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Abstracts of workshops 
WS 01 
Cellulose solvents 

T. Heinze 

Center of Excellence for Polysaccharide Research, Institute of Organic Chemistry and Macromolecular Chemistry, Friedrich Schiller University of Jena, Germany 

To dissolve cellulose is a prerequisite for shaping, analyzing, controlled degradation, and homogeneous phase chemistry of this 
very important biopolymer. Thus, cellulose solvents possess both scientific and commercial interest. Typical cellulose solvents 
will be classified. Examples will be discussed about pro and cons of the different types of solvents and hints about their 
usefulness for various applications will be given. Moreover, based on selected homogeneous reactions, the influence of the 
solvent in question on the formation and structure of products obtained will be discussed. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2 

WS 02 
Polysaccharide solution rheology 

P. Navard 

Mines ParisTech, PLS – Research University, CEMEF - Centre de Mise en Forme des Matériaux, Sophia Antipolis Cedex (France) 

Polysaccharides are mostly characterized and processed in solution. Polysaccharides being polymers, their solutions should 
behave as classical polymer solution. But two characteristics are bringing difficulties, their complex molecular architectures and 
their ability to establish soft interactions. As a consequence, polysaccharide solutions are often far from being real solutions, 
obeying the classical rheological laws. In this short course, we will first recall the conditions under which a proper rheological 
investigation should be conducted. We will then survey several cases where the solutions have supermolecular structures which 
are complicating the interpretation of rheology measurements.  
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WS 03 
Solution characterisation by analytical ultracentrifugation  

S. E. Harding 

University of Nottingham, School of Biosciences, Sutton Bonington Campus, Sutton Bonington Leicestershire, United Kingdom 

Analytical ultracentrifugation (AUC) is a technique for determining the size, size distribution and conformation/ flexibility of 
polysaccharides in solution. It can also provide information about interactions (self-association and interactions with other 
macromolecules/ ligands). It is “matrix free” – no separation columns or membranes are required.  
I will summarize the basics of sedimentation velocity (and a variant known as disc centrifugation) and sedimentation equilibrium 
in the AUC giving examples of some recent determinations, and show how AUC complements well other solution methods.  
 
References:  

(1) S.E. Harding, G.G. Adams, F.M. Almutairi, Q. Alzahrani, T. Erten, M.S. Kok, R.B. Gillis “Ultracentrifuge methods for the 
analysis of polysaccharides, glycoconjugates, and lignins”: Methods in Enzymology. 562, (2015), 391-439  

(2) S.E. Harding, M.P. Tombs, G.G. Adams, B.S. Paulsen, K.T. Innjerdingen, H. Barsett; An Introduction to Polysaccharide 
Biotechnology, (2nd edition), CRC Press, Boca Raton, (2017), Chapter1.  
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WS 04 
Polysaccharide chemistry in solution  

H. Kamitakahara 

Kyoto University (Yoshida North Campus), Division of Forest and Biomaterials Science, Graduate School of Agriculture Kitashirakawa Oiwake-cho, Sakyo-ku, 
Kyoto, Japan  

 
My talk will focus on cellulose derivatives synthesized from glucose and cellulose. Polymerization of glucose orthopivalate 
derivatives produces cellulose derivatives. Modification of cellulose also produces a number of cellulose derivatives. This talk will 
provide practical issues especially in cellulose chemistry and how we should overcome those problems.  
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WS 05 
From polysaccharide solutions to gels and aerogels 

T. Budtova 

MINES ParisTech, PSL Research University, CEMEF - Centre de Mise en Forme des Matériaux, Sophia Antipolis, France  

Bio-aerogels is a new class of materials made from polysaccharides. They are ultra-light, with high specific surface area and 
nanostructured. By definition, aerogel is a gel in which solvent is replaced by air. Usually, a gel is made from a solution. What are 
the particular pathways from polysaccharide solutions to aerogels?  
Different ways of bio-aerogels’ synthesis and characterization methods will be presented. Bio-aerogels’ morphology, properties 
and applications will be discussed.  
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WS 06 
Solution spinning of polysaccharides  

F. Meister 

Thuringian Institute for Plastics and Textile Research, Rudolstadt, Germany 

Visco-elastic behaviour of polysaccharide in solution makes possible shaping into fibres, films or non-woven structures. 
Especially, cellulose is used for such procedures in commercial scale already for more than one century. But, most of these 
procedures are connected with solvents or processes those are toxic or bring a lot of environmental perils. The lecture will 
introduce the direct dissolution principle as the first environmentally friendly process and will discuss the dry jet-wet spinning 
procedures for manufacturing of different types of regenerated shapes. It will compare the strength and the weakness of dry-
wet moulded shapes and will present the current state of art in industry.  
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Abstracts of plenary lectures 
PL 01 
Polysaccharide nanotechnology using bio-alchemy and water  

T. Kondo 

Kyushu University, Graduate School of Bioresource and Bioenvironmental Sciences, Fukuoka, Japan 

In general, hierarchical structures of bio-based materials are built up through self-assembly of molecules and are followed by 
nano-assembly further up to a higher-level structure. The key process for each step is formation of the interfacial interactions on 
the individual sizes. Nature usually performs such a bottom-up process to fabricate a product. On the contrary, we have another 
direction that is a top-down process. In fact, various methods are now under development as a downsizing method. 
This presentation attempts at first to briefly show a bottom up autonomous 3D-fabrication of cellulose nanofibers and 
inorganics on patterned cellulose templates such as nematic ordered cellulose (NOC)1-4. Secondly, the author will introduce our 
unique fiber spinning system directly secreted from plant cells: that is an induction of a new biosynthesis process as a stress-
response when the culture environments are drastically changed5. Thirdly, it will refer to our recent technique; namely, nano-
pulverization by the aqueous counter collision (ACC), successfully decomposes the interactions selectively without any damage 
to the molecular structure, and finally liberates the components at various sizes into water to provide a transparent and 
homogeneous component/water system6. The obtained nanocellulose fibers, namely ACC-nanocellulose having amphiphilic 
properties, have been now extensively studied in basic nano-material science and their application. 
In combination of the above three manners under aqueous conditions, the author"s group is now attempting to develop 
superior bio-based materials with 3-D novel nano/micro hierarchical structures. It is no doubt that the proposed methods are 
environmentally friendly when compared with conventional methods in terms of both energy efficiency and chemicals-free 
system. The author calls his original strategy as "Bio-Alchemy". 
 

(1) Kondo, T., Togawa, E. & Brown, Jr., R. M. Biomacromolecules, 2,1324 (2001). 
(2) Kondo, T., et al.. Proc. Natl. Acad. Sci., 99, 14008 (2002) 
(3) Kondo, T., Kasai, W., & Brown, Jr., R. M. Cellulose, 11, 463 (2004). 
(4) Higashi, K., Kondo, T., Cellulose, 19, 81 (2012). 
(5) Seyama, T., Kimura, S., Sasamoto, H., Abe, H., Kondo, T., Planta, 227(6), 1187 (2008). 
(6) Kose,R., Mitani,I., Kasai, W. and Kondo,T., Biomacromolecules, 12(3),716 (2011). 
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PL 02 
Biophysics and biosynthesis of cellulose 

C. H. Haigler  

Center for LignoCellulose Structure and Formation, Department of Crop and Soil Sciences and Department of Plant and Microbial Biology, North Carolina State 
University, Raleigh, NC, United States of America 

Recent multi-disciplinary research has generated new insights into the structure of cellulose microfibrils, as related to the 
biosynthetic mechanism. This presentation will discuss new insights into the structure and function of plant cellulose synthase 
proteins (CESAs) and the composition and operation of the multimeric cellulose synthesis complex (CSC), which produces the 
cellulose microfibril near the surface of the plasma membrane. How can the biosynthetic mechanism affect the biophysical 
nature of the fundamental cellulose microfibril? How does the structure of the fundamental cellulose microfibril affect potential 
interactions with neighbors or other cell wall components? Data from various research approaches and multiple laboratories will 
be integrated, including imaging, genetic experiments, spectroscopy, protein biochemistry and nanotechnology, and 
computational modeling. 
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PL 03 
Advances in Analytical Ultracentrifugation for elucidating the size, shape and interactions of polysaccharides  

S. E. Harding 

NCMH, University of Nottingham, London, United Kingdom 

http://programm.conventus.de/index.php?id=epnoe2017&tx_coprogramm_programm%5Bprogramm%5D=12&tx_coprogramm_programm%5Bsession%5D=5&tx_coprogramm_programm%5BcurrentPage%5D=&tx_coprogramm_programm%5Baction%5D=programm&tx_coprogramm_programm%5Bcontroller%5D=Source&cHash=5efe1d78bae42f29224923c5b0cc7e2e
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PL 04 
Enzymatic Polymerization — a new process for engineered polysaccharides  

C. P. Lenges 

DuPont Industrial BioScience, Experimental Station E356, Wilmington, DE, United States of America 

Polysaccharides are important biopolymers with a wide range of industrial and consumer product applications. Historically, 
structural polysaccharides such as cellulose have been the backbone of early material science for applications in fibers, films and 
early thermoplastics.  
DuPont Industrial Biosciences has developed a family of engineered polysaccharides ranging in molecular weights, solubility, and 
polymer architecture. The underlying enzymatic polymerization process offers the opportunity to design the polymer structure 
and the material properties of these new biomaterials. 
The presentation will describe this new category of a polymer forming process and the type of biomaterials accessible along 
with aspects of the commercialization program. 
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PL 05  
Perichromism — a powerful tool for understanding interactions in liquids and solids 

O. A. El Seoud 

Institute of Chemistry, University of São Paulo, Brazil 

Understanding the effects of the medium (liquid or solid) on the rates and equilibria of chemical reactions is essential for 
compliance with the principles of green chemistry. For reactions in solution, the solvent participates in heat- and mass transfer; 
in proton transfers (acid/base catalysis) and affects the rates, hence the yields of competing reactions. Adsorption on solid 
surfaces, e.g., of biopolymers is governed by substrate-surface interactions. The need to understand, hence quantify and exploit 
substance-medium interactions becomes clear if we appreciate their complexity. In particular, they cannot be rationalized in 
terms of a single mechanism, or quantified by a single property, e.g., the dielectric constant. A successful approach to probe 
these interactions is to use perichromic probes. These are substances whose spectra, absorption or emission, are particularly 
sensitive to some property of the medium, including Lewis acidity and basicity, dipolarity and polarizability. The medium effect is 
then quantified, usually by a linear combination of these descriptors. The use of this approach will be presented by showing 
results relevant to solvation and chemical reactions, including those of cellulose, in pure and mixed molecular solvents and ionic 
liquids. The use of perichromic dyes for probing the properties of solid interfaces, including cellulose derivatives will be 
presented.  
 
I thank the financial support of CNPq (307022/2014-5) and FAPESP (2014/22136-4).  
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PL 06 
Industrial production of oligosaccharides by hydrothermal degradation of polymeric hemicelluloses from lignocellulose in 
China 

R. Sun 

Beijing Key Laboratory of Lignocellulosic Chemistry, Beijing Forestry University, Beijing, China 
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PL 07 
Starch structure, property, and applications 
 
J.-L. Jane 
 
Iowa State University, Ames, IA, United States of America 
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PL 08  
A versatile man-made cellulose fiber process for the recycling of cellulose-based waste textiles 

H. Sixta, S. Asaadi, S. Haslinger, M. Hummel  

Department of Biosystems and Bioproducts, Aalto University, Aalto, Finland  

Dry-jet wet spinning using 1,5-diazabicyclo[4.3.0]non-5-enium acetate as a powerful cellulose solvent is a promising technique 
for the production of high-strength man-made cellulose fibers not only from wood pulps but also from cellulose-based waste 
textiles. The regenerated cellulose fibers from waste cotton revealed very high tenacities up to 900 MPa exceeding the tenacity 
of the strongest virgin cotton fibers and that of commercial man-made cellulosic fibers1. The favorable mechanical properties of 
the spun fibers from recycled Cotton waste can be explained by a small fraction of low molecular weight cellulose and the high 
total orientation of the cellulose chains along the molecular axis.    
However, textiles on the market represent almost exclusively multi-component garments with cotton polyester blends being the 
most prominent mixture. This poses severe challenges onto their recycling due to their inherent heterogeneity. 
Quite recently, we have demonstrated that it is possible to dissolve the cotton component selectively, while the residual and 
purified polyester experiences almost no degradation. After filtration, the cellulose solution is subjected to dry-jet wet spinning 
to obtain a Lyocell-type man-made cellulose fiber. At the same time, the recovered polyester can be fed to a melt spinning plant 
where it can be spun to new textile fibers either as a pure component or in a mixture with fresh polyester.  
 

(1) Asaadi, S.; Hummel, M.; Hellsten, S.; Haerkaesalmi, T.; Ma, Y.; Michud, A.; Sixta, H. ChemSusChem (2016), 9, 3250-3258. 
(2) Haslinger, S.; Hummel, M.; Sixta, H. CELL-42, 253rd American Chemical Society National Meeting & Exposition, San 

Francisco, CA, April 2-6, (2017).  
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PL 09  
Advances in Analytical Ultracentrifugation for elucidating the size, shape and interactions of polysaccharides  

S. E. Harding  

University of Nottingham, NCMH – School of Biosciences, Sutton Bonington, United Kingdom 

Analytical ultracentrifugation is a powerful matrix-free method (i.e. not requiring a separation medium or membranes, or 
immobilisation onto a surface) for characterising the size (molar mass and molar mass distribution), shape and flexibility, and 
interactions involving polysaccharides and glycans, ranging from a few hundred g/mol to tens of millions.  
This presentation will present some of the recent advances, illustrated by application to a diverse range of materials. Its use in 
conjunction with SEC-MALS and viscometry is indicated.  
 
Reference:  
Harding SE, Adams GG, Almutairi F, Alzahrani Q, Erten T, Kök MS, Gillis RB Ultracentrifuge Methods for the Analysis of 
Polysaccharides, Glycoconjugates, and Lignins. Methods in Enzymology, 562, (2015), 391-439  
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PL 10 
Manufacturing, characterization and use of polysaccharide based materials for biomedical applications 

R. Kargl1,2, T. Mohan1, A. Dobaj Štiglic1, T. Maver1, M. Kurečič1, U. Maver3, K. Stana-Kleinschek1,2 

1University of Maribor, Laboratory for Characterization and Processing of Polymers (LCPP), Maribor, Slovenia 
2Graz University of Technology, Institute for Chemistry and Technology of Materials (ICTM), Graz, Austria 
3University of Maribor, Department of Pharmacology and Experimental Toxicology, Maribor, Slovenia 

Many of the properties governing the function and efficacy of polymer based materials used in biomedicine are influenced by 
molecular interactions at the interface between the biological systems and the biomaterial. An in-depth investigation and 
understanding of their surface chemistry and physicochemical properties is therefore prerequisite for their exploitation in the 
form of new products. Due to their versatility, ease of processing and defined nature, synthetic polymers are one of the most 
frequently used biomaterials. However also polysaccharides and their derivatives possess a significant potential owing to their 
biological origin and in many cases their similarities to the physicochemical properties of tissues in the wet state. 
Polysaccharides provide a diverse set of functions depending on the types of monosaccharides that constitute the chain which 
often contain multiple functional groups (e.g. hydroxyl, amino, carboxyl etc.). A careful chemical derivatization of these groups 
or defined adsorption of biomolecules allows for significant changes in the physicochemical properties and the introduction of 
cell- and biomolecule specific responses. Following derivatization, polysaccharides can be processed into two or three 
dimensional objects by techniques such as spin-coating, 3D-printing, electrospinning, freeze drying or solvent casting. 
Understanding and exploiting the solution state and reactivity of polysaccharide derivatives during and after processing allows 
for the manufacturing of substrates with unprecedented properties suitable to be used in various fields of biomedicine namely 
biosensors or tissue engineering. 

This project has received funding from the European Union"s Horizon 2020 research and innovation programme under grant 
agreement No 665172 and from the Slovenian Research Agency - Programme group for Textile Chemistry P2-0118. 

References 

(1) MOHAN, Tamilselvan, NIEGELHELL, Katrin, NAGARAJ, Chandran, REISHOFER, David, SPIRK, Stefan, OLSCHEWSKI, Andrea, 
STANA-KLEINSCHEK, Karin, KARGL, Rupert. Interaction of tissue engineering substrates with serum proteins and its 
influence on human primary endothelial cells. Biomacromolecules, 2017, 18, 1-40. 

(2) MOHAN, Tamilselvan, RATHNER, Raffael, REISHOFER, David, KOLLER, Martin, ELSCHNER, Thomas, SPIRK, Stefan, HEINZE, 
Thomas, STANA-KLEINSCHEK, Karin, KARGL, Rupert. Designing hydrophobically modified polysaccharide derivatives for 
highly efficient enzyme immobiliza-tion. Biomacromolecules, 2015, 16, 2403-2411. 

(3) KARGL, Rupert, VORRABER, Verena, RIBITSCH, Volker, KÖSTLER, Stefan, STANA-KLEINSCHEK, Karin, MOHAN, 
Tamilselvan. Selective immobilization and detection of DNA on biopolymer supports for the design of microarrays. 
Biosensors & Bioelectronics, 2015, 68, 437-441. 

(4) ELSCHNER, Thomas, REISHOFER, David, KARGL, Rupert, GRIEßER, Thomas, HEINZE, Thomas, STANA-KLEINSCHEK, Karin. 
Reactive cellulose-based thin films - a concept for multifunctional polysaccharide surfaces. RSC advances, ISSN 2046-
2069, 2016, iss. 76, 72378-72385 

(5) MAVER, Tina, KUREČIČ, Manja, SMRKE, Dragica, STANA-KLEINSCHEK, Karin, MAVER, Uroš. Electrospun nanofibrous 
CMC/PEO as a part of an effective pain relieving wound dressing. Journal of sol-gel science and technology, ISSN 0928-
0707, September 2016, vol. 79, iss. 3, 475-486. 
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Abstracts of keynote lectures 

Chemistry  

KL 01  
Soluble lactose-modified chitosan (CHITLAC) adducts — transient cross-links induced by borate ions  

M. Cok, F. Furlani, P. Sacco, A. Travan, S. Paoletti, I. Donati  

Department of Life Sciences, University of Trieste, Trieste, Italy 

The present contribution explores the effect of the addition of boric acid to solutions of chitlac, a lactose-modified chitosan, 
which had previously shown interesting chemical and biological features.1, 2 The thermodynamics of borate binding to the 
modified chitosan was explored by means of 11B-NMR. The binding of the borate ions was also studied in dilute solution by 
means of Circular Dichroism, viscometry and dynamic light scattering. The analyses of the experimental results revealed a chain-
chain association when limited amounts of borate ions are added. However, upon exceeding a borate limit dependent on the 
polysaccharide concentration, the soluble aggregates separate as single chains. Rheological analyses were used to investigate, at 
the semi-dilute condition, the borate-chitlac system which showed a marked non-linear behavior depending on the amount of 
cross-linker. In particular, the presence of limited amount of borate ions led to dilatant behavior under steady flow. In addition, 
strain stiffening was noticed upon exceeding a critical stress, indicating a transient nature in the formation of the cross-links. The 
non-linear response of chitlac in the presence of borate compared surprisingly well with the one showed by proteins composing 
the natural ECM, pointing at a possible role of mechanotrasduction in the biological significance of the modified chitosan.3 
 
References.  

(1) N. D’Amelio; C. Esteban; A. Coslovi; L. Feruglio; F. Uggeri; M. Villegas; J. Benegas; S. Paoletti; I. Donati J. Phys. Chem. B 
2013, 43, 13578. 

(2) I. Donati; S. Stredanska; G. Silvestrini; A. Vetere; P. Marcon; E. Marsich; P. Mozetic; A. Gamini; S. Paoletti; F. Vittur; 
Biomaterials 2005, 26, 987. 

(3) C. Storm; J.J. Pastore; F.C. MacKintosh; T.C. Lubensky; P.A. Janmey Nature 2005, 435, 191.  
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Biotechnology 

KL 02 
Lignocellulosic biomass as a source of materials and fermentable sugars 

R. P. O. Santos, P. F. Rossi, T. Ferracini, J. J. Kaschuk, B. L. Gomes, L. Catunda, E. Frollini 

University of São Paulo, Macromolecular Materials and Lignocellulosic Fiber Group, Center for Research on Science and Technology of BioResources, Institute of 
Chemistry of São Carlos, São Paulo, Brazil 

Introduction: Sisal and curauá lignocellulosic fibers have high cellulose content, which makes them potential alternative sources 
for saccharification, aiming at the production of cellulosic ethanol. Additionally, these fibers and their main components are 
excellent raw materials for the production of bio-based materials, including submicron- and nano-scaled materials for high 
value-added items. 
Objectives: The objectives of this research were to investigate the conversion of the polysaccharide fraction of lignocellulosic 
biomass (sisal and curaua) into fermentable sugars, as well as to prepare electrospun mats based on cellulose, lignin, and other 
polymers. 
Materials & methods: Saccharification: Lignocellulosic biomasses [pretreated (alkali or acid solutions) or not] were subjected to 
enzymatic hydrolyses. Aliquots were withdrawn from the reaction media, and the liquor and residual non-hydrolyzed biomass 
were characterized. 
Electrospinning: Mats were prepared from the electrospinning of solutions based on cellulose (including cellulose 
nanocrystalline, CNC) and/or lignin, as well as on polymers (poly (ethylene terephthalate), PET, or cellulose acetate). Conditions 
to optimize the electrospinning process (oriented or non-oriented fibers) were explored. The electrospun mats were 
characterized by SEM, contact angle, DMA and tensile properties. 
Results: Saccharification: The results obtained so far have indicated that the pretreatment of the lignocellulosic fibers with 
alkaline solution has been the most efficient, since the conversion into glucose increased by approximately 30% for the curauá 
fibers (pretreated at room temperature), and it approximately doubled for the sisal fibers (pretreated at 50 °C), when compared 
to the untreated fibers. 
Electrospinning: In brief, the results indicated that the characteristics of mats, such as average fiber diameters, average 
porosities, hydrophobicity/hydrophilicity, tensile properties, alignment of the fibers, can be tuned by adding cellulose and/or 
lignin to polymeric solutions subjected to electrospinning. 
Conclusion: Good results have been obtained by using sisal and curauá fibers as raw materials, which have been guiding the 
studies in progress. 
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Application 

KL 03 
Polysaccharides and health 

J. E. G. van Dam, B. van den Broek, C. Boeriu 

WFBR, Biorefinery and Chains, Wageningen, Netherlands 

Polysaccharides are abundant natural polymers found in plants, animals and microorganisms with exceptional properties and 
essential roles to sustain life. They are well known for their high nutritive value and the positive effects on our immune and 
digestive functions and detoxification system, and the knowledge and recognition of the important role they play for promoting 
and maintaining human health and wellbeing is continuously increasing. This presentation describes the most important 
polysaccharides (e.g mucilages and gums, glycosamino glycans and chitin/chitosans) and their medical, cosmetic and 
pharmaceutical applications, with emphasis on the relationship between structure and function. Besides, the use of 
polysaccharides as nutraceuticals and vaccins is discussed in more detail. An analysis of the trends and challenges in 
polysaccharide research concludes the paper. 

 

 



20 

Analytics 

KL 04  
How to analyze the location of substituents in polysaccharide derivatives? 

P. Mischnick  

Technische Universität Braunschweig, Institute for Food Chemistry, Braunschweig, Germany 

Polysaccharides, most often glucans as cellulose, starch and dextrans, are chemically modified to change their physicochemical 
properties, or in order to introduce certain functionalities for target-oriented application.  For a better understanding of 
structure-property relationship and for the design of new materials, thorough characterization of such complex compounds is 
required. One analytical question refers to the distribution of the substituents in the glycosyl units and on the polymer level as 
well. 
The presentation will give a short overview on how this could be achieved [1] and will present few examples from own work on 
cellulose ethers. 
 
