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WELCOME MESSAGE 

 

Dear all,  

 

On behalf of the Organizing Committee, we would like to warmly welcome you to the 4th International 

Symposium on Bacterial Nano-Cellulose (4ISBNC)! 

This event, which has been held biennially since 2013, mobilizes experts from the field, to discuss all 

aspects of research related to Bacterial Nano-Cellulose Biotechnology, including the biology and genetics 

of producing microorganisms, production biotechnologies and different areas of application, namely 

biomedicine, food and cosmetic industries, composites, pulp and paper. Previous editions took place in 

New Orleans (2013), Gdansk (2015) and Fukuoka (2017). 

 

The 4th ISBNC will be held in Porto - Portugal, at the Almeida Garrett Library Auditorium, between 3 and 

4, October, 2019. 

As with previous events, this Symposium aims to attract international researchers to communicate and 

share the latest developments in this fast-moving and continually expanding field of Bacterial Nano-

Cellulose. 

 

Reasons to attend: 

Present your latest research 

Learn and share your knowledge with and from internationally renowned researchers 

Understand the current state of research and the challenges to future discovery 

Meet and socialize with fellow scientists from around the world 

Take some time to explore the vibrant city of Porto! 

 

We believe the next few years will witness the translation of BNC from Academia to the Bioeconomy. Be 

a part of it and contribute to this exciting challenge! 

 

 

 

 

Miguel Gama, PhD 

 

Chair for 4th International Symposium of Bacterial Nano Cellulose 

(4ISBNC 2019, Porto, Portugal) 
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DETAILED PROGRAM 

 

 Day 1 (October 2nd) 

18h Opening ceremony (Almeida Garret Library) 

 

 Day 2 (October 3rd) 

9h Opening ceremony 

SESSION 1 MOLECULAR TOOLS FOR IMPROVED PRODUCTION & PROPERTIES 

chair person: Inder Saxena 

9h15 Keynote lecture: Upstream processing leading to improvements in bacterial nanocellulose 
properties and productivity 

Stanislaw Bielecki, Lodz University of Technology, Poland 

9h45 In vitro cellulose synthesis using a recombinant cellulose synthase 

Kenji Tajima, Hokkaido University, Japan 

10h00 Bringing synthetic biology to bacterial nanocellulose 

Tom Ellis, Imperial College London, UK 

10h15 Genetics of cellulose biosynthesis in Gluconacetobacter xylinus 

Inder Saxena, The University of Texas at Austin, USA  

10h30 Genetically engineering bacteria to produce diverse bacterial nanocellulose material properties 

Goosens VJ, Imperial College London, UK 

10h45 Genomics-aided deciphering of BNC synthesis and regulation 

Małgorzata Ryngajłło, Lodz University of Technology, Poland 

  

11h00 COFFEE BREAK 

  

SESSION 2 COMPOSITES & APPLICATIONS: PART 1  

chair person: Yizao Wan 

11h30 Keynote lecture: Bacterial Nano Cellulose: Exploring and developing the potential of an intriguing, 
low-cost and fully biobased product towards the demands of our contemporary society 

Falk Liebner, BOKU University, Austria 

12h00 Sustainable and recyclable thermoelectric paper by bacteria farming 

Anna Roig, Institute of Materials Science of Barcelona, Spain 

12h15 Bacterial nanocellulose a sustainable material: applications ranging from electronics to biosensors 

Elvira Fortunato, CENIMAT/I3N and CEMOP-UNINOVA, Portugal 

12h30 Optically transparent bacterial nanocellulose-based composites as substrate for flexible organic 
light emitting diode 

Hernane Barud, University of São Paulo, Brazil 

12h45 Cellulose patches in plants 

Anna Laromaine, Institute of Materials Science of Barcelona, Spain 

13h00 Bacterial Nanocellulose: A brief history and future prospects at “Embrapa” 

Morsyleide de Freitas Rosa, EMBRAPA, Brazil 



  

 

 
 

  

13h15 LUNCH 

  

SESSION 3 COMPOSITES & APPLICATIONS: PART 2 

chair person: Falk Liebner 

14h45 Keynote lecture: Making fluffy Bacterial Cellulose Nanopapers: Useful filters with tailored 
properties 

Koon-Yang Lee, University of Vienna, Austria 

15h15 Bacterial NanoCellulose as a Natural Component of Next-Generation Bio-Composites 

Karolina Ludwicka, Lodz University of Technology, Poland 

15h30 Development and application of bacterial nanocellulose/graphene nanocomposites 

Yizao Wan, East China Jiaotong University, China 

15h45 BNC composites for the leather industry 

Fernando Dourado, University of Minho & Satisfibre, Portugal 

16h00 Transparent poly(methyl methacrylate) composites based on bacterial cellulose nanofibre 
networks with improved fracture resistance and impact strength 

Koon-Yang Lee, Imperial College London, UK 

16h15 Bacterial nanocellulose within the context of pulp-and-paper emerging biorefineries 

Carlos Pascoal Neto, The Navigator Company, Portugal 

16h30 Bacterial cellulose for edible films and coatings 

Henriette M.C. Azeredo, EMBRAPA, Brazil 

  

16h45 COFFEE-BREAK 

  

SESSION 4 SHARP PRESENTATIONS: PART 1 

chair person: Anna Roig 

17h15 Functionalization, Regeneration and Modification of Bacterial NanoCellulose 

Joaquin Caro-Astorga, Imperial College London, UK 

17h22 Confined spatial nanoparticle distribution in bacterial nanocellulose millefeuille 

Soledad Roig-Sánchez, Institute of Materials Science of Barcelona 

17h29 Role of motA and motB genes in bacterialnanocellulose biosynthesis in Komagataeibacter genus 
Paulina Jacek, Lodz University of Technology, Poland 

17h36 Bacterial nanocellulose as an ocular bandage material 

Irene Anton-Sales, Institute of Materials Science of Barcelona, Spain 

  

17h43 END OF THE SESSION 

19h30 Dinner 

 

 

 

 



  

 

 
 

 Day 3 (October 4th) 

SESSION 5 PRODUCTION AND FORMULATION 

chair person: Stanislaw Bielecki 

9h00 Keynote lecture: 3D-structured Cellulose Biofilms and Applications 

Orlando J. Rojas, Aalto University, Finland 

9h30 A Dry Bacterial Cellulose-Carboxymethyl Cellulose Formulation as Stabilizer for Pickering Oil-in-
Water Emulsions 

Daniela Martins, Universidade do Minho, Portugal 

9h45 On to the impact of low cost substrates for BNC production 

Miguel Gama, University of Minho, Portugal 

10h00 Cider waste as a resource for bacterial nanocellulose production and new approaches for advanced 
applications 

Leire Urbina Moreno, University of the Basque Country, Spain 

10h15 Bacterial nanocellulose-based films with antibacterial and conductive properties for active and 
intelligent food packaging 

Vilela, C., Universidade do Aveiro, Portugal 

  

10h30 COFFEE-BREAK AND GROUP PHOTO 

  

SESSION 6 BIOMEDICAL APPLICATIONS, PART 1 

chair person: Tom Ellis 

11h15 Keynote lecture: Pharmaceutical Insights: Overcoming the Challenges of Bacterial Nanocellulose 
for Controlled Drug Delivery 

Dagmar Fischer, Friedrich Schiller University Jena, Germany  

11h45 Adjusting BNC for 3D tissue engineering by modifications at different stages of its production 
Katarzyna Kubiak, Lodz University of Technology, Poland  

12h00 Evaluation of Three Types of Bacterial Nanocellulose Tubes for Application as Vascular Graft: 
Bioreactors Determine Tubes Structure and Properties 

Feng Hong, Donghua University, China 

12h15 Preparation and properties of type I collagen/ quaternized chitosan/ Bacterial nanocellulose 
composite films for multifunctional wound dressings 

Haiyong Ao, East China Jiaotong University, China 

12h30 Bacterial NanoCellulose-Polyhydroxyalkanoate hydrogels with antimicrobial capacity against 
Staphylococcus aureus 

Auxiliadora Prieto Jiménez, Biological Research Center (CIB-CSIC), Spain 

  

12h45 LUNCH 

  

SESSION 7 BIOMEDICAL APPLICATIONS, PART 2 

chair person: Dana Kralisch 

14h30 Study on preparation and properties of micro-nanofibers composite vascular scaffold 

Shanshan Yang, East China Jiaotong University, China 

14h45 Bacterial nanocellulose-hyaluronic acid microneedles for skincare applications 

Daniela Filipa da Silva Fonseca, Universidade do Aveiro, Portugal 



  

 

 
 

15h00 The Prospect of Bacterial NanoCellulose Impregnated with Antimicrobials in Treatment of Biofilm-
Related Bone Infections 

Adam Junka, Medical University of Wroclaw, Poland 

15h15 Modified BNC as a vascular prosthesis and cardiac valve prosthesis - preclinical studies 

Piotr Siondalski, Medical University of Gdansk, Bowil Biotech, Poland 

15h30 Delivery of antiseptic solutions by a bacterial cellulose wound dressing: PHMB, octenidine and 
povidone-iodine 

Ives Bernardelli de Mattos, Fraunhofer Institute for Silicate Research ISC, Germany 

  

15h45 COFFEE-BREAK 

  

SESSION 8 SHARP PRESENTATIONS: PART 2 

chair person: Miguel Gama 

16h15 Development and characterization of native and citric acid-modified cellulose's drug-delivery 
system for bacterial biofilm eradication 

Karol Fijalkowski, West Pomeranian University of Technology, Poland 

16h22 A biodegradable antibacterial nanocomposite based on oxidized bacterial nanocellulose for fast 
hemostasis and wound healing 

Haibin Yuan, Donghua University, China 

16h29 Peptide Functionalization of bacterial cellulose for antimicrobial activity 

Ana M. Hernandez Arriaga, Biological Research Center (CIB-CSIC), Spain 

16h36 Manufacturing of modified bacterial nanocellulose as tailor-made anti-inflammatory wound 
dressing 

Uwe Beekmann, Friedrich Schiller University Jena, Germany 

16h43 Modification of bacterial nanocellulose membranes for tailored drug carrier 

Marcia Margarete Meier, Santa Catarina State University, Brazil 

SESSION 9 BC COMPANIES AND MARKET PULL 

chair person: Koon-Yang Lee 

16h50 Keynote lecture: Bacterial nanocellulose product design towards biomedical and diagnostic 
applications 

Dana Kralisch, JeNaCell, Germany 

17h20 Microengineered biosynthesized cellulose as antifibrotic protection for implantable medical 
devices 

Simone Bottan, Hylomorph, Switzerland 

17h35 NullarborTM Tree-Free Fibre and other Commercial Applications for Bacterial Nanocellulose 

Gary Cass, Nanollose, Australia 

17h50  From lab to market 

Kamil Palmikowsky, Bowil Biotech, Poland 

  

18h05 END OF SYMPOSIUM/NEXT SYMPOSIUM 
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KEYNOTE LECTURE: Upstream processing leading to improvements in bacterial nanocellulose 

properties and productivity 

Stanislaw Bielecki 

Institute of Technical Biochemistry, Lodz University of Technology, Poland 
stanislaw.bielecki@p.lodz.pl  

 

Abstract 

Recently, the interest in efficient use of diverse natural substrates and processes becomes more and more 

significant. An example of a rational usage of natural resources is the fabrication of bacterial nanocellulose 

(BNC), which may be produced from various renewable materials. BNC is a natural polymer, synthesized 

by a number of microorganisms, among which the strains from the Komagataeibacter  genus are the most 

recognized and efficient producers. These bacteria produce an extracellular, chemically purest cellulose 

which is ten times stronger than the plant-based equivalent. Moreover, BNC is characterized by numerous 

unique features, such as excellent biocompatibility, high crystallinity and water holding capacity, 

mechanical durability. Because of these properties this natural biomaterial have found numerous 

potential applications in fabrication of bioproducts and is already considered as a ‘bio-base’ for the 

development of novel materials in various fields, among others food processing, electronics, defence 

industry, paper making, chemical and textile industries, as well as in medicine, especially for tissue 

engineering. However, the precise control of bacterial nanocellulose  biosynthesis is a major challenge for 

biotechnology, in particular when the properties of BNC should be specifically tailored depending on its 

specific application. Biotechnological successes and experience gained for model bacterial and yeast 

strains should be quickly adjusted and applied in Komagateibacter genus, along with the knowledge being 

acquired at molecular level.  

During the presentation current data about the molecular basis of BNC biosynthesis and its regulation, as 

well as perspectives for genetic modifications of BNC producers, attainable owing to the newly developed 

molecular tools, will be discussed. The requirements for upstream processing parameters like physico-

chemical culture conditions, supplementation of culture media and changes in bioreactor design will be 

discussed, taking into consideration novel methods of BNC and BNC composites development. Molecular 

tools and ‘omics’ technologies, as well as technological approaches enabling improvement of BNC 

production efficiency and costs reduction will be also analysed. 
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In vitro cellulose synthesis using a recombinant cellulose synthase 

Kenji Tajima1),*, Bono Aoshima2), Hiroko Ninoyu2), Tomoya Imai3), 
Takuya Isono1), Takuya Yamamoto1), Toshifumi Satoh1), and Yao Min4) 

1)Faculty of Engineering, Hokkaido University, N13W8, Kita-ku, Sapporo 060-8628, Japan  
2)Graduate School of Chemical Sciences and Engineering, Hokkaido University, N13W8, Kita-ku, 
Sapporo 060-8628, Japan 
3)RISH, Kyoto University, Gokasho, Uji, Kyoto 611-0011, Japan 
4)Faculty of Advanced Life Science, Hokkaido University, N10W8, Kita-ku, Sapporo, 060-0810, Japan 

 

Abstract 

Cellulose produced by bacteria, such as Gluconacetobacter species, is called bacterial cellulose (BC). BC 

has exceptional physicochemical properties which are different from those of cellulose produced by 

plants; therefore, BC has attracted much attention as a new renewable material. BC is synthesized by 

cellulose synthase complexes [Terminal Complex (TC)] existing in cell membranes. TC is thought to be 

consist of at least four subunits (CeSABCD) in Gluconacetobacter hansenii (G. hansenii), but overall 

structure of TC has not been clarified so far. Since BC productivities for Gluconacetobacter species are 

relatively low; therefore, their enhancement is strongly required. For achieving this object, our final goal 

is to elucidate the synthetic mechanism of BC by analyzing the overall structure of TC. In this study, we 

constructed plasmids including some of cellulose synthesis-related genes (Figure), and then introduced 

into Escherichia coli and G. hansenii. Membrane fractions were prepared from these recombinants, and 

their cellulose synthase activities were evaluated by in vitro assay system including bis-(3',5')-cyclic-di-

guanosine monophosphate (c-di-GMP). Furthermore, the structures of the obtained products were 

analyzed by FT-IR, XRD, SPM, and cellulase treatment. 

 

 

 

 

 

Figure A cellulose synthesis-related gene cluster from Gluconacetobacter hansenii ATCC23769. 
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Bringing synthetic biology to bacterial nanocellulose 

Tom Ellis 
Imperial College London 

 

Abstract 

Synthetic biology offers a route to engineering cells and organisms by rewriting their DNA and 

reprogramming their behaviour. This foundational technology is revolutionizing biotechnology while also 

providing new ways to understand how natural living systems have evolved and operate. One of the most 

fascinating and valuable properties of natural living systems is their ability to make diverse and 

multifunctional materials. The plant kingdom in particular provides us with a myriad of different materials, 

all produced by cells secreting cellulose and other polymers in different compositions and arrangements. 

However, understanding how the DNA of plant cells encodes the production of these different material 

properties and learning how this can be reprogrammed is sadly close-to-impossible because plants are 

inherently complex and reliant on their native material production to survive. 

Cellulose-producing bacteria offer the perfect ‘blank slate’ for understanding how DNA code can lead to 

desired material properties. As an easy-to-work-with, transformable bacteria, they reliably produce large 

amounts of pure nanocellulose that has minimal modification or macrostructure. Using synthetic biology 

tools for engineering DNA and introducing this into Komagataeibacter rhaeticus cells, our group is 

exploring how genetic coding can be used to change the grown material via the three main ways seen in 

nature - via (i) self-patterning of structures, (ii) enzymatic modification and (iii) co-production of other 

polymers to give composites. In this talk, I’ll summarise our efforts to better understand and genetically 

engineer K. rhaeticus, and how our synthetic biology tools have been used to program the basics of self-

patterning in growing pellicles. Our progress on protein-cellulose composites and enzymatically self-

modified materials from this bacteria will be presented. Finally, the use of Kombucha-inspired bacteria-

yeast co-cultures will be described, and these offer exciting new opportunities for growing smart and 

functional cellulose-based materials for diverse applications. 
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Abstract 

Bacterial cellulose production utilizes various strains of Gluconacetobacter xylinus, given that they are 

some of the most prolific producers of cellulose. In fact, most studies of bacterial cellulose biosynthesis 

are performed using this bacterium, and it is in this bacterium that the genes for cellulose biosynthesis 

were first identified. In addition to identification of genes that have a role in cellulose biosynthesis, in this 

bacterium a few other genes and DNA sequences were also identified using conventional genetic analysis. 

Even as genome sequences of a number of G. xylinus strains are available, attempts are also being made 

to make sense of the information obtained from genetic analysis of a number of cellulose synthesis 

mutants. Analysis of a cellulose synthesis mutant of G. xylinus ATCC 23769 led to the identification of an 

insertion element IS1238 in this bacterium. The significance of this discovery is interesting as this insertion 

element has not been identified in any published genome sequence of various strains of this bacterium. 

For developing a better understanding of bacterial cellulose synthesis, it will be important to integrate the 

genetic, biochemical and structural studies with the genomic information. It is this strategy that will make 

it possible to determine the similarities and differences amongst the various strains of G. xylinus, and 

identify regions of the genome that contribute to the high level of cellulose production in this bacterium. 

  

mailto:imsaxena@austin.utexas.edu


  

 

4th INTERNATIONAL SYMPOSIUM ON BACTERIAL NANOCELLULOSE 

3-4th October, 2019 

Almeida Garrett Library Auditorium, Porto-Portugal 

 

 
 

Genetically engineering bacteria to produce diverse bacterial cellulose material properties  
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Abstract 

While plant-derived cellulose is one of the most abundant and widely used organic molecules on earth, 

the high level of impurities in limits some of its applications. The bacterial cellulose (BC) produced by some 

bacteria as a component their extracellular matrix is ultrapure. Our group isolated a proficient BC-

producing strain Komagataeibacter rhaeticus that is genetically tractable. Importantly we have 

sequenced, examined the transcriptome and are developing an expanding Komagataeibacter tool kit 

(KTK). Armed with this, our we aim to express and secrete new functional molecules in K. rhaeticus, 

thereby altering the chemical nature of cellulose and programming diverse material properties into the 

BC. The first system we are focusing on is Curli pili, Curli are amyloid proteins fibres that protrude off 

bacterial surfaces. Importantly, amyloid proteins are exceptionally stable, resistant to heat, temperature 

and chemicals – all attractive chemical properties to add to a cellulose matrix. We have developed a 

Golden Gate-based tool kit that has assisted the cloning of a selection of inducible K. rhaeticus plasmids 

expressing the Curli system. We have created a panel of Curli producing operons, resulting in varied 

expression of the system as well as functionalized Amyloid fibres. We are currently examining mechanical 

properties of the resultant cellulose-amyloid composite. These experiments will confirm whether or not 

Curli pili alter the strength, flexibility and nature of the BC thereby enhancing its downstream industrial 

applications. 
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Genomics-aided deciphering of BNC synthesis and regulation 
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Abstract 

In the last decade, a great progress in understanding of the molecular background of bionanocellulose 

(BNC) synthesis in Komagataeibacter was made through the research involving genome sequencing, 

transcription profiling and genetic engineering (1). Despite these efforts, function of a large part of the 

genome remains uncharacterized. This knowledge is necessary for generation of genome-scale metabolic 

models and directed strain engineering towards synthesis of cellulose with high yields and of desired 

properties. 

The growing number of genome sequences of the Komagataeibacter strains opened an opportunity to 

find common features of the genus. On the other hand, what remains the unique genetic characteristics 

of the species may be the source of their phenotypic distinctiveness. We will discuss the results of our 

comparative genomics study which highlighted the diversity of the genus in terms of carbon source 

preference, synthesis of extracellular polysaccharides (EPS), c-di-GMP-based regulatory network and 

genome stability (2).  

We further harnessed the gathered knowledge to explain one of the common features of many of the 

Komagataeibacter species which is the significant improvement of cellulose production through the 

supplementation of culture media with ethanol. Why ethanol addition contributes to higher BNC yields is 

not yet fully understood. It is postulated to provide an alternative energy source, enabling effective use 

of glucose for cellulose biosynthesis rather than for energy acquisition. We investigated the effect of 

ethanol supplementation on the global gene expression profile of Komagataeibacter xylinus E25 using 

RNA sequencing technology (RNA-seq)(4). We will provide genetic evidence explaining the positive effect 

of ethanol on cellulose biosynthesis by discussing the expression profiles of genes related to the central 

and auxiliary metabolic pathways as well as regulatory circuits. 
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KEYNOTE LECTURE: Bacterial Nano Cellulose: Exploring and developing the potential of an 

intriguing, low-cost and fully biobased product towards the demands of our contemporary 

society 

Hubert Hettegger, Irina Sulaeva, Nicole Doyle nee Pircher, Emmerich Haimer, Huiqing Wang, 
Sakeena Quraishi, Antje Potthast, Thomas Rosenau, Falk Liebner 

Institute for Chemistry of Renewable Resources, University of Natural Resources and Life Sciences Vienna, Konrad-
Lorenz-Strasse 24, A-3430 Tulln an der Donau, AUSTRIA 

 

Abstract 

Cellulose material research and development is currently driven by vivid activities exploring the 

opportunities of pulp-derived cellulose nanoparticles and their particular self-assembling behavior in 

dilute aqueous media. However, largely unnoticed, tuning and modification of bacterial cellulose as the 

purest form of cellulose has been further advanced paving way towards new applications, large-scale 

production and commercialization. 

