 
common prac;ce. By chemical structure, plas;cizers mainly comprise phthalates, whose 
health-related concerns prompted the research towards alterna;ve formula;ons. Glycerol 
trilevulinate could be a promising sustainable alterna;ve and in this study it was successfully 
used plas;cize poly (lac;c acid) films1. The molecule was obtained through a mild solvent-free 
esterifica;on. Since plas;ciza;on can influence polymer degradability, a study on the 
hydroly;c behaviour of the plas;cized PLA, in amorphous and crystalline formula;on, was 
performed. A cu;nase from Humicola insolens was applied to compare plas;cized and neat 
PLA hydrolysis. The possibility of addressing novel plas;c formula;ons with environmentally 
friendly treatment, such as enzyme based depolymeriza;on, would allow to bypass toxic or 
harsh procedures. At the same ;me the plas;cizer effects on the main polymer matrices were 
unravelled. High Performance Liquid Chromatography for monomer quan;fica;on indicates 
that the enzyme plays a fundamental role in depolymeriza;on since lac;c acid was detected 
in significant amount only in the enzyma;cally treated sample. Fourier Transform-Infrared 
Spectroscopy and Scanning Electron Microscopy for surface analysis clearly shows the early 
removal of the plas;cizer from the polymer, and Gas Permea;on Chromatography provided 
molecular insights into depolymeriza;on. The results suggest that the polymers not only 
retain the advantage of a full green deriva;on and plas;ciza;on, but also a posi;ve effect to 
aWer-life treatment in their plas;cized form. 
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Abstract  
The use of plas;c wastes has been proposed as a novel second-genera;on carbon source for 
biotechnology. Even though bacterial polyhydroxyalkanoates (PHAs) have emerged as 
promising eco-friendly alterna;ves to petroleum-based plas;cs, their produc;on is limited to 
the sta;onary growth phase under nutrient-limited condi;ons. In this study, we tackled these 
challenges by employing a combined model-driven and metabolic engineering approaches 
using the model mcl-PHA bacterium, Pseudomonas pu*da KT2440. By using the iJN1411 as a 
computa;onal plaPorm, we presented a set of in silico and in vivo validated PHA 
overproducer P. pu*da strains, using monomers derived from the hydrolysis of complex 
polymers (i.e. PET, lignin), as feedstock. CuRng edge synthe;c biology approaches were used 
to generate the high number of gene knockouts and knockins required to systema;cally 
remove all poten;al compe;ng pathways and reroute the carbon flux towards PHA 
biosynthesis. In this work, we iden;fied that the dele;on of succinyl-CoA synthetase, 
isocitrate lyase, and pha depolymerase were key for increasing the PHA content. The 
addi;onal removal of regulatory constraints was necessary to channel the PHA flux through de 
novo fa2y acid synthesis pathway. We achieved up to 46% PHA/CDW from aroma;cs while 
maintaining a balanced carbon-to-nitrogen ra;o. Our strains successfully produced PHA under 
a relevant upcycling scenario using enzyma;c hydrolyzed PET, as feedstock and balanced 
condi;ons. Thus, our results demonstrate the poten;al of PHA revolu;oniza;on and address 
the global plas;c crisis by overcoming the complexi;es of tradi;onal PHA produc;on 
bioprocesses. 
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Abstract  
Tex;les oWen consist of blends comprising natural fibers such as co2on, viscose or wool as 
well as synthe;c fibers such as polyester or polyamide. Synthe;c fibers are not biodegradable 
and therefore pollute the environment if they end up in landfills which is the currently most 