(1)  P. Mischnick, D. Momcilovic, Adv. Carbohydr. Chem. Biochem., 64 (2010) 117-210.  
  Chemical  Structure Analysis of Starch and Cellulose Derivatives 
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Fibres 

KL 05  
Viscose specialty fibres — cellulose at its best 

D. Beck 

Kelheim Fibres GmbH, Kelheim, Germany  

Kelheim Fibres is the world's leading producer of viscose specialty fibres. Viscose fibres are made of 100 % cellulose, a uniquely 
versatile polymer. The expertise of Kelheim Fibres is to transform this useful biopolymer into very diverse products. The 
specialty viscose fibres are tailor-made in length, diameter, shape and chemical activation. These parameters determine the 
properties of the fibre to a high degree and, accordingly, the possible applications of these fibres.  
The development process starts on the spinning pilot plant. At this point, we can add additives, vary the cross sections or can 
apply an after-treatment. In this manner, Kelheim Fibres has developed many successful fibres.  
The Galaxy fibre is the world leading tampon fibre due to its characteristic trilobal-shaped cross-section. This cross-section leads 
to a special absorption behaviour, which makes it ideal for the application in tampons.  
In a joint research project with Krones AG very short viscose fibres were developed, that can filter yeast and other impurities out 
of beer. These fibres present an alternative to the current commonly used filter medium, diatomite, which has come under 
criticism for health and safety reasons and for which the disposal costs are therefore increasing.  
Olea is the first viscose fibre with intrinsic water repellent properties. In contrast to other methods of creating hydrophobic 
properties, the typical properties of the viscose fibres are achieved by incorporating the hydrophobicity in the fibre matrix itself. 
Another example for intrinsic modification is Danufil ® BF, which is a viscose fibre with 30% inorganic additive content. In contact 
with an ignition source, the organic structure of the fibre burns away, leaving a residual inorganic structure which acts as an 
isolating barrier against fire. Therefore, these fibres are mainly used in mattresses of US-hotels.  
Danufil® Deep Dye is also a chemically modified viscose specialty fibre. Due to the activation, it has a dye absorption capacity up 
to 40 times higher than standard viscose products. Originally developed to optimise the dyeing process of textiles, this fibre 
brings benefits in reducing logistic complexity in manufacturing of melange yarns.  
With all these modifications, the physiological benefits and the biodegradability of cellulose fibres are preserved. To conclude, 
these examples are no limitation but an inspiration what can be done with cellulose.  
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Chemistry 

KL 06 
Design and synthesis of regioselectively and blocky functionalized cellulose derivatives 

H. Kamitakahara 

Kyoto University, Graduate School of Agriculture, Kyoto, Japan 

Introduction: Commercially available cellulose derivatives possess attractive properties due to their chemical structures. We 
have developed synthetic methods to produce cellulose derivatives with well-defined chemical structures. Especially, 
methylcellulose has been a synthetic target due to its interesting thermoreversible gelation property in aqueous media. The talk 
will include a versatile pathway to end-functionalized cellulose ethers, their solution properties, and some applications of the 
thermo-responsive hydrogels. Influence of hydrophilic end group of cellulose ethers on bio-inspired bio-mineralization will be 
also discussed. 
Objectives: We designed and synthesized regioselectively methylated celluloses and diblock methylcelluloses with regioselective 
functionalization patterns to explore their structure-property relationships, thereby affording functional materials such as 
thermo-responsive supramolecular hydrogels. 
Materials & methods: Regioselectively functionalized celluloses were prepared by ring-opening polymerization of glucose 
orthopivalate derivatives and by functionalization of cellulose using regioselective protection/deprotection strategy. End-
functionalization of cellulose ethers was performed to produce blocky functionalized cellulose derivatives. Aggregation size of 
cellulose derivatives in water upon heating was determined by dynamic light scattering (DLS) measurements. Thermal property 
of aqueous solution of cellulose derivatives was assessed by differential scanning calorimetry (DSC). 
Results: We have synthesized 2,6-di-O-methyl cellulose both by ring-opening polymerization of glucose orthopivalate derivatives 
and by regioselective protection/deprotection strategy. Two regioselectively methylated cellulose derivatives, 2-O-methyl and 
3,6-di-O-methyl celluloses were also synthesized. Aqueous solution of 2,3,6-tri-O-methyl cellulose-block-cellobiose showed 
thermo-reversible gelation behavior at about 25°C. Moreover, end-functionalization of cellulose ethers is a powerful tool for 
affording blocky functionalized cellulose derivatives. We have developed 2,3,6-tri-O-methyl cellulosyl azide and propargyl 2,3,6-
tri-O-methyl celluloside. 
Conclusion: The synthetic strategies shown in this lecture will have a broad impact on polysaccharide chemistry. 
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Biotechnology 

KL 07 
Wet-end and coating concepts with novel polysaccharide additives in paper and board manufacturing 

J. Fisher, N. Behabtu 

DuPont Industrial Biosciences, Ontario, Canada 

Demand for improved performance of paper and board products is spurring the development of new additives. DuPont has 
applied its expertise in producing cost effective Industrial Biomaterials to design a family of new polysaccharide materials with 
unique morphologies and functionalities. These materials are produced using an enzymatic polymerization process from natural, 
sustainable feedstocks, and will be fully recyclable and biodegradable. This presentation will describe some of these new 
materials and how they can be used to improve the properties of the paper when they are added to the wet end part of the 
paper making process or as part of paper coating formulations. 
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Starch aerogels – a new member of the family of thermal super-insulating materials 

L. Druel1, R. Bardl1, W. Vorverg2, T. Budtova1 

1Centre for Materials Forming, MINES ParisTech, Sophia Antipolis, France 
2Fraunhofer Institute for Applied Polymer Research IAP, Potsdam, Germany 

Introduction: Bio-aerogels are a new generation of aerogels made from polysaccharides. They are lightweight (density around 
0.1 g/cm3), with high specific surface area (200-500 m2/g) and can be used as matrices in controlled release of drugs, as 
adsorbents, in engineering applications and in electro-chemical when pyrolysed. 
Objectives: The goal was to prepare starch aerogels and understand structure-properties relationships. 
Materials & methods: 
- Starch with different amylose/amylopectin ratio (potato, waxy potato, pea, high amylose corn starch and pure amylose); 
water; ethanol; acetone. 
- Equipment for starch dissolution; installation for drying with supercricital CO2; Supra40 Zeiss SEM FEG; ASAP 2020 
(Micrometics); modified Fox150 Thermal Conductivity Meter (Laser Comp); Zwick mechanical testing machine. 
Results: Aerogels from various starches were made via dissolution, retrogradation, coagulation and drying with supercritical 
CO2. The densities varied from 0.1 to 0.2 g/cm3. The influence of amylose to amylopectin ratio and of retrogradation time on 
starch aerogels" morphology was studied in details. For example, the increase in amylose content leads to a 3-fold increase in 
specific surface area, from 70 to 250 m2/g. Mechanical properties of aerogels and their thermal conductivity were also 
investigated. We found that pea starch aerogel has thermal conductivity below that of air due to its fine morphology and low 
density. 
Conclusion: Pea starch is a new aerogel with thermal superinsulating properties. 
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KL 09 
Antimicrobial polysaccharide/gentamicin based materials 

D. Petri1, S. Kondaveeti1, T. Cardoso1, M. R. Sierakowski2, A. M. Carmona-Ribeiro1 

1University of São Paulo, São Paulo, Brazil 
2Federal University of Parana, Curitiba, Brazil 

Films 100 μm thick of hydroxypropyl methylcellulose (HPMC) and xyloglucan (XG) were prepared at the weight ratios HPMC/XG 
0:100, 25:75, 50:50, 75: 25 and 100:0, and crosslinked with citric acid. All films were characterized by Fourier transform infrared 
spectroscopy (FTIR), thermogravimetric analysis, scanning electron microscopy, tensile tests and circular dichroism. The 
experimental results evidenced the esterification between citric acid and HPMC and XG hydroxyl groups, synergistic effects 
particularly for the 50:50 blend films, which displayed the highest Youngs modulus (689 MPa). In vitro loading/release studies 
were carried out for the antibiotic gentamicin sulphate (GS). The amount of GS loaded in the films ranged from 0.18 ± 0.05 
gGS/gpolymer to 0.37 ± 0.05 gGS/gpolymer , the highest value was achieved for 50:50 blends. The release kinetics of GS from all 
crosslinked polymeric films were investigated at pH 7.4 and 37 oC, the experimental data were fitted with the Korsmeyer–
Peppas model. All formulations presented a non-Fickian release mechanism with diffusional coefficient n ~ 0.7. The cross-linked 
films of HPMC, XG and their blends loaded with GS showed after one hour contact outstanding antibacterial action against 
Staphylococcus aureus and Escherichia coli, evidencing their potential as a new type of biomaterial for topic biomedical 
applications, where the antibiotics should diffuse to the medium and the patches are daily changed. A second type of 
antimicrobial patches was produced by chemical modification. GS was chemically attached to alginate-Ca crosslinked films. FTIR 
and X-ray photoelectron spectroscopic measurements evidenced that GS molecules were chemically bound in the internal part 
of the films, not on the surface. In this case, the antimicrobial activity against Staphylococcus aureus and Escherichia coli was 
only observed after 24 h, because there was no drug diffusion; the bacteria had to penetrate inside the films in order to be 
killed. This sort of antimicrobial film serves as a prolonged bacteria-killing barrier and is desired for long-term applications, 
where the patches are not changed frequently. 

Figure 1 
 

 

 

 



26 

Polysaccharides — Resources, isolation and Standardisation 

KL 12 
Properties of biomaterials fabricated from biomimetic glycan-peptide structures 

R. Kargl1,2, T. Mohan1, A. Bratuša1, A. Dobaj Štiglic1, T. Elschner1, K. Stana Kleinschek1,2 

1University of Maribor, Laboratory for Characterization and Processing of Polymers (LCPP), Faculty of Mechanical Engineering, Maribor, Slovenia 
2Graz University of Technology, Institute for Chemistry and Technology of Materials (ICTM), Graz, Austria 

Non-inert active biomaterials derive their efficacy towards biological systems from their specific chemical composition but more 
importantly their three dimensional structure at or below the nanoscale. Biological systems react specifically to these structural 
motifs which can be DNA/RNA, protein/peptide sequences, oligo- or polysaccharides or lipids. Naturally occurring structural 
motifs that are assembled in the form of biological tissues are almost exclusively combinations of these compound classes and 
macro- or nanoscopic material properties are therefore unique but difficult or impossible to mimic synthetically. A holistic 
approach that aims at the design of new active biomaterials for regenerative medicine or theranostics has to take into account 
the complexity of biological systems at the structural level. The results presented here are a contribution to a semi-synthetic 
approach that mimics glycan-peptide structures found in nature that could, when formed into biomaterials, cause defined 
biological responses in cells and tissues. Binding of peptides to polysaccharides and subsequent formation into materials with 
defined porosity, morphology and shape allows for the manufacturing of bio-based materials with unprecedented properties. 
Examples are given for their application in the biomedical field. 

Acknowledgements: This project has received funding from the European Unions Horizon 2020 research and innovation 
program under grant agreement No 665172 
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Hybrid polysaccharide microspheres for biomedical applications 

P. Fardim1,2, P. Trivedi2, K. Gabov2 

1Department of Chemical Engineering, University of Leuven, Leuven, Belgium 
2Laboratory of Fibre and Cellulose Technology, Abo Akademi University, Turku, Finland  

Polysaccharides show various naturally occurring nanostructures that can be isolated from biomass and converted to 
multifunctional biopolymers and tailored bioshapes for advanced biomedical applications. Polysaccharides are a common 
denominator for combining chemical engineering, chemistry, material science, bioscience and medicine to create a completely 
new generation of highly engineered biomaterials with advanced functionality and biocompatibility. Additionally, 
supramolecular engineering of polysaccharide-based biohybrids opens a multitude of opportunities for processing of bioshapes 
with controlled morphology and interfaces. In this work, we present a novel water-based method to disassemble cellulose and 
lignin from wood biomass and further process them into hybrid microspheres using supramolecular engineering. Hybrid 
microspheres of cellulose with synthetic polymers, polysaccharide derivatives, chitosan and hydrotropic lignin were prepared 
and tested for biomedical applications such as hydrogels, antimicrobial agents, systems for drug encapsulation and release and 
scaffolds for tissue engineering. Cellulose based hydrogel beads were prepared by blending with carboxymethylcellulose or 
cellulose sulfate. In both cases, high levels of swelling in water while keeping open pore structure were achieved. Antimicrobial 
cellulose beads were prepared using poly(4-vinyl-N-pentylpyridinium) bromide and hydrotropic lignin and gave excellent 
inhibition of growth for Micrococcus luteus and Staphilococcus aureus, respectively. Pristine and TEMPO oxidized cellulose beads 
were used for encapsulation and release of model drugs leading to amorphous drug materials and controlled release of drugs. 
Cellulose-chitosan beads were applied as scaffold for osteoblast cells and very good cell adhesion was obtained. In conclusion, 
hybrid cellulose microspheres are very promising materials for biomedical applications and our novel method of biomass 
fractionation combined with supramolecular design of hybrids has excellent potential for biorefinery targeting high added value 
biomaterials for health care.  
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KL 14 
Solvents for shaping of cellulose — overview and outlook 

K. Jedvert 

Swerea IVF, Bio-based Fibres, Mölndal, Sweden 

The challenge with dissolution of cellulose have been discussed and studied for a long time, and there are many explanations to 
why cellulose does not dissolve in solvents such as water or common organic solvents.(1,2) The last 10-15 years, this field of 
research has received a renaissance where several new solvent systems have been introduced, and a lot of knowledge has been 
gained. Despite this, no new processes have yet reached commercial success at industrial scale. Thus, some limitations and 
challenges with the new solvent systems and processes still need to be overcome. Different approaches for dissolution of 
cellulose, with emphasis on the use of these solutions for regeneration and shaping into fibers and other materials will be 
presented. Both derivatizing and non-derivatizing solvents, as well as melts and some cellulose intermediates will be discussed; 
examples of solvents that will be described are acids, alkaline systems with additives, ionic liquids and quaternary ammonium 
salts. The presentation will also cover some known procedures, e.g., production of textile fibers and films, as well as give insight 
into some of the more recent and promising systems for dissolution and production of advanced materials from cellulose.(3) The 
overall aim of the presentation is to give an overview of the research area and, discuss advantages and challenges with new 
systems in order to give an outlook into the next generation of cellulose solvents. 

Figure 1: Microscope image of cellulose (cotton) fiber fragments in solution (photo credit: C. Olsson, Swerea IVF) 

References:  
(1) T. Liebert, In: Cellulose Solvents: For Analysis, Shaping and Chemical Modification, Liebert, TF, Heinze, TJ, Edgar, KJ, Eds., 
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(2) C. Olsson, G. Westman, In: Cellulose – Fundamental Aspects, Van de Ven, T, Godbout, L, Eds., Intech: Rijeka, 2013, pp. 
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Functional cellulosic fibers meet textile chain demands 

F. Wendler1, C. Löning2, M. Krieg1, F. Meister1 

1Thuringian Institute of Textile and Plastics Research e.V., Rudolstadt, Germany 
2Smartpolymer GmbH, Rudolstadt, Germany 

 
Cellulosic fibers with an embedded function enhance their outstanding properties compared to commodity fibers derived from 
Lyocell, Viscose or Modal. Whereas different materials like inorganic particles, organic resins, secondary polysaccharides, etc. 
were proven to be distributed inside the cellulose skeleton [1] direct incorporation of lipophilic additives into cellulosic fibers [2] 
exhibits an exceptional challenge. Thermodynamic incompatibility of hydrophilic cellulose and lipophilic oils or waxes has to be 
overcome by composites, which allows permanent incorporation. By means of that, a depot can be realized that release a 
functional agent over a long period. Permanence of ingredients inside hybrid fibers is the key for long-lasting materials in view of 
environmental and economical requirements. With that unique feature these fibers move into areas of high-tech textiles. 
The presented technology gives rise to materials with sufficient robustness against further processing inside the textile chain. 
Here, harsh stages demand enduring fiber material with high durability maintaining all textile-physical parameters. In particular, 
temperatures over certain time periods, pH value or pressure due to mechanical treatment have impact on textile properties 
and the incorporated additional function.  
With special consideration of permethrin and tocopherol as oily lipophilic substances, the anchorage inside cellulose network 
and homogeneously distribution over the whole cross-section is demonstrated. Resistance against selected technical 
parameters during textile processing will be explained. Long-lasting behavior of that regenerated cellulose composite fiber is 
compared to state-of-the-art. 
 
D. Vorbach, E. Taeger, German Patent 19542533, 1995  
A. Kolbe, H. Markwitz, S. Riede, M. Krieg, WO 2009/062657, 2009 
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OP 01 
Dendronized polysaccharides as bioactive coating materials — synthesis and examples of application 

M. Schöbitz1,2, T. Heinze2, F. Meister1 

1TITK, Rudolstadt, Germany 
2Friedrich-Schiller-Universität, Jena, Germany 

Cellulose derivatives are used in a manifold of applications nowadays. They can be divided in two groups – esters and ethers. 
Our interest was to combine modern chemical synthesis with classical cellulose chemistry to prepare versatile new products. 
The starting idea was to increase the density of functional groups of cellulose. Normally there are three hydroxyl groups per 
repeating unit. In order to increase this limit so called dendrons were chosen. Dendrons are regularly branched molecules. Each 
branching leads to the next generation of a dendron. With each generation the molecular weight and the number of functional 
groups grows exponentially. For the purpose of this work polyamidoamine dendrons were chosen, due to their simple 
preparation and the versatility of possible functional groups. The dendrons were attached selectively by using the azide-alkyne 
Huisgen cycloaddition, using azid-group-modified cellulose as reaction partner. In order to improve the water-solubility of the 
dendronized celluloses, carboxymethylation and sulfation of the azidodeoxycellulose was carried out prior to the dendron 
attachement. 
These water-soluble derivatives were spreaded on PET-foils using a reel-to-reel coating machine. By variation of the velocity of 
the wheels and the dosage of the coating solution it was possible to achieve a layer thickness below 100 nm. 
The coated foils were characterized regarding their biological activity, especially their cytotoxicity and cell adhesion properties. 
The cytotoxicity of the coated foils is in the same range as the uncoated material. Also the cell adhesion is not affected by the 
coating with dendronized cellulose. By surface modification of the coated foils with amino acids and amino acid sequences a 
distinct improvement of the cell adhesion was measured. 
Furthermore, the immobilization of enzymes was investigated. Glucose oxidase was immobilized using glutaraldehyde as a linker 
between amino groups of the dendrons on the surface and accessible amino groups of the enzyme. The amount of immobilized 
glucose oxidase was determined by fluorescence spectroscopy, whereas the activity of the enzyme was determined by 
application of the ABTS-test-system. It could be shown that the immobilized glucose oxidase retains up to 25% of the activity of 
unbound enzyme. 
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OP 02 
Cellulose solvents based on triethyloctylammonium chloride and their influence on the acetylation reaction 

C. Achtel1, K. Jedvert1,2, O. El Seoud3, T. Heinze1 

1Friedrich-Schiller-University, Institute of Organic Chemistry and Macromolecular Chemistry, Jena, Germany 
2Sverea IVF, Biobased Materials, Mölndal, Sweden 
3University of São Paulo, Institute of Chemistry, São Paulo, Brazil 

It was demonstrated that solutions of triethyloctylammonium chloride (N2228Cl) in organic solvents, e.g., 
N,N-dimethylacetamide (DMAc) and acetone dissolve cellulose without prior activation of the biopolymer(1,2). More recently, it 
was shown that it is also possible to perform homogeneous cellulose acetylation in these electrolyte/solvent systems (3). 
We are investigating whether solutions of N2228Cl in other organic solvents also enable cellulose dissolution (Figure 1). Hence, 
organic solvents that cause cellulose swelling and show good cellulose dissolution behaviour together with N2228Cl were 
employed for the acetylation of microcrystalline cellulose (MCC). The aim of the study is to examine the influence of the solvent 
mixture on the degree of substitution (DS) when the reactions are performed under the same experimental conditions. 
Additionally, we want to probe the correlation between the DS obtained and medium descriptors, e.g., the solvatochromic 
parameters -empirical polarity, Lewis acidity and basicity- of the electrolyte/solvent mixture. 
 
Figure 1: Dissolution and modification of microcrystalline cellulose 
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OP 03 
Synthesis, reactivity, and properties of allyl ether or amide substituted polysaccharide derivatives 

H. Setälä 

VTT Technical Research Centre of Finland, Organic and Polymer Chemistry, Espoo, Finland 

Chemical modification of polysaccharides such as cellulose can be used to adjust their properties such as solubility, thermo-
mechanical behaviour and/or reactivity. For example, 3-allyloxy-2-hydroxypropyl (A) modified fibres with rather low DSA 0.05 
have been prepared in alkaline water-organic solvent mixtures and shown to improve the solubility, for example, in NaOH/ZnO 
system before regeneration to fibres (Vehviläinen et al. 2015) and in ionic liquid systems. These allylic double bonds can be 
utilized for further modifications of cellulose fibres, for example, to be used in hydrogel applications using grafting techniques 
(Pohjanlehto et al. 2011) or so-called click chemistry (Nurmi et al. 2015) to created novel properties for fibrous cellulose-based 
materials. In our studies, for example, degree of substitutions for allyl modified celluloses were varied typically in the range of 
0.04-1.0. The obtained allylated cellulose samples were used for further modifications using crosslinking or grafting reactions 
with high yields and reaction efficiencies up to 70-90 %. Also we have utilized so-called click chemistry successfully to add some 
thiol group containing substituents such as cysteine via thiol-ene chemistry. We have also modified allyl amide derivatives of 
TEMPO oxidized cellulose nanofibrils with a thermoresponsive poly(N-isopropylacrylamide) (PNIPAM). 

Nurmi, L., Salminen, R., Setälä, H., (2015) Modular modification of xylan with UV-initiated thiol-ene reaction. Carbohydr. Res. 404 
(2015) 63–69. 
Pohjanlehto, H., Setälä, H., Kammiovirta, K., Harlin, A. (2011) The use of N,N-diallylaldardiamides as cross-linkers in xylan 
derivatives-based hydrogels. Carbohydr. Res. 346, 2736-2745. 
Qi, H., Liebert, T., Heinze, T. (2012) Homogenous synthesis of 3-allyloxy-2-hydroxypropyl-cellulose in NaOH/urea aqueous 
system. Cellulose 19, 925–932. 
Vehviläinen, M., Kamppuri, T., Setälä, H., Grönqvist, S., Rissanen, M., Honkanen, M., Nousiainen, P. (2015) Regeneration of fibres 
from alkaline solution containing enzyme-treated 3-allyloxy-2-hydroxypropyl substituted cellulose. Cellulose, 22, 2271-2282. 
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Artificial extracellular matrices for tissue repair based on photo-crosslinkable polysaccharide and glycosaminoglycan 
derivatives 
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Bacterial cellulose/phytochemical's extracts nanocomposites for potential active wound dressings 

N. El-Wakil1, E. Hassan1, M. Hassan1, S. Abd El-Salam2 

1National Research Center, cellulose and paper, Cairo, Egypt 
2Banha University, Botany, Banha, Egypt 

Bacterial Cellulose (BC) is a biomopolymer produced by some bacterial strains. It is a naturally derived hydrogel material which 
has been used recently for dressing production. High porosity and surface area allows the loading and release of biofunctional 
materials. Commercial application of BC is still in its early stages, however a recent study comparing material and labor costs of 
the BC dressing versus the traditional ones show a potential cost reduction when reducing the number of dressing changes (1). 
There is a growing interest among the medical establishments of the phytochemicals extracts and its antibacterial activity (2). 
Ongoing research for better antibacterial compounds shows plant-derived products are gaining lots of potential, e.g. coffee 
beans' extracts exhibited distinguishable antimicrobial activity. Our research is aimed at developing an active cellulosic wound 
dressing for the care of infected wounds via combination of natural biopolymer (bacterial cellulose) and phytochemicals extracts 
(coffee). The antibacterial effect of coffee extracts has been demonstrated, against Gram-negative bacteria E. coli and Gram-
positive bacteria Staph. aureus by disc diffusion method and its minimum inhibitory concentration (MIC) has also been 
determined. In this study, BC produced from Kombucha tea (KBC) (3) with different thicknesses was produced and characterized. 
Morphological characteristics, mechanical, physical and antimicrobial characteristics of the BC immobilized with 1% coffee 
extracts were assessed. The results show that the prepared biomedical nanocomopsites have good antimicrobial activities. It has 
been also established that the biomedical nonocomposites of low thickness do possess high extract uptake, high sorption of 
simulated wound fluids and accepted water vapour transmission ability. All of our data and the research thus far show that 
these cellulosic based nanocomposites have a great potential and very promising component in wound dressing materials for 
infected wounds. 

(1) Schmitz M., Eberlein Th., Andriessen A. (2014). Wound treatment costs comparing a bio-cellulose dressing with moist 
wound healing dressings and conventional dressings. Wound Medicine, (6)11-14. 

(2) Pruthviraj P., Suchita B, Shital K., Shilpa K. (2011). Evaluation of antibacterial activity of caffeine. International Journal 
Research Ayurveda Pharm. (2)1354–7. 

(3) Soheir S. Abd El-Salam (2012). Bacterial Cellulose of Kombucha Mushroom Tea. New York Science Journal, 5(4), 81-87. 
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OP 06 
Bacterial cellulose from apple juice — a polysaccharide based bioadditive for sustainable food packaging 

S. Bandyopadhayy, N. Saha, O. Zandraa, P. Saha 

Tomas Bata University in Zlin., Centre for Polymer System, Zlin, Czech Republic 

Bacterial cellulose (BC) is an extracellular polysaccharide microfibrils produced by bacteria. This microbial nanocellulose 
(C6H10O5)n has versatile applications: reinforcement into medical materials, food and food packaging, drug delivery, 
pharmaceuticals and cosmetics as well as diaphragms for electro-acoustic transducers.Therefore, BC is considered as a precious 
natural biopolymer. On the other hand, it is reported that a substantial amount of apple is being wasted every year (1) despite 
having high nutritive values and carbon content. Moreover, harvesting and wastage of apple are remarkable in Europe as well as 
in the Czech Republic. Hence "Apple Juice (AJ)" was selected as a nutritive medium/alternative substrate (2,3) for BC production 
and emphasis had been given to establish AJ as an inexpensive alternative medium. Fresh AJ was extracted from the whole 
apple and sterilized (121oC,15lb,15min) before use. The experiment was conducted in static state (100 ml AJ in 250 ml bottle 
sealed with perforated parafilm) in a temperature controlled incubator at 28ºC until 60 days. The suspension of Gluconobacter 
xylinum (CCM 3611T) was used as inoculum for BC production. The results are shown in Fig.1. and an image of BC gel mat is 
depicted in Fig. 2, which were collected at 15 days interval, without disturbance of the initial fermentation condition. BC, the 
round soft gel mat is possible to collect until 30 days. It can be seen from Fig.1 that the yield of BC is quite good in Set IV and III 
than Set II and I. It seems pH along with additional supplementary nutrients, act as a deciding factor for BC biosynthesis. BC, 
produced from AJ, can be considered as a cost-effective bioadditive for the preparation of hydrogel based sustainable food 
packaging materials. In conclusion, it can be mentioned that a slight modification of AJ (nutrient medium) can give a steady and 
sustainable quantity of BC. 
 
Figure 1: Effect of incubation period and composition for BC production. 
Figure 2: An image of Bacterial Cellulose (BC) gel mat. 
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OP 07 
Miscanthus for building materials 

T. T. L. Vo1, J. Girones1, E. Di Giuseppe1, E. Gineau2, G. Mouille2, S. Arnoult3, M. Brancourt-Hulmel3, P. Navard1 
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2INRA, Institut Jean-Pierre Bourgin, Versailles, France 
3INRA, UE GCIE, Estrées-Mons, Péronne, France 

Introduction: Miscanthus stems have mainly been used for biofuels or direct combustion for energy. However, it has a good 
potential for applications in the materials areas such as to replace part of mineral aggregates concrete blocks. Using biomass in 
concrete produces a class of materials with low density and thermal conductivity and good acoustic absorption performances. 
Objectives: As for most lignocellulosic biomass included in a cement mixture, the mechanical properties are poor. The purpose 
of this study is to investigate the potential utilisation of miscanthus in cementitious matrix to develop lightweight construction 
materials and to explore solutions for increasing the mechanical properties. 
Materials & methods: To this end, six genotypes of miscanthus were used. Concrete was prepared with Portland cement with 
10-15% by weight of miscanthus (based on dry mass). Concrete blocks (15x15x15 cm3) were formed under vibration and 
compaction. Cement hydration was followed by measuring the electrical conductivity of the suspensions at 25°C wet with 
miscanthus extracts. The 7- and 28- days compressive strengths of the hardenned concrete with respect to the miscanthus 
genotypes were measured. 
Results: The results show that at the similar dry density of ca.1040 kg/m3, miscanthus genotypes has significantly influenced on 
the compressive strength of the obtained concrete with the compressive strength being from 0.3 to 1.7 MPa, depending on 
genotypes. This is too low for being used as load-bearing materials. As seen by electrical conductivity, the miscanthus extract 
modified significantly the cement hydration. The retardation consists of two effects: i) the extension of the induction period and 
ii) the reduction of the hydration rate after the reaction begins. Several methods will be described for improving the mechanical 
properties. 
Conclusion: Among the best ways to increase the strength of concrete, pre-removal of extractives and coating are the most 
efficient. 
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OP 08 
Application of alginate and chitosan hydrogels in drug delivery, waste water treatment, and coating agents. 