This lecture intends to give an overview of the state of the art in bacterial nanocellulose (BNC) material 

research. Owing to its unparalleled purity, hydrophilicity and physiological harmlessness, BNC is attractive 

for a broad range of applications in food, cosmetics and biomedicine. While the use of BNC in food 

technology relies on its properties as dietary fibers or thermal insulation materials, traditional cosmetic 

and wound dressing applications employ primarily the excellent moistening capabilities of BNC. The latter 

is employed in cosmetic facial masks to prevent human skin from ageing and wrinkle formation, while it 

helps in wound dressings to reduce scarring (1).  

The open-porous nanomorphology of BNC pellicles, sheets or spherical particles, their particular three-

dimensional networks composed of entangled cellulose ribbons, huge specific surface, high cellulose 

crystallinity and abundance of hydroxyl groups literally invite for further modification, tuning and 

adaptation to create smart materials satisfying the needs of our today’s contemporary society (1).  

Complementing highlights of BNC materials research from the recent literature, this talk presents also 

some contributions of our group exploring mainly the potential of BNC for selected biomedical 

applications. This includes improvement of moisture holding capability by alginates, reducing the 

stickiness to wounds through direct polymerization of ethyl 2-cyanoacrylate, hydrophobization with alkyl 

ketene dimer (2), loading of BNC alcogels with bioactive compounds, such as D-panthenol and  L-ascorbic 

acid using single-batch scCO2 antisolvent precipitation and scCO2 drying to afford respective aerogels (3), 

modeling of their release behavior into aqueous environment (3), bactericidal modification using 

polyhexamethylene biguanide, covalent decoration of bacterial cellulose 3D networks with 

semiconductor quantum dots and carbon dots for sensing applications (4), or reinforcement of bacterial 

cellulose aerogels with interpenetrating networks of biocompatible polymers, such as PMMA (5). Finally, 

the development of photoactive BNC matrices for inactivation of gram-positive bacteria S. aureus and B. 

subtilis and destruction of odorous compounds emitted from chronic wounds will be reported.  
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Sustainable and recyclable thermoelectric paper by bacteria farming 
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Abstract 

Converting waste heat into electricity through sustainable, inexpensive and non-toxic thermoelectric 

devices is an unmet challenge in the field of green power generation. 

I will explain the growth of bacterial cellulose (BC) films with an embedded finely dispersed carbon 

nanotubes network. The paper-like films are mechanically resistant, flexible and stable up to 250 °C. Films 

exhibit low thermal conductivity and, despite a modest carbon nanotube content of just 10 % weight 

percent, their electric conductivity is comparable to that of buckypaper. The films are fully bendable and 

can be conformally wrapped around heat sources of any shape. The high porosity of the material 

facilitates effective n-type doping, enabling the easy fabrication of thermoelectric modules. These devices 

could be used to generate electricity from residual heat to feed low power sensors. Importantly, BC can 

be enzymatically biodegraded and the carbon nanotubes reclaimed. 

Because bacterial cellulose can be home made, perhaps we may be facing first baby steps towards a new 

energy paradigm, where users will be able to farm bacteria to manufacture their own electric generators.  
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Bacterial cellulose a sustainable material: applications ranging from electronics to biosensors 
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Abstract 

In this talk we will discuss the state of the art and potential future directions in paper-based electronics 

with special emphasis to the work developed at CENIMAT|i3N, covering electronic devices, smart displays, 

printed electronics, sensors and diagnostic tests.  

We have been observing a rapid and growing interest concerning the utilization of biological materials for 

a wide range of applications. One of the most representative example is cellulose, not only in the form of 

raw material mainly for pulp and paper production, but also in the development of advanced 

materials/products with tailor-made properties, especially the ones based on nanostructures.  

5 years ago paper electronics was pure science fiction, but today we have already several paper-based 

electronics like integrated circuits, supercapacitors, batteries, fuel cells, solar cells, transistors, microwave 

electronics, digital logic/computation, displays, force-sensing MEMS, user interfaces, transparent 

substrates, substrates with high strength, wearable devices, and new rapid diagnostic test sensors. These 

devices with their associated physics and processing will play an important and relevant to our society 

ongoing efforts to in environmental sustainability, safety, communication, health, and performance.  

 

 

  



  

 

4th INTERNATIONAL SYMPOSIUM ON BACTERIAL NANOCELLULOSE 

3-4th October, 2019 

Almeida Garrett Library Auditorium, Porto-Portugal 

 

 
 

Optically transparent bacterial cellulose-based composites as substrate for flexible organic 

light emitting diode.  

Hernane S. Barud (1), Cristiano Legnani (2), José M. A. Caiut (3), 
Robson Rosa da Silva (4), Sidney J. L. Ribeiro (5), Marco Cremona (6) 

1- Laboratório de Biopolímeros e Biomateriais – BioPolMatUniversidade de Araraquara 
(Uniara)AraraquaraBrazil 
2-.Laboratório de Eletrônica Orgânica, Departamento de FísicaUniversidade Federal de Juiz de Fora, 
UFJFJuiz de ForaBrazil 
3-Departamento de Química, Faculdade de Filosofia, Ciências e Letras de Ribeirão PretoUniversidade 
de São PauloRibeirãoPretoBrazil 
4- Chalmers University, Gootemburg, Sweeden. 
5.Instituto de QuímicaUniversidade Estadual Paulista, UNESPAraraquaraBrazil 
6.Laboratório de Optoeletrônica Molecular, Departamento de FísicaPontifícia Universidade Católica do 
Rio de Janeiro, PUC-Rio de JaneiroBrazil 

 

Abstract 

Optically transparent bacterial cellulose biocompatible composites membranes have been prepared in 

the last year in our labs. Wet and dry BC membranes have been surface modified by casting association 

with anothers polymers (polyurethane, polycaprolactone, polyetheremide) andboehmite-siloxane 

organic-inorganic hybrids. These multifunctional composite membranes have been  covered with silicon 

dioxide (SiO2) and indium tin oxide (ITO) thin films deposited at room temperature using radio 

frequency (RF) magnetron sputtering. Visible light transmission improves to up 88%, instead of 40% 

previously achieved by pristine BC membranes. The electrical properties for BC/boehmite-

siloxane/SiO2/ITO substrate shows that the ITO deposited films are n-type doped semiconductors with 

resistivity of 2.7 × 10−4 Ω cm, carrier concentration of − 1.48 × 1021 cm−3, and mobility of 

15.2 cm2 V−1 s−1. ALL BC composites have been uses ad as a substrate for the fabrication of a small 

molecule organic light-emitting diode OLED. The maximum efficiencies obtained were 1.95 cd/A and 

1.68 cd/A for the glass reference OLED and the BC/boehmite-siloxane based-OLED, just to show one 

composite. TheFOLED efficiency is then around 86% of the standard ITO-based OLED. These new 

optically transparent bacterial cellulose biocompatible composites open opportunities to application 

on optoeletronic devices and also photodynamic therapy (PDT). 
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Abstract 

Food security and the need to increase sustainably crop yields for a rapidly growing world population are 

among the greatest social and economic challenges of our century. 

The most extended agricultural practice to enhance crop yield is to increase host plant density, which in 

turn tends to increase the severity of plant diseases.1 Furthermore, globalization has contributed to the 

spreading of new pests into regions in which plants were not adapted, causing unaffordable agronomic 

losses. Most plant diseases occurring in agriculture are caused by fungal pathogens.2 Plant diseases caused 

by pathogenic bacteria are less prevalent; but their effects on agriculture are also devastating.3 

In this work, we present an anti-bacterial and anti-fungal patch, which exploits the potential of smart-

based nanomaterials as pesticides and silver nanoparticles (AgNPs) as anti-bacterial active component, 

improving the efficiency and environmental sustainability of pesticides application. In order to prevent 

the release of the NPs to the environment and their runoff loss during application, we attached the active 

silver nanoparticles to a bacterial cellulose (BC) matrix to obtain BC-AgNPs hybrid films. The bacterial 

cellulose matrix has similar chemical composition to the plant cellulose present in leaves but shows higher 

purity, crystallinity and water absorbance.4-5 We take advantage of the gel-like nature of the bacterial 

cellulose matrix to in situ synthesize and embed AgNPs. 

We evaluated the release and attachment of silver nanoparticles to a bacterial cellulose matrix and their 

in vitro anti-pathogenic properties against an array of plant pathogens with high agro-economical impact, 

such as the bacterium Pseudomonas syringae and the fungus Botrytis cinerea. 

These anti-bacterial and anti-fungal capacities were also assessed in vivo using the plant species Nicotiana 

benthamiana a close relative of tobacco and tomato; both widely used as a model organisms in plant 

biology.6 
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Abstract 

The Brazilian Agricultural Corporation (Embrapa) has been involved in bacterial nanocellulose (BNC) 

research since 2012.  Our aim is to show our brief history and to share our main ongoings, as well as the 

future prospects related to the BNC. 

Many studies have been mainly focused in the use of alternative (low-cost) carbon sources, instead of the 

usual synthetic medium.  Furthermore, the effects of cultivation types and the bacterial strains have been 

evaluated. The results suggested that we have promising substrates (e.g. soybean molasses) and they 

could be an interesting option to produce BNC for various applications, which do not require such a high 

purity degree as those required for the biomedical applications.  

We have performed top-down approaches (e.g.: homogenization, hydrolysis and combined chemical-

mechanical processes) with the purpose to resize the bacterial cellulose fibers in small particles (BNC 

nanocrystals and BNC nanofibrils) suspensions, adding functionality to the material and new versatility, in 

terms of transport, storage and handling, as well as for processing purposes.  This disassembly of the BNC 

membranes produced a promising starting material for different applications.  

Our first applications based on the BNC were focused in the biomedical usages (wound dressing and drug 

delivery system).  Currently, we have focused in the usage of the BNC as a promising material for food 

packaging purposes (edible films and coatings). As it is hydrophilic, it allows fruits and vegetables to 

maintain gas exchanges and respiration, nevertheless, at lower rates, while at the same time, being 

sufficiently water resistant. Recently, we have been designing Pickering emulsions (surfactant-free 

emulsions), based on the structural characteristics of the BNC colloidal nanoparticles.  These nanoparticles 

can be used to prepare a monodispersed emulsion without any further modification and stabilize it 

irreversibly. 

Presently, large efforts have been placed on identifying the critical environmental points in the processes 

related to the BNC in a laboratory scale, applying life cycle assessment (LCA).  The LCA is essential to 

guarantee the quality of the processes and products to be developed, as well as to optimize the critical 

stages of the previously mentioned processes, aiming at lowering environmental impacts. These stated 

results do open opportunities for the development of environmentally friendly new materials based on 

BNC.  
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Abstract 

Papers have been used as filters since ancient times. However, conventional filter papers, produced from 

cellulose pulp fibres or microfibrils cannot be used to remove nanoscale pollutants. Using a conventional 

paper making process utilizing cellulose microfibrils fails to produce papers capable of UF or even NF 

operations. Recently, we demonstrated the utility of bacterial cellulose papers, also often referred to as 

nanopapers as tight aqueous UF membranes. These nanopapers were produced using a simple 

papermaking process. Unfortunately, the permeance of these membranes is rather, which is due to the 

low porosity of these papers. 

 

To address this drawback we produced nanopapers from dispersions of BC in organic solvents rather than 

water, which gives results in BC papers with a higher porosity. The higher paper porosity should result in 

an increased permeance of BC papers but without affecting the pore size and thus the separation 

efficiency of the membrane. 

 

We here present nanopapers made from bacterial cellulose from a set of different organic solvents 

produced using a simple paper making process including a solvent exchange step. 
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Abstract 

High-performance, low-cost and biocompatible composites are today dream materials for biomedical 

applications. With the development of a nanoscale synthesis and engineering technologies, also as 

inspired by the structures of natural biological materials, biocomposites featuring superior stiffness, 

strength and biocompatibility are reported as the next-generation multifunctional super-materials. 

Bacterial NanoCellulose (BNC), as a polymer naturally produced by acetic acid bacteria, characterized by 

extraordinary properties already widely exploited in biomedical applications, is an excellent substrate for 

the development of such composites. Here, for the first time, BNC was stably connected, with very good 

results, with such materials as polypropylene (PP) porous mesh, High Strength Metallurgical Graphene 

(HSMG) or biosolubilized brown coal.  

The components of BNC-PP composites, obtained in vertical stationary cultures of Komagataeibacter 

xylinus, are stably integrated after the process of cultivation and purification. Bionanocellulose does not 

negatively influence mechanical properties of the polypropylene mesh, preserving its tensile strength, 

elasticity and load. Moreover application of bacterial cellulose makes the composites less immunogenic 

by decreasing mast cell adhesion and degranulation as compared to polypropylene itself. Therefore, the 

composites have the great potential of application in medicine, and depending on the applied porous 

material, might be used either in hernioplasty (if porous hernia mesh is used), cranioplasty (if perforated 

metal or polymeric cranial implant is applied) or as a protective barrier in any application that requires 

biocompatibility or antiadhesive properties improvement. 

The highly preliminary results of cellulose connected to the HSMG indicate changes of BNC chemical 

properties. As a direct consequence of BNC and graphene differential chemical features, by connecting to 

HSMG cellulose hydrophilic properties were changed to more hydrophobic. Graphene derivatives are 

known for their capacity to uptake different compounds from water solutions, what gives perspectives 

for BNC composites applications not only in strictly medical areas. Nevertheless, it is highly probable, that 

the combination of such two high-performance materials of unique properties will offer new perspectives 

for BNC applications. 

The composites with biosolubilized brown coal are prepared by in situ and ex situ methods. Liquefied coal 

has excellent sorption properties, e.g. in biosorption of numerous pollutants, and is obtained by a 

chemical pre-treatment followed by a biosolubilization process conducted by specific consortia of 

microorganisms. Since the product of biosolubilization is a mixture of humic, fulvic acids and other organic 

compounds, BNC cultivated with solubilized coal may gain a new range of properties not reported before.  
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Abstract 

Two-dimensional carbon-based nanomaterials, including graphene and its derivatives, have been 

considered as candidates for biomedical applications such as artificial scaffolds, sensors, cell labelling, 

bacterial inhibition, and drug delivery. On the other hand, bacterial cellulose (BC) has received growing 

interest in recent decades due to its impressive inherent characteristics with potential applications in 

diverse sectors. Accordingly, fabricating graphene-reinforced BC nanocomposites can be of particular 

importance in many fields. 

It has been well documented that the critical issue on the fabrication of composites is how to 

homogeneously incorporate and distribute nanofillers in the matrices. In the graphene-BC system, 

mechanical mixing and in situ biosynthesis [1] are two most common methods of making graphene/BC 

nanocomposite. However, mechanical mixing breaks the integrated nanofibrous structure of BC, which is 

not favorable since it reduces the mechanical robustness and damages the three-dimensional (3D) 

network structure of pristine BC. In order to maintain the intrinsic 3D interconnected porous structure of 

BC while allowing the dispersion of graphene nanosheets, our group developed a novel membrane-liquid 

interface culture (MLIC) method, with its main steps illustrated in Fig. 1. In the first step, a graphene-

dispersed medium was sprayed onto the BC substrate to allow for BC growth. After the sprayed medium 

was completely consumed by bacteria, another layer of medium was sprayed. Such process was repeated 

until the designed thickness was achieved. In contrast to the conventional static culture method, which is 

limited by the difficulty of oxygen and nutrient transport, the distinct feature of the MLIC method allows 

us to obtain very thick membranes with homogenous structure and the thickness of the products can be 

accurately controlled by the volume of sprayed medium. The resultant graphene/BC nanocomposites 

demonstrate uniformly distributed graphene nanosheets that are closely bundled with BC nanofibers, 

forming a unique nanostructured composite. This sophisticated nanostructure endows the graphene/BC 

composite with extremely high mechanical properties and electrical conductivity [2, 3]. Therefore, the 

graphene/BC composites hold great promise in various applications (such as electrodes, adsorbents, and 

scaffolds for tissue engineering) which require excellent mechanical properties and electrical conductivity. 

Furthermore, the MLIC method is scalable, versatile, and eco-friendly. More importantly, this method can 

be extended to the production of other BC-based nanocomposites. 
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Fig. 1. Fabrication processes of graphene/BC composites. 
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Abstract 

The tannery industry faces several challenges associated with high environmental impact, scarcity of raw 

materials and increasing consumer demand for environmentally friendly products. The worldwide 

production of leather is approximately 20 billion square feet per year (1). To produce one ton of leather 

6.7 tons of raw skin are processed (2) an 57,000 liters of water (3) and 3.35 tons of chemicals (4) are 

needed. Worldwide, for bovine skin, 370 billion litres of water are consumed annually, generating 6.5 

million tons of solid waste. The development of leather analogues has thus long been pursued, leading to 

the appearance of various materials, some synthetic, other natural. Despite the increasing interest and 

market pull, the market penetration of these alternative products has been relatively modest, due to high 

production costs, low breathability, high stiffness, accelerated discoloration, among other limitations. 

Also, recent market trends towards the identification of natural non-cotton derived textiles are emerging. 

This research intends to contribute to the reduction of the animal hide dependency by the development 

of composites from bacterial nanocellulose (BNC) as structural material and activated vegetable oils and 

other hydrophobic polymers, as a flexibilizing, mechanical reinforcing and hydrophobizing agents. The 

newly developed strategy here presented, based on BNC, aims at meeting the market pull from both the 

shoe and textiles industries regarding the need for new high-performance natural materials. A novel 

approach was tested for the bulk and surface modification of BC, combining simplicity, potential for 

application at large scale and low cost, based on the use of an exhaustion process. Through this process, 

hydrophobic polymers could be incorporated into the nanofibrillar matrix of BNC, aiming at obtaining a 

malleable, breathable and water impermeable nanocomposites. This presentation will summarize the 

main results on the preparation of BC-based composites featuring promising properties for application in 

the textile and shoe industries (5). 
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Abstract 

Bacterial cellulose (BC) is an ultrapure form of cellulose nanofibres with mechanical performance 

exceeding that of E-glass fibres. The tensile stiffness and strength of a single BC nanofibre have been 

estimated to be up to 160 GPa and 6 GPa, respectively. BC is produced as a continuous nanofibre network 

in the form of tough wet pellicle with high specific surface area. It is hypothesised that this continuous BC 

nanofibre network will serve as excellent nano-reinforcement for polymers with similar refractive indices, 

such as acrylic resin, for the production lightweight polymeric transparent armour with performance 

beyond the state-of-the-art. The introduction of such continuous nanofibre network into acrylic resin will 

introduce additional energy-absorbing mechanisms, including fibre de-bonding (due to an increase in 

fibre-polymer matrix interface), fibre re-orientation and fracture, enhancing the impact resistant of the 

resulting BC-reinforced acrylic resin without sacrificing optical transparency. 

In this study, we report the tensile, fracture and impact properties of poly(methyl methacrylate) (PMMA) 

composites reinforced with bacterial cellulose (BC) pellicle. It was found that BC pellicle-reinforced PMMA 

composites with high optical clarity could be produced. By reinforcing PMMA with up to 5.0 wt.-% BC 

pellicle, a significant increase in tensile modulus compared to neat PMMA was observed. However, this 

improvement was accompanied by a significant decrease in tensile strength, strain-at-failure and impact 

strength due to matrix embrittlement. To circumvent this effect, 3 novel composite designs were 

developed: PMMA composites with uniformly dispersed BC throughout PMMA; sandwich structured 

construction consisting of BC pellicle-reinforced PMMA sandwiched between two neat PMMA sheets; 

hornified BC pellicle-reinforced PMMA composites. The tensile moduli of these composites were found 

to increase compared to neat PMMA. Furthermore, no significant detrimental effect in the tensile 

strength of the resulting composites was observed. This was attributed to the reinforcement architecture, 

which was designed to reduce BC nanofibre- PMMA interface such that the effect of matrix embrittlement 

was minimised. The best performing BC pellicle reinforced PMMA composites was reinforced with 

hornified BC pellicle, whereby the impact strength was 25% higher than neat PMMA, without sacrificing 

optical clarity. 
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Abstract 

Pulp-and-paper mills are evolving to modern forest-based biorefineries, where wood and forest biomass 

is comprehensively converted into pulp and paper products, bioenergy, biofuels and bioproducts. Within 

this context, part of the biomass resulting from forest exploitation, as well as from wood processing in the 

mill, may be submitted to saccharification processes, yielding sugars that constitute good a good substrate 

for bacterial cellulose production. This bacterial nanocellulose, potentially produced on site, may find 

interesting applications on pulp and paper production, namely on the developing of mechanical 

properties, barrier properties as well as on the enhancing of printability of fine papers. 