applied route for tex;le waste(1).. For the purpose of recycling, these fiber blends need to be 
separated which can be achieved by biotechnological methods. Cellulosic (co2on, viscose) or 
protein (wool) fibers can enzyma;cally be hydrolyzed from blends thereby recovering pure 
synthe;c fibers (polyester or polyamide) for re-applica;on in tex;le produc;on. At the same 
;me, released hydrolysis monomers represent a star;ng point for valoriza;on approaches 
which was accomplished through cul;va;on of different microorganisms. Glucose from 
cellulose hydrolysis was successfully converted into lac;c acid (LA), polyhydroxybutyrate 
(PHB), or bacterial cellulose (BC) by Weizmannia coagulans (2), Cupriavidus necator, 
and Komagataeibacter sucrofermentans, respec;vely (3). Amino acids from wool hydrolysis 
could be used as nitrogen source by Chlorella vulgaris and Rhodotorula mucolaginosa to 
obtain valuable bioproducts including pigments (chlorophyll, carotenoids) and lipids. The 
obtained biopolymers (PHB, BC and PLA with LA as building block) could be re-introduced in 
the tex;le industry together with extracted pigments as natural dyes. Therefore, 
biotechnological tools enable not only separa;on of blended fabrics but also valoriza;on of 
recovered frac;ons for a sustainable and circular bioeconomy. 
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Abstract  
The u;liza;on of lignocellulosic biomass applying proper microbial cell factories for their 
conversion into valuable biobased products represents a sustainable solu;on for waste 
reduc;on and valoriza;on. Tailored biorefinery approaches are necessary to address the 
diverse challenges and opportuni;es posed by different biomass sources. The "lignin first" 
approach priori;zes lignin removal to enhance the accessibility of cellulose and hemicellulose, 
thus improving bioconversion efficiency. In this study, lignin from cardoon roots, coffee 
silverskin, and spent coffee grounds was valorized using Natural Deep Eutec;c Solvents 
(NADES), an a2rac;ve novel type of ionic solvents. Different combina;ons of hydrogen-
bonding donor and acceptors have been tested to op;mize delignifica;on yield and sugar 
recovery based on biomass composi;on. In the frame of a cascade approach, oil frac;on and 
low molecular weight phenols were also recovered from the different biomasses. The residual 
solid material was then characterized for sugar composi;on and submi2ed to saccharifica;on, 
using an enzyma;c cocktail designed to address biomass complexity. Finally, the hydrolysate 
was tested in the fermenta;on process to produce different polyhydroxyalkanoates (PHA) 
depending on the feedstock and microbial strain employed. Halophilic strains synthesized 
Poly(3-Hydroxybutyrate-co-3-Hydroxyvalerate) (PHBV) from sugars, while properly 
engineered Escherichia coli produced Poly(3-Hydroxybutyrate-co-3-Hydroxyhexanoate) 
(PHBHHx) from cardoon biomass. On the other hand, the lipidic frac;on recovered from some 
biomasses has been addressed to the produc;on of medium-chain-length (mcl)-PHA, 
exploi;ng na;ve Pseudomonas sp. This integrated approach demonstrates the poten;al for 
developing fully biobased materials composed of PHAs and ac;ve addi;ves such as phenols 
and lignin, contribu;ng to the advancement of sustainable biorefineries. 
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Abstract  
Cu;nases are hydroly;c enzymes from the serin-hydrolase class, produced by 
phytopathogenic microorganisms to degrade cu;n, the main component of plant cu;cles. 
Their ability to hydrolyze complex biopolymers through ester bond hydrolysis has a2racted 