B. Erim 

Istanbul Technical University, Chemistry, Istanbul, Turkey 

Alginate and chitosan based materials have gained importance as promising materials in biomedicine, pharmacology, and waste 
water treatment, due to their biocompatible, biodegradable, and non-toxic characteristics. In the present study, examples will 
be given from our studies on alginate beads in drug delivery and waste water treatment, as well as alginate and chitosan films as 
coating materials. 
Novel pH sensitive alginate-clay composite beads have enhanced protein and vitamin encapsulation ratio in beads and improved 
the release rate of drug (1,2). 
We have showed that the cross-linking ion highly affects the removal capacity of alginate bead adsorbents for some toxic ions. 
Barium ion cross-linked alginate beads have shown great affinity to toxic hexavalent chromium ions in aqueous solution, in 
contrast to the traditionally used calcium alginate beads (3). Our results suggest that aluminum alginate beads can be used as 
efficient adsorbents for the removal of fluoride from contaminated water (4). A novel cryogelation-like strategy was developed 
for alginate monthmorillonite composite beads. This process changes the morphology of beads and improves surface area and 
adsorption capacity of alginate beads for dye pollutants (5). 
Antimicrobial additives were included during the preparation of alginate and chitosan films. These films are proposed for 
antibacterial food packaging or wound dressing materials (6). 
 

(1) H.Kaygusuz, F.B.Erim, Reactive and Functional Polymers, 73, 1420-1425, 2013 
(2) H.Kaygusuz, M.Uysal, V. Adımcılar, F.B.Erim, Journal of Bioactive and Competible Polymers, 30,48-56, 2015 
(3) S.Uzaşçı, F.Tezcan, F.B.Erim, International Journal of Environmental Science and Technology, 11,1861-1868,2014 
(4) H. Kaygusuz, S.Uzaşçı, F.B.Erim, Clean-Soil Air Water, 43,724-730,2015 
(5) G.Uyar, H.Kaygusuz, F.B.Erim, Reactive and Functional Polymers, 106, 1-7, 2016 
(6) Zeynep Kalaycıoğlu, EmrahTorlak, Gülşen Akın-Evingür, İlhan Özen, F. Bedia Erim, International Journal of Biological 

Macromolecules, in review, 2017 
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Revalorization of agro-food wastes as potential antioxidant, antimicrobial and polysaccharide sources 
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1University of Alicante, Alicante, Spain 
2KTH Royal Institute of Technology, Stockholm, Sweden 

The generation of agro-food waste and by-products is common throughout the food chain. Due to public environmental 
concerns, climate change and global warming, the transformation of these waste to valuable materials is an emerging trend 
which contributes to the well-known circular economy concept. In fact, the valorisation of agro-food wastes is currently a 
trending research topic and a raising number of results in this area are being reported1. Recently, microwave-assisted extraction 
(MAE) has been successfully used for the extraction of interesting compounds and building blocks, such as polysaccharides and 
bioactive chemicals with antioxidant/antimicrobial activities, showing positive contributions to human health and the 
environment2. The direct addition of different agro-food by-products into bio-polymer matrices for food packaging applications 
as reinforced bio-composite materials have been also reported due to their desirable properties: availability, recyclability, low-
cost, environmental friendliness, no toxicity, lower pollution emissions and energy consumption for their production and 
disposal, biodegradability and mechanical performance. 
In work, the latest innovations in the revalorization of different agro-food wastes as potential antioxidant, antimicrobial and 
polysaccharide sources are reviewed. In this regard, the optimization of MAE procedures to obtain polysaccharide rich natural 
extracts from almond shells (AS) with antioxidant and antimicrobial activities is presented. The direct addition of two agro-food 
by-products, pomegranate (Punica granatum L.) seed and Aloe Vera gel, into different bio-polymer matrices for food packaging 
applications is also reviewed (Figure 1).  

Figure 1. Revalorization of agro-food wastes as potential antioxidant, antimicrobial and polysaccharide sources. 

The obtained results showed the potential of these agro-food residues as natural sources of polysaccharides and bioactive 
compounds and the effectiveness of MAE for their extraction and isolation. Finally, the obtained reinforced formulations were 
found to be competitive compared to pure materials in the marketplace, increasing also the added-value potential of these 
wastes. 

References 
(1) Valdés, A.; Mellinas, A. C.; Ramos, M.; Burgos, N.; Jiménez, A.; Garrigós, M. C. RSC Adv. 2015, 5, 40324-40335. 
(2) Valdés, A.; Vidal, L.; Beltrán, A.; Canals, A.; Garrigós, M. C. J. Agric. Food Chem. 2015, 63, 5395−5402. 
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Viscosity modifiers, paint, food ingredients, and pharmaceutical excipients, these are only a few examples where polysaccharide 
derivatives play an important role. With more than 300,000 tons per year, carboxymethyl cellulose is one of the most important 
anionic cellulose derivatives commercially available. Another anionic cellulose ether is sulfoethyl cellulose. It has found 
applications as cation-exchange material, for encapsulating biocatalysts and as a component of membranes. 
The aim of the present study was the characterization of sulfoethyl cellulose via the sulfoethyl glucose isomers obtained after 
the hydrolysis of cellulose derivative using trifluoroacetic acid. The sulfoethyl glucose were reductively aminated with 4-
aminobenzoic acid. The separation of the derivatives was achieved in a 40/50.2 cm, 50 mm id fused-silica capillary using a 150 
mM boric acid buffer adjusted to pH 9.5 by the addition of 1 M NaOH as background electrolyte. The applied voltage was 28 kV. 
Separations were carried out at 20 °C and detection was accomplished at 292 nm. 
CE-MS studies were conducted using 25 mM ammonia adjusted to pH 6.2 by addition of 10% (v/v) aqueous acetic acid as 
background electrolyte. The applied voltage was 10 kV and the capillary temperature was 15 °C. Generally, separation efficiency 
was lower when using the ammonia-based buffer as compared to the boric acid background electrolyte. 
The relative quantification of various sulfoethyl cellulose samples with regard to the mono-, di- and tri-sulfoethyl glucose were 
accomplished using the boric acid buffer system with UV detection at 292 nm. A sample displayed a degree of substitution (DS) 
of 0.63 ± 0.01 with 43.30 ± 0.38% underivatized glucose, 41.36 ± 0.12% mono-sulfoethyl glucose, 9.58 ± 0.56% di-sulfoethyl 
glucose and 0.30 ± 0.01% tri-sulfoethyl glucose. The DS of the another sample was 1.37 ± 0.01 with 8.72 ± 0.17%, 40.53 ± 0.24%, 
35.35 ± 0.26% and 4.48 ± 0.23% of underivatized, mono-sulfoethyl-, di-sulfoethyl and tri-sulfoethyl glucose, respectively. 
In conclusion, the developed CE assay is a suitable technique for the characterization of sulfoethyl cellulose batches. 
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Introduction: Natural biocompatible polysaccharides – chitosan (CH) and carrageenan (CG) – are renewable raw materials with a 
diverse spectrum of biological activity and physico-chemical properties. They are interesting and promising for the production of 
polyelectrolyte complexes (PEC). 
Objectives: The aim of this study is to investigate the size and ζ-potential of CG:CH PECs, obtained at different ratios of initial 
polymers and with different type of CG. 
Materials and methods: We used κ-, κ/β-, x-, λ-CGs, isolated from red algae of Gigartinaceae and Tichocarpaceae families and 
CH (110 kDa and an AD of 6%) was obtained by alkaline deacetylation of chitin. 
The CG:CH PECs were prepared by mixing solutions of the initial components at the given ratios. The component concentration 
in excess in the complex for all experiments was 0.1 mg/mL. 
The sizes and ζ-potentials of CGs, CH and PECs were determined using a ZetaSizer NanoZS system operating at 633 nm. 
Results: DLS data showed the following results: the soluble PEC with an excess of CH are positively charged particles which are 
formed within the ratios range κ-CG:CH from 0.1:1 to 0.7:1, κ/β-CG and λ-CG:CH to 0.8:1 and x-CG:CH to 0.25:1 w/w. The slight 
difference in the ζ-potential values of PEC with excess of CH suggests that the particles formation occurs by the Schatz"s 
mechanism and formed a so-called "hydrophilic crown". 
Analysis of the PEC obtained with an excess of CG, shows a different nature of the complex particles formation. In this case in 
the range of ratios CH:κ-CG and κ/β-CG from 0.1:1 to 0.5:1, CH:x-CG to 0.25:1 and CH:λ-CG to 0.7:1 w/w polydisperse negatively 
charged particles PEC are formed. The increase of CH in the complexes is accompanied by a decrease in the size of the primary 
particles and the values of ζ-potential. 
Conclusion: According to results the particles in the soluble complexes with an excess of CH can be stabilized unreacted CH 
amine groups, which determine the PEC charge. In this case the positively charged groups of CH are located on the outside of 
PEC particles, as evidenced by a higher value of ζ-potential of the complex compared to the initial CH. 
In the case of PEC with excess of CG we observed the decrease of number of the unbound CG sulfate groups, that leads to the 
formation of negatively charged PEC. 
 
This work was supported by grant RFBR № 16-34-00655. 
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The carrageenan (E407) is a high molar mass sulfated polysaccharide extracted from Rhodophyceae seaweed (red seaweed). It is 
wildly used as textural ingredient in food, personal care, pharmaceutical, and industrial applications. 
From a commercial point of view, carrageenan is split in three groups namely kappa, iota, and lambda carrageenan. Each has 
distinctive functional properties. Kappa is well known to give brittle aqueous gel while iota gives elastic gel and lambda viscous 
solution. 
Although this segmentation is very easy to understand and allows a first approach to discriminate extracts according to their 
properties, it is still a rough model which is not suitable to properly use carrageenan and explain its behavior in depth. 
Furthermore, most of the seaweed used for carrageenan production does not contain only kappa and iota carrageenan as 
homopolymer. It has been already reported that seaweeds contain a mix of carrageenan units (1) which is dependent on the 
seaweed species, location, growing environment, etc… 
The carrageenan regulation reports the use of FTIR spectroscopy to determine the nature of the carrageenan: kappa, iota, or 
lambda. The objective of this presentation is to highlight how this approach only gives partial view of the chemical structure of 
the carrageenan and to emphasize the alternative characterization methods allowing elucidating its fine chemical structure. 
NMR spectroscopy methods (1H NMR and 1H-13C HSQC) and combination of enzymatic/HPLC methods are efficient tools to 
transcribe the complexity of the carrageenan organization (2, 3). 
The notion of carrageenan hybridicity will be introduced since it is a fundamental parameter permitting to deeply understand 
the relationship between the chemical structure and the resulting properties. As an example, the carrageenan structure will 
shed light on the gel properties (gelation kinetics, gelation temperature, and gel strength) determined via dynamic oscillatory 
measurements. 
 

(1) van de Velde F.; Antipova A. S.; Rollema H. S.; Burova T. V.; Grinberg N. V.; Pereira L.; Gilsenan P. M.; Tromp R. H.; 
Rudolphe B.; Grinberg V. Ya. Carbohydrate Research 2005, 340, 1113-1129. 

(2) van de Velde F.; Pereira L.; Rollema H. S. Carbohydrate Research 2004, 339, 2309-2313. 
(3) Guibet M.; Kervarec N.; Génicot S.; Chevolot Y.; Helbert W. Carbohydrate Research 2006, 341, 1859-1869. 
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In this work, the properties of cellulose (CE)/ xyloglucan (XG) biopolymer blends are investigated, taking inspiration from the 
outstanding mechanical properties of plant cell walls. CE and XG were first co-solubilized in an ionic liquid, 1-ethyl-3-
methylimidazolium acetate, in order to blend these biopolymers with a varying CE:XG ratio. The biopolymers were then 
regenerated together using water to produce solid blends in the form of films. Water-soluble XG persisted in the films following 
regeneration in water, indicating an attractive interaction between the CE and XG. The final CE:XG ratio of the blends was close 
to the initial value in solutions, further suggesting that intimate mixing takes place between CE and XG. The resulting CE/XG films 
were found to be free of ionic liquid, transparent and with no evidence of phase separation at the micron scale. The mechanical 
properties of the blend with a CE:XG ratio close to one revealed a synergistic effect for which a maximum in the elongation and 
stress at break was observed in combination with a high elastic modulus. Atomic force microscopy indicates a co-continuous 
nanostructure for this composition. It is proposed that the non-monotonous variation of the mechanical performance of the 
films with XG content is due to this observed nanostructuration. 
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Organic ester derivatives of cellulose (CEs) are industrially important materials and commonly used in various application fields 
such as optical films, fibers, molded plastics, and membranes. For improvement in physical properties of CEs toward their 
further applications, the blending with other polymers can be a significant and facile method. This presentation surveys our 
studies on blends of CEs, mainly cellulose acetate (CA), propionate (CP), and butyrate (CB), with synthetic vinyl polymers. Two 
kinds of vinyl polymers are used as counter component to the CEs; (i) vinyl copolymer containing an N-vinyl pyrrolidone (VP) unit 
and (ii) poly(vinyl alcohol) (PVA). On the basis of thermal analysis, a miscibility map for the respective CE/VP-containing vinyl 
copolymer systems was constructed as a function of the degree of ester substitution (DS) and copolymer composition. We 
summarize four factors contributory to the miscibility attainment of the CE/vinyl copolymer series explored. Attractive and 
repulsive interactivity between the CE and synthetic polymer constituents is quantitatively discussed in terms of specific 
interaction parameters determined by solution viscometry. As for another series of CE/PVA blends, we evaluated the blend 
miscibility as a function of DS of CE and the degree of saponification (Sp) of PVA. It was shown that the miscibility of the CE/PVA 
binary blends was restricted to the situation where extremely abundant hydroxyl groups remain in both CE and PVA 
components. An attempt was also made to compatibilize an immiscible polymer pair of CA and PVA by adding poly(N-vinyl 
pyrrolidone) (PVP) as the third component. The compatibilization of the ternary blend system at the nearly molecular level 
improved the tensile property of the originally immiscible CA/PVA films, to a noticeable extent. 
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Protein adsorption is a key parameter in the development of medical and life science applications such as tissue engineering, 
antifouling materials or biosensors. In these fields of application the replacement of fossil derived materials by biopolymers is 
extremely promising. Biopolymers often exceed fossil derived polymers in terms of properties required for such special usages, 
e.g. biocompatibility, biodegradability. In order to control protein interactions at biopolymer surfaces the influence of phase 
separation in bicomponent thin films is investigated. 
In this contribution, we present the fabrication of micro phase separated blend thin films, composed of cellulose and various 
biopolymers or biopolymer derivatives, such as poly-3-hydroxybutyrate and lignocellulosic esters. Blend thin films were 
prepared in different ratios via spin coating of trimethylsilyl cellulose/biopolymer solutions followed by regeneration with 
hydrochloric acid vapor of trimethylsilyl cellulose to cellulose afterwards. The thin films were examined in terms of thickness, 
surface free energy, surface roughness and morphology. Moreover, the extent of nonspecific protein adsorption was tested by 
multi-parameter surface plasmon resonance spectroscopy for the herein studied films at the example of Bovine Serum Albumin. 
Results give an insight into the deeper understanding of the influence of surface morphology and surface chemistry on triggering 
protein adsorption on bio-based surfaces. 
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Agarose is an interesting biopolymer with many facets. It is a marine bioresource from red algae and renowned for the 
formation of hydrogels that have a high potential for biomedical uses because they are easy to prepare, non-cytotoxic, and 
highly porous. From a chemist"s point of view, agarose is a non-charged polysaccharide with a disaccharide repeating unit and 
four hydroxyl groups that can be chemically modified. Although this approach has the potential to yield a vast variety of novel 
biomaterials, surprisingly little is known about the chemical derivatization of agarose especially by homogeneous phase 
chemistry. 
With the aim to better understand the reactivity of agarose, two different derivatization reactions, namely tosylation and 
sulfation of agarose, were studied comprehensively using dipolar aprotic solvents (with/without LiCl) and ionic liquids as 
reaction media. By homogeneous conversion with tosyl chloride, tosyl agaroses (TOSA) with a degrees of substitution (DS) up to 
1.8 were prepared. It was demonstrated by 1D-/2D-NMR spectroscopy that the products were either non-preferentially 
substituted at G-6/LA-2 (reaction with LiCl) or regioselectively modified at G-6 (reaction without LiCl). TSOA could be used as 
reactive intermediate for the synthesis of novel amino- and azido desoxy-agarose derivatives by nucleophilic displacement 
reaction. 
Sulfated polysaccharides are renowned for their bioactivity. In this context, non-natural agarose sulfates (AS) with tunable DS up 
to 1.3 were prepared as potentially anticoagulant compounds. The AS readily dissolved in water DS > 0.5 and had a uniform 
molecular structure with sulfate groups primarily in G-6 position. 
Homogeneous derivatization of agarose is a promising approach for obtaining innovative biomaterials. As an example, hydrogels 
with azide- (can be further modified by "click chemistry") or sulfate groups (could induce unique interaction with cells and 
tissue) were prepared by thermoreversible gelation of the corresponding agarose derivatives with DS < 0.5. The chemically 
modified hydrogels had similar morphology, mechanical strength, and biocompatibility compared to agarose gels. In future 
studies, these promising materials will be tested in advanced biomedical applications, e.g., bone tissue engineering and wound 
healing. 

Figure 1 
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Introduction: Levan is a high molecular-weight fructose polysaccharide available by a fermentation process. It is currently used 
mainly as auxiliary material in food and cosmetic industry. Although levan is known for its unique properties, rather little has 
been reported about its controlled chemical modification to generate new, functional biomaterials. 
Objectives: Our aim was the introduction of unsaturated functional groups into levan forming photochemically cross-linkable 
macromers. We studied the photocrosslinking reaction of these macromers and their application potential in soft tissue 
regeneration. 
Materials & methods: Levan (average molecular weight: 5.7x106 Da) was prepared in a fermentation process from Bacillus 
subtilus. Cross-linkable levan derivatives were prepared by reacting levan with different reactive methacrylates (methacrylic 
anhydride, glycidyl methacrylate, isocyanatoethyl methacrylate). The obtained macromers were characterized using 
conventional analytical techniques (FT-IR, NMR). Different photoinitiation systems and irradiation conditions were used to study 
hydrogel formation. Application-relevant physical (swelling and mechanical behaviour) and biological (cytocompatibility, in vitro 
degradation) properties of the levan-based materials have been studied. 
Results: A series of macromers possessing methacrylate groups attached to levan by ester, urethane or ether bonds have been 
prepared and characterized. Photopolymerization of these macromers resulted in hydrogels of diverse mechanical and swelling 
properties dependent mainly on the degree of methacrylation and the conditions of photo-crosslinking. The in vitro degradation 
of all hydrogels is relatively slow but they show a good cytocompatibility. 
Conclusion: Levan-based macromers and their cross-linked hydrogel derivatives represent a new class of biopolymer-based 
macromers broadening the range of adjustable materials properties for adhesives and matrices in soft tissue repair. 
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Introduction: Hydrophilic nature, low moisture resistance, high fragility, incompatibility with hydrophobic, non-polar polymers 
significantly limit the application of native starch for industrial uses. Hydrophobisation of starch by esterification has been 
carried out in order to improve its mechanical and processing properties. Lipase-catalysed synthesis of starch esters in ionic 
liquid has been recognised as environmentally friendly method due to lack of by-products and very mild reaction conditions. 
Objectives: The objective of the study was to obtain new polymeric materials, by biocatalysed esterification of potato starch 
with hydrolysed waste oils. 
Materials & methods: Reaction was carried out in two steps. Firstly, the waste oil, such as canola oil or high oleic sunflower oil 
was hydrolysed with a T. lanuginosus lipase in a buffer solution form. Then, hydrolysate was used as donors of the acyl group for 
the esterification of potato starch formerly pregelatinised in an aprotic imidazolium ionic liquid. Esterification was catalysed by 
fungal lipase from T. lanuginosus immobilized on a polymer carrier. Reaction was conducted in the anhydrous conditions. The 
degree of substitution (DS) of esters was determined by the volumetric and elemental analysis methods. Products were 
subjected to FTIR, NMR, XRD and SEM analyses. Moreover, the thermal analysis (DSC/TG) was performed. 
Results: Temperature and heating time had significant effect on DS of esters. The potato starch ester with the highest DS was 
obtained for reaction carried out at mild conditions. FTIR and NMR spectroscopies confirmed esterification. The results of XRD 
and SEM revealed that the crystallinity and morphology of native potato starch were significantly damaged during the formation 
of esters. Moreover, the DSC/TG analysis confirmed a specific change in the thermal stability of the esters in comparison to 
unmodified starch. 
Conclusion: The proposed method of synthesis of starch esters can lead to materials with improved processing properties, as 
well as provides possibility for recycling of waste oils from the food industry. 
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Introduction: Cellulose is a natural polymer of global importance, due to its unique properties. Not only plants are able to 
produce cellulose. Bacteria such as Gluconacetobacter xylinus (G. xylinus) are able to produce cellulose in specific conditions. 
The production yield varies depending on the conditions in which the bacteria is fermented. These conditions include but not 
only the source of monosaccharide used, pH and oxygenation since G. xylinus is a strictly aerobic microorganism. As a result, G. 
xylinus was cultivated using microalage as an oxygen source.  
Objectives:  

 Produce bacterial cellulose by supplying oxygen to the culture medium of bacterial cellulose using microalgae using a 
separated culture approach. 

 Evaluate the production yield of bacterial cellulose without and with oxygen supply from microalgae cultured in a 
separated culture medium. 

Materials & Methods: The ability of Chlorella Vulgaris, to deliver controlled amounts of oxygen to the bacterial fermentation 
medium was evaluated under photoperiod and constant light. In addition, various microalgae concentrations were tested in 
order to obtain specific amounts of oxygen to be delivered to the bacterial cellulose culture medium. Figure 1 reports the 
dispositive used in order to supply oxygen to the culture medium of bacterial cellulose using an external microalgae culture 
medium. 
 
Figure 1 Experimental set-up for the production of bacterial cellulose upon supply of oxygen from an external microalgae culture  
medium. 
 
Results: Figure 2 reports the yield of production of bacterial cellulose with and without the use of an external source of oxygen 
produced by microalgae. A significant increase in the production yield of bacterial cellulose was obtained when the microalgae 
were exposed to constant light and when the oxygen- producing microalgae culture medium was connected from 30 hours and 
up to 6 days of bacterial cellulose culture. In other words, the production yield doubled, from 2.6 ± 0.9 g/L to 5.8 ± 1.4 g/L owing 
to the oxygen supply from the microalgae culture. 
 
Figure 2 Production yield of BC obtained without (control) and with supply of oxygen using microalgae using a separated culture 
medium approach (CS). 
 
Conclusion: The results indicate that by exposing a specific concentration of Chlorella Vulgaris to constant luminosity conditions 
and by using a specific BC culturing time, the production yield of BC can be doubled in comparison to the controls demonstrating 
that the oxygen produced by the microalgae can be used to significantly improve BC production yield. 
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Figure 2 
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An agricultural expansion at sea can generate large amounts of biomass by utilizing native crops that grow without the need for 
arid land, fresh water or fertilization. The fast growing brown algae Saccharina latissima has been cultivated at the Swedish west 
coast (1), a specie rich in the viscous polyelectrolyte alginate, mannitol and the β-glucan laminarin. Since algae lack lignin, the 
algal cellulose is highly accessible and can be extracted without degradation once it is separated from the protein. The 
composition of Saccharina latissima, with many potentially valuable substances, makes it a perfect feed for a bio-refinery. To 
facilitate a more efficient utilization of the harvested biomass, a new liquid conservative process for fractionation was 
developed, with effective multicomponent fractionations in a concentrated solution (2). Destabilization of the alginate based cell 
wall was achieved by removal of structurally important polyvalent cations. A chelating salt operating at neutral pH was used for 
the cation dissolution to enable extraction of the liberated alginate without product degradation. Uronic acid composition and 
molecular weight of the extracted alginate was determined as well as the carbohydrate composition of the laminarin and 
mannitol rich liquid fraction and cellulose rich solid fraction. 
 

(1) www.seafarm.se 
(2) M. Sterner, U. Edlund, Multicomponent fractionation of Saccharina latissima brown algae using chelating salt solutions, 

J. Appl. Phycol. 2016, 28(4), 2561-2574. 
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Many cyanobacteria produce extracellular polymeric substances (EPS) that can remain associated to the cell or be released into 
the environment (RPS). These biopolymers have particular features that contribute to an array of possible biotechnological 
applications. (1) The marine cyanobacterium Cyanothece sp. CCY 0110, is among the most efficient RPS-producers and its 
polymer, with a MW above 1.5 MDa, is composed by 9 monosaccharides, including 2 uronic acids, besides the presence of 
peptides and sulfate groups. (2) 
Heavy metals removal: The overall negative charge of Cyanothece´s RPS confers a high affinity towards metal cations. The 
affinity of various culture fractions for metals commonly found in polluted waters was assessed, using mono- and multi-metal 
systems. (3) 
Interactions between metals and RPS binding sites were evaluated by SEM-EDX, ICP-OES and FTIR. Our results reveled that RPS 
are the most efficient fraction, which represents an advantage to the use of whole cultures and the exposure of the cells to 
metals´ toxic effects. (4) Differences observed in specific metal removal seem to be mainly due to organic functional groups 
available and not to an ion-exchange mechanism. 
Protein delivery vehicle: Cyanothece"s RPS forms a network of heterogeneous amorphous fibers with high MW constituting an 
ideal vehicle for therapeutic drugs delivery. Release kinetics of small molecules and proteins from RPS were evaluated. (5) 
RPS spontaneously assembles with proteins at high concentrations leading to a phase transition with gel-like behavior. The 
proteins were released progressively and structurally intact near physiological conditions, through swelling of the polymer–
protein matrix. The release kinetics could be modulated by the addition of divalent cations. Moreover, the biocompatibility of 
the polymer was assessed using human dermal neonatal fibroblasts. At lower concentrations, the polymer was not toxic to the 
fibroblasts. 
Conclusions: Our data revealed that Cyanothece´s biopolymer is promising to be used in different areas such as bioremediation 
or biomedicine. 
 