This presentation aims at giving an overview of the concept of pulp-and-paper biorefineries and of the 

possibility to integrate the production of bacterial cellulose in pulp-and-paper mills. Potential applications 

of bacterial cellulose on paper products are reviewed and illustrated with some R&D results.  
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Abstract 

Bacterial cellulose (BC) may be combined to other components by impregnation or by formulation from 

disassembled BC sheets. Both approaches have advantages and limitations; the second one being the one 

of choice when several components are to be combined in accurate proportions1. Our group has been 

working on some development on edible films from nanofibrillated bacterial cellulose (NFBC). Those NFBC 

films have been reported to present much better tensile properties and water resistance than most other 

materials used for edible films, giving NFBC an advantage for many potential applications. NFBC has been 

also used in combination with cashew tree gum (CTG), improving the physical performance  (barrier and 

tensile properties, resistance to water) of CTG films. NFBC films containing sensory or health-appealing 

components (e.g. fruit purees2, probiotics) have been also produced. Those and other examples will be 

presented as potential applications of NFBC as a distinguished edible material for films and coatings. 
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Caro-Astorga J., Gilbert C., Lee K., Ellis T. 
Department of Bioengineering, Imperial College London, United Kingdom  

 

Abstract 

Engineered living materials exhibit outstanding traits in terms of scalability and ease of production, and 

offer new physical and mechanical properties enabled by morphology control and functionalization (1). 

Nanocellulose is emerging as a promising biological material for the future, with a variety of applications 

and a global market expected to increase 50 to 100 fold over the next decade (2). Komagataeibacter 

rhaeticus offers an excellent strain to produce this material in industrial quantities, giving a high purity 

product grown from cheap raw materials (3). Inspired by kombucha fermentation, we have reproduced 

co-culturing of K. rhaeticus with yeasts including S. cerevisiae. Both organisms can be engineered enabling 

the co-culture to produce complex enzymes and chemical products and degrade compounds, offering a 

route to functionalizing nanocellulose so that the material can sense the external environment and 

respond. As an example case, here we probe the functionalization of nanocellulose by engineering S. 

cerevisiae to secrete an engineered β-lactamase with a cellulose binding domain as the nanocellulose 

material grows. We also explore bioengineering methods to regenerate damaged nanocellulose, a step 

that will increase the versatility of this material, and we test treatments of the grown nanocellulose and 

identify compounds that can change physical and mechanical properties as desired, yielding material that 

is tens-fold stronger under compression test. 
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Abstract 

Bacterial nanocellulose (BC) exhibit properties such as high crystallinity, transparency, high water holding 

capacity and hierarchical porosity. In addition, it is chemical and physical tunable. These properties 

endorse BC as a sustainable resource to achieve advanced functional nanocomposites, which are in 

increasing need for products and devices.1,2 Nevertheless, developing a high strength and flexible 

nanocellulose-based biocomposite is still a challenge and a control on some parameters as the 

nanoparticles loading fraction, their morphology and its disposition within the porous scaffold is needed.  

A multifunctional laminated material with topographic confinement of nanoparticles using the bacterial 

cellulose as a platform will be presented. A microwave-assisted synthesis route has been employed to in-

situ nucleate and grow metal and metal oxides nanoparticles on the cellulosic fibers (Au, Ag, TiO2, Fe2O3) 

and to confer different functional properties (electrical conductivity, magnetism and photocatalysis) to 

the BC films.3 The drying process has allowed us to attach on demand the different nanocomposite layers, 

creating a millefeuille construction. Structural, functional and mechanical integrity of the millefeuille will 

be discussed.4 
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Abstract 

Bacterial nanocellulose (BNC) is a highly abundant natural polymer synthesized by some microorganisms 

among which the Gram-negative bacteria Komagataeibacter hansenii and K. xylinus have been widely 

used as a model organisms for studying BNC biosynthesis (1). In Gram-negative bacteria, cellular motility, 

cell morphogenesis, metabolism, and material transport are described as one of the crucial factors for 

biofilm formation. Many reports suggest that proteins belonging to the MotA/TolQ/ExbB and 

MotB/TolR/ExbD families, which form transmembrane proton channels, are important in biofilm 

formation.  

Recently, we identified the motA and motB genes in Komagataeibacter genus. In order to elucidate the 

role of motA and motB in Komagataeibacter, we constructed disruption and overexpression mutants (2-

4). Then we examined the influence of motA and motAB genes disruption on global gene expression using 

RNA-seq technique. 

The phenotype analysis of disruption and overexpression mutants has shown changes in cell morphology, 

efficiency of cellulose production and structural changes in cellulose membranes (2-4). The results of RNA 

sequencing of Komagataeibacter xylinus E25 disruption mutants suggest that tested genes have similar 

function like their homologs.  
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Abstract 

Bacterial nanocellulose (BNC) has already been proposed for diverse biomedical applications, mainly for 

skin regeneration. Nevertheless, the potential of BNC to treat other damaged tissues, such as the cornea, 

remains unexploited. Corneal trauma and ulcerations are responsible for more than 1.5 million new cases 

of vision reduction every year worldwide. Management of these patients remains limited by the shortage 

of high-quality donor corneas for transplantation. To overcome this issue, much hope is put on 

regenerative medicine and biomaterial-based approaches. In line with this, we suggest using BNC patches 

to treat ocular surface disorders expecting that they will provide both protection to the corneal wounds 

and a vehicle for cell transplantation to the ocular surface.  

First, structural characterization of our BNC films produced by G.xylinus will be presented. It will be 

followed by detailed cytocompatibility tests of BNC performed with human dermal fibroblasts. This 

includes studies about cell attachment, viability, proliferation and morphology of fibroblasts cultured on 

top of different BNC films. The tested supports for cell culture include BNC films with different water 

content, shape, topography and also BNC-TiO2 nanocomposites. Moreover, we will also show that BNC 

films can be employed to cryopreserve adherent cells. These in vitro results highlight the versatility of BNC 

as a substrate to maintain, expand and possibly transplant human cells to diverse body surfaces.  

The second part of the talk will show our first attempts, performed in close collaboration with clinicians, 

towards the applicability of BNC in regenerative ophthalmology. Ex vivo experiments to investigate the 

interactions between BNC films and excised porcine corneas will be presented. These studies demonstrate 

that BNC meets the basic requirements of mechanical resistance to suture, conformability to the dome 

shape of the eye, ex vivo stability and ease of manipulation to be used as a new ocular bandage material 

and/or as a vehicle for cell transplantation to the cornea.   
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Abstract 

We discuss a platform to biosynthetically produce 3D cellulose biofilms with microbial cellulose using 

Komagataeibacter medellinensis ID13488 (1). Moreover, a simple yet customizable biofabrication process 

is proposed that uses hydrophobic particles to finely direct the morphology of bacterial cellulose biofilms 

in three dimensions resulting in hollow, seamless, cellulose-based objects of tailored shape and size (2). 

The robustness and integrity of the structured nanocelluloses were demonstrated against intense 

mechanical and chemical stresses. The synergetic combination of the 3D shaping techniques introduced 

in this work with cross disciplinary knowledge, brings a new perspective on the existing applications of 

nanocellulose, and also extend the scope of functionalities that can be achieved for the benefit of different 

fields. For instance, by keeping the biofilm aspect, plasmid transfection in 3D morphologies can be further 

exploited. On the other hand, the same morphological feature of the cellulose biofilms can be used 

interactively with functional moieties. This has implications across several research fields and particularly 

for scaffolding, tissue engineering and food applications. We demonstrate here the combination of the 

cellulosic biofilms with heat-resistant MOF-HRP and in reaction media (3), suggesting the possibility of 

forming complex pathways usable in thermally and chemically harsh environments. 
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A Dry Bacterial Cellulose-Carboxymethyl Cellulose Formulation as Stabilizer for Pickering Oil-

in-Water Emulsions 
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Abstract 

Hydrocolloidal microcrystalline cellulose (MCC) from plant sources, is already widely used in industry to 

regulate the stability, texture, rheology and organoleptic properties of many food and cosmetic 

formulations. Bacterial cellulose (BC) is produced biotechnologically by different microorganisms, but 

most efficiently by acetic acid bacteria from the genera Komagataeibacter. This biomaterial is a prominent 

alternative to the already marketed celluloses, being more pure, crystalline, and having nanoscale fibres 

with high aspect ratio which account for excellent mechanical properties. BC has already been used in its 

hydrated form for the stabilization of oil-in-water (o/w) Pickering emulsions (particle-stabilized systems, 

as an alternative for the conventional surfactant-stabilized). For the sake of storage, economy and 

practicality, additives for industries are preferentially provided in a dry or powder form. Co-drying 

cellulose fibres or crystals with water soluble polysaccharides helps maintaining the rheologic and 

structuring properties after rehydration. Dry powdered, rehydratable bacterial cellulose (BC) formulations 

are reported, being produced by different grinding, drying and dispersing methods which were studied in 

terms of the impact in the final product’s properties.  

The main objective of this study was to assess the stabilizing properties of BC in Pickering o/w emulsions. 

For this, an equimassic formulation of BC and 90 kDa carboxymethyl cellulose (BC:CMC) was prepared and 

spray dried. Isohexadecane-in-water emulsions (10:90) were prepared in the presence of 0.10%, 0.25% 

and 0.50% of the BC:CMC formulation. Visual and microscopic aspect of the emulsions was registered over 

time. Samples were also visualized in Cryo-SEM. Rheological tests were performed to assess the 

emulsion’s viscosity profile, storage and loss moduli. Interfacial tension between the immiscible phases 

was measured with the Pendant Drop and Du Noüy Ring methods. For benchmarking purposes, the same 

emulsion preparation and analysis protocol was made with several different commercial cellulosic 

products and xanthan gum. In short, BC:CMC showed formation of a three-dimensional network and 

viscosity increasing (thickening) properties, crucial characteristics for emulsion stabilizing formulations. 

BC has technically superior properties that will allow it to compete with, or even replace, plant celluloses 

in industry. 
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On to the impact of low cost substrates for BNC production 
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Abstract 

Bacterial nanocellulose (BNC) is an exopolysaccharide produced by certain acetic acid bacteria. It has high 

crystallinity, high mechanical strength, high purity and high water-holding capacity. These properties 

make it useful in making artificial skin (1), electronic paper, composite reinforcement, development of 

food and cosmetic applications (2). The cost of fermentation media is believed to contribute significantly 

to the operational costs, especially if synthetic commercial media are used. Hence, much research on BNC 

production using low-cost substrates has been done focusing on lowering the production costs (3). Also, 

to meet the requirement for industrial applications, effective large-scale BNC production systems need to 

be developed, which involves improving the fermentation conditions and identifying high yield BNC-

producing strains (4). However, as with many fermentation systems, while promoting the recycling of low 

value-added products, the use of complex substrates may in fact represent a bottleneck in the BNC 

fermentation processes. Some of these substrates present, comparatively to synthetic nutrients, high 

chemical oxygen demand (COD), total and volatile solids (TS and VS), total nitrogen (TN), antimicrobial 

components (such as phenols)  Consequently, these alternative substrates may place an economic 

problem either downhill, due to the need for wastewaters treatments and/or, uphill, due to the need of 

substrates pre-treatment. 

In this work, the optimization of alternative BNC culture medium (Molasses-Corn Steep Liquor, MOL-CSL), 

using Response surface methodology – central composite design was used to evaluate the effect of 

inexpensive and widely available nutrients sources, namely MOL, ethanol (EtOH), CSL and ammonium 

sulphate on BNC production yield under static culture by komagataeibacter xylinus BPR 2001. The 

optimized parameters for maximum BNC production were: % (m/v): MOL 5.38, CSL 1.91, ammonium 

sulphate 0.63, disodium phosphate 0.270, citric acid 0.115 and ethanol 1.38 % (v/v). The maximum BNC 

production yield were 7.5 ± 0.54 g/L versus 1.79 ± 0.04 g/L for MOL-CSL and synthetic medium (HS-EtOH) 

culture medium, respectively. The resulting wastewater from each culture medium was characterized 

regarding COD, TN, TS and VS, leading to the conclusion that the wastewaters generated using MOL-CSL 

are more heavily charged with organic matter, increasing the final costs of BNC production due to the 

higher costs associated to wastewater treatment. Anaerobic digestion (AD) was studied for wastewater 

treatment and biogas production from the wastewaters of the BNC fermentation and purification process. 

Finally, a preliminary Life Cycle Assessment of BNC production was performed and will be presented. 
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Cider waste as a resource for bacterial cellulose production and new approaches for 

advanced applications 
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Abstract 

In recent years, the investigation and utilization of bacterial cellulose in functional materials has been the 

focus of numerous research studies, as this material has some remarkable properties such as excellent 

mechanical properties due to the 3D network-like structure formed by cellulose nanofibers during its 

biosynthesis, high water holding capacity, high crystallinity and purity(1). One of the major challenges to 

address in bacterial derived polymer technology is to find suitable carbon sources as substrates that are 

cheap for achieving large scale industrial applications(2). In this context, apple pomace is the main by-

product of apple juice and cider production. It contains minerals and also a large amount of carbohydrates. 

Taking these features into account, cider by-products could be considered a good substrate for BC. In this 

work, the viability of cider by-products from the Basque Country as a cheap and sustainable carbon 

substrate for BC production was demonstrated. In addition, due to the interesting physicochemical 

properties of the obtained product, different BC-based nanocomposites were developed for a wide range 

of applications. Firstly, environmentally friendly membranes were prepared by in situ and ex situ routes 

based on BC as template and chitosan as functional entity, for the elimination of copper in wastewaters. 

Secondly, water-activated shape memory nanocomposites were prepared by the infiltration of a 

waterborne polyurethane dispersion into BC membranes for possible biomedical applications. In addition, 
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BC-based films for potential food related applications with improved mechanical properties and 

hydrophobicity and antioxidant properties were developed. Finally, BC/graphene oxide hybrid spheres 

were developed in dynamic cultures for biomedical applications. As demonstrated in this work, bacterial 

cellulose can be considered an advanced material and these new approaches open new possibilities for 

the application of this biopolymer in different fields.  

 

 

Figure 1. Schematic representation of the work. 
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Abstract 

Bacterial nanocellulose (BNC) is becoming an important substrate to design multifunctional nanomaterials 

with singular and custom-made properties for application in several areas, including in active and 

intelligent food packaging (1-3). 

In the present study, antibacterial conductive nanocomposite films composed of poly(sulfobetaine 

methacrylate) (PSBMA) and BNC were developed and investigated for application in food packaging. The 

films were fabricated via the in situ polymerization of the zwitterionic sulfobetaine methacrylate (SBMA) 

monomer inside the BNC nanofibrous network and in the presence of poly(ethylene glycol) diacrylate as 

cross-linker. The ensuing nanocomposites are macroscopically homogeneous, more transparent than 

pristine BNC, and present thermal stability up to 200 °C in N2 atmosphere. Additionally, the films have 

good mechanical performance with Young’s modulus ≥ 3.1 GPa and viscoelastic properties with storage 

modulus ≥ 181 MPa, UV-blocking properties and high water-uptake capacity (450%–559%). The zwitterion 

film with 62 wt.% of cross-linked PSBMA showed bactericidal effect against Staphylococcus aureus (4.3–

log CFU reduction) and bacteriostatic activity towards Escherichia coli (1.1–log CFU reduction), together 

with a maximum proton conductivity of ca. 1.5 mS cm−1 at 94 °C and 98% relative humidity. 

In view of this set of assets, the zwitterion PSBMA/BNC nanocomposites show potential as films for 

application as active and intelligent food packaging materials, because they can shield the food from the 

effects of UV-radiation, inhibit the growth of pathogenic microorganisms responsible for food spoilage 

and foodborne illness, absorb moisture and water, and act as conductimetric humidity sensors to control 

humidity levels in foodstuff. 
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KEYNOTE LECTURE: Pharmaceutical Insights: Overcoming the Challenges of Bacterial 

Nanocellulose for Controlled Drug Delivery 
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*Dagmar.Fischer@uni-jena.de 

 

Abstract 

Bacterial nanocellulose (BNC) is an innovative biofabricated material, generated in a biotechnological 

process by Komagataeibacter bacteria strains from glucose and consisting of about 1% cellulose and 99% 

water. The interest in BNC as drug delivery system dramatically increased during the last years. The 

material offers unique characteristics such as high purity, excellent biocompatibility and extraordinary 

tensile strength. Due to its nanosized 3D network resulting in an enormous surface area-to-volume ratio, 

it is expected to hold a large amount of active ingredients. However, due to the hydrophilic character, 

prolongation of the drug release over weeks and months or incorporation and transport of water-

insoluble drugs especially of BCS class III and IV as a major trend of pharmaceutical industry, require the 

application of more sophisticated loading and release strategies.  

We developed different loading techniques to accomplish a (i) fast and immediate or vice versa (ii) 

sustained and extended drug release from several hours to weeks. Native and freeze-dried BNC was 

equipped with additives like thermo-responsive Poloxamer micelles and gels as well as nanoemulsions 

and liposomes to deliver drugs. One of the longest release profiles over up to one week could be realized 

for the antiseptic octenidine in the presence of different types of Poloxamers in various concentrations in 

BNC with improved mechanical and antimicrobial properties and unchanged biocompatibility. Lipophilic 

drugs like coenzyme Q10 demonstrated a controllable release depending on the type of BNC (native vs. 

freeze dried), the loading technique and the utilization of nanoemulsions. By varying these parameters, 

differences in penetration depth and distribution of lipophilic drugs could be shown in porcine skin 

experiments (Saarbrücken model and tape stripping). Beside small molecules, high molar mass drugs like 

plasmid DNA were protected against enzymatic degradation by maintaining the high biocompatibility of 

BNC and transfection efficacy of the plasmids. The release was found to be dependent on the type of BNC, 

the plasmid and the loading technique and lasted over 2-50 days.  

In conclusion, using sophisticated techniques, BNC can be tailored as immediate and sustained drug 

release system for ready-to-use and patient-designed bedside applications e.g. for dermal wound 

treatment, cosmetics or the use as implant.  
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Abstract 

Development of three-dimensional scaffolds mimicking natural surroundings of cultivated in vitro cells is 

an ongoing challenge for tissue engineering. Bacterial nano-cellulose (BNC) as a biomaterial well-known 

from its biocompatibility have been applied in this field widely. However, research show that tight spatial 

organization of cellulose fibers limits cell ingrowth and restricts practical use of BNC-based scaffolds. 

Important advantage of BNC as scaffold is its water-holding capacity and therefore possibility to soak it 

with substances promoting cells welfare and/or differentiation.  

Recently, both issues have been addressed by independent interventions in chondrocytes-supporting 

scaffolds production process: in situ BNC- carrageenan porous composite preparation (1) and by usage of 

genetically modified Komagataeibacter hansenii ATCC 23769 strain to produce BNC membranes with 

relaxed fibers structure (2). Composites and membranes were evaluated as scaffolds in in vitro assays to 

verify chondrogenic ATDC5 cells line viability, glycosaminoglycan production and specific genes expression 

as well as RBL-2H3 mast cells degranulation. Both studies showed improvement of pro-chondrogenic 

properties of newly obtained materials when compared to unchanged BNC.  

In this presentation we deliver some hypothesis how structure and composition of the BNC-based 

scaffolds influenced the chondrogenic cells behavior. Interestingly, similar cell-protective properties of 

BNC have been revealed in in vitro tests performed with BNC-glycerol composites on keratinocytes (3). 

Furthermore, we summarize pros and cons of introducing improvements on different stages of BNC 

production process including methods complexity, costs and ecology. 
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Abstract 

Bacterial nanocellulose (BNC) has a promising prospect in application of vascular graft[1-3]. Several 

bioreactors have been utilized for synthesis of the BNC tubes[1,4], however little knowledge is known about 

differences in tube structures and properties. While the potential of BNC for artificial blood vessels has 

been widely studied, a systematical comparison of BNC tubes prepared in different kinds of bioreactors 

has never been performed. Herein, a newly designed device composed of a glass rod in the axis of a 

silicone tube (G-BNC bioreactor) was compared with two reported bioreactors[4] in fabricating three types 

of BNC tubes (G-BNC, S-BNC, and D-BNC tubes). The differences in physicochemical properties and 

performances as vascular grafts, and morphologies especially the surface roughness were compared in 

detail. 
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Abstract 

As a natural polymer produced by several strains of bacteria, BC is made up of nanofiber and has nano-

scaled three-dimensional network structure, and has several unique physical and chemical performances, 

such as high purity, great water imbibition and permeability, high tensile strength, favorable 

biocompatibility and non-toxic[1].  Due to these outstanding characteristics BC has wide application for 

wound dressing. However, Pure BC has neither favorable bactericidal properties nor bioactive groups to 

promote cute and severe skin injury repair. 

In this study, Hydroxypropyltrimethyl ammonium chloride chitosan (HACC) with considerable 

antimicrobial properties and type I collagen (ColI) with favorable cytocompatibility were introduced into 

bacterial cellulose (BC) and ColI/HACC/BC composite films were fabricated by in situ static culture. The 

results of SEM and FTIR effectively proved that HACC and ColI were incorporated with cellulose 

successfully. As following HACC and ColI introduced, the crystallinity, porosity and water vapor 

transmission of BC based composite films were reduced, while the water absorbency were improved. The 

obtained ColI/HACC/BC composite films exhibited considerable antibacterial properties, which inhibited 

bacterial colonization and biofilm formation of Staphylococcus aureus (S. aureus, ATCC 25923), compared 

with BC and ColI/BC. Furthermore, NIH-3T3 fibroblast cells on ColI/HACC/BC composite films showed 

further proliferation than cells on BC and HACC/BC films. The obtained ColI/HACC/BC composite films with 

favorable antibacterial properties and cytocompatibility may be regarded as potential candidates for 

wound dressings. 