scien;fic interest for their poten;al applica;on on solid polymeric surfaces. Recently, 
cu;nases have been applied to enhance the hydrophilicity of fibers’ surfaces through targeted 
hydrolysis [1,2] but also for the synthesis of polyesters [3] and the degrada;on of plas;c 
polymers [4–6]. This project explores the hydroly;c poten;al of cu;nases towards different 
polymers. The study was focused on the Leaf and branch Compost Cu;nase (LCC), cu;nase 
from Fusarium solani pisi, and the commercial cu;nase from Humicola insolens (Novozymes). 
The cu;nase from Fusarium solani pisi and LCC were produced as recombinant proteins, using 
E. coli as the expression host, and proteins were purified using two chromatographic 
techniques (IMAC and SEC). An in-depth characteriza;on of the esterase ac;vity has been 
performed on p-nitrophenyl esters with different chain lengths (from C2 to C14). The op;mal 
reac;on condi;ons (buffer and pH) were determined through ac;vity assays and Thermal ShiW 
Assay. Moreover, a kine;c analysis was carried out using Michaelis-Menten equa;ons to 
determine Km and vmax. 
The enzymes have been tested on commercial polymers, like polyethylene terephthalate, 
polylac;c acid, polybutylene succinate, and a polyamide (Nylon 6). All cu;nases exhibited 
ac;vity towards polyesters. The amide bond appears resistant to enzyma;c hydrolysis. Further 
studies are needed to op;mize the esterase ac;vity for surface func;onaliza;on and to 
enhance the amidase ac;vity through protein engineering. 
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Abstract  
Polyaniline (PANI) is an intrinsically conduc;ve polymer with significant applica;ons, such as 
in drug delivery, microelectronics, photovoltaic cells, plas;c ba2eries, display devices, and 
chemical electrodes. PANI is typically synthesized through chemical or electrochemical 
oxida;on polymeriza;on of the ANI monomer. However, these methods have notable 
drawbacks, including harsh synthesis condi;ons such as extreme pH levels, high 
temperatures, strong oxidants, and toxic solvents. An alterna;ve is the enzyma;c 
polymeriza;on of ANI using oxidoreductases, which offers milder and more environmentally 
friendly condi;ons. The most commonly used enzyme for this is horseradish peroxidase (HRP) 
in the presence of H₂O₂ oxidant. However, HRP inac;va;on occurs at high oxidant 
concentra;ons. This issue can reportedly be mi;gated by genera;ng H₂O₂ in situ from D-
glucose using a bienzyma;c cascade of free, non-immobilized glucose oxidase (GOx) and HRP. 
In the present study, PANI synthesis was achieved through the GOx/HRP bienzyme 
cascade a_er its non-covalent immobiliza*on onto magne;c-sensi;ve polyamide (PA) 
micropar;cles (e.g., PA4, PA6, and PA12). HRP and GOx were consecu;vely immobilized onto 
each carrier. The resul;ng hybrid PA@GOx/HRP biocatalysts, along with the free-standing 
GOx/HRP system, were compara;vely evaluated for immobiliza;on efficiency and cataly;c 
ac;vity. All hybrid biocatalysts were successfully applied in the polymeriza;on of ANI without 
the need for a template. The PANI-coated polyamide micropar;cles were subsequently 
isolated and preliminarily characterized, and their possible applica;ons were evaluated. 
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Abstract  
Polyesters are polymers with a wide range of applica;ons, spanning from tex;les to coa;ngs. 
Conven;onally, polyesters are synthesized in melt with temperatures of up to 240 °C and by 
using metal-based catalysts among others. Another approach regarding polyester synthesis is 
the usage of enzyma;c catalysts, which is encompassed by numerous benefits such as lower 