(1) Pereira et al 2009 FEMS Microbiol Rev 33:917-941 
(2) Mota et al 2013 Carb Polym 92:1408-1415 
(3) Mota et al 2016 Appl Microbiol Biotechnol 100:7765–7775 
(4) Mota et al 2015 J Proteomics 120:75-94 
(5) Leite et al 2017 Macromol Biosci 17:1600206 

 
Figure 1. Cyanothece sp. CCY 0110 culture (A), cells stained with an EPS specific dye Alcian blue (B) and isolated lyophilized 
polymer (C). 
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Many microorganisms store excess energy when experiencing nitrogen limitation in the form of glycogen, a polymer of alpha,1-> 
4-linked anhydroglucose residues with an occasional alpha,1-> 6 branch linkage. Glycogen is an interesting molecule as it is 
water soluble, forms nanoparticles and can easily be modified to provide specific functional properties. However, large-scale 
production of glycogen is limited and complicated as microbes tend to store it only under specific conditions and enzymatic 
conversion of a suitable sugar source is a multi enzyme process. We found that the extremophilic red microalga Galdieria 
sulphuraria, growing in acidic hot-springs (pH around 2 and approx. 50oC), produces large amounts (up to 50% of the dry 
biomass) of glycogen when growing in the dark on oxygen and glycerol, a waste product of the biodiesel industry. The structure, 
physico-chemical and functional properties of the G. sulphuraria (GS) glycogen and the octenylated derivative were studies in 
detail. 
The GS glycogen was extracted from Galdieria cells grown on 1-5% glycerol by ice-cold ethanol precipitation after the protein 
was removed from the cell extract by heating and TCA precipitation. H-NMR (500 MHz) showed that the GS glycogen has a high 
degree of alpha, 1-> 6 branching of 18-23%, being 2 to 3 times higher than has been found for bacterial glycogens. The side 
chain distribution was analysed by treating the GS glycogens with isoamylase/pullulanase and subsequently running the 
debranched samples on a Dionex HPLC system. The GS glycogen had only small side chains, with the longest having a DP of 11. 
The weight average molecular weight of the GS glycogen was about 2.5 x 105 kDa, as measured by size exclusion 
chromatography combined with a multi-angle laser light scattering and refractrometric index detectors. This is at least one order 
of magnitude lower than microbial glycogens. An octenylated derivative of the GS glycogen was produced and the emulsifying 
properties were analysed in detail, showing that it was as good as other emulsifiers produced from (waxy) starch or 
phytoglycogen. 
This research shows that GS glycogen can be produced from glycerol-grown microalgal cells. It is a highly branched carbohydrate 
nanoparticle that can be used as an alternative to (modified) starch or phytoglycogen in food products or specific medical 
applications.  
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Graft copolymerization of acrylic acid onto starch is an attractive method for the synthesis of performance polymers based on a 
renewable feedstock. These can substitute many of the current applications of polyacrylic acid. Product properties are 
determined by the structure at molecular level, where the size and spacing of the grafts are of great relevance. A systematic 
evaluation of the effect of reaction parameters on the molecular weight and spacing of the grafts in the polyacrylic acid - cassava 
starch - Fenton's grafting system is hitherto unseen in literature. Also, the relation between different graft structures and 
potential applications will be discussed. These are important novel aspects of the present work, which is part of a longer term 
research program on starch grafting at Groningen University. 
Graft polymerizations were run with acrylic acid and gelatinized starch in water, in a batch reactor at 40 C and Fenton's initiator. 
The products were analyzed with NMR to determine the grafting percentage. Grafted starch was hydrolyzed and the molecular 
weights of released grafts were measured by GPC. From these results the graft frequency, a parameter that represents the 
spacing of the grafts along the starch backbone could also be calculated. 
Increasing the monomer to starch molar ratio at the same initiator level leads to higher <MW> of the grafts with similar graft 
frequency (Figure 2). Lower initiator dosage at constant monomer-to-starch molar ratio results in a lower graft frequency, 
meaning more widely spaced grafts that tend to be longer as well. Grafts with a very high molecular weight could be obtained by 
using a dedicated monomer dosage protocol. A product with many relatively short grafts in a dense spacing would give a good 
adsorption capacity for e.g. metal ions, combined with a not too high viscosity. However, when high viscosity is the target like in 
application as thickening agents, a material with long grafted chains is preferable. The results obtained in the present 
investigation do not only give us an improved insight in the grafting reaction (-mechanism), they also offer the prospect of 
preparing materials that can be adapted to fit such, and perhaps other applications. 
 
Figure 1. Graphical abstract of the work 
Figure 2. The effect of the monomer-to-starch molar ratio on the <MW> of polyacrylic acid grafts 

Figure 1 
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Figure 2 
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Synthesis and properties of silyl cellulose derivatives — a potentially new type of adhesives 

A. Schaefer, B. Volkert, K. Hettrich 
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Cellulose and other biopolymers are obtained from plants. Therefore, they are an almost inexhaustible raw material. More and 
more they become a valuable resource due to the change of industrial production chains to more sustainable procedures. In 
many applications cellulose derivatives are already used, such as methyl cellulose (MC) in wallpaper glue. By derivatization the 
properties of cellulose and MC can be varied. It is the aim of this work to make new fields of application accessible, e.g. as 
adhesives for furniture, packaging or wooden parts. 
In this study the hydrophilic/hydrophobic balance of several celluloses and MCs has been adjusted to get water dispersible 
products. These dispersions were tested for their adhesive properties. The hydrophobicity has been increased with 
hexamethyldisilazane giving trimethylsilyl cellulose (TMSC) and trimethylsilyl methyl cellulose (TMSMC), respectively. Applying 
silylated cellulose derivatives directly is not common, yet. They are mainly used as a reaction intermediate but have the 
potential to represent a new type of dispersion adhesives. 
The substitutions of the products have been investigated via 13C-NMR and Raman spectroscopy. As well, the thermal behavior 
has been analyzed. For the use as a dispersion adhesive, 10 wt. % dispersions in water were made using an Ultra Turrax. In the 
beginning the dispersions were inhomogeneous but became gelatinous after some time. After gel formation the paste was 
sticky. An adhesive stress test according to DIN EN 204, 205 was made. 
First results show possible applications in furniture or interior construction in dry rooms with low humidity. 
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Structural characterization of new polysaccharides generated through enzymatic polymerization  

N. Behabtu, J. Londono, L. Clinger, L. Howe, Y. Brun, A. M. Allgeier, C. Rasmussen, C. Lenges, J. Fischer 
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The design of enzymatic polymerization (EP) processes to produce sustainable materials is emerging as industrial priority. 
Polysaccharides manufactured via EP generally display higher purity and less undesired side products from purification 
compared with their naturally derived counterparts. Furthermore, polysaccharides typically vary widely in properties, providing 
virtually a limitless number of structural possibilities. The polysaccharide (1®3)-a-D-glucan, referred to as glucan and produced 
via EP, is being developed for a variety of applications, including paper coating, fibers and composites. We report on basic 
material characteristic of this polymer, including crystalline polymorphs, fractal structure of the colloidal aggregates, water 
absorption properties and linkage composition. We also highlight how these basic material characteristics inform the unique 
applications that such materials enable. 
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Structural formation of xyloglucan by addition of polyphenols 
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Tamarind seed xyloglucan, which is stored in seeds of Tamarindus indica, is used for food additives such as stabilizers, starch 
modifiers, gelling agents, etc., in Japan. Xyloglucan is constructed of a cellulose main chain with xylose or galacto-xylose as a side 
chain. The xyloglucan is a water-soluble polysaccharide by avoiding cellulose-like crystallization due to the steric hindrance of 
side chains. The xyloglucan aqueous solutions can form thermo-reversible gels by addition of polyphenols. In this study these 
were studied at nano-level by means of small angle X-ray scattering method (SAXS). 
SAXS experiment was carried out at SPring-8, synchrotron radiation facility in Japan. Xyloglucan sample was provided from DSP 
Gokyo Food & Chemical Co., Ltd. The xyloglucan and polyphenol samples were solvated in pure water by heating and mixed with 
appropriate ratio. The obtained solutions were stored at refrigerator to make gels for SAXS experiments. 
Some characteristic peaks were appeared in this profile (Kratky plots) by addition of polyphenols, especially very clear for in the 
cases of 3,4-dihydroxybenzoic acid and gallic acid. The chemical structure such as hydroxyl groups and/or carboxyl is contributed 
to the formation of characteristic aggregates in xylogulcan gels. 
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Sodium carboxymethyl cellulose (NaCMC) is an anionic, weak, semiflexible polyelectrolyte, with a wide range of uses in the 
pharmaceutical, food, paper and oil industries.  
Commercial NaCMC grades display heterogeneity in molecular weight (Mw) and degree of substitution (D.S.), which leads to 
complex behavior in solution. The rheological properties of NaCMC solutions depend on polymer and salt concentration, 
molecular weight (Mw), D.S., pH and temperature. Significant questions such as the degree of solubility in water, the structure 
of supra-molecular aggregates or their influence on the rheological behavior of NaCMC solutions remain unanswered (1). 
We employ small angle neutron scattering, static and dynamic light scattering (SLS/DLS) as well as shear and oscillatory rheology 
to probe the conformation and dynamics of NaCMC solutions across a wide range of Mw, D.S., salt and polymer concentrations.  
Highly substituted samples display polyelectrolyte in good solvent behavior (2). The different concentration regimes (dilute, 
semidilute unentangled and semidilute entangled) are identified from the concentration dependence of the viscosity and display 
moderate agreement with scaling predictions (3,4). The correlation length, scales as ~c-1/2 in salt free solution and c-3/4 in high 
salt concentrations. Large aggregates (~100s nm) are identified from an upturn at low wave vectors in the SANS signal and by a 
slow mode in DLS. Filtration removes the aggregates, but has no impact on the solution rheology. 
Less substituted samples display hydrophobic interactions, which lead to increased (~ x 100) viscosities at high concentrations 
compared to hydrophilic grades. The correlation length is identical to that of the more substituted samples, suggesting only a 
small fraction of chains is aggregated. Addition of NaOH leads to decreased hydrophobic interactions due to the solubilisation of 
unsubstituted cellulose blocks. 
 

(1) Kulicke, W. M., Reinhardt, U., Fuller, G. G., & Arendt, O. (1999). Rheol. Acta, 38 (1), 26-33. 
(2) Lopez, C. G., Rogers, S. E., Colby, R. H., Graham, P., & Cabral, J. T. (2015). J. Polym. Sci. Part B, 53(7), 492-501. 
(3) Lopez, C. G., Colby, R. H., Graham, P., & Cabral, J. T. (2017). Macromolecules. 50(1), 332–338. 
(4) Dobrynin, A. V., Colby R. H., & Rubinstein, M. (1995). Macromolecules. 28(6) 1859-1871. 

Figure 1 
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The potential of small angle scattering techniques to investigate the structure and molecular interactions of polysaccharides  

M. Martínez-Sanz, M. J. Fabra, L. G. Gómez-Mascaraque, A. López-Rubio 
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Introduction: Small angle scattering techniques provide information about the size, shape and orientation of components in 
systems that do not need to have long-range or crystalline order. They require minimal sample preparation, avoiding drying 
processes which can strongly affect the native structure of hydrated systems. Although these techniques offer an extremely 
powerful tool to characterise the structure of polysaccharides, their application in this field is still limited due to their specificity 
and the complexity of data manipulation and interpretation. 
Objectives: We present the application of small angle X-ray and neutron scattering (SAXS and SANS) to investigate the structure 
and molecular interactions of polysaccharides in hydrated systems with different practical applications, such as plant cell wall 
(PCW) materials, starch-microalgae biopackaging blends and gelatin-ι-carrageenan encapsulation structures. 
Materials and methods: SAXS and SANS were used in combination with methods such as wide angle X-ray scattering (WAXS), 
differential scanning calorimetry (DSC), spectroscopy and microscopy. 
Results: The characterisation of PCWs by SANS and SAXS and the application of a suitable model to describe the experimental 
data, revealed the multi-phase structure of cellulose, as well as the essential role of water at the different structural levels. 
Furthermore, the presence of matrix polysaccharides during synthesis in model cellulose hydrogels evidenced their distinct 
structural role and interaction mechanism with cellulose.  
The structural changes undergone by starch during gelatinisation were studied by temperature-resolved simultaneous SAXS-
WAXS experiments, combined with DSC characterisation. The incorporation of microalgae, especially Spirulina, had a significant 
impact on the gradual disruption of the crystalline and lamellar structure of starch during gelatinisation. 
The molecular interactions established between gelatin and ι-Carrageenan in the solution state was evidenced by the coacervate 
structure deduced from their SAXS characterisation. 
Conclusion: These results highlight the potential of small angle scattering techniques to provide valuable insights on the 
structure and molecular interactions of polysaccharides in a wide variety of hydrated systems. 

 



63 

Fibres 

OP 32 
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Introduction: Nanocellulose substrates are unique building blocks for the design of functional nanocomposites. Still, the 
hydrophilic nature of cellulose results in poor compatibility with hydrophobic polymer matrices when used as reinforcement in 
composites. This constraint can be circumvented by the physical adsorption of polymer chains to the surface of nanocellulose 
via electrostatic interactions as a detour to covalent grafting (1). 
Objectives: The present study aims to develop composites based on poly(ε-caprolactone) (PCL) and cellulose nanofibrils (CNF) 
modified with latex nanoparticles. The physical adsorption of these amphiphilic latexes on the surface of CNF is studied as an 
ecofriendly strategy to enhance the compatibility of CNF with the hydrophobic PCL matrix. 
Materials & methods: A series of stable latex nanoparticles of poly(N,N-dimethylaminoethyl methacrylate-co-methacrylic acid)-
b-poly(methyl methacrylate), and poly(N,N-dimethylaminoethyl methacrylate-co-methacrylic acid)-b-poly(n-butyl methacrylate) 
were used for the surface modification of CNF via an established procedure (2). The PCL-based composites were prepared by 
compounding PCL with latex modified-CNF in a melting mixer working at 70 °C. 
Results: The ensuing homogeneous PCL-based composites are semicrystalline materials (χc = 74–87%) with good mechanical 
properties (Young"s modulus = 43.6–52.3 MPa), melting temperatures of about 62–65 °C and thermal stability up to 335–340 °C. 
Furthermore, degradation tests showed that the composites slowly degrade in the presence of lipase-type enzyme (Figure 1). 
Figure 1. Schematic illustration of the preparation of PCL/CNF-latex composites and the most relevant results. 
Conclusion: The simple melt-mixing of PCL and latex modified-CNF yielded homogeneous composites with complete 
embedment of the nanofibrils in the PCL matrix, proving that the physical adsorption of latex nanoparticles onto the surface of 
CNF is a good strategy to enhance the compatibility of nanofibrils with hydrophobic polymeric matrices. Moreover, the 
biodegradability of the PCL-based composites together with their attractive properties, open the way to materials with potential 
for eco-friendly packaging. 
 
References 
(1) F.L. Hatton, E. Malmström, A. Carlmark, Eur. Polym. J. 2015, 65, 325. 
(2) J. Engström, F. L. Hatton, L. Wågberg, F. D"Agosto, M. Lansalot, E. Malmström, A. Carlmark, Polym. Chem. 2017, 8, 1061. 
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Carboxymethyl cellulose (CMC) is one of the important soluble cellulose derivatives, which is widely used in various industries. 
Gelatin and shellac are green natural and renewable products. The present work was emphasized to prepare novel green 
composites films based on carboxymethyl cellulose, gelatin and shellac as packaging materials. Three different composites films, 
which the main constitutions are carboxymethyl cellulose, gelatin, shellac and glycerol were prepared by solution casting. 
Method: The first composite film was prepared from different percentages of carboxymethyl cellulose and gelatin while a fixed 
ratio of glycerol (30% to CMC Weight) was added. The second composite film was prepared from different percentages of 
carboxymethyl cellulose and shellac by solution casting, while a fixed ratio of glycerol (30%) was added. The third composites 
films were prepared from shellac, gelatin, carboxymethyl cellulose, and glycerol by solution casting. Results: The different 
percentages of carboxymethyl cellulose and gelatin were added with a fixed ratio of glycerol (30%) and shellac (10%). The effect 
of carboxymethyl cellulose ratio on porosity, tensile strength, elongation, burst strength properties was investigated. The 
prepared films were characterized by IR, SEM, air permeability and TGA. Conclusion: The results showed that higher ratio of 
carboxymethyl cellulose can improve tensile strength, burst strength properties, reduce porosity, and reduce air permeability. 
The mixture containing carboxymethyl cellulose, gelatin did not affect water absorption properties of films. 
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Aerogels based on polysaccharides are bio-based lightweight open porous materials having high specific surface area and 
randomly interconnected nano-felt fibrillar structure typically with meso- (2-50 nm) and macropores (50 nm to 1000 nm). In 
recent years, after modifying physically or chemically, they have attracted great interests in many research fields including drug 
delivery, separation techniques, tissue engineering and catalysis due to their very low toxicity, biodegradability and ease of 
production from natural resources. The physical modifications bring in the structural hierarchy whereas chemical modifications 
enhance its hydrophilic and hydrophobic properties. 
In our studies, the physical properties were modified by a novel method in which an intricate trap of oil droplets in the cellulose-
dissolved molten salt hydrate acts as a structural template assisting the formation of interconnected macroporous structures. 
The change in physical properties was characterized by different analytical methods including X-ray μ-computed tomography, 
mechanical testing and gas permeability. In the resulting products, the variations in physical properties were the size and shape 
of the macropores, the change in surface features of the cell walls and the presence of nanopores in the cell walls. The 
mechanical properties of hierarchically porous cellulose materials were diverged from lightweight soft materials to hard, stiff 
and dense material if the drying technique was changed to freeze drying or ambient drying. 
The chemical modifications were carried out with polysaccharides having chemically reactive functional groups (-NH2). The 
chemical modifications provide aerogel materials with different properties depending upon the functional groups or ions added. 
The aerogels were characterized by NMR, FTIR, powder X-ray diffractometer and mechanical testing. 
These polysaccharide aerogels with versatile properties, after physically or chemically modifying their structures and properties, 
can be used as supporting/template materials in different applications. 
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Today, polyacrylonitrile (PAN) based copolymers are the most important precursors for the manufacture of carbon fibers (CFs). 
However, this precursor has two major drawbacks: Consisting of an entirely petroleum-based polymer, the precursor fiber 
causes more than half of the costs in CF production. Secondly, large amounts of toxic gases are formed during pyrolysis requiring 
an extensive exhaust aftertreatment. Researchers worldwide are investigating alternative precursor types besides PAN. One 
such alternative, which was in fact the first CF precursor to be studied, is cellulose, the most abundant biopolymer on earth. 
Recent developments such as processing from ionic liquids (ILs), open new possibilities in the chemical and physical modification 
of fibers and promote latest research activities on cellulosic precursors for CFs. For example, cellulosic supermicro fibers can be 
spun directly from ILs with the aid of new laser-drilled spinnerets. Cellulose derivatives designed for high yields in carbonization 
can also be synthesized in ILs and spun directly into endless filament fibers ready for carbonization. The precursor fibers in this 
study were manufactured by the IL-based multi-filament dry-wet-spinning technique, which enables for high orientation within 
the fiber structure. Moreover, viscose-type tyre cord has been investigated in this study as a CF precursor. The process of 
carbonization was studied by TGA-IR/MS and carbonization trials were carried out in both, batch and continuous processes. 
Structural properties of the precursor fibers and the resulting CFs were analysed by wide angle X-ray diffraction, Raman 
spectroscopy, scanning electron microscopy; mechanical properties were deterimend via tensile testing. Depending on the 
carbonization agents and functional groups present in the precursor, the amount of carbon-containing gaseous products 
emitted from the fiber during carbonization could be reduced, leading to a significant increase of the carbonization yield. The 
mechanical and structural properties of the CFs differed with the precursor type and the processing conditions (e.g. strain) 
during carbonization. 
 
References: 
(1) J. M. Spörl, A. Ota, S. Son, K. Massonne, F. Hermanutz, M. R. Buchmeiser, Mater. Today Commun. 2016, 7, 1-10. 
(2) E. Frank, D. Ingildeev, L. M. Steudle, J. M. Spörl, M. R. Buchmeiser, Angew. Chem. Int. Ed. 2014, 53, 5262-5298. 

 



67 

Chemistry 

OP 36 
Synthesis and characterization of regioselectively substituted curdlan esters 

C. Y. Chien1, Y. Enomoto-Rogers2, T. Iwata1 

1The University of Tokyo, Graduate school of Agricultural and Life Sciences, Tokyo, Japan 
2National Institute of Advanced Industrial Science and Technology, Structural Materials Research Institute, Nagoya, Japan 

Introduction: Curdlan is polysaccharide consisted of the β (1→3)-glucans and being expected as alternatives to oil-based plastics 
for its high molecular weight. Thermo-properties of curdlan have been successfully improved by esterification and can be 
controlled by ester chain length (1). To further utilize and functionalize curdlan, knowing the relationship between substituted 
position and properties of curdlan is also indispensable. 
Objectives: To clarify the position and properties relationship of curdlan eaters, regioselectively substituted 2,6-di-O-acetyl-4-O-
propionyl-curdlan (CD26Ac4Pr) and 2,4-di-O-acetyl-6-O-propionyl-curdlan (CD24Ac6Pr) were synthesized and analyzed in this 
study. 
Materials & methods: The synthesis of CD26Ac4Pr and CD24Ac6Pr were following Fig. 1. Trityl group was used as protecting 
group of C6 OH group of curdlan. CD26Ac4Pr was obtained by deprotection of CD24Ac6Tr in HBr/CHCl3 via acyl migration. 
CD24Ac6Pr was obtained via repeating deprotection and propionylation of CD24Ac6Tr. 
Results: The product of the propionylated deprotected CD24Ac6Tr in HBr/CHCl3 was confirmed as CD26Ac4Pr by NMR analysis, 
suggesting that C4 acetyl group migrated to C6 position during the deprotection (2). 
By modifying the reaction condition, it was found that 50% of Tr groups of CD24Ac6Tr were removed without acyl migration 
occurring during the deprotection under 4 H in HCl/MeOH. To obtain CD24Ac6Pr, repeating deprotection and propionylation 
were conducted for 6 times. The molecular structure of the final product was confirmed as CD24Ac6Pr by NMR analysis. 
The DSC (Fig. 2) and X-ray diffraction analysis revealed the similar properties between CD24Ac6Pr and CDTAc, and between 
CD26Ac4Pr and CDTPr, suggesting that the properties of curdlan esters are mainly affected by ester on C4 position. 
Conclusion: The synthesis process of CD26Ac4Pr and CD24Ac6Pr were developed and it was found that the C4 ester group 
shows huge affection on the properties of curdlan esters. 
 
Reference 
(1) Marubayashi, H. et al., Carbohydrate Polymers, 103, 427-433 (2014) 
(2) Chien, C-Y. et al., Carbohydrate Polymers, 155, 440-447 (2017) 
 
Figure legends 
Fig. 1. Synthesis process of regioselectively substituted curdlan esters. 
Fig. 2. (a) 1st and (b) 2nd run DSC thermograms of curdlan esters. 

Figure 1 
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Figure 2 
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Introduction: Chitosan, the N-deacetylated derivative of chitin, is a biocompatible, biodegradable and nontoxic natural material, 
with inherent antimicrobial properties imparted by its specific structure and properties. Antibacterial, antifungal and insecticidal 
activity of chitosan has been demonstrated in numerous studies. However, the applicability of chitosan in aqueous solutions is 
limited by its cationic nature in acidic media and the lack of solubility in water and in organic solvents. 
Objectives: In this context, this study focused on the synthesis of novel hydroxyaryl-chitosan derivatives with increased solubility 
and pH-independent bioactive properties. 
Materials & methods: Chitosan, with Mw = 150 kDa, degree of deacetylation > 80% (Nippon Suisan); Laccase (Trametes 
versicolor), 3-(4-hydroxyphenyl) propionic acid, caffeic acid and ferulic acid (Sigma Aldrich). 
Results: Laccase, a multinuclear copper-containing oxidase, that is able to oxidise a wide range of phenolic compounds, was 
used to catalyse the oxidation of phenolic acids to the corresponding quinones, which were further reacting in situ with the 
nucleophilic amino group of the glucosamine building blocks of chitosan, via a Michael addition reaction. Using this approach, 
various phenolic acids, e.g. 3-(4-hydroxyphenyl) propionic acid (HPPA), caffeic acid (CA) and ferulic acid (FA), and low molecular 
weight lignin oligomers (LMW-lignin) were covalently bound to chitosan and hydroxypropyl-chitosan, in acetone/water mixtures 
containing 50% vol. acetone. FT-IR, 1H-NMR and 2D HSQC-NMR confirmed the formation of new chitosan derivatives. The 
synthesis was optimized to obtain products with a higher degree of modification. The hydroxyaryl-chitosan derivatives showed 
strong radical scavenging activity and were able to form hydrogels in water. 
Conclusions: Laccase-mediated grafting of phenolic compounds to chitosan generates novel products with enhanced bioactive 
properties and potential application as antimicrobial and antioxidant agents in food, medical, cosmetic and textile industries. 
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Introduction: For the formation of materials like films, foams or gels from biopolymers, hydroxyalkylation is an important 
reaction. So far this is achieved by using highly toxic epoxides. Cyclic organic carbonates (COCs) are a promising class to 
substitute the former. 
Objectives: Research objectives are two-tiered. Firstly, a facile synthesis for the hydroxyalkylation of xylan using COCs should be 
established. For this PC, a green chemical, was chosen. Secondly, vinyl functionalized biopolymers were prepared via 
hydroxyalkylation using VEC for subsequent gelation. Reactions of xylan-hydroxyl groups with different COCs are displayed in 
scheme 1. 
Materials and Methods: Xylan derivatization by COCs was performed with or without DMSO as solvent and 
diazabicycloundecene (DBU) as catalyst at reaction temperatures of at least 140 °C for decarboxylation. Crosslinking was carried 
out in DMSO using V-601 (Wako Chem.) as radical initiator. Structural analysis was particularly done by NMR and IR 
spectroscopy; rheology was used to monitor gelation. 
Results: Hydroxyalkylation of xylan using PC was successfully done for a wide range of degrees of substitution (DS) with and 
without solvent. Main analysis was carried out by quantitative NMR spectroscopy. Products from both synthesis approaches 
showed same values for the DS at the same reaction conditions, while the growth of the side chain is strongly preferred under 
solvent-free conditions, indicating differences in reactivity. Samples from this synthesis pathway were analyzed in swollen state 
using high resolution magic angle spinning NMR spectroscopy and oscillatory rheology. IR spectroscopy proved decarboxylation 
taking place during the reaction, making the products similar to the ones obtained by epoxides. Functionalization was also 
performed by using VEC to introduce vinyl groups in the material. Crosslinking of xylans in a wide range of DS was started by 
radical initiation in DMSO, using rheology to monitor the process. 
Conclusion: COCs are a promising substance class which can substitute hazardous epoxides. By using COCs with different 
functionalities, tailored derivatives of xylan can be obtained which can subsequently be used to produce sophisticated materials. 
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Scheme 1: Reaction of biopolymers with COCs. 
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The enzymatic polymerization based α-1,3-glucan is a novel biopolymer that is expected to enhance the structural variability of 
the existing polysaccharide derivatives. Its regular structure could be elucidated by applying two-dimensional NMR techniques 
as well as by HPLC after complete depolymerization. It was found that the solubility properties are comparable to those of 
cellulose, i.e., the polymer dissolved in aprotic dipolar solvents upon addition of lithium chloride. Conversion with acylating 
agents yielded glucan esters with partial or complete functionalization of the hydroxyl groups depending on the molar ratio and 
reaction conations. The degree of substitution (DS) was determined by 1H-NMR spectroscopy. The glucan esters were found to 
be soluble in solvents of different polarity depending on their DS. The samples form almost clear gels in solvents like N,N-
dimethyl acetamide, dimethyl sulfoxide, and tetrahydrofuran at room temperature. The gels melt at temperatures above 50°C, 
i.e., they exhibit an upper critical solution temperature (UCST). This process is fully reversible. 