 

References 

(1) Luo, H., Xiong, G., Wan, Y. (2014). In situ phosphorus K-edge X-ray absorption spectroscopy studies of 
calcium–phosphate formation and transformation on the surface of bacterial cellulose nanofibers. 
Cellulose. 21:3303–3309 

 

  



  

 

4th INTERNATIONAL SYMPOSIUM ON BACTERIAL NANOCELLULOSE 

3-4th October, 2019 

Almeida Garrett Library Auditorium, Porto-Portugal 

 

 
 

Bacterial Cellulose-Polyhydroxyalkanoate hydrogels with antimicrobial capacity against 

Staphylococcus aureus  

Virginia Rivero-Buceta1, María Rosa Aguilar2,3,4, Ana M. Hernández-Arriaga1,  
Francisco Blanco1, Julio San Román2,3,4, Auxiliadora Prieto1,4. 

1Polymer Biotechnology Group, Biological Research Center (CIB-CSIC), CSIC, 28040, Madrid, Spain.  
2Biomaterials Group, Institute of Polymer Science and Technology (ICTP-CSIC), Spain. 
3Networking Biomedical Research Centre in Bioengineering, Biomaterials and Nanomedicine (CIBER-BBN), 
Spain. 
4Interdisciplinary Platform for Sustainable Plastics towards a Circular Economy‐Spanish National Research 
Council (SusPlast‐CSIC), Madrid, Spain 

auxi@cib.csic.es 

 

Abstract 

Bacterial cellulose (BC) is an excellent wound dressing device due to its characteristics, such as its 

biocompatibility, non-toxicity, mechanical stability and high moisture content. However, it lacks 

antimicrobial activity, which is a critical function of the skin-barrier that is compromised during wound 

healing.  

One of the leading candidates with potential applications in the medical field is the group of naturally 

produced bacterial polyesters or poly([R]-3-hydroxyalkanoates) (PHAs) that constitute a large class of 

biodegradable biopolymers that show minimal tissue toxicity. The physical and mechanical properties of 

PHAs are significantly influenced by their monomer composition and chemical structure, which can be 

tailored by metabolic engineering approaches. In this work, antimicrobial BC membranes were obtained 

by chemical blending of BC with PHACOS, a second generation polymer containing thioester groups in the 

side chain with demonstrated antibacterial properties against Methicillin-resistant Staphylococcus aureus 

(MRSA) (1). MRSA are especially troublesome in hospitals, prisons, schools, and nursing homes where 

patients with open wounds, invasive devices, and/or weakened immune systems are at high risk of 

infection. 

BC was produced in the strain Komagataeibacter medellinenesis ID13488 (2). PHACOS was produced in 

the model bacterium Pseudomonas putida KT2440 by metabolic engineering using decanoic acid as 

inducer of the growth and polymer synthesis, and 6-acetylthiohexanoic acid as PHA precursor in a two-

stage strategy (1). Homogeneous mixtures of BC and PHA or PHACOS were obtained using the ionic liquid 

(IL) BMIMCl as solvent. Hydroxyl groups of BC and carbonyl groups of PHA form new hydrogen bonds as 

demonstrated by the FTIR experiments. TGA analysis showed that not only the blends show Td 

(decomposition temperatures) values in between the individual components, but also the Td increases 

with the cellulose content in the mixture. The SEM images show the morphology of the blends as a phase 

separated structure in relation to the proportion of the polyhydroxyalkanoate in the blend. The 

antimicrobial activities of the BC, BC/PHA-control and BC/PHACOS hydrogels were tested after the 

controlled enzymatic hydrolysis of the blends with a medium-chain lenght PHA depolymerase of 

Streptomyces exfoliatus K10 DSMZ 41693 showing a 1-log reduction in bacterial viability for S. aureus only 

in hydrogels that contain PHACOS.   
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This study demonstrates the viability of developing new biodegradable blends based on BC and PHACOS 

with antimicrobial activity against S. aureus and their potential uses as antimicrobial devices.  
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Abstract 

With the aging of the population and the change of living habits, cardiovascular patients are showing a 

growing trend, and the clinical application of vascular stents is gradually increasing. In this study, a micro-

nano composite artificial blood vessel with the size of less than 6 mm based on bacterial cellulose (BC) 

and cellulose acetate (CA) was constructed (Fig. 1a).  Scanning electron microscopy characterization 

showed that vessel scaffold was composed by the CA microfibers with the diameter of 0.82 μm and the BC 

nanofibers with the diameter of 48.88 nm (Fig. 1b). Increase of BC content, the mechanical properties 

and thermal stability of the stent materials were gradually improved. The mechanical properties of BC/CA 

scaffolds increased from 0.3 MPa to 1.8 MPa after 10 hours of interfacial culture. Compared with pure BC 

and CA, all BC/CA scaffolds had better proliferation promoting effect. It was worth noting that with the 

increase of BC content, the promotion of cell proliferation behaviour first increased and then decreased, 

likely due to the obvious pore structure change of BC/CA scaffolds caused by exceeded BC content, which 

resulted into a change of cell proliferation behaviour. In addition, all BC/CA micro-nano composite stents 

exhibited good blood compatibility.In conclusion, BC/CA micro-nano composite vascular stent has good 

biocompatibility and blood compatibility, and has good application prospects. It is expected to be a good 

substitute for natural blood vessels.  

 

 

Figure 1 The macrophotographs of CA (a), SEM images of the BC/CA membranes(b) 
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Abstract 

Bacterial nanocellulose (BNC), a versatile biopolymer with excellent mechanical properties, porosity and 

water holding ability, has gained a great deal of attention during the past few decades due to its peculiar 

ultrafine network of micro- and nanofibrils. These auspicious features prompt the use of BNC as a 

macromolecular support for the incorporation of multiple functional ingredients, and their controlled 

release [1]. Within this context, the incorporation of cosmeceuticals in BNC provides the basis for the 

development of exceptional materials with great potential in skincare applications. 

This work describes the development of microneedles (MNs), viz. micron-sized needles designed to bypass 

the stratum corneum [2], for skincare applications using hyaluronate and BNC. Specifically, hyaluronate-

based MNs will improve the overall skin appearance, due to its plumping, smoothing and filling effect [3]. 

And, BNC, which is employed as a back layer of this patch, enables a controlled release of active molecules 

(e.g. antioxidants) through the microchannels created by the hyaluronate needles. Therefore, this 

approach focuses on the quick release of hyaluronate coupled with a controlled delivery of an antioxidant 

impregnated inside the BNC membrane. Rutin (a flavonoid glycoside), shows anti-aging effects on human 

dermal fibroblasts and human skin, attracting increased attention in the cosmeceutical area, and was 

selected as model compound due to its low skin permeability [4]. 

Notably, the as-prepared BNC-rutin loaded hyaluronate MNs displayed homogeneous and uniform arrays, 

with sufficient mechanical force to withstand skin insertion (failure force > 0.15 N/needle). This work 

unveiled the potential of using BNC as a versatile matrix for the incorporation of active molecules, as part 

of MNs systems, and making them promising devices for cosmetic applications. 
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Abstract 

Introduction: Bone infections caused by microbial biofilms pose a significant threat not only to 

homeostasis of patients but also to their life. As we already proven, biofilms are able to re-shape structure 

of bone and to hide within [1]. It causes not only problems with biofilm eradication, but it also allows 

microbes to stay dormant deep inside of bone and then to spread, causing recurrent infections [2]. 

Therefore, eradication of biofilm and prevention of microbes from spreading is an urgent clinical need. 

The bacterial cellulose [BC], thanks to its excellent material and water-related properties [3] may be 

applied  to provide appropriate antimicrobial agents to bone and to meet clinical demand above-

mentioned. 

Aim: To investigate in vitro applicability of bacterial cellulose, impregnated with gentamycin antibiotic or  

bacteriophage, to eradicate biofilms formed on hydroxyapatite/bone and to sequestrate pathogens.  

Materials and Methods: BC discs were produced using ATCC23679 Komagataeibacter xylinus strain and 

subjected to standard purification. Next, discs were saturated with various concentrations of gentamycin 

and  Enterobacteria phage T4 units. The series of spectrometric and quantitative analyses aiming to 

confirm presence of antibiotic or phage within cellulose were performed, respectively. Subsequently,  BC 

discs were wrapped around hydroxyapatite discs or rat femur bones with preformed Staphylococcus 

aureus ATCC6538  or T4-sensitive Escherichia coli biofilm. After a contact time, number of bacterial cells 

on HA/bone, BC and in medium was counted using quantitative culturing. Moreover, advanced Scanning 

Electron Microscopy Imaging (SEM) was performed to visualize processes taking place within 

experimental setting. In a separate line of investigation, solutions containing high concentrations of 

analyzed microbes were placed into BC discs and left for 24 – 72h. Subsequently, the estimation of cell 

number and penetrability through BC was assessed. 

Results: BC eagerly absorbed gentamycin and T4 phage in applied range of concentrations. Gentamycin 

released from BC was able to reduce bacterial biofilm from HA/bone in dose-dependent manner. In turn, 

decrease of bacterial cell number in result of application of T4-containing BC was relatively low in this 

experimental setting. Both gentamycin and phage-containing BC discs were able to efficiently impede 
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spreading and penetrability of microbes. Interestingly, also control BC discs (without antimicrobial agent) 

were able to keep pathogens inside its structure, however within more limited period of time.  

Conclusions: Obtained pilot in vitro results indicate promising potential of bacterial cellulose containing 

antimicrobial agents in treatment of biofilm-related bone infections and in preventing pathogens from 

spreading.  

 

This work was funded from 2017/27/B/NZ6/02103 National Science Centre grant:  Analysis of mechanisms 

of increased efectivness of antimicrobial substances against biofilms in the presence of a rotating 

magnetic field            
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Abstract 

Introduction: 

Over the last years, a series of laboratory tests and BNC modifications were performed. 

BNC material approval for in vivo testing was obtained. Final results were published in "Materials Science 

& Engineering C" Assessment of the usefulness of bacterial cellulose produced by Gluconacetobacter 

xylinus E25 as a new biological implant. 

Purpose of the study: 

Assessment of the suitability of BNC as a bioimplant in vascular surgery and cardiac surgery in an animal 

model. 

Material and method: 

Sixteen operations performed on pigs descending aortic reconstruction. Final results were evaluated after 

6 months of observation. 

Three operations were performed on sheep with a three-lobe heart valve implant as a pulmonary conduit. 

Results were evaluated after 6 months of observation. 

Outcome: 

General condition of animals observed during the study was assessed as good. 

Function of the BNC bioimplant as aortic wall and heart valve remained normal (echocardiography). 

Tests after performing planned euthanasia: macroscopic, histopathological, physical: X-ray, MikroCT, X-

ray diffractometry (XRD), showed no significant features of degeneration and biodegradation of the 

implanted BNC. 

Conclusions: 

Bionanocellulose can be considered a very promising biological material used as aortic vascular prosthesis 

and heart valve. 
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Abstract 

Bacterial nanocellulose (BNC) is considered a promising delivery system for various substances. Novel 

approaches using BNC-based wound dressings in combination with commercially available antiseptics 

could be used in the treatment of burn patients. This unique delivery capacity of the material associated 

with the wound coverage characteristic of the dressing itself could be a key factor for the treatment of 

extensive burn wounds which are often and prone to infections. The aim was to test the uptake and 

release capacity of BNC for several antiseptics, e.g. polyhexanide (PHMB), octenidine and povidone-

iodine-based solutions, and the efficacy of the released antiseptics against infectious microorganisms. 

Uptake and release for four different antiseptics, containing PHMB (Prontosan® and LAVANID® 2), 

octenidine (Octenisept®) or povidone-iodine (Betaisodona®), was performed using commercially available 

BNC-based wound dressings. UV spectrophotometry for the solutions was used to measure the 

concentration of the molecules and the pace of the uptake and release was compared to dextran 

molecules with different molecular weight coupled with fluorescent markers. Furthermore, the antiseptic 

efficacy of BNC in combination with antiseptics against Staphylococcus aureus was tested. Dextran 

molecules showed a size-dependent behaviour regarding to both uptake and release from the BNC. The 

same behaviour was observed considering the molecular size of the active compounds contained in the 

tested antiseptics. After 30min incubation most of the antiseptics showed at least a half maximal uptake 

rate. At that time point the BNC was carrying, for all the solutions tested, a concentration of antiseptics  

higher than needed  to achieve the 24h MBC for MRSA  [1, 2]. One of the PHMB-based (LAVANID® 2) and 

the octenidine solution showed a prolonged release profile, whereas the other PHMB antiseptic 

(Prontosan®) and the povidone-iodine-based solution achieved a more pronounced delivery within the 

first 24h. All tested BNC combinations showed a dose-dependent efficacy against S. aureus using an 

adapted disk diffusion assay in vitro. The efficacy of the BNC dressing-antiseptic combination against the 

bacteria was higher, considering the comprised dose, when compared to commercially available wound 

dressings, including a BNC-based dressing product releasing PHMB. Combination of tested antiseptics with 

BNC showed to be an efficient approach to control bacterial infections. Considering the easy-handling 

uptake process, and the releasing profile, which can be adapted, depending on the severity of the 

infection, by simply changing the antiseptic used, the utilization of this procedure in clinical emergency 

settings raise as a novel tool to aid the treatment of burn patients. 
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Abstract 

Despite many advantages, bacterial cellulose (BC) itself does not have antibacterial properties. In order 

to equip a BC material with antimicrobial activity, the polymer can be impregnated with drugs, e.g. 

antibiotics or antiseptics. However, in the case of bacteria occurring in biofilms, not only the working 

concentration of the antimicrobials, but also their release time is of paramount significance considering 

practical applications of the active biomaterial [1]. A lasting antimicrobial effect requires a continued 

release of the antimicrobial agent from the carrier. Therefore, to obtain a material of strictly defined 

properties required for the medical applications, the BC is subjected to various specific modifications, e.g. 

by using carbohydrate cross-linkers to maintain three dimensional structure of the material [2].  

The aim of the current study was to develop and evaluate applicability of native and citric acid-modified 

BC membranes as the antibiotics or antiseptics delivery systems with potential to eradicate biofilms 

formed by pathogenic strains of bacteria. 

BC membranes were produced using Komagataeibacter xylinus strain (ATCC 53524), purified by alkaline 

treatment and then subjected to crosslinking reactions by immersion in the solution of citric acid and 

various catalysts including disodium phosphate, sodium bicarbonate and ammonia. The obtained 

materials were characterized in terms of its physical and biological properties using SEM and ATR-FTIR 

and by the determination of its density, porosity, water-related properties and cytotoxicity. In a separate 

line of investigation, BC membranes were saturated with various concentrations of antibiotics and 

antiseptics and the series of spectrometric and quantitative analyses aiming to confirm the presence and 

release behavior of antimicrobials from the BC samples were performed. The final analyzes concerned the 

activity of modified BC impregnated with antimicrobial substances against bacterial biofilms and 

evaluation of their cytotoxicity. 

The obtained citric acid modified BC showed an altered macro- and micro-structure, degree of porosity, 

were characterized by increased swelling ability (up to six times compared to the control) and reduced 

rate of water release (up to seven times compared to the control). Furthermore, except for ammonia, 

other catalysts were not cytotoxic. The antimicrobials-impregnated modified BC exhibited strong and 

long-term antimicrobial activity against biofilm producing clinical bacterial isolates. Thus, it can be 

concluded that a combination of antimicrobial agents and citric acid modified BC could be used for 

production of a new class drug-delivery systems with both antimicrobial activity and biocompatibility. 

 



  

 

4th INTERNATIONAL SYMPOSIUM ON BACTERIAL NANOCELLULOSE 

3-4th October, 2019 

Almeida Garrett Library Auditorium, Porto-Portugal 

 

 
 

This study was supported by the National Centre for Research and Development in Poland (Grant No. 

LIDER/011/221/L-5/13/NCBR/2014) and the National Science Center (Grant No. 2017/27/B/NZ6/02103). 

 

References 

[1] Żywicka, A., Fijałkowski, K., Junka, A., Grzesiak, J., El Fray, M. (2018). Modification of bacterial cellulose 
with quaternary ammonium compounds based on fatty acids and amino acids and the effect on 
antimicrobial activity. Biomacromolecules, 19(5): 1528-1538. 
[2] Meftahi, A., Khajavi, R., Rashidi, A., Rahimi, M. K., Bahador, A. (2018). Preventing the collapse of 3D 
bacterial cellulose network via citric acid. Journal of Nanostructure in Chemistry, 8(3): 311-320. 
 

 

  



  

 

4th INTERNATIONAL SYMPOSIUM ON BACTERIAL NANOCELLULOSE 

3-4th October, 2019 

Almeida Garrett Library Auditorium, Porto-Portugal 

 

 
 

A biodegradable antibacterial nanocomposite based on oxidized bacterial cellulose for fast 

hemostasis and wound healing 

Haibin Yuan1,2, Lin Chen2, Feng F. Hong1,2* 

1 State Key Laboratory for Modification of Chemical Fibers and Polymer Materials,  
Donghua University, Shanghai 201620, China 

2 College of Chemistry, Chemical Engineering and Biotechnology, Donghua University,  
North Renmin Road 2999, Shanghai 201620, China 

*  fhong@dhu.edu.cn  

Abstract 

Developing biodegradable and antibacterial hemostatic materials with high blood absorption for internal 

noncompressible hemorrhage remains a challenge1. Here we report a hemostatic composite (OBC/COL/CS) 

by coupling oxidized bacterial cellulose (OBC) and chitosan (CS) with addition of collagen (COL) via 

electrostatic attraction. The composite exhibited proper mechanical strength, broad spectrum 

antimicrobial property and remarkable degradation in vivo within 30 days. Moreover, the notable 

hemostatic efficacy of the OBC/COL/CS composite was confirmed on mouse livers used as models. The 

results showed that the OBC/COL/CS exhibited better blood-clotting ability, higher blood cell adhesion, 

lower blood loss, ultrafast bleeding cessation, which is superior to a commercial wound dressing 

SurgicelTM film. Our results suggest that the OBC/COL/CS is a potential quick procoagulant agent to serve 

as absorbable hemostats for internal bleeding control. 
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Abstract 

Bacterial biopolymers are very attractive materials due to their biodegradability and non-toxicity. In a 

Circular Economy context, they can be produced using wastes as feedstocks in sustainable bioprocesses. 

Our group is interested in the sustainable production of bacterial cellulose (BC), and their application in 

biomedicine by their functionalization with antimicrobial proteins such as enzybiotics (1). BC was 

produced in Komagataeibacter medellinenesis ID13488 (2,3,4) which is able to produce crystalline 

bacterial cellulose (BC) under high acidic growth conditions making this strain desirable for industrial BC 

production from acidic residues (3) (e.g. wastes generated from cider production). To explore the 

molecular bases of the BC biosynthesis in this bacterium, the genome has been sequenced. Genome 

comparison analyses of K. medellinensis ID13488 with other cellulose‐producing related strains resulted 

in the identification of the bcs genes involved in the cellulose biosynthesis. Genes arrangement and 

composition of four bcs clusters (bcs1, bcs2, bcs3 and bcs4) and their organization in four operons 

transcribed as four independent polycistronic mRNAs was determined. The BC produced has been applied 

to developed functionalized BC hydrogels by a Cellulose Binding Domain from Clostridium cellulovorans 

(CBDclos tag) for the immobilization of enzybiotics on BC-based devices. The coding gene sequence of the 

synthetic gene EZB1-CBD was cloned in the expression vector pET29 and cloned in Escherichia coli BL21 

(DE3) cells. Expression conditions were optimized by varying the temperature, inducer concentration and 

culture time. Purification and immobilization of EZB1-CBD was performed by binding affinity of the CBD 

domain of the fusion protein to BC membranes. The antimicrobial activity against Staphylococcus aureus 

of EZB1-CBD was demonstrated by a particular antimicrobial assay that was specifically designed for these 

materials, using cellulase for degrading the hydrogel to release the viable bacteria. 
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Abstract 

Bacterial cellulose (BC) is a fascinating and sustainable hydropolymer with high potential in value added 

applications such as modern wound management or drug delivery systems (1, 2). Although medical 

products based on BC are already manufactured by several companies worldwide, wound dressings with 

the additional benefit of active pharmaceutical ingredient (API) release are still rare. In the InflammAging 

project, anti-inflammatory natural substances, such as triterpene acids from frankincense as well as 

Vitamin E metabolites, are investigated as innovative APIs. The most promising candidates are 

incorporated in BC in order to develop new, tailor-made active wound dressings for the treatment of local 

inflammatory wounds. Since the loading of BC with lipophilic substances is still challenging due to the 

hydrophilicity of the material (3), post- as well as in situ-modifications of BC during the bioprocess have 

been investigated. At this, post-modifications selected should lead to a more lipophilic fiber network while 

in situ-modifications should provide increased pore sizes. Both modifications where tested regarding its 

effect on lipophilic model API uptake and release behaviour, before the results were transferred to the 

natural substances of interest. 