reac;on temperatures and high selec;vity. 
In terms of sustainability, polycondensa;on reac;ons in mass are preferred but limited to 
systems with at least one liquid monomer at suitable reac;on temperatures. Introducing a 
solvent, however, poses several challenges concerning the compa;bility with the enzyme and 
the course of the reac;on. To facilitate removal of water as byproduct by vacuum when using 
solvents, literature commonly uses solvents with high boiling points. In contrast, for 
technological applica;ons the solvent must be easily removable aWer the reac;on. 
Our group established the ambi;ous strategy of solvent-aided enzyma;c oligomeriza;on, 
which combines the advantages of polymeriza;on in mass and in solu;on. A solvent with low 
boiling point is used to facilitate a homogeneous reac;on system un;l meltable oligomers are 
formed. Subsequently, the solvent is removed by vacuum and the enzyme-catalyzed reac;on 
is con;nued in mass. We further inves;gate influences such as polarity of the solvent and the 
monomers in regard to the enzyma;c catalyst’s ac;vity and how our reac;on system can 
circumvent the downsides of both reac;on systems while combining the benefits. Special 
a2en;on is given to the selec;on of biobased monomers and solvents, together with focusing 
on technological applica;ons. 
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Abstract  
In an era where hygiene and safety are paramount, an;bacterial tex;les have revolu;onized 
the way we approach cleanliness in various seRngs. The need for an;bacterial tex;les that 
are sustainable and environmentally friendly and provide comfort for the user has made 
research in this area popular. In this context, this work reports a novel approach to the 
prepara;on of chitosan ink for digital prin;ng on co2on fabric for an;bacterial and comfort 
proper;es. The aim of the study is to prepare an;bacterial tex;les without compromising 
their comfort proper;es. For that, valve-jet prin;ng method was used as resource efficient 
and digital prepara;on method for func;onal an;bacterial tex;les. Chitosan was used as a 
natural, non-toxic, and biodegradable an;bacterial agent for the an;bacterial tex;les. 
Chitosan ink was prepared and printed on co2on fabric through digital valve-jet printer and 
cured at 150°C for 1 minute to stabilize the chitosan on co2on. Three types of printed fabrics 
were produced with different number of prin;ng passes and the fabrics were characterized 
by various quan;ta;ve and qualita;ve methods to inves;gate the performance of printed 
chitosan ink on the an;bacterial and comfort proper;es of the co2on fabric. Results indicate 
a successful prin;ng of chitosan ink on co2on fabric through valve-jet prin;ng method. Results 
further showed that mul;ple prin;ng passes of chitosan ink on co2on fabric can result in 
higher an;bacterial ac;vity. Further analysis of the results showed that, the increase of 
chitosan amount on the fabric is propor;onal to the an;bacterial ac;vity of func;onalized 
co2on fabric, however, with excessive increase of chitosan, the fabric compromises the hand 
feel and soWness. Results from Air permeability analysis showed an increase in air 
permeability with the increment in the amount of chitosan on the co2on fabric, whereas 
capillary rise decreased with the increase of chitosan. Contact angle measurement and 
hydrosta;c pressure test showed that the hydrophilic nature of co2on fabric was not changed 
aWer prin;ng. The result of the work is of great importance as they introduce new prin;ng 
process for the fabrica;on of an;bacterial tex;le with comfort proper;es for various technical 
and smart applica;ons. 
 