 



72 

Chemistry 

OP 40 
Amino acid substituted dextran based non-viral vectors for gene delivery 

K. Hotzel, M. Zink, D. Fischer, T. Heinze 

Institute of Organic Chemistry and Macromolecular Chemistry, Center of Excellence for Polysaccharide Research, Jena, Germany 

Gene delivery is a promising concept for the treatment of various inherited and acquired diseases. Due to the shortcomings 
concerning safety and transfection of viral as well as non-viral vectors, there is a need for new potential vector systems. While 
synthetic polycations like polyethylenimine (PEI) shows high transfection and high cytotoxity, it is preferable to use biopolymers 
like dextran as backbone of non-viral vectors due to their inherent biocompatibility, non-immunogenicity and non-antigenicity. 
In our approach, cationization has been achieved by the esterification of the N-protected amino acids glycine, β-alanine and L-
lysine with dextran with a molar mass of 60,000 g/mol and subsequent deprotection. The resulting dextran amino acid esters 
have been characterized by means of NMR- and IR-spectroscopy, and elemental analysis. Their properties as non-viral vectors in 
gene delivery have been examined regarding cell viability, protection against DNase I and transfection efficiency. 
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Chitin is one of the most abundant polysaccharides on Earth and it is easily available as a waste material of the shrimp industry. 
Its partially deacetylated derivatives are called chitosans, and especially chitosan oligosaccharides have potential applications in 
agriculture, biomedicine and pharmaceutics due to their interesting bioactivities. These have been shown or proposed to be 
dependent not only on the molecules´ degree of polymerization (DP) and acetylation (DA), but also on their pattern of 
acetylation (PA). One method to produce chitosan oligosaccharides is partial chemical hydrolysis of chitosan, but this leads to ill-
defined mixtures of oligosaccharides varying in DP, DA and PA. The effective production of defined chitosan oligosaccharides is 
important for fundamental research and development of applications. An alternative, more suitable approach is the enzymatic 
depolymerization of chitosan using chitosanases, as the substrate specificities of the enzymes determine the composition of the 
oligomeric products. However, the spectrum of oligosaccharides that can be produced using naturally occurring enzymes is 
rather limited. To overcome this problem and expand the spectrum of specific oligosaccharides available, protein-engineering of 
chitosanases to alter their substrate specificity is a promising option. 
Bacillus sp. MN chitosanase was chosen as target for protein-engineering, and its substrate specificity was characterized via 
quantitative sequencing of chitosan oligosaccharides produced from chitosans with different DA, using LC-MS. We found that 
the enzyme produces oligosaccharides containing two deacetylated units at their reducing ends. After creating two muteins with 
active site substitutions, we found that the muteins had altered substrate specificities and were able to specifically produce 
oligosaccharides containing an acetylated unit at the penultimate position from the reducing end. This approach highlights the 
possibilities to alter the substrate specificity of a chitosanase to enlarge the range of chitosan oligosaccharides with specific 
patterns of acetylation. 
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Several biological polymerization reactions are known in nature and are key for important building blocks for life itself. Examples 
are the polymerization of nucleotides into DNA, amino acids into proteins and sugars into glycans. 
The enzymatic polymerization of glucans and fructans from sucrose, an abundant and fungible substrate, will be discussed in 
more detail. Depending on the enzyme of choice, different biopolymers (size, linkages) can be synthesized. Using this technology 
various biopolymers (poly- and oligosaccharides) can be efficiently synthesized, which if needed can be further tailored 
chemically or enzymatically. 
Two examples will be discussed in more detail. The first example is the enzymatic synthesis of a glucan (glucose polymer) from 
sucrose using a glucansucrase enzyme. The second example is the efficient enzymatic synthesis of inulin (fructose 
oligosaccharides) from sucrose using a fructansucrase enzyme. For both products detailed characterizations will be discussed. 
These examples will demonstrate the promising possibilities of this emerging enzymatic polymerization process. 
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Producers of perishable foodstuffs require sensitive, specific and rapid detection of possible food contaminants, e.g. Salmonella 
enterica. The conventional detection method takes 3-4 days. PCR assays for Salmonella enterica subsp. are available on the 
market, but a pre-enrichment of at least 24 hours is also necessary in order to reliably detect the exciter from 250 ml volume 
(Stomacher bag). As a result, the time advantage of fast PCR diagnostics is negated. 
The immunomagnetic separation for concentrating the pathogens from a large sample volume has so far not been used in food 
diagnostics. On the one hand, the paramagnetic particles used hitherto are very expensive and only affordable for small 
volumes; on the other hand, the particles can only be separated from the fat-containing matrix with difficulty. 
The aim of the work was therefore to develop inexpensive, robust and solid magnetic particles, which enable a selective 
concentration of food-relevant pathogens through. Therefore, the particles were coated with amino cellulose and antibodies 
were immobilized on the surface. Due to the use of ferromagnetic particles, a longer pre-accumulation of the pathogen cannot 
be used to increase the sensitivity before the PCR. Due to their size (> 5 μm) and the magnetic remanence, solid, ferromagnetic 
particles can also be recovered from turbid and very complex, fatty matrices. 
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Properties and structure of high molar mass bio-designed dextrans obtained using enzyme 

A. Rolland-Sabate1,2, P. Faucard2, F. Grimaud3, C. Moulis3, M. Remaud-Siméon3, G. Potocki-Véronèse3, D. Lourdin2 

1INRA, UMR SQPOV, Avignon, France 
2INRA, URBIA, Nantes, France 
3INSA, Laboratoire d’Ingénierie des Systèmes Biologiques et des Procédés, Toulouse, France 

Due to their abundance, low cost and limited carbon footprint, polysaccharide-based materials are an interesting alternative to 
polymers issued from fossil carbon for producing a wide range of materials with plastic and elastomeric properties. In particular 
α-glucans are widely employed in industry for their functional properties, and dextrans synthesized with different 
dextransucrase mutants have shown interesting mechanical properties for potential application in bioplastics, which depend on 
their structure (1). However, their mechanical properties are still insufficient for most non-food uses. A deeper knowledge of the 
structure properties relationships of dextrans is needed in order to explore their potential for applications as bioplastics. With 
this aim, we have carried out the synthesis of a panel of new dextrans with different molar masses and controlled architecture 
(α (1 → 2) and α (1 → 3) branched dextrans) by using a combination of wild-type and engineered α-transglycosylases. Then their 
solubility, macromolecular characteristics, film-forming ability, crystallinity, thermal and mechanical properties were 
investigated. Their macromolecular structure and size were determined by 1HNMR and by asymmetrical flow field flow 
fractionation (AF4) coupled with multi-angle laser light scattering (MALLS). They exhibited branching rates ranging from 0 to 50% 
with average molar masses and radii of gyration ranging from 104 to 109 g.mol-1 and from 10 to 600 nm respectively. Their glass 
transition temperatures ranged between 35 and 57 °C for a water content around 11 %, and some of them had a good film-
forming ability. Mechanical analyses of the films showed that the storage modulus depends on the linkage type and the degree 
of branching whereas the crystallinity of these dextrans is linked to the degree of branching. These results open new 
perspectives for the design of biosourced materials for applications in bioplastics. 
This work is supported by the « Agence Nationale de la Recherche » in France (ANR-14-CE27-0011-01). 
 
References : 
(1) R. Irague, A. Rolland-Sabaté, L. Tarquis, J-L. Doublier, C. Moulis, P. Monsan, M. Remaud-Siméon, G. Potocki-Véronèse, A. 
Buléon, Biomacromolecules, 13 (2012) 187-195 
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Oriented synthesis of different molecular-weight curdlan by coupled fermentation system of agrobacterium sp. ATCC 31749 
and trichoderma harzianum GIM 3.442 

Y. Liang1, L. Zhu2, X. Zhan1 
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2Jiangsu Rayguang Biotech Co. Ltd., Wuxi, China 

Different molecular-weight curdlan has different applications in life science, diary industry and plant defense response. Different 
molecular weight curdlan were generally produced by degradation of curdlan using acid hydrolysis, alkali hydrolysis and enzyme 
hydrolysis. However, serious environmental pollution, requirement of high-quality equipment and preparation of highly purified 
and specific enzyme need to be solved in these methods. In addition, the degradation of curdlan after being extracted from the 
fermentation process is much more difficult than that before extracted. How to directly synthesize different molecular weight 
curdlan in the fermentation process draws much attention. 
This work aims to achieve the oriented synthesis of different molecular weight curdlan by establishing a coupled fermentation 
system of Agrobacterium sp. ATCC 31749 and Trichoderma harzianum GIM 3.442 (AT-CFS). 
The fermentation medium of Agrobacterium sp. ATCC 31749 and Trichoderma harzianum GIM 3.442 were firstly incubated at 
30°C and 200 rpm for 16 h and 18 h, respectively. Then, the thallus of Trichoderma harzianum and 20 g/L rice bran were added 
into the fermentation medium of Agrobacterium sp., and the mixed culture was incubated at 30°C and 200 rpm. The molecular 
weight of curdlan was measured by GPC-MALLS. 
A AT-CFS with rice bran as the optimal nitrogen source was established for producing different molecular weight curdlan. 7.3 
kDa, 2.04 kDa and 3.54 kDa curdlan were separately produced by regulating the initial inoculate ratio of Agrobacterium sp. ATCC 
31749 to Trichoderma harzianum GIM 3.442. The highest production of 7.1 kDa, 2.04 kDa and 3.54 kDa curdlan were 47.9 g/L, 
18.46 g/L and 14.53 g/L, respectively. The results of RT-PCR and SEM indicated that maintaining the balance between the 
protection of curdlan on Agrobacterium sp. ATCC 31749 and the negative effect of curdlan on mass transfer and aerobic 
respiration of Agrobacterium sp. ATCC 31749 is critical for enhancing curdlan production. The structure of different molecular 
weight curdlan from AT-CFS was the same as that from the single Agrobacterium sp. ATCC 31749 fermentation system. 
Different molecular weight curdlan could be successfully produced by the AT-CFS. This study may provide a new strategy for 
controlling the molecular weight of polysaccharide. 
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Introduction: It is well documented in literature that ball milling of cellulose reduces crystallinity, resulting in an increase in 
amorphous content of the material. In this study comparisons have been made of the effect of ball milling on a pure cellulose 
system and a composite cellulosic material from a natural food waste source. Subsequently thermal analysis indicated 
temperature and moisture dependencies of recrystallization for the systems. These analytical test results can then be used to 
determine parameters suited to controlled recrystallization in food processes. 
Objectives: To reduce crystallinity, particle size and molecular weight in a variety of cellulosic materials via mechanical attrition. 
Subsequently, to use selective and non-selective recrystallization techniques to create structures and functionalise these 
materials as a structuring agent in food processes. 
Materials and methods: 
Solka Floc 300FCC cellulose (International Fibre Corporation), Pea plant biomass fibres (William Bradley"s farm, East Yorkshire) 
Ball milling: Planetary Micro Mill Pulverisette 7 (Fritsch GmbH, Germany) 
Wide angle X-ray Diffraction (WAXD): D500 diffractometer (Bruker, UK) 
CP/MAS C13 NMR: AVANCE 600 NMR spectrometer Bruker (Karlsruhe, Germany) 
Particle size analysis: Beckman LS 13 320 Laser diffraction (Beckman Coulter, UK) 
Differential Scanning Calorimetry: Heat flux DSC 823e (Mettler Toledo, UK) 
Light Microscopy: EVOS f1 (AMG, USA) 
Polarised light microscopy: Olympus BX61 (Olympus, USA) 
Rheological measurements: MCR-301 serrated parallel plate geometry (Anton Parr, UK)  
Results: Ball milled cellulosic materials are shown to have <5% crystallinity using WAXD and CP/MAS 13C NMR analysis. Particle 
size and molecular weight are shown to decrease with an increase in milling time. When pure cellulose is equilibrated at 33%RH 
recrystallization occurred between 80 and 100°C, at 75%RH this transition temperature was depressed to between 65 and 80°C 
(see figure 1). The addition of other polysaccharides with stereochemically similar (β 1-4 linked) backbones was also investigated 
as a precursor to the complex system. 
 
Figure 1: DSC curves of ball milled cellulose equilibrated at 33%RH and 75%RH.  
 
The addition of excess water to a ball milled natural composite material provides recrystallization with the ability to alter 
rheological viscoelastic properties. 
Conclusion: Ball milling successfully reduces crystallinity, particle size and molecular weight in both pure cellulosic materials and 
naturally derived biopolymer composites. Both systems have been shown to recrystallize with the addition of water and thermal 
energy. Future work will focus on defining structuring opportunities for the use of these materials as novel functional food 
ingredients.  
 
Figure 1 
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Pectin aerogels — structure-properties correlations and use for drug controlled-release 

S. Groult, T. Budtova 
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Introduction: Aerogels are lightweight materials with outstanding structural properties as pores" high surface area and open 
porosity, suitable for loading active compounds. Using polysaccharides like pectin to produce bio-based aerogels is especially 
attractive due to their biodegradability and biocompatibility, essential for food and biomedical applications. 
Objectives: The goal of our work was to understand the influence of pH conditions, pectin concentration and gelation 
mechanism (physical or calcium-induced) on pectin aerogels" morphology and properties. Their potential as drug delivery 
systems was also evaluated. 
Materials & methods: Low-methylated citrus pectin (methylation degree of 35%) was used. Aerogels were prepared by pectin 
dissolution, gelation (in some cases gelation did not occur) followed by coagulation in ethanol and drying with supercritical CO2. 
Solution gelation was controlled by varying pH, calcium and pectin concentrations. Drugs were loaded in a wet pectin matrix and 
their in vitro release in liquid media was studied by spectrophotometric measurements. 
Results: The influence of preparation conditions on pectin aerogel density, specific surface area and morphology will be 
presented and discussed. For example, pH drastically impacts specific surface area of the pectin aerogels: it is around 350 m²/g 
at pH 2 and can reach 600 m²/g at pH 3.5. Calcium-induced gelation significantly affects aerogel morphology leading to bigger 
pores and a lower density: around 0.05 g/cm3 with calcium compared to 0.10 - 0.15 g/cm3 without it. 
Drug loading and release kinetics depend on the properties both of the pectin aerogel matrix as well as of the drug. 
Conclusion: Pectin aerogels are promising degradable carriers for drug delivery systems. Its morphology and properties can be 
tuned to vary release kinetics. 
 
Acknowledgements:  
Authors are grateful to Cargill for providing pectin. We thank Pierre Ilbizian (PERSEE, Mines ParisTech) for supercritical drying. 
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Refining of agriculture and forestry side streams possess high potentials for novel bio-based materials. Hemicelluloses are group 
of polysaccharides covering up to one third of lignocellulose residues. Xylans and mannans represent the two main groups of 
hemicelluloses. Aerogels are advanced porous materials that have low weight and density, a large surface area, and high 
mechanical strength. They are formed by the removal of liquid from a gel, e.g. evaporation of water from a hydrogel. Aerogels 
with the tailored porosity, morphology and carefully designed surface properties are potential future materials with diversified 
application prospective, especially in the life science field. We have recently developed methods for aerogel preparation from 
different mannans and xylans. Specific oxidation techniques were applied to create carbonyl functionalities, which induce 
hemiacetal crosslinks between the hemicelluloses resulting in hydrogel formation. Galactose oxidase catalyzes oxidation of the 
primary hydroxyl group in galactosyl residues of polysaccharides to a corresponding aldehyde. Lightweight and stiff aerogels 
with high water absorption capacity were obtained from galactomannan (1). Stiffness of aerogels could be further increased by 
the addition of nanofibrillated cellulose (NFC) (2). Oxidation applying TEMPO / laccase system was used to create functional 
aldehydes to arabinoxylans. Laccase enzyme can regenerate TEMPO, which selectively oxidases primary hydroxyl groups of 
carbohydrates. Arabinoxylan-based aerogels showed high mechanical strength and interesting morphology. Wood-derived 
xylans and mannans have rather low molar mass and thus do not as such form suitable hydrogels for aerogel preparation. 
Addition of NFC enabled aerogel preparation of wood hemicelluloses. Further crosslinking with ammonium zirconium carbonate 
resulted in formation of material with reversible sponge capacity (3). Tannic acid was studied as a natural crosslinker of xylan 
and NFC to obtain all bio-based aerogels. Potential methods for making hemicellulose-based aerogels, and their properties will 
be further discussed in the present paper. 

Funding from the Academy of Finland to the AEROWOOD project (WoodWisdom-Net+ Program) is acknowledged. 

(1) Mikkonen et al. RSC Adv. 4 (2014) 11884; [2] Ghafar et al. Eur. Polym. J. 71 (2015) 171; [3] Alakalhunmaa et al. Cellulose 
23 (2016) 3221 
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Industrial use of wood is currently focused on cellulose, although it comprises less than half of the weight of wood. Slightly less 
than third of wood is lignin, and another third is composed of hemicelluloses. The main hemicelluloses in softwoods are 
galactoglucomannans (GGM) - "spruce gum", while those in hardwoods are predominantly glucuronoxylans (GX) - "birch gum". 
Wood hemicelluloses are not currently exploited industrially, because methods for their isolation in an economically feasible 
way were previously lacking. More than ten years' intensive research has resulted in a breakthrough: Hemicelluloses can be 
isolated from wood pulp, chips, or saw meal by hot water. A new Finnish invention uses vacuum to enhance the separation. If 
the new technologies are applied in modern biorefineries, spruce gum and birch gum – up to date unexploited materials – will 
be abundantly available. 
In the present study, aqueous GGM and GX were used as the continuous phase of rapeseed oil-in-water emulsions. The oil 
droplet size distribution was followed during storage and the morphology of emulsions was investigated by optical microscopy. 
The partitioning of GGM and GX between the continuous phase and the oil-water interface was investigated after separating the 
emulsions' phases by centrifugation. The visual appearance of the emulsions as well as the droplet size distribution over storage 
revealed that GGM and GX greatly enhanced the emulsion formation and efficiently stabilized them against physical breakdown. 
The physical emulsion stabilization mechanisms of wood hemicelluloses are suggested as steric repulsion assisted by Pickering-
type stabilization. Furthermore, the oxidative stability of emulsions was evaluated as the formation of hydroperoxides, volatile 
oxidation products, and polymerized lipids. The free and bound phenolic residues associated with hemicelluloses were 
determined to explain the differences in the oxidation pathways of emulsions stabilized with GGM and GX. Wood hemicelluloses 
showed an exceptional capacity to inhibit lipid oxidation and act as a multifunctional stabilizers, enhancing both the physical and 
oxidative stability of emulsions. Wood hemicelluloses have potential as highly promising future bioproducts for versatile 
industrial applications involving colloidal systems and soft materials. 
 
Acknowledgements: We thank the Academy of Finland and Jane and Aatos Erkko Foundation for financial support. 
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Hydroxypropyl cellulose (HPC) exhibits excellent solubility in many organic solvents and hence, offers the possibility to carry out 
a large number of different homogeneous polymeranalogous reactions in order to yield a wide range of functional polymers. 
(1,2) In this contribution, we present novel studies using hydroxypropyl cellulose polymers and its derivatives as coating 
materials to tailor surface-properties of materials, as well as for the preparation of cross-linked, free-standing films. In a first 
step, we synthesized several HPC Esters, ranging from lauric to stearic acid esters and DS values between 0.5 and 3. Esters 
prepared from single fatty acids show distinct melting points, if high DS values are established (DS 3). The latter can be 
attributed to side chain crystallization of the fatty acid chains. In a next step, mixed HPC-esters were prepared, which among 
fatty acid esters further contained reactive groups that e.g. can be used for photo-crosslinking of the macromolecules. We show 
that such mixed HPC esters can be used to obtain chemically and thermally stable cross-linked, free standing films. If HPC-esters 
are being coated onto a solid support, water contact angle can be varied from 56 degree at DS 0 up to 120 degree for HPC-
stearic ester at DS 3. An interesting situation occurs, if the HPC ester polymers are first (nano)precipitated to form small colloids 
with diameters of about 80-300 nm and such colloids are being spray-coated onto the solid substrate. In this case, water contact 
angles above 153° and 159° were observed, with very low CA hysteresis. This suggests a Cassie state of wetting of water on such 
superhydrophobic layers. Interestingly, applying a thermal stimulus with less than 1 mJ/mm² of energetic impact, the particles 
melt and a wetting behavior similar to the bulk material is observed. The latter findings on the thermal response of 
hydroxypropyl cellulose materials, are similar to the thermal switching of cellulose-based colloids studied in previous work. (3) 

(1) R. P. Wool, X. S. Sun, Bio-Based Polymers and Composites, London, Elsevier Academic Press, 2005, p. 7 
(2) T. Heinze, et al., Solvents applied in the field of cellulose chemistry - a mini review, Polímero 2005, 15(2) 84-90 
(3) A. Geißler, et al.," Thermo-responsive superhydrophobic paper using nanostructured cellulose stearoyl ester" Cellulose 

2014, 10(3) 283–296 
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A new polysaccharide, alpha-1.3-glycosidic linked glucan, has been under development using an enzymatic polymerization 
process. The process allows for control of linkage type, polymer molecular weight and molecular weight distribution and hence 
can be adjusted to target various technical applications. The same parameters also affect solubility in various organic or 
inorganic solvents. Rheological properties to generate viscose or elastic behavior in the dissolved state have been investigated. 
Polysaccharide dissolution in this range of solvents for fiber shaping was investigated.  
It is the objective of the lecture to introduce results of first dissolution and dry-jet wet or wet shaping studies using direct 
dissolving agents like caustic soda, ionic liquids or dipolar aprotic solvents. Furthermore, the paper would like to present the 
visco-elastic dope properties and rheometric behavior, when dopes are mechanical stressed. 
 



84 

Analytics 

OP 52 
Сhitosan-lipopolysaccharide complexes — supramolecular structure and biological activity 

V. Davydova1, A. V. Volod’ko1, E. V. Sokolova1, G. N. Lichatskaya1, N. P. Shapkin2, I. M. Yermak1 

1G.B. Elyakov Pacific Institute of Bioorganic Chemistry , Far Eastern Branch, Russian Academy of Sciences, Vladivostok, Russian Federation 
2Far Eastern Federal University, Vladivostok, Russian Federation 

Introduction: Chitosan (Ch) is a widely known non-toxic polysaccharide, with a variety range of physiological activities. The 
ability of Ch to form specific complexes with polyanions opens up broad opportunities for its application. We have demonstrated 
that Ch had an ability to form complexes with endotoxins and modulate their biological activity. Endotoxins (lipopolysaccharides 
- LPS), are the major component of cell walls of gram-negative bacteria. The penetration of LPS into the macroorganism often 
leads to extremely serious problems. Endotoxins also being presented in environments that creates difficulties for the food and 
pharmaceutical industries. Development of highly efficient sorbents (e.g. Ch-based) for clearing of biological fluids from 
endotoxins is of great important. 
Objectives: We’d like to study the supramolecular structure of complexes of endotoxins with Ch to find a correlation between 
their structure and biological activity. Also we offer the way of develop Ch-based composites application for removing LPS from 
solutions. 
Materials & methods: Escherichia coli O55 LPS (E-LPS) and Yersinia pseudotuberculosis B598 LPS (Y-LPS), Ch with molecular 
weight 110 kDa (Ch-110) and 5 kDa (Ch-5) and their complexes was characterized by dynamic light scattering and atomic force 
microscopy; 3D-structures of the complexes - by the experiments in silico; biological activities - by flow cytometry; sorption 
efficiency of Ch-based sorbents - by HPLC and LAL-test. 
Results: The transformation of supramolecular structure of E-LPS after binding with Ch was detected. In silico analysis of the 
complexes showed that Ch can bind both monomers and aggregates of LPS. The decreasing TLR-4 expression in human cells 
stimulated by E-LPS-Ch-110 in comparison with E-LPS was found. The enhancement of the sorption efficiency of chitosan-
modified zeolites for LPS in comparison with zeolite was shown. 
Conclusion: Transformation in supramolecular structure of LPS after binding with Ch has a good correlation with the 
modification on biological activity of endotoxins in the complexes. Ch deposited on zeolite preserves the ability to bind LPS and 
can apply for endotoxin removal from solutions. 
 
This work was supported financially by the Program of Fundamental Research FEB RAS "Far East" project № 15-I-5-019. 
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Most of polysaccharide-based hydrogels spontaneously release fluid called syneresis (1). This presentation will demonstrate how 
strain caused by the gels own weight play a part in the release amount ensuing that the compliance of these gels, under 
rheological testing, could induce syneresis in some extent. However, this rheological behavior of fluid release from gels is not 
sufficiently investigated in the literature. Most of the times only shrinkage is reported as the mechanism by which fluid is 
released2. The interaction between the strain and shrinkage in the release phenomenon will be addressed in this presentation. 
This topic is of high complexity when one wishes to rationalize the syneresis with the gel structure and elasticity (2, 3). The 
polysaccharide and salt concentrations have been found to affect differently the syneresis kinetic particularly if the gels are 
submitted to mechanical stress (4). These two ingredients are used to design product textures and stability. 