BC was synthesized by the bacteria strain Komagataeibacter xylinus (DSM 14666) at 28 °C for seven days 

in 24-well-plates (2.27 cm²) and trays (400 cm²), respectively. For in situ-modification, different additives 

(e.g. poly(ethylene glycol) (4)) were tested. As a main result, the pore sizes of the cellulose network could 

be varied in the range of 2-10 µm having an influence on the transparency of the BC as well. In a next step, 

the in situ-modification could be successfully transferred into pilot-plant-scale (1 m2). In case of post-

modification, acetylation or oxidation with 2,2,6,6-tetramethylpyperidine-1-oxyl (TEMPO) and 

subsequent conjugation with more hydrophobic compounds such as phenylalanine was investigated. In 

case of both, in situ as well as post-modification, in vitro toxicity test MTT assay proved preserved 

biocompatibility of the modified biomaterial. Clear differences in loading capacities for anti-inflammatory 

model substances of varying lipophilicity (e.g. diclofenac & indomethacin) and release profiles could be 

observed, underlining the potential of modified BC as controlled drug delivery system. These findings are 

now used in the InflammAging project for the incorporation of lipophilic frankincense extract, quantified 
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by the lead substances 3-O-acetyl-11-keto-β-boswellic acid (AKBA) and 11-keto-β-boswellic acid (KBA) 

into BC for innovative and sustainable product design based on highly active natural compounds. 
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Abstract 

When using biomaterials as drug carriers it is often necessary to modify the polymer phase to enable 

adequate loading and subsequent drug release in a modulated manner. Hydrophobic drugs may present 

low loading levels in hydrophilic polymer matrices, such as bacterial cellulose (BC). On the other hand, 

hydrophilic drugs exhibit rapid release in hydrophilic matrices, and / or strong physical adsorption on the 

surface, as nanocellulose fibers, especially cationic drugs.  

The high hydrophilic character of bacterial cellulose membranes, their high surface area and 

biocompatibility are important requirements for controlled release systems, however, it presents 

challenges for the incorporation of some drugs. In turn, the presence of hydroxyl groups in their chemical 

structure makes BC a potential platform for chemical modification and consequently tailoring its polarity 

and interaction with drugs.  

In order to modulate the release of cationic drugs and prevent its adsorption on BC, in this study, β-

cyclodextrin (βCD) was combined with chlorhexidine digluconate (CHX). Cyclodextrins (CDs) constitute a 

family of cyclic oligosaccharides with approximately 6 Å of diameter in its internal cavity, making possible 

the accommodation of aromatic groups that are found in the structure of most drugs1, leaving its polar 

structure to the outer side of the cavity, thus, forming inclusion complexes2. 

In this way, this study presents chemical and physicochemical strategies to modify bacterial cellulose 

membranes using cyclodextrin and studied its relationship with the in vitro release of a cationic model 

drug, chlorhexidine digluconate (CHX). 

CB membranes were synthesized using Komagataeibacter hansenii ATCC 23769 cultivated and transferred 

to a 20% inoculum rate into an erlenmeyer flask containing 40 mL of the culture medium. The culture was 

kept static for 12 days at 30°C. Membranes were modified ex-situ and in-situ using βCD. CHX loading 

capacity and the in vitro release profile from the synthesized membranes were determined using UV-vis 

spectroscopy assay. 

The results demonstrate a significant effect of βCD on the CHX release profile from bacterial cellulose 

membranes when compared to the control group. Suggesting the formation of inclusion complexes 

between CHX:βCD, whose chemical equilibrium in aqueous media modulates the release of CHX. 
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KEYNOTE LECTURE: BioTech Cellulose: Process-controlled design of multilayered materials, 

coatings and composites  
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Abstract 

The only type of cellulose produced by synthesis is bacterial nanocellulose (BNC, BioTech cellulose). In 

most cases, BNC is formed by cultivation of acetic acid bacteria in an aqueous culture medium under static 

conditions. Our novel dynamic Mobile Matrix Reservoir Technology (MMR Tech) allows for the first time 

the design of not only the shape and dimension of the hydrogel bodies, but also the most important BNC 

properties such as structure of the surfaces and the internal nanofiber network architecture. These 

product parameters can be process-controlled using a bioreactor constructed for this purpose.  

Cellulose formation takes place layer by layer on a shaping template (e.g. flat or cylindrical). This template 

is located - apart from the aqueous culture medium - in the air space of a synthesis robot. For loading with 

bacteria and nutrient components the template is dipped vertically into the culture medium. This dipping 

process causes turbulence in the culture medium, and the BNC formation at the surface area of the liquid 

culture cannot take place. With increasing length of staying in the reactor's airspace, increasingly denser 

BNC layers are formed. Repeated loading of culture medium results in delamination-stable multi-layer gel 

materials with variable surface structure and nanofiber network architecture.  

The applicability of the developed BNC materials as medical implants for the healing of damaged bile ducts 

is demonstrated. Initial statements on efficacy in membrane technologies are under discussion - including 

the development of multi-layer composites and coated supports. 
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Abstract 

Background 

The surgical implantation of all medical devices coincides with the onset of foreign body reaction. This 

innate immune system response aims at removing or isolating what the body perceives as a threat. It 

ultimately leads to the deposition of a firm, thick and poorly vascularized fibrotic tissue around the target 

object, i.e. the device. In this scenario, the recipients of cardiac implantable electronic devices (CIEDs) and 

breast implants are exposed to a considerable danger of adverse events whenever the implant shall be 

exchanged, upgraded, or revised. Risks include pocket infection and/or hematoma. Their likelihood and 

severity are significantly higher in presence of fibrotic tissue. Owing the increasing number of implant-

based surgical procedures, the incidence of related adverse events is expected to rise, with significant 

health-economics burden.  

Objective 

The present study establishes the feasibility, safety, and performance of an antifibrotic protection for CIED 

and breast implants comprising a surface micro-engineered, non-resorbable biosynthesized cellulose 

(SME-BNC) membrane. 

Methods 

SME-BNC membranes were generated by Guided Assembly-based Biolithography (1), to implement 

selected microscale geometries on the cellulose membrane surface. The performance of the SME-BNC 

protection was chronically evaluated in minipigs to report on their effect on fibrotic tissue formation. 

Sixteen (n = 16) animals received each one SME-BNC covered pacemaker (PM) and breast implants (BI) 

and one identical, respectively naked counterpart, at equivalent anatomical sites. 

Results 

SME-BNC protective layers were juxtaposed around PMs and BIs through a repeatable protocol which did 

not significantly prolongate the surgical procedure.  



  

 

4th INTERNATIONAL SYMPOSIUM ON BACTERIAL NANOCELLULOSE 

3-4th October, 2019 

Almeida Garrett Library Auditorium, Porto-Portugal 

 

 
 

Explants were performed at 3 and 12 months after implantation. Endpoint histopathological analysis 

showed that the SME-BNC protective layers were perfectly integer, with no sign of chemical or mechanical 

degradation. They appeared as a thin layer of white-tan material, adherent to the underlying thin fibrous 

capsule, from which it could be peeled off by gently pulling with forceps. 

The protective effect of micro-engineered SME-BNC yielded an average reduction of 68% and 54% of the 

fibrotic tissue thickness generated around PM and BI, respectively, as compared to the bare counterparts. 

When protected by SME-BNC, PM generators and the proximal parts of the leads were completely free of 

fibrotic tissue, yielding simplified and quicker removal. 

Conclusions  

The innovative application of BNC as medical device is presented and demonstrated through a long-term 

chronic study in a large animal model. The insertion of an anti-fibrotic, non-resorbable and well-tolerated 

SME-BNC layer at the interface between the target implant and the surrounding tissue in the surgical 

pocket abated the formation of fibrotic tissue, ensuring an easy access to the device pocket, and thus 

creating the conditions for de-risked CIED and breast implants revision surgeries. 
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NullarborTM Tree-Free Fibre and other Commercial Applications for Bacterial Nanocellulose 

Gary Cass 
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Abstract 

From a super lightweight porous matrix to an incredibly strong solid material; bacterial nanocellulose 

(BNC) has quickly moved from its traditional Nata-de-coco food application to wide-ranging applications 

for a variety of markets. Nanollose is an Australian based biotechnology company advancing innovative 

eco-friendly technologies relating to the production, processing and applications of BNC. This seminar will 

describe several of Nanollose’s research projects including; 

• Rayon is traditionally produced from wood pulp in a process responsible for the felling of 150 million 

trees each year. Nanollose has developed a world first method that transforms BNC into NullarborTM  

Tree-Free rayon fibres using technology which is compatible with existing industry processing and 

manufacturing equipment. 

• Static or bioreactor? Nanollose is working with several partners to assess the best methods, bacterial 

strains and culture media for growing BNC to meet future demand and price points. This includes static 

cultures currently being used for the production of Nata de coco and various stirred-tank bioreactors.  

• The method of post-harvest processing of BNC can be modified depending on its intended application. 

Nanollose has developed several methods which are able to produce a range of purified BNC materials 

with different properties from a super lightweight porous matrix to a soft fluffy fibre to an incredibly 

strong and dense material.  

 

These projects along with many other cellulose alternatives will be the driving forces that are rapidly 

shaping our world to a more sustainable bio-based and circular society. Inspiration, Imagination and 

Innovation will be key to overcome the challenges for the future.  
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Abstract 

Bacterial cellulose (BC) has versatile application potentials in novel biomedical (1) and diagnostic (2) 

products. Among them, combinations of BC with living cells or biological agents seem to be particularly 

promising. An up-to-date overview will be given about research and product development activities in 

both fields, ranging from application as cell carrier in in vitro models for drug discovery or transport studies 

mimicking epithelial barrier and specific transport function (3, 4) to tailor-made delivery systems. In the 

latter case, specific modifications of the BC network (5) were investigated up to demonstration scale 

allowing an improved incorporation of biological components such as natural anti-inflammatory 

substances for skin treatment or antibodies for immunotherapy (6). In all developments, the young BC 

producing company JeNaCell benefits from its successful cooperation with a strong network of scientific 

partners supporting the transfer from fundamental BC research to novel, innovative BC based products. 
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Abstract 

BOWIL Biotech, specializes in bionanocellulose production, according to the highest standards. Since 2011 

BOWIL Biotech is focusing not only on R&D, but as well on final product development, including product 

launches. Intelligent materials, developed with patented technologies, registered in EU and US, are finally 

starting to be applied in clinical practices. During this short presentation we will debate on road blocks, 

challenges and final success in introducing BNC products to the worldwide market. 
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P1: Bacterial Cellulose as a Material for Innovative Cardiovascular Implants 
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Max Schaldach-Stiftungsprofessur für Biomedizinische Technik, Friedrich-Alexander-Universität Erlangen-
Nürnberg, Erlangen, Germany 

 

Abstract 

Bacterial Cellulose (BC) shows excellent properties as a biomaterial for innovative medical implants. Based 

on animal studies it is sensible to expect that no degradation will occur in the human body and that the 

material is almost perfectly biocompatible. [1,2] The use in cardiovascular implants, however, is not yet 

established. It is for this purpose that we cultivate and analyse BC with respect to the key properties that 

are crucial for its use as material for the tissue components in transcatheter aortic valve prostheses. In 

this context, BC will replace the conventionally used porcine or bovine pericardium. Furthermore, it might 

be used as a material for vascular grafts or to fill cavities, e.g. aneurysms.  

For the cellulose formation, the bacterial strain Gluconacetobacter hansenii of the company American 

Type Culture Collection is used. A culture medium according to Hestrin and Schramm is inoculated with 

the bacteria. [3] The culture medium and the bacterial suspension are mixed in a ratio of 12:1. The 

cultivation takes place in an incubator at 28° C for seven days. [4] 

The resulting fleece has a thickness of 5-7mm. By rinsing with endotoxin-free water for three days, the 

remnants of the culture medium as well as bacterial cell debris are washed out. A purification process in 

a 0.1 mol solution of sodium hydroxide is employed to remove endotoxins. Autoclaving at 121° C for 20 

minutes ensures sterility. An air-drying process (72 hours) results in a reduction of thickness. After 

rehydration in endotoxin-free water at 37° C, the final state of the BC is obtained. [4] 

The thus prepared tissue is analysed with respect to its mechanical properties by using a uniaxial tensile 

test setup. The water content, as well as the water retention capacity are also measured. A force at break 

of    ̴44 N (cross section 32 mm x 6.5 mm) and a strain at break of about 50 % are obtained. The water 

content in this rehydrated state is    ̴81 %, while the water retention capacity is    ̴145 %. [4] 

By scanning electron microscopy, the diameter of the individual fibres is determined to be in the range 

30-60 nm independent from the cultivation time. The topology exhibits a compact fibre network and 

clusters of bacteria. The combination of the properties makes bacterial cellulose a promising new 

biomaterial for various medical applications.  
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Abstract 

Edible films are thin layers of biopolymer-based materials, which are expected to help the packaging 

system in protecting food against environmental factors. Besides passive protection, edible films may also 

be carriers of active/bioactive components. Probiotic films are expected not only to bring health benefits 

to the consumers, but also to extend food microbial shelf life due to competitive effects of probiotics1. 

Bacterial cellulose (BC) has been presented as a promising matrix for immobilization of probiotics, 

protecting them against adverse factors e.g. stomach pH2. In this study, BC was combined to cashew tree 

gum (CG) to produce an edible film carrying a probiotic bacteria (Bacillus coagulans). CG was used to 

decrease the viscosity of film forming dispersions. Four films were produced: BC/CG/Pro (containing the 

probiotic B. coagulans), BC/CG/Pre (containing the prebiotic fructooligosaccharides – FOS), BC/CG/Syn 

(containing both probiotic and prebiotic, making it synbiotic), and BC/CG (a control film). The presence of 

the probiotic and/or prebiotic affected the tensile properties of the films, especially the tensile strength. 

The survival rate of the probiotic on film drying and storage was increased by the presence of FOS. An in 

vitro digestibility test was also carried out on films, demonstrating that the bacteria in BC/CG/Pro films 

exhibited an enhanced survival rate on gastric environment when compared to the free probiotic. 
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Abstract 

The use of biopolymers for guided bone regeneration (GBR) has attracted great interest due to the 

possibility of processing in three-dimensional structures. Bacterial cellulose (BC), for example, is one of 

the most promising biopolymers due to its high crystallinity, water retention capacity, three-dimensional 

interconnected porous nanostructure, and excellent biocompatibility1 allowing it behave as a good 

matrix/support for cell growth. On the other hand, hydroxyapatite (HAp) is the main constituent of 

inorganic components of bone tissue, has excellent biocompatibility, bioactivity and osteoconductivity2. 

In addition, incorporation of some elements such as Mg+2 or Sr+2 in the trace element form plays a vital 

role in bone growth and repair, which can control degradation, increase the mechanical strength of 

materials and positively regulate their bioactive properties3. The aim of this work was to develop BC 

biocomposites functionalized by immersion cycles4 with hydroxyapatite (BC/HAp) and hybrids of copper 

(BC/CuHAp), magnesium (BC/MgHAp), zinc (BC/ZnHAp) and strontium (BC/SrHAp) aiming to induce bone 

growth for application in guided tissue regeneration (GTR). The freeze-dried samples were characterized 

by Fourier transform infrared spectroscopy with attenuated total reflectance (FTIR/ATR), 

thermogravimetric (TGA), field emission scanning electron microscopy (SEM-FEG), X-ray diffraction (XRD), 

and inductively coupled plasma optic emission (ICP-OES). In addition, the degree of swelling, porosity, 

bioactivity, and release of ions after immersion in simulated body fluid (FBS), antimicrobial properties and 

cytotoxicity were determined. TGA analysis demonstrated the presence of about 50 to 72% by mass of 

mineral phase in BC, the diffraction patterns obtained by XRD confirmed the formation of apatite in 

functionalized membranes. The hybrids showed adequate swelling and porosity, the release assay 

confirmed the presence of all metal ions in PBS and the SEM micrographs showed the deposition of 

different crystals of the metal phosphates in BC. Regarding the antimicrobial potential, it was observed 

that the functionalization with Cu improved the antimicrobial properties of the biocomposite in relation 

to the biomaterials incorporated with Mg. On the other hand, the biomaterials incorporated with Mg had 

a lower negative effect on the cellular viability, being more indicated for the use as implantable materials. 

These results indicate the formation of apatites with metallic elements in the BC membranes, suggesting 

that these are promising biomaterials for use in biomedical applications due to their high bioactivity. 
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Abstract 

Bacterial cellulose (BC) is a polymer that has a range of applications in different industrial segments (health 

area, food packaging, electronics among others) because it is biocompatible, non-toxic, has high liquid 

absorption capacity and biodegradability. Within this context, the present work aimed to the study of the 

degradation of BC in different environmental conditions, since they can be discarded in the environment. 

The membranes of BC produced were analyzed dry and wet, being monitored as a function of degradation 

time. The methodology employed involved the biosynthesis of BC membranes by Komagataeibacter and 

purification with a solution of 0.1 M sodium hydroxide in a water bath at 80 ° C for 1 h. The degradation 

of the BC membranes was evaluated at different degradation times in the following media: soil (SO), 

estuarine environment (EE), natural weathering (NW) and accelerated aging (AA), using greenhouse dried 

BC membranes air circulation and humid conditions. The membranes were removed at predetermined 

periods and were monitored by visual analysis, Fourier transform infrared spectroscopy (FTIR) and 

thermogravimetric analysis (TGA). In the visual analysis, it was possible to observe the physical alterations, 

such as roughness, cracks, color change. The results of FTIR showed chemical changes during the time of 

exposure to the environments, in relation to the structures of the control BC. The TGA analyzes indicated 

the thermal and mass loss changes that occurred in the membranes after degradation. The results showed 

that, although the tests took place under different conditions, in general the intensity of the membrane 

degradation occurred in the following order: SO > EE > NW > AA. In the SO and EE the degradation was 

more intense facilitated by the greater presence of microorganisms in these media, which promote the 

microbial attack. The wet membranes suffered more rapid degradation than the dry ones. This fact can 

be explained because the membrane of BC is extremely porous, but with drying in greenhouse, these 

pores are collapsed, while in the wet membrane the pores remain intact, the water being a vehicle that 

helps to transport the microorganisms to within the membrane and consequently accelerate degradation.  
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Abstract 

Bacterial cellulose (BC) consists of a natural biopolymer synthesized by bacteria composed largely of water 

showing unique properties such as high chemical purity, biocompatibility, biodegradability, high 

mechanical resistance and others [1]. BC has been extensively used in biomedical applications as dressing 

for wounds and burns, providing a humid environment to the affected region leading to healing and 

reducing pain in patients [2]. However, this kind of wound dressing do not present antimicrobial activity, 

which consists of one of the critical functions of the cutaneous barrier in effective wound healing [1,2]. To 

overcome this drawback, this work proposes to ally antimicrobial properties of silver nanoparticles (AgNP) 

with wound healing properties of BC dressings to fabricate a new biocomposites (BC@AgNP) aiming to 

avoid wounds and burns infections. BC membranes were prepared similarly as described by Pacheco et 

al. [3]. The fabrication of BC@AgNP comprises the immersion of BC dressing in AgNP aqueous suspension 

during 24 h under stirring and room temperature. AgNP, BC and BC@AgNP physicochemical 

characterizations were performed using UV-Visible and FE-SEM techniques. Minimum inhibitory 

concentration (MIC) of the AgNP was determined for gram-negative (Escherichia coli, 108 CFU mL-1) and 

gram-positive (Staphylococcus aureus, 108 CFU mL-1) bacteria. Citotoxicity were evaluated by MTT assays 

using GM07492 cell lines (normal human fibroblast). Antimicrobial activity were performed using E. coli 

(108 CFU mL-1) and gram-positive S. aureus (108 CFU mL-1) bacteria during 24 h at 37 °C. UV-Visible data 

shows a large size distribution of AgNP in aqueous solution. FE-SEM results confirm distinct average size 

distribution of AgNP besides exhibited pristine CB composed by random 3D nanofibers network. 

BC@AgNP displayed nanofibers structure intact relating to pristine BC with homogeneously distribution 

of AgNP onto BC nanofibers surface. MIC from AgNP for E. coli and S. aureus bacteria were 62.5 and 125 

ppm, respectively. Despites low concentration of free AgNP to present cell viability from MTT assays, after 

incorporation onto BC surface (BC@AgNP) higher concentration of AgNP exhibited viability values above 

70 %. In antimicrobial tests, the activities against gram-positive and negative bacteria were detected only 

by contact method suggesting that the AgNP was not released from BC nanofibers. These results suggest 

that the new BC@AgNP biocomposites are suitable for application as antimicrobial and healing wound 

dressings. In vivo assays are been performed to confirmed the potential strategy to fabricate new 

BC@AgNP biocomposites for clinical evaluation.  
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Abstract 

Hydrophobic nano-fibrillated bacterial cellulose (NFBC) was prepared by use of an efficient silylation 

process in water. The starting material of NFBC was obtained by aerobic agitating cultivation of cellulose 

producing bacterium (Gluconacetobacter intermedius NEDO-01) in a medium supplemented with sodium 

carboxymethyl cellulose 1,2). The NFBC was heterogeneously silylated by methyltri-methoxysilane (MTMS) 

sols in the acidic water (pH4) 3), and a series of the silylated NFBC was prepared by changing feed amount 

of MTMS sols. Structural characterization of these samples using FTIR, solid-state NMR, and WAXS 

revealed that the optimal condition for the selective silylation of the surface layer of NFBC. The optimally 

silylated NFBC was well dispersed in chloroform, and the nano-fibril structure was retained in the solvent. 