 
Keywords: Valve-jet prin;ng, Chitosan, Comfort proper;es, An;bacterial tex;les. 
 
 
 
 
 
 
 



 51 

Immobilizing redox enzyme on synthetic textile through 
hydraulic spray atomising system as new resource 
eGicient enzyme immobilisation method 
 
Mohammad Neaz Morshed 1, Hugo Matusalem 1, Sina Seipel1, Vincent Nierstrasz 1 
1 Tex;le Material Technology, Department of Tex;le Technology, Faculty of Tex;les, 
Engineering and Business, The Swedish School of Tex;les, University of Borås, Ållegtan 1, 
50190 Borås, Sweden 
 
 
Abstract  
Current immobiliza;on techniques oWen face significant challenges, including uneven 
distribu;on of enzymes, reduced enzyma;c ac;vity, and material waste, all of which can limit 
the effec;veness of immobilized enzymes in industrial applica;ons. To address these issues, 
this study introduces a hydraulic spray automa;on system specifically designed for the 
immobiliza;on of redox enzymes on tex;le substrates, providing a novel, resource-efficient, 
and con;nuous method for enzyme immobiliza;on. For this, glucose oxidase (GOx) was 
chosen as the model enzyme and was immobilized onto polyester tex;les (PET) using the 
hydraulic spray system. To op;mize the immobiliza;on process,  several cri;cal parameters, 
including enzyme concentra;on, pickup percenatge, and the technique of layer-by-layer 
assembly of GOx was studied. Results revealed significant improvements in both the stability 
and ac;vity of the immobilized GOx, which are crucial for its effec;veness in industrial 
applica;ons. Results showed that, the loading of GOx on PET  had no influence on type of PET 
(ac;vated or pris;ne) used. However, surface ac;va;on  offered  be2er  stability of   GOx 
against rinse cycles. Results also showed that, with the increase of pickup percentage the 
ac;vity of immobilized GOx increases un;l it reaches to the plateau. The results were 
promising and demonstrated significance in uniformity and reduc;on in waste and  ;me 
during enzyme immobiliza;on. This immobiliza;on method not only minimizes resource 
consump;on by reducing waste but also facilitates large-scale produc;on, making it 
par;cularly well-suited to meet the evolving demands of the industry. Ul;mately, this research 
demonstrates the poten;al of hydraulic spray automa;on technology to revolu;onize enzyme 
immobiliza;on, paving the way for more sustainable and efficient industrial applica;ons. 
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Abstract  
Hydrophobins (HPBs) are a large family of highly ac;ve surface proteins (biosurfactants) 
produced by filamentous fungi that self-assemble spontaneously at hydrophobic:hydrophilic 
interfaces. Class I HPBs form extremely robust fibrillar structures sharing structural proper;es 
with amyloid fibrils and efficiently adhere to several surfaces [1]. Their surface ac;vity is due 
to the asymmetrical distribu;on of hydrophilic and hydrophobic amino acids on a compact 
globular protein surface. Over the last decade, the surfaces coated with the layers of HFBs 
have been employed to immobilize several enzymes of industrial interest, and several 
materials coated with HFBs and their engineered variants have been proven effec;ve for a 
wide range of biotechnological applica;ons. The Class I HPB Vmh2 from Pleurotus 
ostreatus can adhere to many different surfaces, is a good bioemulsifier, and reduces 
significantly the surface tension even at low concentra;ons [2]. To increase the cost-efficiency 
of Vmh2 produc;on process, oil waste has been used as a nutrient to grow P. ostreatus and 
induce biosurfactant produc;on. Indeed nutrient-rich wastes from food produc;on are 
discharged into the environment, whereas a more circular approach envisages reusing these 
wastes, e.g. as growth substrates for fungi.  The purified protein is able to adhere to co2on 
fabric, modifying its we2ability. This result paves the way to impart different func;ons to 
co2on fabric, exploi;ng the fungal self-assembling proteins or their engineered variants. 
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Abstract  
Studying pretreatment and hydrolysis strategies for tex;le waste treatment and evalua;ng 
their applicability is crucial for making tex;le waste valoriza;on technologies viable. This study 
inves;gates the efficacy of various hydrolysis techniques, focusing on the significant 
components of tex;le waste: co2on and polyethylene terephthalate (PET). Given the 
increasing environmental impact of tex;le waste, effec;ve recovery of these frac;ons is 
crucial. When direct recycling is not feasible, hydrolysis presents a technically viable 
alterna;ve for producing valuable building blocks addressing diverse applica;ons. This 
method has already been applied in other sectors, such as the agro-industrial field, where 
biomass with lower cellulose content is used as a glucose source. 
 
The research iden;fies and analyzes key process parameters aiming to enhance yield and to 
reduce environmental impact. The study evaluates the ini;al processing stages, recognized as 
the most impacPul and costly. This research evaluates the effec;veness of various chemical 
pretreatments using NaOH and urea at different concentra;ons and temperatures. 
Compara;ve analyses of chemical and enzyma;c hydrolysis using sulfuric acid and cellulase 
respec;vely are presented, highligh;ng their respec;ve advantages and disadvantages as 
yields and environmental impacts. 
 
By determining the op;mal condi;ons for pretreatment and hydrolysis, this study provides a 
comprehensive assessment of current recycling technologies for tex;le waste, considering 
selec;vity, cost, and sustainability. The findings will describe and improve the efficiency of 
tex;le waste valoriza;on processes, contribu;ng to a more sustainable approach to managing 
tex;le industry by-products. 
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