References: 
(1) Mao, R.; Tang, J.; Swanson, B. G. (2001). Water holding capacity and microstructure of gellan gels. Carbohydrate 

Polymers, 46, 365-371. 
(2) Lucey, J. A.; van Vliet, T.; Grolle, K.; Geurts, T.; Walstra, P. (1997). Properties of acid casein gels made by acidification 

with GDL. 2. syneresis, permeability and microstructural properties. International Dairy Journal, 7, 389-397. 
(3) Ako, K. (2015). Influence of elasticity on the syneresis properties of kappa-carrageenan gels. Carbohydrate Polymers, 

115, 408-414. 
(4)  Ako, K. (2017). Yield study and release property of polysaccharide-based physical gels. International Journal of 

Biological Macromolecules, Submitted  
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Figure 2 
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3Friedrich Schiller University of Jena, Institute of Organic and Macromolecular Chemistry, Jena, Germany 

Cellulose carboxylate/tosylate mixed esters (Cel-Carboxy/Ts) carry strongly dipolar groups (-C=O and –S=O) and the polarizable 
phenyl moiety. It is expected that the degree of substitution (DS) of each moiety influence their properties and interactions with 
substrates, e.g. biomacromolecules. We synthesized three series of Cel-Carboxy/Ts esters (acetate, butanoate and hexanoate), 
(1) and investigated the dependence on DSCarboxy of their physicochemical properties, and dye adsorption capacity. 
Cel-Carboxy/Ts compounds have two temperatures of thermal degradation (TDecomp), starting at ca. 180 ºC and 220 ºC and are 
related, respectively, to loss of the carboxylic and tosylate group. An exponential dependence of TDecomp on DSCarboxy was 
observed for the first decomposition of the three ester series. 
The dependence of microscopy polarity (ET(33)), Lewis acidity (SA) and Lewis basicity (SB) of Cel-Carboxy/Ts films were 
determined using perichromic probes, see parts A, C, and D of Fig. 1. ET(33) and SA decrease linearly as a function of increasing 
DSCarboxy, a result consistent with the substitution of a strongly dipolar protic group (-OH) by less dipolar aprotic counterpart, -
C=O. SB shows a second order dependence on DSCarboxy, with a minimum around DSCarboxy 1.0. The surface hydrophobicity of Cel-
Carboxy films was estimated from their contact angle (θ) with water, Fig. 1B. For the three Cel-Carboxy/Ts series, value of θ 
increase with DSCarboxy and the order of surface hydrophobicity is: hexanoate > butanoate > acetate, in agreement with the 
hydrophobicity of the acyl moieties. 
The influence of DSCarboxy on dye adsorption capacity of Cel-Carboxy/Ts microspheres was tested using methylene blue (MB, 
affinity to –C=O) and sudan IV (SUD, oil soluble); dye = 1 wt % of ester. For the same ester series, the removal efficiency of both 
dyes increase with DSCarboxy. The same trend was observed with increasing aliphatic chain length of carboxylate group (Fig.2). 
These results agree with the above-mentioned surface properties of the films. 
We thank FIPT (PDCE program), FAPESP (2014/22136-4), CNPq (307022/2014-5) for support. 
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(1) FERREIRA, D.C.; BASTOS, G.S.; PFEIFER, A.; HEINZE, T.; EL SEOUD, O.A. Carbohyd. Polym., 2016, 152, 79-86. 
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Cellulose nanofibers have gathered much attention in the development of eco-friendly materials having unique three-
dimensional (3D) structures. Many methods have been applied to fabricate 3D hierarchical structures in industries; however, 
those methods mostly require high temperature and inorganic solvents. The emulsion, which does not require high energy, is 
considered as a soft template for 3D-fabrication of materials. In particular, Pickering emulsion can only be stabilized with 
amphiphilic substances. 
The aqueous counter collision (ACC) method developed by Kondo et al (1) allows cleaving interfacial interactions among 
cellulose molecules using dual high-speed water jets to provide cellulose nanofibers (=ACC-nanocellulose). This ACC also 
allows to expose the inherent hydrophobic sites without any chemical modification. Recently Tsuboi et al 2) stabilized the 
Pickering emulsion by using bamboo ACC-nanocellulose. In this system, ACC-nanocellulose acted as an amphiphilic surfactant 
which was able to decrease the interfacial tension between each droplet. 
In the present study, using bamboo ACC-nanocellulose emulsion, attempts to fabricate 3D hierarchical structures, such as 
aerogel, hollow particles, and honeycomb films. The oil in water Pickering emulsion was prepared by using cyclohexane (oil 
phase) and ACC-nanocellulose aqueous dispersion (water phase). The oil droplet size varied in the range of 50-300 μm 
depending on ACC-nanocellulose concentration. The aerogel was successfully prepared by freeze-drying. According to FE-SEM 
images, aerogel had hollow spaces which could absorb nonpolar solvents 100 times more than its original weight. Furthermore, 
hollow particles were obtained by dispersing the particles in water. In the FE-SEM images, particles were fully covered with ACC-
nanocellulose and the porous surface was observed. Honeycomb films which showed a lotus effect, were also successfully 
prepared by slow evaporation of Pickering emulsion and height of each pore was 1-2 μm. 
It is expected that this research will propose a sustainable bottom-up method for designing of functional materials with desired 
hydrophobic micro spaces. 
 
(1) T. Kondo, et al., US Patent No.7,357,339 (2005) 2- K. Tsuboi, et al., Nord.Pulp Pap. Res.J,29:69-76 (2014) 
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Aerogels made of renewable materials constitute an interesting class of adsorbents because they present a combination of 
sustainability, low density, large surface area and resilience. Hydroxypropyl methylcellulose (HPMC) belongs to a cellulose ethers 
family, whose hydrophobic/hydrophilic character can be controlled by the degree of substitution (DS) of methyl groups and 
molar substitution (MS) of hydroxypropyl groups in the cellulose chains. In the present work, aerogels were prepared with two 
commercial HPMC samples J5MS (DS 1.5 MS 0.75) and E4M (DS 1.9 MS 0,25), in the presence of two types of cellulose 
nanocrystals (CNC) and a crosslinker, by slow freeze-drying. Oxalic, terephthalic and citric acids were tested as crosslinkers. 
Oxalic (oxa) and terephthalic (ter) acids are hydrophilic and hydrophobic diprotic acids, respectively, and citric (cit) acid is a 
triprotic hydrophilic acid. CNC were produced by acid hydrolysis with either HCl or H2SO4, resulting in CNC with low and high 
charge density, respectively. The present study investigated the effect of the chemical nature of crosslinkers and CNC on the 
properties of the resulting HPMC aerogels. The contact angle and mechanical properties of aerogels were determined by the 
Washburn method and compressive tests, respectively. The efficiency of HPMC aerogels to remove 17-ethinyl estradiol (EE), an 
environmental estrogenic contaminant and methylene blue (MB), a dye, from contaminated water was evaluated. Aerogels 
prepared with ter were unstable due to its low solubility in water, while those prepared with oxa and cit resisted in medium pH 
ranging from 0 to 9. All aerogels presented porosity of 98%, apparent density ranging from (0.018 ± 0.002) g/cm3 to (0.023 ± 
0.003) g/cm3. The compressive moduli of HPMC ranged from (111 ± 9) kPa to (133 ± 11) kPa; they increased 20% when 
reinforced with CNC-H2SO4 (5 wt%), larger contents did not change it, and CNC-HCl did not promote any significant increase in 
the compressive moduli. The contact angle with water amounted to (64 ± 5)o and (84 ± 2)o for HPMC J5MS and E4M aerogels, 
respectively, and they did not change considerably for reinforced aerogels, indicating that CNC are probably buried inside the 
aerogels walls. J5MS-cit and E4M-cit. J5MS-oxa and E4M-cit presented the best efficiencies for EE and MB adsorption, 
respectively. 
 
Figure 1 
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Introduction: Cellulose aerogels are highly porous materials with low density (0.05 – 0.02 g/cm3) and high specific surface area 
(100 – 500 m2/g). They can be made via dissolution-coagulation route. Cellulose aerogels can be used as matrices for bio-
medical and pharmacological applications and for electro-chemical when pyrolysed. 
Objectives: We use new, all cellulose composite based approach to make cellulose aerogels. We produce porous all-cellulose 
composites via two drying methods: supercritical (sc) CO2 and freeze-drying. The influence of the concentration of reinforcing 
fibers and drying method on aerogel morphology, density and mechanical properties is analysed and compared with aerogels 
from "simple" dissolution-coagulation route. 
Materials & Methods: Three degrees of polymerization (DP 1100, 550 and 220) of dissolving pulp were used for making the 
matrix by dissolution in aqueous NaOH. Reinforcement was softwood kraft pulp (DP 2550), which was added to the matrix 
solution. Samples were gelled and coagulated in water. 
Prior to sc CO2 drying, samples were solvent-exchanged from water to ethanol. Freeze-dried samples were frozen in liquid N2 
directly after coagulation and washing in water. 
Results: First, we studied the degree of dissolution of pulp in NaOH-water as a function of DP to take into account the amount of 
non-dissolved fibers. For example, we show that 80% of pulp of DP 1100 remains undissolved. The density of aerogels varied 
from 0.08 to 0.23 g/cm3: it increased with the amount of reinforcing fibers and was lower for freeze-dried samples. Specific 
surface area obtained with N2 adsorption and BET method decreased from 330 to 150 m2/g with the increase of the reinforcing 
fibers" concentration. The latter do not contribute to the mesoporous structure of aerogels. The mechanical properties of 
aerogels were correlated with the drying method and reinforcing fiber content. 
Conclusion: Aerogels based on all-cellulose composites were successfully produced and characterized. Density, morphology and 
mechanical properties can be tuned by varying drying method and concentration of the reinforcing fibers. 
 
Acknowledgements: The work was performed in the frame of "All-Cell" project funded by TEKES, Stora Enso and UPM. We thank 
Pierre Ilbizian (PERSEE, Mines Paristech) for sc drying. 
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Films can be produced by different edible materials such as: polysaccharides, protein, and lipids, with the possible addition of 
plasticizers and/or surfactants. Their performance is directly related with the material composition and the environmental 
conditions. Alginate films have been extensively studied, nevertheless their use in the production of edible films ask for the fully 
understanding of the effect of their main characteristics on the films final properties. 
This work aims to characterize alginate-based films (10 g/L), with different ratios of mannuronic (M) and guluronic (G) acids and 
cross linking with different concentrations of CaCl2 (0 to 15 g/L). Two commercial alginates, the CR 8223 (M/G ratio of 65/35 and 
a molecular weight of 300 kDa) and Manugel (M/G ratio of 30/70 and a molecular weight <200 kDa), were used. Mechanical 
properties (tensile strength and elongation-at-break), opacity, water sensitivity (moisture content, solubility, isothermic 
adsorption and contact angle) were evaluated for each type of alginate-based films. Chemical interactions were studied using 
Fourier Transform Infrared Spectroscopy (FTIR) to evaluate the possible changes in chemical structures of the different alginate-
based films. 
Results showed that the crosslinking has a significant effect on alginate structure and properties, decreasing moisture content of 
films from 41.40 % and 37.29 %, in non crosslinked films, to 20.73 % and 21.78 % in films crosslinked with 1.5 % of CaCl2for CR 
8223 and Manugel, respectively. Another observed effect was in mechanical properties, where the crosslinking increased the 
films tensile strength, from 9.28 to 38.74 MPa for CR 8223 alginate and from 3.72 to 26.43 MPa for Manugel alginate. The 
crosslinking also allows a decrease of the films solubility and an increase of their swelling index. Results showed that the M/G 
ratio and molecular weight highly influenced the main properties of the films where the higher amount of mannuronic acid in 
relation to the guluronic acid leads to stronger and less soluble films. 
In conclusion, results showed that the use of alginates with different M/G ratio and their crosslinking with CaCl2 can be used to 
produce films with different properties and thus several applications can be foreseeing. 
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Cellulose fibers are an attractive, yet elusive, reinforcing material for thermoplastics due to their high strength, low cost and 
abundant availability. However, cellulose as a hydrophilic material has an inherent incompatibility with a hydrophobic polymer 
matrix. Aggregation within the composite leads to inferior mechanical properties. We combine the use of a compatabilizing 
agent; the amphiphilic copolymer poly(ethylene-ran-acrylic acid), and a gelled cellulose system in order to form thermoplastic 
composites with improved mechanical properties. The system promotes the dispersion and optimizes the strength of the 
interfacial bonding between the filler and the matrix. 
We report a route for manufacturing micro-fibrillated cellulose (MFC) reinforced composites of poly(ethylene-ran-acrylic acid) 
(EAA) using water assisted mixing. We have studied the mechanical properties of the resulting composite as a function of the 
number of network points in the cellulose network. In the method MFC is mixed with a micellar suspension of EAA in water. The 
MFC concentration in the suspension is held above the onset of gelling. Hence EAA micelles are kinetically trapped within the 
continuous fiber network. This phenomenon is visualized using diffusion NMR spectroscopy. Micrographs of the composites 
show the MFC to be well dispersed within the matrix. Dynamic Mechanical Analysis of composites containing 10wt% cellulose 
shows an increase in mechanical stiffness compared to the neat matrix, which correlates to the number of network points within 
the composite.  
In summary; EAA-MFC composites of increased strength and stiffness compared to the neat matrix were prepared using water 
assisted mixing while controlling the MFC concentration. The mechanical properties of the composite can tentatively be fine-
tuned by careful control of the number of network points in the initial aqueous suspension. 
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The plasmachemical technologies could be a promising alternative to the time-consuming and environmentally hazardous 
chemical hydrolysis to produce water-soluble low molecular weight oligosaccharides (LMWO) from cellulose, chitin and 
chitosan. The novel approach to the controllable polysaccharides destruction based on the non-equilibrium low temperature 
Electron Beam Plasma (EBP) treatment is considered in present paper. 
The aims of the study were: 

 To experimentally prove the possibility of the EBP-stimulated hydrolysis of native polysaccharides and LMWO 
formation. 

 To obtain the high yield of the LMWO by optimizing the treatment conditions. 
Microcrystalline cellulose (molecular weight 1000 kDa, polymerization degree 170), crab shell chitin (Mν = 1000 kDa) and 
chitosans (Mν = 200-500 kDa deacetylation degree 85%, polydispersion index 1.5-2.5), were used as the original substances. 
The EBP was generated by injecting an electron beam into a gaseous media (oxygen, water vapor, argon, nitrogen or methane at 
pressure about 103 Pa). The polysaccharides powders were treated in a special mixer inside which the EBP was excited. To 
prevent the polysaccharides from the thermal destruction the powder particles temperature did not exceed 70 °C during the 
treatment process. 
The polymerization degree of the microcrystalline cellulose decreased more than twice after the EBP-treatment in the oxygen 
EBP for 5 min. After treatment in the same EBP for 1-4 min chitin and chitosans formed a number of LMWO with Mw ~ 600-800 
Da and polydispersity 1.1-1.0, that corresponds to the formation of fragments with degradation degree varied from dimeres to 
trimers. After 10 min treatment the smallest fragments with Mw ~190 Da were formed and further treatment did not result in an 
additional decrease of their molecular weight. 
By optimizing conditions of the plasmachemical treatment (plasma generating media composition, electron beam parameters, 
mixer design) the 95% LMWO yield was obtained. This took only 2 min whereas the conventional chemical hydrolysis usually 
takes several days. The hazardous by-products and toxic wastes are not generated in the EBP-treatment process. Thus the EBP-
stimulated hydrolysis is promising for effective and bio-safe polysaccharides degradation and can be competitive with traditional 
technologies. 
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Questions: metal oxides synthesis processes should not only allow to control the morphology, size, crystallinity and porosity of 
these materials, they must also be consistent with the environmentally friendly and be the most sustainable. In this idea, can 
biopolymers like polysaccharides be introduced in the processing of metal oxide and have a major impact on the characteristics 
of these inorganic materials? Can they be also used as carbon precursor for the preparation of metal oxide/carbon composites? 
What are the interest of the new generation of nanocellulose in this concept? 
Methods: Generally, the biopolymer is introduced in a sol-Gel or Solvothermal process as briefly presented in the introduction. 
Then we will focus on the new direct one step mineralisation of cellulose by metal chloride that we are developping. 
Results: This new process is as green as possible for the preparation of metal oxides with tuned morphology: cheap, direct, in 
the absence of any structure directing agent and solvent can be avoided. In such conditions, the formation of the metal oxide is 
the result of the reactivity of the cellulose acting as both an oxygen-donor and a template; several examples will be given of the 
possibility to form pure oxides or doped-metal oxide like TiO2 or Nb2O5. The unusual nano-sized morphologies that are obtained 
is an additional advantage of this process: flower, urchin, laceworks and anemones are among the different possibilities. By 
thermal treatment, it is possible to access either to the pure metal oxide by calcination or to a composite metal oxide/carbon by 
pyrolysis. We will present briefly some data showing the very good performances of these materials obtained from cellulose and 
used in anode of ion batteries and as photocatalyst. 
Conclusion: cellulose is a perfect material for the developpement of green processing of metal oxides and composites. 
 

(1) Boury et col. Green Chemistry (2015), 
(2) Henry et col ACS Applied Materials and Interfaces (2015) 
(3) Plumejeau et col. Chemistry a European Journal (2016) 
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Oxidized gum arabic — a polysaccharide derivative used in the synthesis of iron and iodine complexes for biomedical 
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Gum arabic, a complex and branched plant polysaccharide was oxidized with periodate to prepare the dialdehyde-gum 
derivatives with various degrees of oxidation. The reactive aldehyde groups were further oxidized and reacted with iron salts to 
prepare polysaccharide- iron complexes. The release of iron from the oxidized gum-iron complexes in simulated gastric and 
intestinal fluids was studied in vitro and compared with that from ferrous fumarate, a commercial oral iron supplement. 
The oxidized gum was also treated with iodine vapour to prepare an iodine complex of the gum derivative. In another reaction 
the oxidized gum was converted into an amine derivative that was quaternized with methyl iodide. Both the iodine complexes 
showed antimicrobial activity due to the release of iodine in the medium. The antimicrobial propery was evaluated by 
determining zones of bacterial growth inhibition, MIC and phenol coefficient values. Oxidized gum arabic was found to be an 
excellent starting material for the synthesis of iron and iodine complexes for potential uses in nutrition and disinfection.  
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Mercerization of dissolving cellulose pulp is industrially performed by either suspending the cellulose in a 18-20 % (w/w) NaOH 
solution (traditional mercerisation) or by spraying the cellulose with a highly concentrated NaOH solution and at low 
stoichiometric excess of the NaOH/anhydroglucose unit (AGU). This last type of mercerisation is herein denoted as Low water 
content (LWC) mercerisation. The advantage of the LWC mercerisation is the reduction of by-products formed during cellulose 
ether manufacturing (1). We investigated the influence of several parameters on LWC mercerisation and preformed the 
experiment using a kneader common in viscose solution preparation to mix the samples. We washed the formed alkali cellulose 
(Na-Cell) and defined the amount of Na-Cell as the amount of cellulose II after washing and called this degree of activation 
(DoA). The water content of the LWC mercerised pulp is below 50% and the appearance of the Na-cell was quite dry. This dry 
Na-Cell was heterogeneous and thus special analytical techniques had to be used to analyse the DoA. The DoA depended firstly 
on the NaOH/AGU stoichiometric ratio (r) and also on the [NaOH]. Surprisingly, mercerisation temperature was statistically 
unimportant for the LWC mercerisation, which contrasts with traditional mercerisation (2). 
The reaction time necessary for mercerisation and the heterogeneity for the cellulose particles during mercerisation were 
dependent on the size of the ground fibre particles. 
 

(1) Albán Reyes, D.C., Gorzsás, A., Stridh, K., de Wit, P., Sundman, O. (2017) Alkalization of dissolving cellulose pulp with 
highly concentrated caustic at low NaOH stoichiometric excess. Accepted. Carbohydrate Polymers 

(2) Albán Reyes, D. C., Skoglund, N., Svedberg, A., Eliasson, B., Sundman, O. (2016) The influence of different parameters on 
the mercerisation of cellulose for viscose production. Cellulose. 23(2) 1061 
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Introduction: In many packaging applications with complex shape like inserts or blisters classical thermoplastics like PP, PET or 
PS are predominant due to their favourable manufacturing and product properties. Here flat sheets are heated and moulded 
afterwards to yield three dimensional hollow objects. The formability of paper, as a sustainable and environmentally friendly 
alternative, is limited because its material behaviour differs strongly from that of plastics, mainly since plastic material 
deformation is possible to only a small extent due to the lack of cellulose thermoplasticity. A broad usage of paperlike materials 
in high quality industrial forming therefore has not been applied yet. 
Objectives: The present study focuses on the concept of cellulose modification in chemical pulp fibres as a factor influencing the 
thermoformability of paper. Materials & Methods 
Covalent attachment of ester moieties with different chain lengths onto cellulose pulp fibres, a surface polymer grafting and a 
two-step glycol cleavage-reduction approach were chosen as modification strategies. The resulting materials were characterised 
regarding their chemical composition and successfully transferred into sheet materials in laboratory scale. Their thermophysical 
properties were investigated via DSC and DMTA. To evaluate their formability a temperature assisted tensile test with combined 
optical strain field measurement was used. 
Results: Despite a temperature dependent softening of all synthesised materials neither polymer grafted nor esterified fibres 
show the needed high temperature elongation potential. However, a semihomogeneous two step glycol cleavage-reduction 
protocol led to materials that show temperature sensitive strain at break values higher than 35 % and could be transformed into 
three dimensional objects by a laboratory forming process using fixed blank holders. This behaviour was found to be caused by 
thermoplastic single pulp fibres. 
Conclusion: The present study has shown that a chemical surface modification of pulp fibres leads to fibre-matrix composite 
materials with altered thermomechanical properties. Thermoplastic single fibres achieved by a semihomogeneous fibre 
modification in addition can be used for the manufacturing of thermoformbale paper materials. 
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Introduction: Maltodextrins are products of starch hydrolysis. They are classified on the basis of their dextrose equivalent (DE). 
Unmodified maltodextrins are widely used in food industry as thickening and binding agents, fillers, flavour and dye carriers, 
texture- and gel-forming ingredients, humidity regulators. Maltodextrins have strong hydrophilic properties, show very low 
resistance to moisture, and do not possess surface-active properties. By modification new functional groups with hydrophobic 
properties can be introduced into the anhydroglucose units, providing products with amphiphilic properties. Esterified 
maltodextrins may exhibit good oil emulsification ability. This feature allows to use modified maltodextrins as effective 
emulsifiers/stabilisers, microencapsulation agents, and fat replacers. 
Objectives: The objective of the present study was to prepare esters of potato maltodextrins with oleic acid in the presence of 
lipase without solvent, to characterise obtained products, to apply esterified maltodextrins as emulsifiers/stabilisers of o/w 
emulsions without additional surfactant. 
Materials and methods: Esterification of low- and medium-saccharified potato maltodextrin with oleic acid was carried out. 
Modification was performed in the presence of fungal lipase from Thermomyces lanuginosus. Physicochemical characteristics 
including FTIR, NMR, SEM, DSC-TG analyses, determination of degree of substitution (DS) and solubility in water were done. 
Moreover, emulsifying activity of esterified maltodextrins was studied. 
Results: FTIR and NMR spectroscopies confirmed esterification reaction. The highest DS was obtained for the ester of low-
saccharified maltodextrin with oleic acid. Esterified potato maltodextrins were more effective in preventing phase separation 
than native maltodextrins. The highest stability of emulsion was observed for emulsion prepared by mixing rapeseed oil with 
aqueous esterified maltodextrin solution in 3 to 2 volume ratio. 
Conclusions: The hydrophobically modified maltodextrins have improved surface activity, hydrophobicity, and emulsifying 
properties as compared to the native maltodextrins. Esterified maltodextrins could be used as an emulsifier and stabilising 
agent. 
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Recent approaches in scaffold engineering for bone defects feature hybrid hydrogels made of a polymeric network (retains 
water and provides light and porous structures) and inorganic ceramics (add mechanical strength and improve cell-adhesion). 
Innovative scaffold materials should also induce bone tissue formation and incorporation of stem cells (osteogenic 
differentiation) and/or growth factors (inducing/supporting differentiation). Recently, purinergic P2X and P2Y receptors have 
been found to significantly influence the osteogenic differentiation process of human mesenchymal stem cells (hMSC). (1) Aim 
of this work is to develop polysaccharide (PS) composites to be used as scaffolds containing complementary receptor ligands to 
enable guided stem cell differentiation towards bone formation. 
Due to their inherent benefits (e.g. biocompatibility, sustainability), PS hydrogels are intensively studied for tissue engineering 
and drug release applications. Agarose is a promising material in this regard because it is non-cytotoxic and easily forms 
thermoreversible gels in water. Moreover, it can be chemically modified with specific functionalities while retaining gel forming 
ability. (2) The present contribution describes the preparation of composite scaffolds consisting of agarose as hydrogel matrix 
for in situ precipitated hydroxyapatite, an inorganic material that resembles bone composition and promotes cell adhesion and 
osteoconductivity. Morphology and chemical composition of the novel materials were evaluated by XRD, SAXS, FTIR 
spectroscopy, and SEM. They were also studied with respect to mechanical properties, drying/re-swelling behavior, and 
interaction with cells. Finally, ligand-loaded hybrid hydrogels were prepared and the release mechanism in aqueous 
environment was studied. 
The novel hybrid agarose hydrogels possess high porosity, enhanced stiffness, and a good biocompatibility. Based on the results 
presented, load-bearing scaffolds with the potential for improved drug release can be tailored for advanced biomedical 
applications such as stem cell related therapy. 
 
References: 

(1) N. Zippel, M. Schulze, and E. Tobiasch, Recent Pat. Biotechnol., 2010, 4, 1. 
(2) M. Gericke and T. Heinze, Carbohydr. Polym., 2015, 127. 
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Introduction: Obesity is a worldwide health concern linked with high morbidity and mortality. Therapeutic strategies such as 
surgical operation and synthetic drugs ultimately cause high costs and serious complications. The anti-obese effect of dietary 
fiber is usually accepted to reduce body weight gain. Gum Arabic (GA, Acacia senegal) works as a dietary fiber that helps 
reduction of body weight. 
Objectives: The objectives of this study are to investigate the effects of GA on visceral adipose tissue (VAT) and its relation with 
hypothalamic expression of energy homeostasis related genes. 
Materials & methods: In the present study, we offered GA to the female 90 days old mice in the form of drink (10% w/v) for 84 
days). Food consumption, body weight, plasma glucose, plasma lipid profile, plasma leptin, PYY and GLP-1 and mRNA of pro-
opiomelanocortin (POMC) were measured. 
Results: GA in drinking water significantly (P<0.05) decreased food intake associated with reduction of body weight and VAT 
accumulation compared to control. In addition, GA treatment significantly (P<0.05) decreased plasma glucose, plasma total 
cholesterol, LDL and VLDL whereas increased HDL compared to control. The treatment of GA significantly increased plasma PYY 
and GLP-1 concentration whereas decreased leptin concentrations compared to the control. Moreover, GA significantly 
increased hypothalamic expression of POMC mRNA. However, GA treatment did not alter plasma triglyceride. 
Conclusion: These findings suggest that GA treatment decreased food intake, body weight, plasma lipids associated with 
reduction of VAT, increased plasma PYY and GLP-1 concentration and on hypothalamic expression of POMC mRNA. 
 