The silylated NFBC could be expected to be as a filler of the fiber-reinforced resins.   
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Abstract 

Utilization of hernia mesh for the hernia repair assisting is a widely used clinical approach. An ideal 

mesh should be beneficial for cell growth and anti-adhesion. Unfortunately, various degrees complication 

caused by many available hernia repair mesh (HRM) limits their application, which is highly desired for 

developing of new HRM. In this study, by using a membrane-liquid interface culture method and scarified 

gelatin microspheres template (200-300 μm), an integrated bacterial cellulose mesh composed by 

nanopore side and micropore side was constructed, which was demonstrated by scanning electron 

microscopy characterization (Fig. 1). Fourier transform infrared spectroscopy clearly verified the complete 

elimination of gelatin. Tensile test results showed that the stress at break and strain at break of hernia 

mesh were 0.25 MPa and 50.0%, respectively. Additionally, in vitro study revealed that the mesh was non-

cytotoxic, the nanopores side of mesh showed the good anti-adhesion properties, while cells clustered 

within the micropores could be observed in the micropores side. The results suggested that the integrated 

mesh was fully biocompatible and could integrate into surrounding tissues, which is highly potential for 

the application in the hernia repair.  

     

Figure 1 SEM images of the integrated bacterial cellulose mesh. The surface morphology (left) and the 

cross-sectional morphology (right). 
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Abstract 

Natural osteochondral tissues exhibit a multivariate gradient structure, including chemical composition, 

porosity, and mechanical properties.  Developing a scaffolds to mimic the gradient structure of 

osteochondral tissue for regeneration and repair of osteochondral tissue is a promising approach. In the 

present work, a bacterial cellulose/graphene oxide hydrogel with gradient structures to mimic 

osteochondral tissue was fabricated via a membrane liquid interface culture method. The hydrogel with 

a gradient change in the ratio of graphene oxide to bacterial cellulose in the direction of thickness was 

prepared. The gradient structure were formed by controlling the graphene oxide content (low, medium 

and high content) in the hydrogels, which could be clearly observed by scanning electron microscopy 

characterization (Fig. 1). Moreover, the mechanical properties of the hydrogel also change in a gradient 

in the direction of thickness. The tensile test were carried out to assess the mechanical performance of 

the hydrogels. The calculated tensile strength of the low, medium and high regions in the hydrogels were 

1.1 MPa, 1.5 MPa, 2.0 MPa, respectively. The gradient bacterial cellulose/graphene oxide hydrogel 

promoted and regulated osteogenic differentiation of human mesenchymal stem cells in an 

osteoinductive environment in vitro. This gradient bacterial cellulose/graphene oxide hydrogel provides 

materials for the preparation of biomimetic biological gradient scaffolds to facilitate regeneration and 

repair of osteochondral tissue. 

 

   

Figure 1 SEM images of bacterial cellulose/graphene oxide composite materials with low, medium and 

high content of graphene oxide 
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Abstract 

Calcium phosphate cement (CPC) has been used as a clinical bone replacement material due to its close 

resemblance in chemical composition to the mineral component of bone extracellular matrix as well as 

its proven good biocompatibility, bioactivity, osteoconductivity, and injectable[1]. However, low 

mechanical strength of CPC restricts its use in load-bearing defects. As a natural nanofibrous material, 

bacterial cellulose (BC) shows various striking advantages and has been widely used to construct 

composites. Herein, for the first time, we selected bacterial cellulose (BC) fibers to reinforce CPC (Fig. 1a). 

The BC-reinforced CPC (BC/CPC) composites with varying BC content were prepared and compared in 

terms of microstructure, compressive strength and cellular responses. Scanning electron microscope 

(SEM) images revealed the uniform dispersion of BC in CPC matrix. Fourier-transform infrared 

spectroscopy (FTIR) and X-ray photoelectron spectroscopy (XPS) results confirmed the interfacial 

coordination interaction between BC and CPC. It was found that the introduction of BC enhanced the 

compressive strength of CPC and the optimal BC content was 2 wt.% (Fig. 1b). Moreover, cell studies 

showed that BC/CPC composites exhibited better cell performance than bare CPC. The results have 

demonstrated that a new CPC composite with enhanced mechanical performance and cellular responses 

may be developed by using BC as reinforcement. 

 

 

 

Fig. 1. (a) The preparation procedure and the proposed mechanism of interface reaction between BC and 
CPC, (b)compressive strength for different CPC and BC/CPC composites. ** means significant difference 
at p < 0.01 and * means significant difference at p < 0.05. CPC composites with 1, 2, 3, and 4 wt.% of BC 
were prepared and named as BC/CPC-1, BC/CPC-2, BC/CPC-3, and BC/CPC-4, respectively. 
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Abstract 

Development of high performance absorbents is of particular importance in environmental protection. 

Herein, we reported a mechanically robust, ultralight, and recyclable absorbent with highly dispersed 

twodimensional (2D) few-layer reduced graphene oxide (FrGO) in a three-dimensional (3D) carbonized 

bacterial cellulose (CBC) monolith via a novel step-by-step in situ biosynthesis (SBSB) method followed by 

carbonization. The step-by-step self-assembly produced a mechanically entangled nanostructure 

between FrGO and CBC nanofibers, which possessed the ideal properties as an absorbent for oils and 

organics: low density, high porosity, and high hydrophobicity. As shown in Fig. a-c when approaching 

gasoline (dyed with Sudan III) floating on water, the CBC/FrGO could completely absorb it within a few 

seconds. Similarly, as shown in Fig. d-f the CBC/FrGO could completely absorb phenoxin, which sank to 

the bottom of the beaker, in a few seconds. When used as absorbents, the monolithic CBC/FrGO aerogel 

exhibited excellent recyclability and high absorption capacities toward numerous oils and organic 

solvents.The absorption capacities of CBC/ FrGO was using various oils and solvents. As control, the 

absorption capacities of bare CBC were also tested, and the  obtained values were presented in Fig. g. As 

expected, CBC/FrGO showed significantly higher absorption capacities than CBC for all oils and organic 

liquids. These properties, together with the green, cost-effective and scalable production process, make 

it very promising as a superior all-carbon absorbent for environmental protection. 
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Fig. (a-c) Chronological images of a CBC/FrGO absorbent picking up gasoline (dyed with Sudan III) from 

gasoline. (d-f) Chronological images of a CBC/FrGO absorbent picking up phenoxin (dyed with Sudan III) 

at the bottom of the beaker. (g) Absorption efficiency of CBC/FrGO and CBC for various organic liquids. 
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Abstract 

With the rapid development of wireless communication technology and electronic equipment 

around us, military stealth technology has become a research hotspot all over the world. The new three-

dimensional porous carbon-based absorbing material not only solves the problems of a complicated 

process, high cost and low yield in traditional materials, but also exhibits the advantage of thin, light, and 

mechanical strong [1]. In this work, it was proposed to pre-blend bacterial cellulose (BC) and Fe3O4, and 

then adopt flexible vacuum filtration self-assembly [2] and hot pressing technology to prepare flexible and 

magnetic Fe3O4/BC composite membrane. The composite membrane exhibited excellent flexibility 

through macroscopic mechanical testing (Fig. 1). The material had a distinct layered structure of large 

voids between different layers, which had a plurality of nanopores with interconnected, and the Fe3O4 

nanoparticles could easily penetrate into the fiber layer and remained close to the nanofibers interaction. 

Magnetic analysis showed that the saturation magnetization of Fe3O4/BC composites was much lower 

than pure Fe3O4. This was primarily due to the addition of non-magnetic medium BC, which hindered the 

magnetic coupling of Fe3O4 particles and formed a magnetization loss layer [3]. As expected, the 

combination of Fe3O4 and BC effectively reduced the dielectric constant and improved the impedance 

matching. Interestingly, the unique three-dimensional porous structure enhanced the energy loss of 

electromagnetic waves by multiple reflection and scatteration of incident waves. Simultaneously, the 

uniform dispersion of Fe3O4 in the matrix increased the interfacial polarization and hysteresis polarization, 

so that part of the electromagnetic waves were transformed into heat energy, until electromagnetic 

waves were absorbed more than 99.9%. These results suggested that the Fe3O4/BC composite membrane 

has excellent mechanical properties, magnetic properties and absorption properties, which is expected to 

be used in the field of electromagnetic shielding materials. 
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Fig. 1 Macro photo of Fe3O4/BC composite membrane (left), top view (a), sucked up by magnet (b), 
folded into different shapes (d-f) 
Fig. 2 SEM images of Fe3O4/BC composite membrane (right), cross section (a), surface (b), Fe element 
mapping of composite (c) and content (d) 
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Abstract 

Bacterial infection is the main cause of chronic wound healing, therefore, development of wound 

dressings with antimicrobial activity to accelerating the healing of chronic wounds is highly desired. In this 

paper, silver nanowires(AgNWs) were used as broad-spectrum antimicrobial materials, while bacterial 

cellulose(BC) was used as substrate for the preparation of BC-AgNWs by a membrane liquid culture 

method. It could be seen from the XRD pattern of BC-AgNW1 that only the characteristic peaks of BC and 

AgNWs could be observed (Fig. 1), which indicated that BC and AgNWs did not form new phase. 

Subsequently, SEM characterization (Fig. 2) showed that silver nanowires were uniform distributed in BC. 

More AgNWs could be found in BC with the raise content of silver nanowire in BC culture medium. 

Antibacterial experiments (Fig. 3) revealed that BC did not show any antimicrobial activity, whereas  BC-

AgNWs exhibited the inhibition rate of above 99%. In summary, BC-AgNWs has good potential in 

antimicrobial wound dressing. 

 

 

 

 

 

    

         Fig. 1 XRD pattern of BC-AgNW1          Fig. 2 SEM photograph of (a) BC and (b-f) BC-AgNW1-BC-AgNW5 
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Fig. 3 (a) Colony of dilute solution in co-culture of material with S. aureus (b) Fluorescent images of 
S.aureus stained with DAPI after incubation with BC and BC-AgNWs (c) Growth inhibition zone of the BC 
and BC-AgNWs against S.aureus. 
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Abstract 

In recent years, we have succeeded in the mass production of a 20-nm-wide nanofibrillated bacterial 

cellulose (NFBC)(1) as a new form of bacterial cellulose (BC). The NFBC, which exhibits high water 

dispersibility, was produced by culturing a cellulose-producing bacterium in a medium supplemented with 

carboxymethyl cellulose (CMC) as dispersing agent. For NFBC, CMC exists on the surface of microfibrils. In 

this study, pulp fiber sheets and polyvinyl alcohol (PVA) film with NFBC were prepared to demonstrate 

the expansion of the applications of NFBC as a filler, and their basic physical properties investigated. 

Pulp fiber suspensions with NFBC were prepared, with membrane being filtrated under vacuum to form 

a wet pulp fiber sheet. The chemically prepared CNF was used as a reference. Following water removal by 

pressing, the sheet was dried using a hot press machine. We measured the drainage time of NFBC and 

chemically prepared CNF suspension. The time is a very important factor in the production of paper 

productivity. Compared to chemically prepared CNF suspension, NFBC suspension time was shorter. 

Moreover, aggregations of pulp fibers were observed in the pulp fiber sheet without NFBC, while no 

aggregations were observed in the sheet when NFBC was added. Therefore, the addition of NFBC could 

allow production of the pulp fiber sheet with better visually uniformity. When the content rate of NFBC 

was added at 1% or more, the tensile strength improved with increasing amount of added NFBC. The 

chemically prepared CNF was more effective in improving the tensile index of pulp fiber sheets, while the 

variation coefficient of the tensile index of pulp fiber sheets with NFBC was lower than that of the pulp 

fiber sheet with chemically prepared CNF. Therefore, the NFBC addition also enhanced the mechanical 

homogeneity for pulp fiber sheets.  

The NFBC suspension was mixed with PVA aqueous solution in various proportions. PVA film with NFBC 

was prepared by film casting method, after which the basic physical properties of the film were examined. 

We will report the observed effects of the NFBC inclusion on the properties of the PVA film in the poster 

session. 
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Abstract 

Due to their anti-inflammatory properties, lipophilic extracts of the resin from Boswellia species are 

proposed as an effective treatment of a wide variety of inflammation-related conditions and are discussed 

as natural substitutes for non-steroidal anti-inflammatory drugs (NSAID) such as ibuprofen or naproxen. 

Dermal application of Boswellia extracts with effective penetration into the skin is of interest for the 

treatment of e.g. dermatitis, psoriasis and chronic wounds as well as in skin care for anti-aging strategies. 

The biopolymer bacterial nanocellulose (BNC) was used as delivery system since it already proved to 

support the wound healing process [2] due to its unique three-dimensional network of nanosized fibers 

with excellent biocompatibility. However, the highly lipophilic character of the Boswellia extract required 

new technological strategies to overcome the hydrophilicity of the BNC.  

In the present study, BNC was synthesized by the bacterial strain Komagataeibacter xylinus DSM 14666 

and effectively formulated with Boswellia extract using different techniques (adsorption, vortex and 

reswelling technique) in combination with several additives (hydrophilic polymers, dimethyl isosorbide, 

poly(ethylene glycol), nanoemulsions) as a toolbox of strategies that accomplished the homogenous and 

stable incorporation of the lipophilic extract into the hydrophilic BNC. Generating and following Ishikawa 

diagrams optimized the process of formulation according to the concept of Quality by Design (QbD). 

Storage experiments showed constant values without loss of drug stability over more than 90 days. The 

loading procedure did not change the preferential characteristics of the BNC like high water absorption 

and retention, softness and pressure stability. Depending on the type of additive, fast release systems for 

acute treatments (e.g. cosmetic masks or acute wounds) over up to 2 h as well as delivery systems for a 

prolonged Boswellia extract release for chronic wounds over several days have been acquired. To 

investigate the amount, depth and distribution of penetrated Boswellia extracts in the skin, tape-stripping 

experiments were performed on porcine skin. Different application modes, application times and the 

utilization of additives and nanoemulsions were examined and showed correlations, e.g. between 

selected additive and depth of Boswellia extract penetration. 

The obtained results provide the basis for the further development using in vivo systems to achieve a 

tailor-made, enhanced, non-irritant, anti-inflammatory formulation that would serve as a better 

alternative for the dermal treatment thus providing better patient comfort and compliance. 
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Abstract (poster) 

Bacterial nanocellulose (BNC) has unique properties, such as water holding capacity, high degree of 

polymerization, high thermal properties and crystalinity, good mechanical properties with fiber network 

structure, neutrally charged, moldability. With these features BNC can be applied as natural renewable 

polymer. Furthermore, BNC can be modified and used to obtain biomaterials with new properties and new 

potential applications in many industrial and medical fields, e.g. scaffolds for tissue engineering, packaging 

industry, electronics, environmental protection [1] 

Bioliquefied brown coal is obtained as a product in clean coal technologies, by means of biological 

processes, e.g. when lignite (after pre-treatment with an oxidant, e.g. nitric acid, hydrogen peroxide) is 

utilized as a carbon source by microbial cultures. The products of biosolubilization are a mixture of humic, 

fulvic acids and other organic compounds. Liquefied lignite can be used in cosmetics, as well as excellent 

sorbent, for example in biosorption of various pollutants or as fertilizer. What's more, it may also be used 

as a raw material for production of various chemicals like alcohols, aromatic compounds, fatty acids, 

methane etc. [2,3,4] 

The aim of the research is the production and characterization of a new composite biomaterial, which is 

composed of BNC and biosolubilized brown coal. Liquid coal was obtained by preliminary treatment of 

brown coal (using HNO3 or O3) and biosolubilization process under culture conditions by a group of 

microorganisms Gordonia alkanivorans S7 and Fusarium oxysporum 1101. New BNC composite with 

biosolubilized brown coal was obtained in situ and ex situ. This composite was characterized by physico-

chemical methods. Their morphology, crystallinity, chemical composition and water retention capacity 

were analysed. The mechanical properties were investigated by tensile testing. On the basis of the 

obtained results, no negative influence of liquefied brown coal on the growth of K. xylinus E25 strain and 

BNC biosynthesis was found. The new composite with the increase in the content of liquefied carbon in 

BNC is characterized by an increase in water retention and a decrease in water absorption. 
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Abstract 

Bacterial nanocellulose (BNC) possesses unique properties such as high purity, nanofibrous network 

structure, 99% water content, and represents a mechanically and thermally stable hydrogel [1]. Because 

BNC is highly demanded, the scale-up of its biosynthetic technology is a topical challenge, as is the 

wasteless production of BNC due to its high cost. We have scaled up the biosynthesis of BNC in a 104-L 

vessel with the Medusomyces gisevii Sa-12 symbiont. We carried out eleven biosynthetic cycles of BNC 

using the preceding growth medium as inoculum for the next runs. Then, we freeze-dried the BNC and 

nitrated it with mixed nitric-sulfuric acids under conditions optimal for plant cellulose [2]. Afterwards, we 

characterized the BNC-based nitrocellulose, and the SEM analysis showed that the BNC-derived 

nitrocellulose remained the 3D structure. The nitration study results we obtained with unique BNC, we 

believe, are of fundamental importance and they differ from those obtained with plant cellulose nitrates 

[3]. 
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Abstract 

Cellulose, the most abundant natural polymer in the world, can be obtained from plant material using 

chemical methods such as alkali or acid hydrolysis in a process that threatens the environment . Therefore, 

environmentally friendly bacterial cellulose (BC) produced extracellularly in the form of a biofilm by 

various strains of acetic acid bacteria, is considered as a promising alternative to plant cellulose and 

increases its importance [1,2]. The most effective cellulose producers are bacteria of the Komagateibacter 

genus [3]. Bacterial cellulose (BC) produced by these microorganisms is characterized by unique 

properties, therefore this polymer is widely used in various industries as well as in medicine. Cellulose 

production on an industrial scale is still unprofitable. Great potential to improve the efficiency of cellulose 

synthesis is the application of genetic engineering techniques of the producer's cell. However, there is still 

a lack of knowledge about the molecular mechanisms of BC biosynthesis and its regulation. Although the 

function of genes comprising the first cellulose synthase operon (bcsI) is understood to a large extent, the 

second operon (bcsII) encoding three proteins:  BcsX, BcsY and BcsZ, is not well characterized. Gene 

expression analysis revealed that bcsX is expressed at almost three times higher level than the bcsAI 

subunit of the bcsI operon (the main catalytic subunit). It can be supposed that bcsX may play an important 

role in modulating the BC properties. While BcsX and BcsZ are supposed to belong to the SGNH/GDSL 

hydrolase family protein, BcsY protein may be involved in acetylation of the BC [4]. The aim of the study 

was to prepare constructs allowing expression of proteins coded by genes bcsX, bcsY and bcsZ present in 

the Komagataeibacter xylinus E25 genome in the bacterial system. The genes were isolated from K. xylinus 

E25 genomic DNA, amplified in the PCR and an attempt to prepare constructs using the bcsX, bcsY and 

bcsZ genes and pETM-11 vector suitable for expression in E. coli BL21-Gold cells was made. Three 

constructs allowing cloning and expression of proteins BcsX and BcsZ present in the K. xylinus E25 genome 

were successfully prepared. The expression of BcsX led to obtain soluble protein, purified by affinity 

chromatography. Initial crystallization trials, performed using commercial screens led to first crystal hits. 

Unfortunately, very small crystals and low resolution (4 Å) of diffraction data did not allow for the solution 

of the 3D crystal structure of BcsX. In the future, the further optimization of crystallization conditions is 

necessary in order to obtain well-diffracting crystals. 
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Abstract 

The research on different technologies for the development of new systems for the controlled release of 

drugs is of great interest for the pharmaceutical industry. To this end, research into the synthesis and 

design of new polymer systems is booming and, particularly, that focused on natural polymers and 

green/sustainable synthesis processes. Two fundamental factors drive the research in this field: greater 

concern for sustainable development and interest in biomimetic/bioinspired approaches [1]. Natural 

polymers generate a limited environmental impact, can be obtained in large quantities, at a low cost and 

are biocompatible and chemically versatile. Moreover, living tissues are a model to follow for the design 

of new functional materials with superior structures and properties. All above has led to a growing interest 

in the design of new biomaterials based on bacterial cellulose (BC) for being applied in biomedicine with 

several purposes [2,3]. In this work, dynamic BC cultures were performed in order to obtain chitosan and 

alginate hydrogel particles with encapsulated BC nanofribrils. Bacterial cellulose/chitosan/alginate hybrid 

particles were in situ biosynthesized in agitated cultures obtaining ionically crosslinked particles. The 

obtained particles were characterized by FTIR and their morphology, water holding capacity and stability 

was studied. This work provides a new route for designing chitosan/alginate/bacterial cellulose hydrogels 

for drug delivery applications.  

 

 

 

Figure 1. Schematic representation of the work. 
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Abstract 

Bacterial cellulose (BC) has a long history of its use in various food and biomedical applications. However, 

the potential for its industrialization and commercialization at large scale is still a challenge due to high 

fermentation cost, low productivity and expensive culture media. To overcome this problem, several 

studies have proposed the use of low-cost substrates, such as biomass byproducts from different 

industries, to cheapen the BC production1. However, safety assessment to disclose any potential health 

risk of BC produced using alternative media remains necessary to ensure that it is safe for use in food and 

medical products2. The present study was undertaken to evaluate the cytotoxicity effect on four different 

cell lines (HUVEC, CCD-18Co, L-929 and SIRC) of BC produced in three byproducts from Brazilian 

agroindustry (cashew juice, cashew permeate and soy molasse). 