Figure legends  
Fig.1 
Effect of GA on body weight (A), Food intake (B), and Liver weight (C), and VAT (D). The values are the means ± SEM, 
n=20/group. Different small letters on bars indicate significantly different mean values at P<0.05. 
Fig 2. 
Effect of GA on hypothalamic POMC mRNA expression. The values are the means ± SEM, n=10/group. Different small letters on 
bars indicate significantly different mean values at P<0.05. 
Table 1 
Effect of GA on plasma glucose and lipid profile. The values are the means ± SEM, n=20/group. Different small letters in the 
column indicate significantly different mean values at P<0.05. 
Table 2 
Effect of GA on plasma leptin, PYY and GLP-1. The values are the means ± SEM, n=20/group. Different small letters in the column 
indicate significantly different mean values at P<0.05. 

Figure 1 
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Interest towards discovering new ways to utilize biomass has increased enormously during the past couple of decades. The use 
of biomacromolecules extracted from the biomass as an alternative to synthetic polymers is one important way of utilizing 
biomass. In addition to using biopolymers in their native forms, the properties of biopolymers can be altered by the chemical, 
physical, or enzymatic modification of the polymeric chains. Hydroxypropylation has extensively been used for the modification 
of cellulose and also hydroxypropyl xylan (HPX) has been shown to be a potential material in films and coatings that could be 
used in biodegradable packaging (1,2). 
Knowledge on the physico-chemical properties of modified biopolymers is a prerequisite in order to understand their behavior 
in different applications. This study focused on the macromolecular characterization (molar mass, size, conformation) of 
hydroxypropyl xylan samples having varying degree of substitution (DS) (3). HPX samples were analyzed by size-exclusion 
chromatography (SEC) equipped with multiple detectors. This paper will discuss how chemical structure of HPX samples affect 
the optical behavior of the samples in solution, and further the accuracy of the molar masses obtained by light scattering 
technique. Also, the effect of chemical structure on the chain conformation will be discussed. The results of this study benefit 
the research in the field of polysaccharides, from the analytical community to the researchers who are working with applications 
utilizing polysaccharide derivatives. 
 

(1) Laine, C.; Harlin, A.; Hartman, J.; Hyvärinen, S.; Kammiovirta, K.; Krogerus, B.; Pajari, H.; Rautkoski, H.; Setälä, H.; 
Sievänen, J.; Uotila, J.; Vähä-Nissi, M. Hydroxyalkylated xylans - Their synthesis and application in coatings for packaging 
and paper, Ind. Crops Prod. 44 (2013) 692-704. 

(2) Mikkonen, K.S.; Laine, C.; Kontro, I.; Talja, R.A.; Serimaa, R.; Tenkanen, M. Combination of internal and external 
plasticization of hydroxypropylated birch xylan tailors the properties of sustainable barrier films, Eur. Polym. J. 66 
(2015) 307-318. 

(3) Pitkänen, L.; Aseyev, V.; Laine, C.; Tuomainen, P.; Tenkanen, M. Size-exclusion chromatography of xylan derivatives – 
The critical evaluation of macromolecular data. Submitted. 
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Amphiphilic polysaccharides are well known for their unusual physicochemical properties in solution due to the self-association 
of hydrophobic entities. In literature, most of the chemical modifications leading to new amphiphilic properties focus on 
polymers with linear chains. Only a few studies deal with polysaccharides having a more complex structure. 
The aim of this work is to determine the influence of the chain stiffness on associative and physicochemical properties of 
xanthan. Indeed, this polysaccharide can adopt two different conformations (1), with distinct rheological properties (2) 
depending on the experimental conditions: an ordered rigid helical structure or a disordered flexible coil. Therefore, xanthan is 
the perfect candidate for the study of conformation"s impact on associativity. In order to provide such amphiphilic properties 
under both conformations, octyl residues were grafted onto the carboxylic functions of the polysaccharide. To this aim, two 
different methodologies have been developed and the grafting density was controlled thus giving access to a wide range of 
hydrophobically modified derivatives. 
Rheological measurements indicate that xanthan, when modified under ordered conformation, exhibits similar behavior to non-
modified one, only the chain relaxation being strongly slowed down (3). Therefore, the high stiffness of xanthan helices does not 
allow hydrophobic moieties to associate as usually observed for flexible amphiphilic polymers. Oppositely, xanthan modified 
under its disordered conformation displays a chemical gel-like behavior and no relaxation of the chain is observed within the 
studied frequency range nor with temperature, which is unexpected for this length of alkyl chains. 
Modified polymers show interesting properties which may find applications in several domains such as thickener or gelling agent 
depending on its conformation. 
 
Figure 1: Frequency dependence of the storage G' (closed symbols) and loss G'' (open symbols) shear moduli at 20°C. 
 

(1) M. Milas; M. Rinaudo Carbohydrate Research. 1986, 158, 191-204. 
(2) E. Choppe; F. Puaud; N.Taco; L.Benyahia Carbohydrate Polymers. 2010, 82, 1228-1235. 
(3) A. Roy; S. Comesse; M. Grisel; N. Hucher; Z. Souguir; F. Renou Biomacromolecules.2014, 15, 1160-1170. 
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Cellulose nanofibers (CNF) can be obtained by cleaving the structure of native cellulose using different techniques. Among all, 
the regioselective oxidation of the C6 primary hydroxyls of the anhydroglucose units of cellulose to the corresponding 
carboxylate groups catalyzed by 2,2,6,6-tetramethylpiperidine-1-oxyl radical (TEMPO) in presence of NaBr/NaClO system allows 
to prepare CNF few nanometers wide and few microns long (TOCNF) (1,2). TOCNF were proposed by our group as template for 
the preparation of ceramic (TiO2 and TiO2/SiO2) porous materials with adsorption and photocatalytic properties (Fig.1a) (3). 
A new class of all-organic cellular solids has been recently synthesized by combining TOCNF and branched polyethyleneimine 
(bPEI), via formation of amide-bonds (bPEI-TOCNF copolymer). These sponge-like materials show high performances in removing 
heavy metal ions and phenolic pollutants from contaminated water (Fig.1c) (4). 
The same synthetic protocol has been also extended to generate a novel polymeric conjugate material functionalized with pNO2-
phenyl urea units for the heterogeneous and selective sensing of fluoride anions in DMSO solution (Fig.1d) (5). 
Surface coating of TOCNF aerogels with a eumelanin thin film by ammonia-induced solid state polymerization (AISSP) of 5,6-
dihydroxyindole (DHI) or 5,6-dihydroxyindole-2-carboxylic acid (DHICA) offers an innovative way for the preparation of all-
natural bioinspired functional materials (Fig.1b) (6). 
Other than cellulose, polysaccharides from leguminous plants are also interesting. An aerogel obtained from laccase-oxidized 
galactomannans derived from fenugreek (FG, Trigonella foenum-graecum) has been recently proposed as versatile, 
biocompatible "delivery system" of active principles in food and non-food products (Fig.2) (7).  
 
Bibliography 
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The preparation of bionanocomposites with electrical conductive properties in- and through- the plane has been a major 
challenge of nowadays. The present work intends to develop a bionanocomposite that joins the antioxidant and antimicrobial 
properties of chitosan with the electrical conductivity of reduced graphene oxide (RGO). Graphene oxide was synthesized by an 
improved Hummers method and further hydrothermally reduced in the presence of caffeic acid. Due to the presence of caffeic 
acid, this green methodology is capable of an efficient reduction, proved by the electrical conductivity of reduced graphene 
oxide while at the same time favors its homogenization into the chitosan matrix. The bionanocomposites were prepared by the 
incorporation and homogenization of reduced graphene oxide into the chitosan matrix and dried by solvent casting. The 
resultant membranes showed good mechanical properties. The macroscopic electrical conductivity, measured in- and through- 
the plane, increased according to the increment of reduced graphene oxide concentration, achieving 90 mS/cm with 50% RGO. 
The topography and the local electrical conductive properties of these novel flexible films were characterized by AFM 
techniques (Figure 1). Strategies to align the electrical conductivity perpendicularly to the plane will also be discussed. The 
stability of the films in water and acidic conditions, as well as the antioxidant properties are presented as a function of the RGO 
load. 
Due to the intrinsic biological properties of chitosan and the electrical conductivity of reduced graphene oxide, these 
bionanocomposites are promising for active food packaging to process food in-pack by Pulsed Electric Fields. 
 
Figure 1 – Images of conductive AFM of chitosan films with 50% RGO. 
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By using the solid phase method of dissolving 18 and 25% mixed solutions of cellulose and copolymer on the base of acrylonitrile 
(PAN) in N-methylmorpholine-N-oxide (MMO) were obtained throughout the whole range of compositions. 
Study of the phase states and morphological features of mixed solutions revealed that all of them are two-phase emulsions, in 
which the character of disperse phases, shape of the particles and stability depends on composition, temperature and shear 
deformation (by sliding the cover glass). 
Mixed solutions with cellulose disperse medium and PAN solutions as a disperse phase appear to be emulsions with drops of 
almost spherical shape and a high degree of polydispersity. 
In the case of polyacrylonitrile disperse medium the disperse phase of cellulose solution forms labile formations which can easily 
form fibrils at application of shear strain. 
With increase of cellulose phase concentration the degree of regularity of fibrils increases, reaching a maximum degree of 
ordering at 35% content. Rheological properties of mixed systems are determined by the phase composition of mixed solutions 
and temperature. Flow curves of mixed solutions containing up to 20% PAN at 120°С have Newtonian character. 
The presence of PAN solution drops in matrix solution doesn't influence strongly on viscosity of the system. At heating the mixed 
systems up to 135°C a slight decrease of viscosity at zero shear takes place, and an increase of the critical stress at which a 
"spurt effect", i.e. sharp drop of apparent viscosity of the sample observed due to transition to the rubbery state and loss of 
contact with the measuring surfaces. 
Full or partial phase inversion takes place when content of one phase becomes higher than 25%. Systems in which the dispersion 
medium is a PAN solution and a dispersed phase - a solution of cellulose, exhibit non-Newtonian behavior over the entire range 
of concentrations of the cellulose phase (from 10 to 70%). 
Increasing of the content of the disperse phase leads to an increase of effective viscosity. An increase of temperature from 120 
to 135°C causes more smooth decrease of viscosity with increasing share rate. 
From the obtained mixed solution the composite fibers by method of dry-wet spinning were spun. The morphological features 
of fibers and their mechanical properties were characterized. 
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Deep eutectic solvents (DESs) are promising novel chemicals that can function as solvents, reagents, and catalysts in many 
applications. They are readily available, have low toxicity, are biodegradable, and exhibit negligible vapor pressure. In general, 
DESs are attained by complexation of the halide salt of quaternary ammonium or phosphonium cation (as the hydrogen bond 
acceptor, HBA) along with a hydrogen bond donor (HBD), for example, urea, glycerol, or ethylene glycol. A characteristic 
property of DESs is that they exhibit a lower melting point compared to either HBA or HBD because the strong hydrogen bonding 
prevents the parent components from crystallizing. Due to the advanced properties, DESs have been studied as novel 
pretreatment media for nanocellulose production. Different DES based on urea together with various HBA was found to function 
as a non-hydrolytic pretreatment media to enhance the liberation of individualized cellulose nanofibers (CNF) when DES-treated 
cellulose fibers were mechanically disintegrated with a microfluidizer. DES formed between choline chloride and oxalic acid 
dihydrate promoted the degradation of natural cellulose fibers and cellulose nanocrystals (CNCs) were successfully obtained 
after mechanical disintegration of pretreated fibers. DESs can also function as reaction media for surface chemical modification 
of cellulose fibers and for example anionic cellulose was produced using succinic anhydride in DES. As DESs are only used as 
pretreatment media before nanofibrillation of cellulose, they are easily separated from cellulose fibers and in best cases even 
recycled several times. 
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Introduction: The design of theranostic systems that combine diagnostic and therapeutic capabilities to improve treatment 
outcomes with fewer side effects is the overarching goal of cancer research. With the advent of nanotechnology, 
nanotheranostics are at the stoplight with inorganic nanoparticles (e.g. gold and silver NPs) occupying the center stage [1]. 
Nevertheless, recent studies demonstrated that the geometry of the drug carriers is an important parameter for their efficiency, 
and that elongated nanostructures, like for example cellulose nanocrystals (CNCs), present several advantages over spherical 
ones. In this context, the combination between metallic NPs and CNCs seems a promising partnership for the development of 
nanotheranostic systems. 
Objectives: The aim of the present study is to prepare CNC coated with folic acid (FA)-conjugated chitosan (CH) and gold 
nanoparticles (AuNPs) for application in cancer therapy and diagnosis (nanotheranostic systems). 
Materials & methods: CH conjugated with an active tumor-targeting ligand, FA, and a fluorophore (FTIC), was adsorbed to 
surface of CNCs via electrostatic interactions followed by coating with Au NPs. These hybrid systems were characterized in terms 
of structure, morphology, cytotoxicity, antitumor activity and imaging aptitude. 
Results: The covalent conjugation of FA and FTIC to CH and the subsequent adsorption to the surface of CNC was successfully 
achieved as confirmed by FTIR. Then, Au NPs were synthesized in situ (in the presence of the modified CNCs) leading to the 
formation of CNCs-Au NPs hybrid materials. 
The preliminary results indicate that the obtained CNCs-Au NPs hybrids display anti-tumoral activity and considerable cellular 
uptake. 
 
Fig. 1- Scheme of the adopted methodology. 
 
Conclusion: The hybrid system containing CNC coated with FA-conjugated CH and AuNPs was successfully prepared and seems a 
promising candidate to be explored as a nanotheranostic system. 
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Numerous chemical compounds isolated from plants have been extensively studied since two decades and have been identified 
as novel sources of biological agents. Polysaccharides were largely identified as one of the major constituent responsible of 
these activities. Various biological activities have been highlighted due to the wide structural heterogeneity of polysaccharides, 
such as prebiotic, anti-tumor, anti-oxidant, anti-complement, anti-parasite or anti-inflammatory. African traditional medicine is 
probably the oldest and the most diverse of all known medicine systems. Fabaceae Cactaceae and Plantaginaceae are plant 
families currently used in traditional medicine. Astragalus gombo (Fabaceae) and Plantago notata (Plantaginaceae), two arid 
flowering plants, are mainly found in Septentrional Sahara of Algeria and used for the treatment of different types of wounds 
and stomach problems, pain, fever and constipation. Cereus triangularis (Cactaceae), an epiphytic cactus of tropical dry zones 
such as the North Region of Madagascar, is used to treat intestinal diseases, chronic gastritis, stomach pain and urinary 
problems. Three water-soluble polysaccharides were extracted from cladodes of Cereus triangularis and seeds of Plantago 
notata and Astragalus gombo. Their structural characterizations were performed using colorimetric assays, FT-IR, NMR 
spectroscopy, HPAEC-PAD and GC/MS analyses. Overall, an arabinogalactan, a heteroxylan, and a galactomannan were 
respectively characterized from the three plants. The biological activities and rheological behaviors of these polysaccharides 
were studied to establish a relationship between their structures and their functions (biological agents and/or hydrocolloids). 
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Specific room temperature ionic liquids (RTIL) and organic solvent/salt combinations have proven to be important solvents for 
dissolving of native cellulose [1].  
It seems that stability of cellulose solutions in RTIL is attributed to the formation of strong hydrogen bonds between solute and 
solvent. The lecture represents a methodology for determination of relevant solvent parameters of RTIL using a set of precisely 
designed solvatochromic dyes. The following parameters for RTIL are presented a / SA = Hydrogen bond donating ability (HBD), 
β / SB = Hydrogen bond accepting ability (HBA) and π*= Dipolarity / Polarisability as well as SP = Polarisability and SdP = 
Dipolarity according to the concept of Kamlet-Taft and Catalan, respectively.  
Structure-polarity parameter relations of various RTIL (imidazolium and tetraalkylammonium based ILs) are presented and their 
relation to other physicochemical is discussed. It can be demonstrated that cation-anion interaction is attributed to strong 
hydrogen bond interactions as evidenced by independent 1H-NMR measurements of the RTIL [2,3].  There are significant 
correlations between the SB values and the chemical shifts δ of the H-atoms of the cations of the RTIL.  
Especially the HBA property (β-value) of the anion is of importance for dissolving cellulose. Chloride and acetate are preferred 
anions for dissolving cellulose. But situation is still more complex and hard to understand because of the versatility of the 
possible interactions.  
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Ethylcellulose (EC) and ethylhydroxyethylcellulose are the only industrially significant organosoluble cellulose ether derivatives 
being commercially produced for around ninety years now. Despite their wide usages in plastics, as a pigment grinding base, as 
flexible coatings for paper, cloth and leather or as an electrical insulant there is still significant research going on in the 
exploitation of EC for new commercial applications. In recent years, special attention was paid to the design of new methods for 
producing polysaccharide nanostructured assemblies that possess properties that are significantly different from the bulk 
material. Especially cellulosic based nanoparticles exhibit a great potential as holders for imaging and drug agents because of 
their intrinsic physicochemical properties being biocompatible and biodegradable. 
In this study, we applied an emulsification-evaporation method to manufacture EC nanoparticles. Ethyl acetate was used as 
water immiscible, volatile organic solvent and as a stabilizing surfactant in water polyvinyl alcohol and different surface active 
polysaccharides (i.e. carboxymethyl cellulose, hydroxyethyl cellulose, high and low molecular weight methyl celluloses) were 
examined. To control particle properties, the nano-emulsion template was regulated by adapting the concentration of the 
surface active polysaccharides. Newly produced EC nanoparticles were characterized for particle size by dynamic light scattering, 
the stability by zeta-potential measurements and the surface morphology by FE-SEM. By using different types of surface active 
polysaccharides and their concentration variation we were able to control the spherical particle size from 200 nm to micro size 
and particle morphology (i.e. surface smoothness or roughness). 
 
Acknowledgements: This project has received funding from the European Unions Horizon 2020 research and innovation 
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Introduction: Food waste is defined as food (including inedible parts) lost from the food supply chain, not including food 
diverted to material uses such as bio-based products, animal feed, or sent for redistribution. They can be used as raw material 
for production of several value-added products, such as cell wall polysaccharides. Among the cell wall polysaccharides, pectins 
from citrus peel and apple pomace are widely used in the food industry due to their properties, 
Objectives: The aim of this study was to use food wastes to extract pectins with thickening, gelling and emulsifying properties. 
Material & Methods: The materials were treated with ethanol and the alcohol insoluble residues (AIR) were extracted using 
boiling nitric acid. The extracts were precipitated with ethanol and the pectin dried under vacuum. The neutral monosaccharide 
composition was determined by GC-MS and uronic acid by HPAEC-PAD. The degree of methyl-esterification (DM) was 
determined by FT-IR and acetyl and protein contents by specific colorimetric methods. 13C NMR was used to investigate the 
structure of the polysaccharides. Rheological analyses using a cone and plate geometry were performed to investigate the 
thickening and gelling properties. Oil in water emulsions were prepared using medium chain triglyceride and the droplet size of 
emulsions measured by laser diffraction. 
Results: Pectins were obtained with yields up to 19% (based on AIR). The polysaccharides had GalA higher than 65% and a small 
amount of protein. The pectins had a high degree of methyl-esterification and were able to form gel in the presence of sucrose 
and low pH. The droplet size of oil in water emulsions prepared with pectins was similar to those obtained for emulsions 
prepared with gum Arabic under the same conditions. 
Conclusion: Pectins with gelling and emulsifying properties from non-conventional sources can be obtained from different food 
wastes. 
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Introduction: Cellulose mixed carboxylic esters posses favorable properties that are not exhibited by their simple ester 
counterparts. They are prepared under heterogeneous conditions by reaction of the biopolymer with both anhydrides, and 
under homogeneous conditions using different solvents, including ionic liquids, ILs. 
Objectives: Information on acylation of cellulose under homogenous reaction conditions by mixtures of two anhydrides can be 
obtained from kinetic data. We investigated the kinetics of acylation of microcrystalline cellulose, MCC in mixtures of an IL and 
molecular solvents, MSs, N,N-dimethylacetamide, DMAc and dimethylsulfoxide, DMSO. 
Experimental: The IL, 1-allyl-3-methylimidazolium chloride, AlMeImCl was synthesized from 1-methylimidazole and allyl 
chloride. We calculated the pseudo first-order rate constants (kobs) for acylation by mixtures of equimolar concentrations of 
acetic anhydride (Ac)2O/butyric anhydride (Bu)2O and (Ac)2O/benzoic anhydride (Bz)2O from conductivity/time data, and the 
activation parameters from the dependence of the third order rate constant (k3) on temperature. 
Results and discussion: Good kinetic plots (conductivity versus time) were observed. For IL-DMAc, values of 103 x k3, overall 
ranged from 0.84 at 40 °C to 5.27 at 70 °C (L2 mol-2 s-1 ). We split k3, overall into individual contributions (k3,(Ac)2O and 
k3,(Bz)2O ) by using k3,(Ac)2O experimentally determined for the reaction of MCC with (Ac)2O alone The ratio k3,(Ac)2O 
/k3,(Bz)2O. was 0.64 ± 0.02. The reaction with (Bz)2O is faster due to slightly favorable DH¹ and TDS¹, 0.19 and 0.13, kcal/mol, 
respectively. The reaction is faster in IL-DMSO than IL-DMAc due to favorable DH¹ not compensated by unfavorable TDS¹. 
Conclusions: We studied the kinetics of simultaneous esterification of MCC by two carboxylic acid anhydrides in IL-MSs. Kinetic 
data permit determination- for the first time- of rate constants of the individual anhydrides hence explain the dependence of 
reactivity on the anhydride and reaction medium. Both effects have contributions from the DH¹ and TDS¹ terms. 
We thank FAPESP (2014/22136-4) and CNPq (307022/2014-5) for support and fellowships. 
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Water plays an important role in most polysaccharides with regard to its physicochemical and mechanical properties. The goal of 
this study was to investigate the formation of the uniplanar orientation during the drying process of cellulose I and II 
comparatively and to influence the resulting orientation in the dried state by varying the drying parameter. 
Bacterial cellulose (BC) as a model substance for native cellulose has a water content of appr. 99%. During drying the thickness 
of a highly swollen BC-fleece is reduced remarkably in one direction and a preferred uniplanar orientation of the (1-10) lattice 
planes of the cellulose I structure is formed. It could be shown that generally the formation of a uniplanar orientation will take 
place independent of a pretreatment of BC and different planes of evaporation. 
The process of structure formation of man-made cellulose II is different to that of native cellulose due to the shaping from 
solution and subsequent intensive washing followed by drying. Pole figure measurements of never dried viscose casings 
revealed that in the never-dried state a uniplanar orientation is already present which changes considerably due to the drying 
conditions.  
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Introduction: Hyaluronic acid (HA) is a polysaccharide attractive for cosmetic and medical industry due to its excellent 
biocompatibility and biodegradability. However, the native HA dissolves rapidly. Here we present HA modified by long-chain acyl 
substituents (acyl-HA; Fig. 1). The acyl-HA is suitable for flexible tissue engineering constructs such as fibres or films, as the 
hydrophobic interactions make these materials less brittle than covalently crosslinked HA derivatives. We developed free-
standing films of acyl-HA intended for prevention of tissue adhesions after surgery. Film properties can be tuned by choosing the 
acyl type and HA:acyl ratio. 
Objectives: 
To develop a method for creating homogeneous free-standing films from modified HA. 
To find acyl-HA composition optimal for temporary film implants. 
To prepare films with additives (drugs, tracers). 
Materials and methods: Films from acyl-HA derivatives (1) were prepared by solution-casting under controlled drying conditions 
(2). Films were characterized by optical and electron microscopy, profilometry, and nanoindentation in wet state. Film swelling 
and enzymatic degradation rate in vitro were investigated as a function of DS. In vitro cell viability assays and cell adhesion assay 
were performed. 
Results: Homogeneous films from acyl-HA (acyl length from C6 to C16) 5-50 µm thick and 8 x 10 cm large were obtained (Fig. 1) 
by controlled drying, while drying in open cells resulted in pronounced Benard-Marangoni convection patterns. Film swelling 
ratio in phosphate buffer could be tuned from about 400 % to over 2000 % by setting the acyl content (Fig. 2). Films were not 
cytotoxic and cells did not adhere to the film surface. Films could be also stained with dyes or magnetic nanoparticles for MR 
imaging. 
Conclusion: Homogeneous clear free-standing films from acyl-HA were successfully prepared. Lauroyl and palmitoyl derivatives 
of HA with medium DS proved to be suitable for implantable films. These films can serve as a temporary barrier for adhesion 
prevention. 
 
References: 

(1) Huerta-Angeles G. et al., Carbohydr. Polym. 111:883-91, 2014. 
(2) Foglarová M. et al., Carbohydr. Polym. 144:68-75, 2016. 

 
Fig. 1: Clear film of lauroyl-HA stained with methylene blue. 
Fig. 2: Cryo-SEM image of the palmitoyl-HA film and film samples swollen to different degree. 
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The feature of flexible and transparent display is an alternative for electronic substrate presently (1). Moreover, the lifetime of 
electronics is becoming shorter and causes many electronic wastes. Therefore, biodegradable electronic materials have been 
developed for solving the ecological problems. In this study, bacterial cellulose (BC) and silk fibroin (SF) were used as the bio-
based materials. In addition, polyvinylpyrrolidone (PVP) solution was used as a matrix (2). We prepared the substrates made 
from: pure BC, BC/SF (S1), two different ratios of BC/SF/PVP (S2, S3). Moreover, BC and BC/SF composite films embedded with 
the mesh of silver nanowires (AgNWs), which act as a conductive layer (3,4). Homogeneous and transparent films were 
obtained. Dynamic mechanical analysis (DMA) was carried out to investigate the dynamic mechanical response properties of 
these samples varying for two conditions; frequency sweep and temperature sweep (5). In case of the samples of blended BC 
without AgNWs had lower values of stiffness but at the same time the corresponding strain increased significantly, lower 
storage modulus (G') over the whole temperature range and higher loss tangent (tan δ) values were obtained. They thus had a 
reduced elastic response to applied shear loads in comparison to the pure BC films. Furthermore, both AgNWs/BC and 
AgNWs/BC/SF films presented high mechanical flexibility. Hence, AgNWs integrated with BC and SF substrates showed a high 
performance, suitable to be a flexible electronic display. 
 
References: 

(1) Ummartyotin, S., et al., Development of transparent bacterial cellulose nanocomposite film as substrate for flexible 
organic light emitting diode (OLED) display. Industrial Crops and Products, 2012. 35(1): p. 92-97. 