In order to produce BC pellicles, the Komagataeibacter xylinus microorganism was inoculated in the tested 

media and incubated statically at 30 °C for 10 days. After fermentation, the pellicles were washed twice 

with water (1 h at 100 °C) and transferred to a 2% NaOH solution at 80 °C for 1 h. Purification in NaOH 

was performed five times for cashew permeate and juice and two times for soy molasse. After purification, 

the BC pellicles were rinsed in tap water until a neutral pH, followed by washing in distilled water. The 

pellicles were dried and then sterilized by autoclaving. To evaluate the cytotoxicity, a direct MTT assay 

was performed. BC samples were placed vertically against the wall of the well of a 24-well polystyrene 

plate. Then, the cells were seeded at 2.5 x 104cell/well and the plates were incubated in a 37 °C and 5% 

CO2 incubator for 24h and finally the MTT assay was conducted.  

The results showed that for CCD, HUVEC and SIRC cell lines, the values of cell viability after incubation 

with BCs produced in agroindustrial byproducts in relation to BC produced in traditional Hestrin-Schramm 

medium (assumed as 100% of cell viability) were above 82%, being the higher values for permeate (99-

115%) and the lower values to soy molasse (82-85%). For the L-929 cell line the viability obtained after 

contact with BC produced in cashew permeate and juice were 99%, while for soy molasse was 76%. These 

preliminary results showed that there are variations in cell viability of BC obtained in different culture 

media, however in general the cell viability remained above 80%. 
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Abstract 

A controlled moisture balance on the wound surface can enhance the effect of various cytokines, 

chemokines and growth factors, favoring cell growth and thereafter the healing process. Burn patients, 

for instance, would benefit of this approach, since a higher efficiency on the healing process cloud help to 

decrease the hospitalization time. To analyze the effect of the moisture balance on the healing process, a 

bacterial nanocellulose (BNC) dressing comprising around 98% water as a sodium chloride solution was 

tested in combination with different commercially available secondary wound dressings (Aquacel® 

Extra™, cotton gauze, Jelonet and Opsite Flexflix). Evaporation rates from the BNC were observed in vitro 

and the corresponding wound healing was studied in vivo using a porcine donor site model. In vitro 

experiments showed highest evaporation rates of the water content from BNC when combined with 

cotton gauze or Aquacel® Extra™. When Jelonet was used as secondary dressing, intermediate 

evaporation rates were achieved. A strong water retention was found for the combination of BNC with 

Opsite Flexflix. Histological results from the animal study showed that BNC dressing in combination with 

Aquacel® Extra™ or cotton gauze achieved high rates of reepithelialization. Reduced reepithelization was 

observed using Jelonet as a secondary dressing and the usage of Opsite Flexifix resulted in high water 

retention leading to very bad to non-healing wounds and a high maceration rate. The results showed that 

a controlled moisture environment on the wound is achievable by using BNC dressing in combination with 

Aquacel® Extra™, cotton gauze, Jelonet, and Opsite Flexifix. The higher reepithelialization achieved by 

combination of BNC with selected secondary dressings open a great opportunity to improve the healing 

process in clinical wound management. 
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Abstract 

Some strains of acetic acid bacteria have been identified as producing BC and acetic acid. The economic 

viability of these products is strongly linked to the cost of the raw material and the conditions employed 

in the process, so the use of coproducts of industrial processes characterizes a promising source for this 

purpose (1). Soybean molasses present potential for use as a substrate in fermentative processes and this 

is due to the high amount of carbohydrates present in this co-product originated in the processing of soy 

protein concentrate. The aim of this work was to evaluate the effect of methods (agitated and static), 

strains (Komagataeibacter hansenii ATCC 23769, Komagataeibacter xylinus ATCC 700178 e 

Komagataeibacter sp. V-05 MH036354) and culture media (Hestrin–Schramm and molasses with soy 

ethanol) on the production of bacterial cellulose. A completely randomized design was used in a triple 

factorial scheme (2 x 3 x 2), in two production methods, three strains and in two different culture media. 

Cultivation was carried out for 10 days at 30 °C. BC production was determined by the dry mass per volume 

of culture medium (g.L-1) obtained at the end of the process. The chemical structure, morphology and 

thermal stability of BC were characterized by FTIR, SEM and TGA/DTG techniques. BC production resulted 

from triple interaction between factors. The V-05 strain was more efficient than the other strains in HS 

with production of 0.8203 g.L-1 in shaken medium and 3.3113 g.L-1 in static. The BC obtained in the static 

process had the form of a uniform film in the shape of the vial (vessel) in which it was produced. Already 

in the agitated process this one presented in the form of regular spheres with different diameters and 

irregular and fragmented. All samples had high water retention capacity (77.62 to 247.76 g) and good 

thermal stability. The membranes obtained by strain V-05 lower residual mass and higher thermal stability 

compared to the others when produced in HS medium. The strain V-05 proved to be suitable to produce 

cellulose. The soybean molasses medium is an alternative for the simultaneous production of acid and BC.  
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Abstract 

Soybean molasses is an industrial by-product, generated after the soy protein concentrate production 

from defatted soybean meal. It has more than 50% of carbohydrates, mainly sucrose, stachyose and 

raffinose (1). Due to its high concentration of sugars, soybean molasses can be used as a fermentative 

substrate by microorganisms, aiming to obtain microbial metabolites, such as acetic acid and bacterial 

cellulose, both synthesized by acetic acid bacteria. These bacteria comprise a variety of microorganisms 

with important industrial applications, mainly in the vinegar production. Some strains are also able to 

synthesize cellulose, a biopolymer recognized for its specific properties, such as high purity, crystallinity 

and polymerization degree, great water holding and retention capacity, high tensile strength, elasticity 

and excellent biocompatibility and biodegradability (2). Based on this, the present work aimed to isolate 

acetic acid bacteria from a vinegar industry and evaluate their potential of synthesizing bacterial cellulose 

in a medium containing soybean molasses as carbon and nitrogen source. Five strains of acid and cellulose 

producing bacteria, identified after biochemical tests, were obtained. For these selected strains, cellulose 

production and acidity yield were determined in the fermentation of soybean molasses. For this, 10% of 

the inoculum was transferred to Erlenmeyers flasks containing soybean molasses (20º Brix) added of 2% 

ethanol to improve the productivity or containing HS broth. The flasks were incubated at 30 ºC for 14 days 

under static conditions. After the alkaline treatment (1M NaOH / 80 °C), the cellulose produced in soybean 

molasses and standard medium were quantified and characterized in relation to crystallinity index by X-

Ray diffraction (XRD), chemical structure by infrared spectroscopy (FT-IR), thermogravimetric analyses 

(TGA), water holding capacity and rehydration ratio. The V-05 strain exhibited the highest cellulose 

production in both standard HS and soybean molasses-based medium. In this substrate, an increase in the 

synthesis of the biopolymer was obtained, reaching a maximum production of 10 g L-1. There was 

difference in production rate and hydrophilic properties for both producing microorganisms and 

substrates used, possibly due to structural differences in the cellulose produced in each medium and for 

each microorganism. Results of XRD, TGA and FT-IR demonstrated that the samples produced in soybean 

molasses maintained the structural characteristics similar to those obtained from HS medium. These 

results demonstrate that soybean molasses may represent an interesting and more economic culture 

media for BC production that can provide higher fermentation yields than those obtained in the standard 

HS medium.  
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Abstract 

Although the great advances in medicine, there are still many limitations related to materials that can 

interact with the human body and its cells. One of the major challenges is developing biocompatible 

materials that can be used to skin repair treatments, tissue regeneration, inflammation, and wound 

treatments, among other problems. The most critical step to explore new materials development still 

remains in the interactive surface cell-contact to different biomaterials1. Bacterial cellulose (BC) has 

attracted the attention of many in this field due to its advantageous characteristics being biodegradable, 

non-toxic, non-carcinogenic, and biocompatible with the human body. This polymer could be the future 

of regenerative medicine and for that, it is necessary to continue exploring their properties and possible 

treatments that can improve them. The work reports the functionalization of bacterial cellulose (BC) 

membranes with a view to their application in microfluidic devices for the growth of epidermal cells. Here, 

is proposed a surface modification with Parylene C deposition by chemical vapor deposition (CVD), and 

consecutively optimized oxygen (O2) plasma pre-treatment and sulfurhexafluoride (SF6) plasma treatment 

in a reactive ion etching (RIE) system. Parylene C is a transparent polymer to the naked eye with an 

excellent permeation barrier for liquid and gaseous types, required for this kind of application. This 

chemically inert, biocompatible, biostable, flexible, hydrophobic and resistant polymer, has been 

extensively used for several applications, including for medical devices and implants2. This proposed 

technique3 produce a surface roughness and enhances the intrinsic hydrophobicity of Parylene-C, by 

giving not only hydrophobic but superhydrophobic behavior on surface membranes, without altering the 

material bulk (bacterial cellulose) properties. The best results were obtained by deposition of 10 g of 

parylene-C, pre-treated with O2 plasma for 10 min, and then SF6 plasma for 1 min. After all the 

optimization processes a superhydrophobic contact angle was obtained, approximately 155 degrees and 

remained hydrophobic during 15 days of wettability tests. This work present exceptional results and 

investigates the ability of the modified bacterial cellulose by integrating them into a chip to support the 

growth of epidermal cells. 
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Abstract 

Bacterial cellulose (BC) is an ultra-pure carbohydrate polymer which has a myriad of useful properties.  

These properties are due to its purity from contaminating polysaccharides. It has a highly crystalline 

structure, a high tensile strength and a high water holding potential. Therefore, it is of great interest to 

the biotechnology industry as it provides a unique material that can be used in a range of applications 

from filtration membranes to medical devices. Komagataeibacter rhaeticus (K. rhaeticus) is one of the 

species in the Acetobacter family which produces BC as a product of cell growth. We aim to functionalise 

the cellulose membrane by secreting proteins of interest into the bacterial cellulose membrane.  Two 

approaches will be used, 1) Identifying native secretion systems by investigating the secretome of K. 

rhaeticus. This will indicate what secretion systems may be present within the organism and suggest 

possible native secretion tags which will allow us to secrete proteins into the membrane. 2) Engineering 

a Type V secretion system (SS), AIDA-I from Escherichia coli into K. rhaeticus. This autotransporter systems 

will allow secretion of proteins of interest into the BC pellicle and functionalise it with desired properties. 

Therefore, using tools developed in our lab we aim to genetically engineering the amenable strain from 

our lab (K. rhaeticus iGEM). To express and secrete functional proteins into the BC matrix using identified 

native secretion sytems or engineering in non-native secretion systems.  

 

 

 

  



  

 

4th INTERNATIONAL SYMPOSIUM ON BACTERIAL NANOCELLULOSE 

3-4th October, 2019 

Almeida Garrett Library Auditorium, Porto-Portugal 

 

 
 

P25: Challenges on specific surface area analysis of cellulosic materials 

Anett Kondor, Andreas Mautner, Koon-Yang Lee, Daryl Williams, Alexander Bismarck 

Surface Measurement Systems Ltd., 5 Wharfside Rosemont Road, London, HA0 4PE, United Kingdom 

 

Abstract 

The interaction of a solid with its surroundings is through the available surface area for adsorption of gas 

or vapour molecules. This also allows probing of materials surface including irregularities and pores. One 

of the most successful methods is based on the BET method for gas adsorption onto a solid surface. The 

adsorption method of Brunauer, Emmett and Teller (BET) is based on the physical adsorption of a vapour 

or gas onto the surface of a solid. Traditionally, sorption studies were carried out at low temperatures to 

obtain nitrogen isotherms at 77 K, which were then used to calculate BET surface areas. Considering that 

material behavior varies with temperature, measurements at ambient temperatures may be more 

relevant and also allow the use of various gases and vapours. 

Presented is an alternative method to determine the BET specific surface area of cellulose materials 

(freeze dried bacterial cellulose, BC nanopaper and Avicel) and specifically low surface area [particularly 

less than 5.00 m2/g] materials at ambient temperature under the presence of relative humidity, and in 

addition discussing the existence of the absolute surface area. 
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Abstract 

Bacterial nanocelluloses have been studied to stabilize oil-in-water emulsions due to its ability to adsorb 

on the oil-water interface, promoting highly stable and surfactant-free systems. However, several features 

of the bacterial nanocellulose may influence the resultant emulsion, such as the cellulose nature, size, 

surface charge, shape and chemical surface. Thus, this work aims to produce sunflower oil-in-water 

emulsions using bacterial nanocelluloses produced by fermentation of Komagataeibacter xylinus in 

Hestrin e Schramm (HS) medium and processed by two different treatments: 2,2,6,6-tetramethyl-1-

piperidinoxyl (TEMPO) mediated oxidation for the production of cellulose nanofibrils (CNF) and acid 

hydrolysis with sulfuric acid for the production of cellulose nanocrystals (CNC). The oxidized bacterial 

cellulose suspension was further nanofibrillated by high-speed homogenizer that produced the CNF (82 

nm diameter and -46.5 mV surface charge). Nanocrystals had an average length of 491 nm, mean diameter 

of 70 nm and -50.3 mV of surface charge. For each nanocellulose, different o/w ratios were tested, in 

order to produce stable emulsions. The emulsions were formulated with an oil phase of 10-1% and an 

aqueous phase of 90-99%, with a nanocellulose concentration 0.5-1%. Different salt concentrations (NaCl) 

were tested in the aqueous phase (0-50 mM). The emulsion stability was evaluated by visual inspection 

considering that the absence of oil in the emulsion surface represents emulsion stability. Emulsions 

stabilized by CNC exhibited a mean droplet diameter varying between 1.2 and 2.0 µm, with a white color 

and fluid texture. On the other hand, the emulsions stabilized by CNF formed droplets above 2.0 µm with 

a less fluid texture, which confirmed the influence of the bacterial nanocellulose features on the 

characteristics of the emulsions formed. The microscopy analysis performed with polarized light 

demonstrated the presence of fibrils and crystals on the oil-water interface of the droplets. The oil 

droplets were also analysed by fluorescence microscopy after nile red staining. These results indicated 

that pickering emulsions composed by CNC and CNF, can be used as a carrier to encapsulate active 

compounds. Beta-carotene will be incorporated in the oil-in-water emulsions, as an hydrophobic model 

molecule, and digestibility studies will be performed to assess the beta-carotene bioaccessibility in 

different formulations.  
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Abstract 

Bacterial cellulose (BC) is biosynthesized polymer with interesting properties such as very good 

mechanical properties (high strength and stiffness), porosity, high crystallinity, high water absorption 

capability as well as biodegradability and remarkable biocompatibility. Moreover, BC has capability to 

form film with tridimensional nanofiber network structure. These remarkable properties of BC make it 

interesting matrix to design nanopapers with conductive, magnetic, photochromic properties and others, 

which can find wide range of application in Materials Science and Nanotechnology area fields (tissue 

engineering, liquid filtration and purification, solar cells, electronic devices and others).  

According to the application requirements different nanoentities can be added in situ (biosynthesized) 

and ex situ (at post-production level) to the BC tridimensional nanofiber network film in order to design 

nanopapers with tailored properties.  

In this work, different strategies for the fabrication of multifunctional nanopapers were employed via ex 

situ method, by inmersion of BC tridimensional nanofiber network papers into different nanoparticle 

solutions. On the one hand, sol-gel synthesized nanoparticles (titanium, vanadium and a mixture of both 

oxides) and on the other hand superparamagnetic iron oxide nanoparticles (SPION), Fe2O3-PEO solution 

were used. The morphology of designed nanopapers was investigated by atomic force microscopy (AFM) 

and scanning electron microscopy (SEM). In order to characterized obtained BC based nanopapers from 

the point of view of future applications different techniques were employed. The conductive properties 

were studied at nanoscale using electric force microscopy (EFM), tunneling atomic force microscopy 

(TUNA) and at macroscale using Keithley semiconductor analyser. Magnetic properties were measured by 

means of magnetic force microscopy (MFM).  
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Abstract 

Because of the growth of offshore oil production and transportation, the probability of oil spill accidents 

has dramatically increased over the past several decades. The removal of oil by sorbent materials is 

efficient, economical, and ecologically friendly, as the pollutant can be properly discarded, and no 

secondary pollution is created. Much effort has been dedicated to the development of sustainable and 

inexpensive sorbent materials based on natural fibers, which combine attractive properties such as 

renewability, biodegradability, and environmental friendliness [1]. In comparison with vegetable 

cellulose, bacterial cellulose (BC) possesses outstanding merits, such as high crystallinity and purity with 

the absence of lignin or hemicelluloses, low density, high modulus and tensile strength, excellent water 

holding capacity and biodegradabibilty [2]. The main drawback stems from the strong hydrophilic 

character of the BC chain, which restricts the oil / water selectivity of the adsorbent [1]. In this context, 

the present work reports the synthesis of hydrophobic nanocrystals of bacterial cellulose by an efficient 

process of silanization in water, which can be used as components of filters for the retention of oils, 

presenting an alternative of prevention/treatment of contaminated effluents. Bacterial cellulose (BC) was 

synthesized by the Komagataeibacter hansenii, which is a species capable of producing BC on an industrial 

scale. The nanocrystals of bacterial cellulose (NCBC) were isolated from their matrices by acid hydrolysis 

with 64% sulfuric acid and functionalized in an aqueous medium in the presence of methyltriethoxysilane 

(MTES). The suspensions were freeze dried to preserve the web-like structure of the BC cellulose in the 

dry state. X-ray diffraction (XRD) analyzes evidenced the increase in the crystallinity of the materials after 

the acid hydrolysis, confirming the decrease of the amorphous regions of the cellulose chains. Fourier 

transform infrared spectroscopy (FTIR) analysis showed the presence of silicon in the functionalized 

samples, due to the presence of silicon bands and O-Si-CH3 type bonds. Thermogravimetric analysis (TGA) 

showed that the thermal stability of the silanized nanocrystals was close. Functionalized nanocrystals 

combined hydrophobic and oleophilic properties by retaining a drop of xylene and repulsing a drop of 

water made simultaneously on the surface of the samples, indicating that both materials are an 

alternative for the removal of oils from water surfaces. 
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Abstract 

Bacterial cellulose (BC) is a promising biopolymer for applications in several areas. Still, BC production cost 

is very high, mainly because of the used culture medium Hestrin and Schramm (HS). In recent years, 

alternative culture mediums, such as soybean molasses, have been proposed to produce BC, but without 

evaluating the resulting environmental impacts (1). This work assessed the potential environmental 

impacts of producing 1g of BC by Komagataeibacter xylinus ATCC 53582 and a strain isolated from a 

vinegar industry, applying three substrates in a static culture, at the laboratory scale: i) HS; ii) acid-

hydrolyzed soybean molasses (HSM) and iii) diluted soybean molasses (DSM). Life Cycle Assessment (LCA) 

was applied, according to ISO 14044 standards (2). The scope was "cradle-to-gate" type, and considered 

the following impact categories, by the ILCD 2011 method (3): climate change, acidification, water 

resource depletion, marine eutrophication, freshwater eutrophication, freshwater eco-toxicity, human 

toxicity, cancer, and non-cancer effects. The production stages evaluated in these three processes were: 

microorganism maintenance, pre-activation, activation, fermentative substrate preparation, static 

cultivation, purification, neutralization, and drying of BC pellicles. Results showed that DSM presented 

better performance than HSM and HS for most of the impact categories. HS presented worse 

environmental impacts than HSM and DSM, for most categories. In DSM, the fermentative substrate 

preparation stage led to major impacts because of emissions from soybean cultivation for soybean 

molasses production.  

The applications of organic and inorganic fertilizers as well as the transformation of land into arable areas 

are the main aspects that contribute to the environmental impacts of soybean cultivation. These impacts 

could be reduced by the use of better management practices such as No-till farming, Integrated Pest 

Management, Nutrient management and soybean nodulation with rhizobia bacteria. In conclusion, BC 

production in DSM can cause less environmental impacts than the other substrates, being indicated 

efforts in process optimization, aiming technical-economic feasibility and scale up. 
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Abstract 

Bacterial cellulose (BC) is a biopolymer secreted by various strains of microorganisms and composed by 

naturally occurring nanoscale fibers with high crystallinity and purity. Due to its characteristics, BC has 

been used in several different applications, such as food packaging, wound dressing, artificial blood 

vessels among others[1]. Those applications require BC with different properties that can be manipulated 

through the bacterial strain, fermentation time and culture medium used. However, its large-scale 

production is limited by, mainly, the high cost of the fermentation process due to the price of the synthetic 

culture medium. Many agroindustrial sources rich in sugars have been studied as culture media for BC 

production aiming for cost reduction[2]. In this context, this study aimed to evaluate the bacterial 

cellulose produced by soybean molasses fermentation analysing the effect of culture time and strains on 

BC properties. A soybean molasses based culture medium (SMH75) was obtained by a hydrolysis process 

of a 75 g.L-1 soybean molasses solution using H2SO4 0,1M at 90°C for 10 minutes followed by neutralization 

with NaOH 30% (w/v) solution, vacuum filtration and supplementation with commercial grade ethanol 

(2%, v/v). The BC was produced by using Komagateibacter (K.) xylinus ATCC 53582 and K. hansenii ATCC 

23769 in static culture at 30ºC with fermentation time varying from 3 to 10 days and using two different 

media: SMH75 and Hestrin & Schramm (HS, [2]). The BC pellicles were purified using water at 100°C for 

1h twice followed by immersion in NaOH 0,5M at 80°C repeatedly until all the culture medium to be 

removed, and neutralization by successive washes with tap water. Some of the BC produced were dried 

at 50°C and cut for Dynamic Mechanical Analysis (DMA) to evaluate its mechanical properties and the rest 

of the BC was freeze-dried after which it was characterized by Thermogravimetric Analysis (TGA), X-Ray 

Diffraction (XRD) and Scanning Electron Microscopy (SEM). In all treatments BC production increased 

alongside with the increase of fermentation time. TGA showed that all BC pellicles produced were 

thermally stable showing degradation events typical of BC. The crystallinity indexes obtained by XRD 

analysis showed that it was influenced by the culture medium, strain and fermentation time. In closing, 

the SEM images showed an increase in the fibrils width as the fermentation time increased. Those 

different properties in the BC produced can be the defining factor for those BC specific application. 
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Abstract 

Bacterial cellulose (BC) is a bio‐compatible material suitable for various biomedical applications from 

bandages for cutaneous wound‐healing to scaffolds for tissue growth. BC is not, however, bioactive or 

degraded in vivo, features that limit its practical applications. Studies on BC are mainly focused on 

conferring such new functionalities to the material. Among these studies, periodate oxidation of BC 

introduces to its structure aldehyde groups capable of reacting with amine groups present in biomolecules, 

thus promoting their immobilization along with augmenting general reactivity. Moreover, oxidized BC is 

considerably more biodegradable in simulated physiological conditions1 than native BC. In this context, 

microwave‐assisted heating presents advantages over conventional heating in the field of organic 

synthesis by reducing reaction times and increasing general productivity and has been successfully applied 

to the chemical modification of cellulose2, though has yet to be established towards oxidation. In this work, 

BC membrane was obtained by static fermentation of K. hansenii (ATCC 53582) in Hestrin‐Schramm 

medium. Then, the BC was purified with K2CO3 solution at 80 oC for 1h and oxidized with NaIO4 under 

controlled conditions at 90oC for 30 minutes using microwave irradiation at a maximum of 300W. The same 

reaction conditions were reproduced with conventional heating in a water bath. The products were 

characterized by a variety of techniques including SEM, FTIR, TGA, DSC, XRD and by quantifying aldehyde 

content. The main focus of this work was to study and compare the structural and physical‐chemical 

properties of BC from both processes. Preliminary results indicate that microwave‐assisted oxidation of 

BC produces similar oxidation profiles in a shorter reaction time, as well as similar chemical and 

morphological modifications in cellulose structure when compared to conventional heating methods. 

Therefore, the microwave‐assisted periodate oxidation is an interesting alternative method for BC 

chemical modifications. 

 

References 

(1) J. Li, Y. Wan, L. Li, H. Liang and J. Wang, Materials Science and Engineering C 29, 1635–42 (2009) 
(2) D.M. dos Santos, A.L. Bukzem, D.P.R. Ascheri, R. Signini, G.L.B. de Aquino, Carbohydrate Polymers 131, 
125–133, (2015). 

  

mailto:luisamvasco@gmail.com


  

 

4th INTERNATIONAL SYMPOSIUM ON BACTERIAL NANOCELLULOSE 

3-4th October, 2019 

Almeida Garrett Library Auditorium, Porto-Portugal 

 

 
 

P32: Bioactivity and biocompatibility of hybrid systems based on bacterial 

cellulose/strontium apatite 

Luz, E. P. C. G.1,Chaves, P. H. S.3, Vieira, L. A. P.2, Andrade, F. K.1,3, 
Borges, M. F.3, Vieira, R. S.1, Silva, I. I. C.2, Rosa, M. F.3* 

1Department of Chemical Engineering/ Federal University of Ceará (UFC), Brazil 
2Department of Biotechnology/ Federal University of Ceará (UFC/Sobral), Brazil 

3Embrapa Agroindústria Tropical – CNPAT, Brazil 
*morsyleire.rosa@embrapa.br  

 

Abstract 

Biomaterials are devices that come into contact with biological systems to repair or replace a damage 

tissue or organ. To perform the proposed function, they must be biocompatible and present some 

properties according to their application. The present work aimed to evaluate the in vitro bioactivity and 

in vivo biocompatibility of hybrid systems based on bacterial cellulose/strontium apatite for future 

applications as guided bone regeneration (GBR). BC is a polymer produced by fermentation and presents 

several interesting properties, as biocompatibility and high mechanical strength. In turn, Sr has chemical 

similarity with calcium stimulating bone formation and inhibiting bone resorption. The differential of this 

release system is in the form of Sr delivery, presenting a slow and continuous desorption profile due to 

the strong interaction that strontium apatite does with bacterial cellulose (BC). BC membranes were 

produced after cultivation of Komagataeibacter xylinus (ATCC 53582) in Hestrin-Schramm medium at 30 

°C for 5 days, and then purified for total removal of culture medium and bacterial microorganism. To 

obtain the hybrid materials, the non-oxidized or periodate oxidized BC membranes were mineralized by 

alternate immersion cycles in strontium chloride and sodium bibasic phosphate solutions. The produced 

hybrid materials were characterized by the swelling degree, FTIR, TGA, SEM and XRD analysis. The in vitro 

bioactivity of the hybrid systems was evaluated after immersion in simulated body fluid (SBF) during 90 

days by scanning electron microscopy with energy dispersive spectroscopy (SEM-EDS) analysis. The in vivo 

biocompatibility was analysed by histological evaluation of the subcutaneous hybrid grafts after 1, 3 and 

9 weeks of implantation in mice. The results showed that all materials were bioactive, since after 

immersion in SBF the precipitation of calcium, magnesium and potassium minerals occurred, which are 

important elements in bone repair. As for biocompatibility study, all samples showed to be biocompatible 

with low inflammatory response, especially in the oxidized samples, where the degradation of the 

biomaterial was more intense, facilitating the action of both granulation and loose tissues and 

accelerating the tissue regeneration. 
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Abstract 

BNC exhibits many desirable and unique properties such as biocompatibility, high mechanical strength 

and water holding capacity up to 100 times its dry mass as well as high crystallinity and porosity. 

Biocompatibility of BNC-based products makes them suitable for biomedical applications, such as wound 

dressings and scaffolds for tissue engineering. The interactions of the biomaterial with surrounding 

mammalian cells depend on the proper distribution of functional groups in the three-dimensional space. 

The native BNC-based scaffolds promote neither the excellent cell adhesion nor growth because cellulose 

is biologically inactive, mainly due to its neutral charge (1). Therefore, there is a need to modulate the 

intrinsic properties that may be particularly beneficial in the biomedical application.  

In the presented research, the properties of bionanocellulose have been improved by  introducing other 

polysaccharides, such as κ-carrageenan (2), carboxymethyl cellulose and hydroxyethylcellulose into three 

dimensional structure of bacterial cellulose. Additionally, BNC-based composites with CMC and HEC were 

modified ex situ with glycerol to increase the absorption ability of materials (3). The presented 

combination of in situ and ex situ modifications of bacterial cellulose synthesized by K. xylinus E25 under 

stationary conditions, enabled production of nanocomposites that may replace traditional BNC dressings. 

The glycerol-plasticized BNC, BNC-CMC and BNC-HEC membranes were flexible after drying, and absorbed 

large amounts of artificial exudate and water after rehydration. On the other hand, bionanocellulose/κ-

carrageenan composites, meet the specific tissue engineering requirements, including the high tensile 

and compression strength, water holding capacity, and water retention ratio as well as suitable swelling 

properties. As the key properties of these composites may be easily modified during their fabrication, the 

established procedure may lead to production of customized scaffolds. 

This work presents the methods for in situ preparation of stable composites based on bionanocelulose 

and discusses the most important parameters of these  biomaterials in the context of medical 

applications. Moreover, properties such as structure of fibres, crystallinity, mechanical strength, water 

holding capacity and free swell absorption capacity were assessed. 
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Abstract 

Dressings are an important segment of the medical and pharmaceutical market for the treatment of 

surgical or non-surgical wounds. Given the recent advances in the area of biomaterials, the use of bacterial 

cellulose (BC), specially to produce high-quality dressings has outstanding due to its unique properties, 

such as purity, hydrophilicity, porosity, mechanical resistance, flexibility and biocompatibility (1). However, 

traditional BC dressings present only a passive character in wound healing processes. In order to produce 

a bioactive dressing, BC structure can be chemical modified (by oxidation with NaIO4) to allow the 

immobilization of enzymes, such as papain known to promote the wound debridement (removal of the 

necrotic tissue) and accelerate the wound healing (2). Therefore, the aim of this work was to evaluate the 

properties of BC bioactive dressings obtained through the covalent immobilization of papain on BC 

membranes. The results showed that the BC bioactive dressings were non-cytotoxic to human fibroblasts 

and keratinocytes (cell viability of 89.8 % and 86.5 %, respectively) and non- haemolytic when in contact 

with blood. Moreover, the moisture vapor transmission rate for the curative (2678 ± 181 g/m2. 24h) was 

similar to commercial curative highly permeable (300-3000 g/m2. 24h/Opsite Post-op® and Hydrocoll®). 

The fluid absorption capacity was above 100% of its weight, being considered a high absorbent material. 

Microbiologic assays showed that the material presented bacteriostatic activity against gram-negative 

bacteria. The in vitro drug release was conducted using Franz diffusion cells and showed a liberation 

profile of papain around 78.2% in 24h. These properties indicate that this BC bioactive dressing could acts 

in the preventing infections, maintaining ideal moisture (absorbing excess exudate), promoting gas 

exchange, as well as acting by removing necrotic tissue, especially in chronic wounds, facilitating the 

granulation process, the contraction of the wound bed and accelerating tissue reconstitution. 
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Abstract 

Crystallinity of bacterial cellulose (bacteria-free) has been traditionally related to culture conditions, 

treatments for eliminating bacteria, and drying methods (e.g. lyophilization) (1,2). However, crystallinity 

of cellulose biofilm, which contains the native bacteria, has been little explored so far. It has not been 

established if the treatment (i.e. ethanol immersion, water boiling, NaOH washes at 90ºC, and 

neutralization) can tune the texture of the material (3).  

The texture dramatically affects the properties of a material (mechanical properties, absorption, 

reactivity…). In the case of cellulose, controlled degradation is essential since it serves as a scaffold in 

tissue engineering. Therefore, tuning the texture of bacterial cellulose is key to improve its biomedical 

applications.  

We have produced pellicles from Acetobacter xylinum under static and dynamic conditions and further 

explored the impact of different treatments on the texture of cellulose. The chemical composition and 

structure of cellulose pellicles have been in-depth characterized by spectroscopy (FTIR and Raman), X-ray 

diffraction (XRD), and scanning electron microscopy (SEM) both in the presence and absence of bacteria. 

Under specific conditions, we have found that bacterial cellulose becomes textured. SEM images show 

highly ordered cellulose fibers in the XY plane and XRD patterns confirm such preferential orientation 

along the fibril axis (b-axis). 
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Abstract 

The economic and technical disadvantages associated with the wet storage and transport of 

nanocelluloses trigger the development of simple methods able to produce nano-scaled cellulose 

products with lower water content (1). However, the irreversible aggregation of cellulose nanofibrils 

during dehydration (hornification) still poses a problem for the production of dried nanofibrillated 

celluloses. In this context, different alternatives have been proposed to produce redispersible 

nanofibrillated cellulose (mainly from vegetal origin), including chemical modification and the 

incorporation of additives during drying that can hinder hydrogen bond formation among cellulose 

nanofibers. With this aim, additives such as sodium chloride (2), carboxymethyl cellulose (3), 

cetyltrimethylammonium bromide (4), poly (vinyl-alcohol) (1), and maltodextrin (5), have been used.  

In the current contribution, bacterial nanocellulose (BNC) microspheres were produced by spray drying of 

a BNC aqueous suspension using mannitol as drying adjuvant. The feed properties and operating 

conditions (i.e. BNC suspension solid content, mannitol:BNC ratio, air inlet temperature, atomization air 

flow rate, drying air flow rate and liquid feed flow rate), were all adjusted to obtain a powdered product 

with a yield of 78 wt%. Scanning electron microscopy images of the recovered powder evidenced the 

obtention of sphere-shaped particles with diameters not higher than 10 m. Particle size distribution 

(PSD) results obtained by laser diffraction further indicated a unimodal and narrow PSD as the span value 

obtained was 1,03. The volume mean diameter of the particles was 6,36 ± 0,11 μm. Besides, 10, 50 and 

90 wt% of the particles exhibited diameters below 3,58 ± 0,03 μm, 5,91 ± 0,08 μm and 9,67 ± 0,21 μm, 

respectively (results from three replicates). 

The spray-dried BNC microspheres were evaluated in terms of their redispersibility in water upon 

magnetic stirring and ultrasonication. Results indicated that whereas in magnetically stirred aqueous 

suspensions BNC spheres showed some deformation but still retained their integrity, mild ultrasonication 

during short periods of time (5-15 min) caused BNC microspheres to break down into loose BNC 

nanofibers.  

The BNC microspheres obtained using mannitol, a naturally occurring sugar alcohol widely used in food 

and medical applications, have a vast potential for redispersible BNC production. 

 

 

 

 

mailto:*mforesti@fi.uba.ar


  

 

4th INTERNATIONAL SYMPOSIUM ON BACTERIAL NANOCELLULOSE 

3-4th October, 2019 

Almeida Garrett Library Auditorium, Porto-Portugal 

 

 
 

 

References 

(1) Velásquez-Cock, J., Gómez, BE., Posada, P., Serpa, A., Gómez Hoyos, C., Gañán, P., Zuluaga, R. (2018) 
Poly (vinyl alcohol) as a capping agent in oven dried cellulose nanofibrils. Carbohydrate Polymers 
179:118-125. 

(2) Missoum, K., Bras, J., Belgacem, M. N. (2012). Water redispersible dried nanofibrillated cellulose by 
adding sodium chloride. Biomacromolecules. 13:4118–4125. 

(3) Butchosa, N., Zhou, Q. (2014). Water redispersible cellulose nanofibrils adsorbed with carboxymethyl 
cellulose. Cellulose. 21:4349–4358. 

(4) Fairman, E. (2014). Avoiding aggregation during drying and rehydration of nanocellulose. University of 
Maine.  

(5) Velásquez-Cock, J., Gañán, P., Gómez Hoyos, C., Posada, P., Castro, C., Dufresne, A., Zuluaga, R. (2018). 
Improved redispersibility of cellulose nanofibrils in water using maltodextrin as a green, easily 
removable and non-toxic additive.  Food Hydrocolloids. 79:30-39. 

 

  



  

 

4th INTERNATIONAL SYMPOSIUM ON BACTERIAL NANOCELLULOSE 

3-4th October, 2019 

Almeida Garrett Library Auditorium, Porto-Portugal 

 

 
 

P37: Optimization of bacterial nanocellulose fermentation using lignocellulosic residues and 

development of novel BNC-starch composites 

Soares da Silva, F.A.G.1,*; Dourado, F.1,2; Ferreira, E.1; Poças, F.3; Gama, M.1 
1CEB - Centre of Biological Engineering, University of Minho, Gualtar, Braga, Portugal; 
2Satisfibre, S.A. Portugal 
3CBQF - Centre of Biotechnology and Fine Chemistry – Associated Laboratory, Faculty of 
Biotechnology, Catholic University of Portugal, Rua Arquiteto Lobão Vital 172, 4200-374 Porto, 
Portugal       *francisco.agss@gmail.com  

 

Abstract 

In papermaking industry, significant fraction of fibres that cannot be re-utilized are wasted, which raise 

economic and environmental concerns[1]. On the other hand, development of renewable polymeric 

materials became a priority for the sustainability of several industries. Bacterial nanocellulose (BNC), a 

biopolymer extruded by Gluconacetobacter xylinus as a 3D nanofibrillar network, provide interesting 

properties as high porosity, high water retention, biocompatibility, non-toxicity and biodegradability [2]. 

These properties have sustained promising applications in the biomedical field, papermaking, composites 

and foods. However, large-scale BNC production remains a challenge, due to ineffective fermentation 

systems and high operating costs [2-3]. Therefore, the production of BNC through lignocellulosic residues 

has been studied. Recycled-paper-sludge (RPS) composed of small fibres with 40% of carbohydrates were 

hydrolysed and used as a carbon source in culture media formulation. Then, a Response Surface 

Methodology (RSM) optimization with RPS was assessed in order to maximize BNC production, through 

static fermentation with K. hansenii ATCC 53582. Overall, the results suggest that RPS had potential to be 

an alternative carbon source for BNC production with a maximum BNC yield of 5 g/L.  

BNC produced as described above was then used for the development of novel green thermoplastic 

nanocomposites, combined with starch. When mixed with water and glycerol (with heat and shear), starch 

undergoes spontaneous destructuring, forming thermoplastic starch (TPS). In particular to food packaging 

applications, BNC has remained unexploited in spite of being considered to have enormous potential [4-

5]. In this work, two approaches for composite production were assessed. Firstly, BNC 3D membrane was 

filled with biodegradable bio-based thermoplastic starch (TPS), where the production was achieved in a 

two-step process: impregnation of TPS in the BNC membrane, followed by drying. Different thicknesses 

of BNC membrane were studied (1-5 mm) as two impregnation time (24h;72h). The second approach 

consisted on the use of glycerol-TPS as matrix, where different concentrations (0.05 -0.5% w/v) of 

cellulose (Plant (PC) and BNC) was added. TPS-BNC and TPS-PC films were prepared by solution casting 

method. All nanocomposites manufactured were then characterized in terms of mechanical properties, 

morphology and permeability to water vapor (WVT). Overall, enhanced mechanical and barrier properties 

were obtained with BNC-TPS composites. In comparison to TPS-BNC and TPS-PC films, higher young 

modulus and tensile strength was obtained with the BNC-TPS composites. Being longer and thinner, the 

BNC fibres offer greater mechanical resistance than the ordinary TPS-cellulose composites. 
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methods: its biodegradability and potential as hemostatic material  

E.C. Queirós1,2, S. Pinheiro1, J. E. Pereira3, J. Prada3, I. Pires3, P. Parpot1,2, M. Gama1 
1CEB - Centre of Biological Engineering, University of Minho, 4710-057 Braga, Portugal; 
2CQUM - Centre of Chemistry, University of Minho, 4710-057 Braga Portugal; 
3CECAV - Veterinary and Animal Research Centre, University of Trás-os-Montes and Alto 
Douro, Quinta de Prados 5000-801, Vila Real, Portugal 

 

Abstract 

Bacterial cellulose (BC) is a biocompatible material with high purity, high crystallinity, high degree of 

polymerization and high-water content [1,2]. It could be applied in several fields, being the biomedical 

field the most relevant to this work where biodegradability is a key requirement. BC may be chemically 

modified through its hydroxyl groups, e.g., by oxidation, becoming reabsorbable and acquiring new 

features, such as hemostatic behaviour. Oxidation of BC membranes was achieved through electrolysis 

using tetramethylpiperidine-1-oxyl (TEMPO) radical. TEMPO is able to perform selective oxidation of the 

primary hydroxyl groups, meaning that only C6 is oxidized into carboxyl groups [3].  

BC membranes were characterized by FT-IR, SEM, XRD and 13C-NMR. The degree of oxidation was 

evaluated by titration of the carboxyl groups and the hemostatic behaviour was investigated through 

whole blood coagulation tests. Both in vitro and in vivo biodegradability of oxidized membranes was 

evaluated. In vitro biodegradability was assessed in ultra-pure water after 3, 7, 14 and 63 days of 

incubation while in vivo biodegradability was studied in a rat model, for 3, 14 and 56 days.  

FT-IR spectra showed an increase on the absorption band around 1628 cm-1 attributed to the carboxylic 

acid vibration, as compared to non-oxidized membranes, revealing the formation of carboxylic acid groups 

[4]. SEM images revealed that the morphology of the membranes was not changed by the oxidation [5]. 

XRD patterns for all the oxidized samples were very similar to non-oxidized ones, suggesting that the 

crystal structure was preserved [6]. 13C-RMN results showed that the signal around 62 ppm 

corresponding to superficial C6 primary hydroxyl group decreased after the oxidation, while the peak 

around 174.6 ppm assigned to carboxylate groups appeared after oxidation, confirming the selective 

oxidation of C6 [7]. In vitro results showed that almost no degradation occurred on non-oxidized 

membranes demonstrating the relevance of the oxidation on the improvement on BC biodegradability. 

The hemostatic behaviour of the membranes evaluated through the whole blood clotting times assay 

demonstrated that, contrarily to non-oxidized membranes, the oxidized ones exhibited hemostatic 

activity [8]. In vivo biodegradability and biocompatibility of oxidized membranes was evaluated. 

Membranes were implanted subcutaneously and the inflammatory response was studied. The obtained 

results showed that there were no microscopic evidences of inflammation and even after 56 days of 

implantation, the oxidized membranes did not degrade completely. Nevertheless, oxidized membranes 

revealed good biocompatibility [9].  
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