(2) Rajeswari, N., et al., Structural, vibrational, thermal, and electrical properties of PVA/PVP biodegradable polymer blend 
electrolyte with CH3COONH4. Ionics, 2013. 19(8): p. 1105-1113. 

(3) Hoeng, F., et al., Positive impact of cellulose nanofibrils on silver nanowire coatings for transparent conductive films. 
Journal of Materials Chemistry C, 2016. 4(46): p. 10945-10954. 

(4) Liu, Y., et al., Highly Flexible and Lightweight Organic Solar Cells on Biocompatible Silk Fibroin. Applied Materials and 
Interfaces, 2014. 6(23): p. 20670-20675. 

(5) Rat, S., et al., Elastic coupling between spin-crossover particles and cellulose fibers. Chemical Communications, 2016. 
52(75): p. 11267-11269. 

 



121 

Nanotechnology with Polysaccharides 

OP 91 
Novel hybrid nanosystems based on gold nanoparticles and polysaccharides from algae for biomedical applications 

D. Bispo, S. A. O. Santos, R. J. B. Pinto, C. S. R. Freire 

University of Aveiro, CICECO-Aveiro Institute of Materials, Department of Chemistry, Aveiro, Portugal 

Introduction: Colloidal nanoparticles are one of the main classes of nanomaterials investigated so far. One of the most 
interesting examples are gold nanoparticles (Au NPs) which have been intensively explored in catalysis, optoelectronics, 
chemical and biological sensing, imaging, and in drug delivery [1]. 
Several advances have led to a multiplicity of chemical strategies for the preparation of metallic NPs with precise control over 
geometry and size. However, most of the reported reducing agents, as hydrazine, are highly toxic chemicals. 
Eco-friendly processes, using biomass or plant extracts, as reducing systems, have emerged as reliable approaches to minimize 
the use of harmful reducing agents and produce NPs with less cytotoxicity and genotoxicity and improved biological activity. 
Objectives: The aim of this study was to develop hybrid systems based on Au NPs and polysaccharides from algae for cancer 
therapy and diagnosis (theranostic systems). 
Materials and methods: Polysaccharides from the macroalgae Fucus vesiculosus were extracted using a microwave irradiation 
(MW) assisted procedure and then used as reducing/capping agents in the production of Au NPs also by MW irradiation assisted 
synthesis (Figure 1). 
The polysaccharide fractions were evaluated regarding their extraction yield, total sugars content (phenol-acid sulfuric method), 
sulfation degree (by elemental analysis), UV-vis and FTIR. 
The obtained Au colloids were analysed by UV-vis, DLS, STEM and dark Field emission. Their anti-tumoral activity was also 
investigated. 
Figure 1- Scheme of the adopted methodology. 
Results: The polysaccharides fractions obtained by MW irradiation presented higher degree of sulfation (5.42% and 6.10%) and 
total sugars content (13.7±0.6% and 21.6±1.7%) than that verified for conventional extraction. The presence of fucoidan in all 
fractions was confirmed by FTIR. 
MW assisted synthesis of Au NPs, using these polysaccharide fractions, lead to a good monodispersion in terms of size (8.2±1.9 
nm and 7.1±1.6 nm, respectively) and shape (mainly spherical). 
These Au NPs can be detected by dark field microscopy and show promising anti-tumoral activity (A375-C5, MCF-7, NCl-H460). 
Conclusion: These Au NPs show promising properties for application as nanotheranostic systems. 
 

(1) ACS Nano 2012, 6 (10), 8468–8483 
Figure 1 
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New biocompatible composites with adjustable melting in the range from 30 to 140 °C are presented, which consist of 
magnetite nanoparticles embedded into a matrix of meltable dextran fatty acid ester. The thermoplastic magnetic composites 
may have a melting range close to human body temperature and can be easily shaped into disk or coating film under melting. It 
could be shown that defined remote melting with an induced alternating magnetic field (AMF) of the biocompatible 
nanocomposites is possible. The composite disks were loaded with Rhodamine B (RhB) as model drug. Controlled release of the 
RhB was realized with high frequent AMF of 20 kA/m at 400 kHz, which shows that the cumulative release of RhB from magnetic 
composite was accelerated compared to the control sample without exposure to AMF. 
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Introduction: The aqueous counter collision (ACC) (1,2) method using dual water jets was found to reduce bio-based raw 
materials into nano-size objects, and to allow exposure of the inherent property hidden in their bodies. It is because the energy 
generated from collisions, typically at an ejection pressure of 200 MPa, enables destruction and/or continuous disruption of 
weak molecular interactions such as van der Waals forces (2,3). The present study investigated native bacterial nanocellulose, 
and found that the initial cleavage occurred from reducing end (RE). When ACC was applied to the microbial cellulose pellicle 
obtained from Gluconacetobacter xylinus cultivated in a dissolved oxygen atmosphere (4), the nanofibers exhibited unique 
morphology like sea-anemone (Cellulose nano-anemone). The anisotropic properties of the cellulose nano-anemone were also 
investigated. 
Experimentals: Dissolved oxygen cultured pellicle was obtained by a previous method (4). ACC conditions were under controlled 
ejecting pressures at 200 MPa or less and pass numbers of 5-30, respectively. The morphology was observed by transmission 
electron microscopy (TEM). The crystalline structure was measured by fourier-transform infrared spectrophotometric (FT-IR) 
measurements and electron diffraction analysis. 
Results and Discussion: TEM images showed that the morphology of cellulose nano-anemone was maintained when increasing 
the ejecting pressure and pass number, indicating that the preferential cleavage of one end proceeded from RE. FT-IR results 
indicated that the crystalline structure was changed more drastically by a higher ejecting pressure from thermodynamically 
metastable Iα phase into more stable Iβ phase, which agree with the change in electron diffraction pattern. Once generated 
energy due to the ACC overcomes stability energy of crystals, the crystalline structure might be rearranged more or less. 
Now we focus on the property of the fibrillation ends, in particular from the view point of the RE chemical reactivity at the very 
end of the cellulose nano-anemone.  

(1) Kondo, T., et al., US Patent, No.7,357,359 (2008). 2) Kondo, T., et al., Carbohydr. Polym., 112, 284-290 (2014). 3) Kondo, 
T., Cellulose. Commun., 22,2-10 (2015). 4) Nagashima, A. et al., Carbohydr. Polym., 135 ,215-221 (2015). 
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A fundamental understanding of the solubility/dispersibility of wood biopolymers is essential in order to develop new materials 
from wood; such as films and barriers from hemicelluloses. We have performed careful investigations where the molecular 
solubility and solution properties of softwood hemicelluloses have been determined by using dynamic light scattering, cryo-TEM 
and AFM to materials that have been isolated by different preparation and separation methods. Four different hemicellulose 
samples have been prepared using different fibers and extraction procedures. The size (Rh) and molar mass (Mw) distributions 
were studied by Dynamic Light Scattering (DLS) and Size Exclusion Chromatography (SEC), respectively. The dimensions and 
morphology of the dispersed/dissolved hemicelluloses were also determined with earlier mentioned Cryo-TEM and AFM 
methods. A detailed chemical characterization was also performed using High Performance Anion Exchange Chromatography 
(HPAEC) and Gas Chromatography (GC). A comparison between the Mw data and the dimensions from DLS measurements, 
indeed show that the hemicelluloses are aggregated even though they are producing clear dispersions by ocular inspection. The 
morphology characterizations are also in agreement with the size measurements and indicate the extracted hemicelluloses are 
not moleculary dissolved in aqueous media. However, the molecular solubility/dispersibility differs for the differently extracted 
samples with different chemical composition. 
This work provides a well-defined isolation, and fundamental characterization of molecular solubility/dispersibility of softwood 
polysaccharides in aqueous media. The determined solubility properties of the hemicelluloses will in future investigations be 
used to predict how these polymers will adsorb into model cellulose and lignin surfaces in order to forecast how they will 
interact with fibers and fibrils in different composites. These new findings, regarding the molecular solubility, will also be used to 
determine how films from these materials are formed upon drying and how this will affect the mechanical and barrier properties 
of the films. 
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Conservation is of vital importance and the artefacts in the Viking ship Museum are under serious threat. In 1905, these 
artefacts were treated with alum, which although at the time maintained the structure, it has produced sulfuric acid resulting in 
the hydrolysis of cellulose. There is a need to produce a sustainable consolidant similar to cellulose in natural wood. 
Conservation methods currently available would either seriously alter the look of these artefacts or are unsuitable as they are 
water soluble and would dissolve the alum. Some more robust artefacts may support a water soluble based method(s) but the 
current options are limited. This approach will help to retain a natural appearance, avoid unnecessary use of fossil fuels as the 
main consolidant material would come from waste plants or crab shells (amino cellulose or chitosan) and help avoid 
unpredictable consequences of treatment due to similarity to natural components of wood. We explore the properties of 2 
consolidants and related consolidants; chitosan and aminocellulose. The ideal consolidant should give strength back to the 
wood, interact with lignin (or lignin replacements), be water soluble or organic soluble (not to remove the alum) and be cationic 
to remove acid from the alum degradation to H2SO4. As a first step the hydrodynamic properties of a number of chitosan and 
aminocellulose and their derivatives (water and organic soluble) have been explored with regards i) solubility in solvents, ii) 
molecular weight and distribution thereof, iii) sedimentation coeffients/distribution iv) interaction with lignin and isoeugenol 
(lignin replacement). UV light and hydrogen peroxide can be utilised to produce chitosan of an acceptable molecular weight and 
aminocellulose has been synthesed to the required molecular weight. Chemical modifications include the addition of silyl alkyl 
groups to improve solubility in organic solvents and reductive amination to improve solubility in water and chelation properties. 
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The humidity response of different dimensionally confined ultrathin cellulose films is investigated as a function of industrially 
relevant treatments using different techniques. As treatments, drying at elevated temperature, swelling and swelling followed 
by drying at elevated temperatures were chosen. The cellulose films have been prepared by spin coating a soluble cellulose 
derivative, trimethylsilyl cellulose onto solid substrates followed by conversion to cellulose using HCl vapors. For the highest 
investigated humidity levels (97%), layer thickness increased by ca 40% corresponding to the incorporation of ca 3.6 molecules 
of water per anhydroglucose unit, independently on the used cellulose source. The treatments affected this ratio significantly 
with drying being the most notable procedure (2.1 and 2.6 molecules per AGU). 
This process was investigated in real time with XRR, GISAXS using synchrotron irradiation and QCM-D equipped with a humidity 
module to obtain information about changes of the thickness, roughness and electron density of the films. 
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Introduction: Esterification of polysaccharides is a well-known route to broaden their applications. In the case of starch, partial 
esterification provides the polysaccharide with specific properties which allow its use as additive in the food industry (mainly 
acetylated starch), and as a tool for delivering specific short chain fatty acids to the colon (mainly propionylated and butyrylated 
starches), among others. On the other hand, in the field of composite materials, controlled esterification of highly hydrophilic 
cellulose nanofibers is of wide interest for improving their dispersibility/compatibility with hydrophobic polymeric matrices. 
Esterification of starch has been mainly performed in NaOH medium, whereas cellulose nanofibers esterification has been 
mainly catalyzed by H2SO4 and HClO4. 

Objectives: The aim of the current contribution is to assay the suitability of chosen naturally occurring α-hydroxy acids (tartaric 
and citric acids) as catalysts for the production of propionylated starch derivatives with high resistant starch (RS) content, and in 
the acetylation of bacterial cellulose nanoribbons (BC) to be used as reinforcement of hydrophobic polymeric matrices. 

Materials & methods: Dried corn starch (12.3 mmol AGU) or solvent exchanged BC (3.1 mmol AGU), α-hydroxy acids (0.1–3.3 
mmol/mmol AGU), and the corresponding acylants (propionic acid, 125 mmol, or acetic anhydride, 530 mmol) were contacted 
at 120/130 °C during varying reaction time intervals (0.5-7 h). The reaction products were characterized in terms of degree of 
substitution (DS), chemical structure, morphology, crystallinity, and RS content/nanofibers wettability. 

Results: Results illustrated the catalytic activity of the α-hydroxy acids assayed. Proper manipulation of catalyst concentration 
and reaction time, allowed obtaining propionylated starches with DS=0.05-0.70, and acetylated BC nanofibers with DS=0.20-0.70 
(time ≤ 7 h). Propionylated starches showed RS contents of up to 50 wt. %, whereas characterization of derivatized BC evidenced 
hydrophobization and a surface-only process. 

Conclusion: Tartaric and citric acids of natural origin have shown a promising catalytic activity for the production of esterified 
starch and bacterial cellulose with varying DS and associated target properties. 
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Polymer composites and rubbers are frequently reinforced with fillers to improve composite performance. For instance, carbon 
black and silicas represent typical reinforcing fillers for rubber composites to modify static and dynamic mechanical properties, 
physical and thermal properties of rubber products. DuPont is developing enzymatic polymerization as platform technology to 
engineer new polysaccharide materials with unique structural and material properties. This process allows for custom control of 
polymer linkage, chain branching as well as polymer morphology through selective choice of polymerization process conditions. 
A first polymer to be introduced by DuPont from this technology platform is an alpha-1,3 linked polyglucose (glucan); a water 
insoluble, structural, semi-crystalline polysaccharide, with high purity and neutral surface charge. The polymerization process 
yields controlled primary and aggregated particle structure and provides new opportunities to modify polymer composites with 
a reinforcing polysaccharide filler. Application examples will be discussed for these new renewable, reinforcing polysaccharide 
fillers to advance polymer composite sustainability in various performance areas as well as weight reduction opportunities.  

 



129 

Application 

OP 99 
Engineered polymerization based polysaccharides as renewable biodegradable fillers in thermoplastic polymer composites 

N. Behabtu, C. Lenges 

DuPont Industrial Biosciences, Experimental Station, Wilmington, DE, United States of America 

Thermoplastic polymer composites are often reinforced with fillers to improve composite performance. For instance, inorganic 
fillers may be used to modify mechanical performance, as well as the physical and thermal properties of the derived filled 
products. DuPont is developing enzymatic polymerization as platform technology to engineer new polysaccharide materials with 
unique structural and material properties. This process allows for the custom control of polymer morphology through the 
selective choice of polymerization process conditions. The polysaccharide alpha-1,3 polyglucose (glucan) is such an example and 
will be discussed in detail as additive and filler in thermoplastic composites. The structural, semi-crystalline nature of the 
polysaccharide, and the high purity and neutral surface charge provides ideal benefits as additive in compounding applications. 
This new renewable and biodegradable additive will allow for high renewable content and biodegradable/compostable 
compounds for injection molding, thermoforming or extruded film applications.  
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Introduction: There exists a wide aversion, when energy and chemicals are produced from real foodstuffs. One of these 
products based on glucose from corn is polylactic acid (PLA), which alternatively can be produced from sugars from 
lignocellulosic residues. 
Objectives: The objective of this work is to convert the polysaccharide fraction of lignocellulosic residues into sugars for PLA 
production and to collect the lignin as energy vector. This goal can be achieved by enzymatic and acid hydrolysis processes. 
Enzymatic processes are believed to deliver higher sugar yields. This is not the case, when concentrated hydrochloric acid is 
applied. 
Materials and Methods: The prominent hydrochloric acid hydrolysis process has been the Bergius-Rheinau process. GreenSugar 
AG was able to significantly improve it and transform it into the advanced Bergius(+) process.  
As an initial pretreatment all biomass is pelletized. The hydrolysis takes place in PVC-made reaction towers, where the biomass 
is separated into hemicellulose sugars with 32-35% hydrochloric acid and glucose applying 40-42% acid. Lignin is recovered as 
residue. 
Results: Pelletising the biomass resulted in the following savings: 
> Adjustment to the required water content 
> Reduction of the volumetric demand for reactors by 50% 
> Reduction of acid consumption by 40% 
> Reduction in energy by 30% 
Hydrochloric acid recovery constitutes the major patented innovation of the Bergius(+) process. Due to highest sugar yields and 
lowest inhibitor concentrations both sugar fractions are highly suitable for fermentation. It is planned to convert the glucose of 
the main hydrolysis stream into lactide acid using the Sugar-to-Lactic Acid-to-Lactide-to-Poly Lactic Acid technology of 
ThyssenKrupp Industrial Solutions. Lignin is used for energy production (Fig. 1). The co-product ammonium sulfate is used as 
fertilizer. 

 

Fig. 1 A hybrid concept: A biorefinery with bioenergy production 
 
Conclusion: The improved Bergius(+) process is flexible and can be economically applied for hydrolysis of all kinds of 
lignocellulosic residues. High sugar yields combined with almost absence of inhibitory compounds propose this process as ideal 
for sugar manufacture for challenging fermentation routes. A first demonstration plant with a capacity of 500 to1000t for lactic 
acid production has reached the planning stage. 
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The bioconversion of lignocellulosic biomass through pre-treatment, enzymatic hydrolysis (EH), and ethanoic fermentation, is a 
promising approach for bioethanol production due to relatively mild operating conditions and a potentially high overall 
efficiency. Though, inherent lignocellulose recalcitrance towards the EH is a phenomenon which must be totally understood to 
improve the whole process competitiveness1. Much research is hence currently devoted to this field in order to better 
understand the relations between substrates features, pre-treatment effects, and EH" behaviour. Our work is about the 
characterisation of lignocellulosic substrates in link with the EH, thanks to a multi-scale and multi-technique characterisation. 
BET surface areas is highly dependent on both the reactivity and the pre-treatment severity (Figure), whose behaviour can be 
related to three steps: removal of hemicelluloses, pore collapse that might be due to a packing of cellulose fibrils that are no 
longer linked with the hemicellulose-lignin matrix, and a fragmentation into a porous and altered lignin, and phenolic 
compounds. 
Several other parameters are linked to the reactivity and pre-treatment conditions, such as fluorescence properties (attributed 
to lignin and hydroxycinnamic acids), the morphology, the hemicellulose content, the lignin alteration, and so forth (results not 
shown here). The combination of the techniques allows understanding the global substrates" behaviour. 
The HE reactivity is driven by different parameters that become major or minor, depending on the pre-treatment severity. 
During the first phase, EH is led by the removal of hemicelluloses. The second phase, much less understood, is controlled by 
several parameters, such as the cellulose fibrils" layout, and the formation of the first EH inhibitors. The last phase for which the 
matter is fragmented is driven by the presence of phenolic compounds that inhibit the EH, despite the high accessible surface. 
 
Reference:  

(1) Xuebing Zhao et al., Biofuels, Bioprod. Bioref., 6: 465–482, 2012 
 
Figure 1: Top graph, evolution of the BET surface area with respect to the pre-treatment severity. Bottom graph: Evolution of 
the EH glucose yield with respect to the BET surface area. 
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Biomass in general, wood and grasses in particular represent attractive renewable sources for the fabrication of so-called 
building block chemicals (1). Thus, environmentally benign antimicrobial nanoparticles based on a silver-infused lignin core were 
recently reported underlying the high potential for valorization of lignin (2). 
The contribution presents specific correlations regarding the structural differences of lignins depending on both: source (wood 
vs. grass) and isolation procedure (Kraft vs. Organosolv). Special focus will be drawn on detailed structure deviations caused by 
Miscanthus genotypes (M. gigantheus, M. robustus, M. sisnensis). 
The genotypes differ both morphologically and by their material and energetic properties: M. giganteus genotypes have the 
lowest proportion of leaf and the highest calorific values. The fresh mass yields decrease with increasing leaf proportion 
(giganteus < sinensis < robustus). Morphologically the genotypes differ due to the number of shoots per hectare: M. robustus 
origins exhibit significantly higher number of shoots compared to M. giganteus. The bulk density (kg dry matter per m3) is the 
highest for giganteus genotypes and lowest for robustus genotypes. The total calorific value (J * g-1 dry matter) is the highest for 
giganteus genotypes, they also differ in ash contents. SEC data are compared for beech and Miscanthus (Fig. 1). 
Significant differences arise in the FTIR, UV/Vis, TGA and pyrolysis GC/MS. These data differ not only for the biomass (beech 
versus Miscanthus) but also for the genotypes. Thermal degradation behavior studied via TGA shows significant differences 
depending on lignin source and pulping process (Fig. 2). Finally, those structural lignin data will be added by first results obtained 
for novel lignin-based polyurethanes to be used as additives in active biodegradable packaging and environmentally benign drug 
encapsulation (3, 4). 
 
Acknowledgement: Financial support by BMBF LignoBau (03FH013IX4), HBRS scholarship (MB, BH). 
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Fig 1: SEC data for beech wood and Miscanthus lignin. 
Fig 2: Thermal degradation of Miscanthus lignin. 
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Figure 2 
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Dissolution kinetics of natural and man-made cellulose fibers in ionic liquids  
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Introduction: There has been an insistent demand for green materials in the last decades leading to the development of bio-
based composites as sustainable alternatives to petroleum-based materials. One of the promising options is all-cellulose 
composites (ACCs), composed of a cellulose matrix reinforced with partially dissolved cellulose fibers. In order to predict ACCs 
mechanical properties, the understanding of the kinetics of fiber dissolution is needed. 
Objectives: The goal is to perform a quantitative study of the kinetics of dissolution of natural and man-made cellulose fibers in 
two ionic liquids, at various temperatures. Two cases will be considered: i) dissolving medium is the neat ionic liquid and ii) 
dissolving medium is a cellulose solution. 
Materials & methods: Fibers: flax, Cordenka (technical viscose filament) and Ioncell-F (spun from cellulose-ionic liquid solution). 
Ionic liquids (ILs): 1-ethyl-3-methylimidazolium acetate [emim][OAc] and 1,5-diazabicyclo[4.3.0]non-5-ene propionate 
[DBNH][CO2Et]. 
Methods: Optical Microscope and DSC 
Results: All fibers were characterized in terms of cellulose molecular weight distribution, composition and mechanical 
properties. The behavior of one fiber immersed in the dissolving medium and placed between glass slides under the optical 
microscope was monitored as a function of time and at different temperatures. For example, at room temperature no 
ballooning was observed for all fibers. Flax was dissolving with a peculiar dissolution-swelling-dissolution behavior in 
[DBNH][CO2Et]. Ioncell-F was quickly dissolving in [emim][OAc] and not dissolving in [DBNH][CO2Et] while Cordenka was very 
slowly dissolving in both ILs. A good correlation between the dissolution enthalpy calculated from DSC data and fiber dissolution 
kinetics was obtained. 
Conclusions: The dissolution kinetics of the individual fibers, flax, Cordenka and Ioncell-F, was studied in two ionic liquids and 
their cellulose/pulp solutions. No swelling but only partial dissolution was obtained. The results correlate well with the 
dissolution enthalpy trends measured with DSC. 
 
Acknowledgements: The work was performed in the frame of All-Cell project supported by TEKES, Stora Enso and UPM. 
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Cellulose-[DBNH][CO2Et] rheological properties and aerogel beads made with jetcutting technique 
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Introduction: A new generation of aerogels, based on polysaccharides, have emerged at the beginning of the 21st century. They 
are porous materials with open porosity, lightweight (density < 0.2 g.cm-3) and with high specific surface area (up to 500 m².g-1). 
Such aerogels can be used in adsorption and/or separation, as matrices for controlled drug release and for catalysis. 
Cellulose II aerogels are prepared via dissolution-coagulation-drying with supercritical (sc) CO2 and are usually made in the form 
of monoliths. To decrease the duration of aerogels" preparation (many steps are diffusion-controlled) and for certain 
applications, aerogels in the form of small particles are needed. 
Objectives: We used 1,5-diazabicyclo[4.3.0]non-5-ene propionate, [DBNH][CO2Et], to dissolve cellulose. The goal was to 
correlate solutions" rheological properties with the shape and internal morphology of aerogel beads. 
Materials and methods: Microcrystalline cellulose was from Sigma Aldrich. 1,5-diazabicyclo[4.3.0]non-5-ene (DBN) was from 
Fluorochem, and propionic acid [CO2Et] and absolute ethanol were from Fisher Scientific. 
The rheological properties of cellulose solutions were studied using Bohlin Gemini rheometer. 
Cellulose beads were prepared with a JetCutter device from GeniaLab, Germany. 
Results: First, the rheological properties of cellulose-[DBNH][CO2Et] solutions were studied in details. Cellulose concentration 
and solution temperature were varied and visco-elastic properties in dynamic and steady state investigated. Cellulose intrinsic 
viscosity was determined and compared with the values known for cellulose in other ionic liquids. 
Different JetCutter settings allowed varying the beads" size, from 0.5 to 2 mm. Cellulose beads were washed several times with 
ethanol before drying with sc CO2. Aerogels" density, specific surface area and morphology will be presented and discussed. 
Conclusions: The visco-elastic and hydrodynamic properties of cellulose-[DBNH][CO2Et] solutions were investigated. Cellulose 
aerogel beads with tailored sizes were successfully prepared from these solutions using JetCutting technique. 
Acknowledgements 
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Lignocelluloses represent an abundantly available sustainable feedstock for bioplastics and biocomposites. In particular, bagasse 
as a waste stream in sugar or ethanol production from sugar cane reaches annual quantities of 200 million tons only in Brasil. 
In the present paper two ways of utilizing this source of lignocellulose are considered: chemical modification, i.e. esterification 
and etherification of the entire bagasse on the one hand and use of bagasse as a filler in thermoplastic composites with 
polyolefin matrix, in particular LDPE. While the latter approach resembles the wood plastic composite (WPC) manufacture, the 
former is similar to plasticizing chemical pulp by esterification to obtain cellulose acetate and other (mixed) esters. 
On the WPC route, filler loads of up to 80 % were reached while maintaining tensile strength, increasing modulus up to more 
than five times the starting value reaching 3 GPa and increasing HDT from 45 to 105 °C. On the down side, tensile elongation at 
break and Charpy impact were reduced. 
For chemical bagasse modification acetylation, propionylation, mixed esterification as well as benzylation were investigated. 
With the right choice of reaction conditions and catalyst, and using common, low-cost chemicals (not, e.g., ionic liquids) 
thermoplastic materials could be obtained which adjustable mechanical properties in the range of polyolefins. Tensile 
elongations tend to be low, but with the appropriate choice of plasticizer and substitutent type and amount, 10 to 20 % could be 
realized. 
Both approaches are capable of utilizing the bagasse waste stream for manufacturing thermoplastic materials for extrusion or 
injection molding. While WPC may figure as a somewhat obvious option, the chemical modification opens up a new variety of 
(partially) bio-based plastics on the commodity side. 
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Cellulose nanocrystals (CNCs) and graphene both have desirable properties as nanomaterials. The nano-sized, rod shaped 
crystallites of cellulose (CNCs) offer a high aspect ratio, high mechanical strength, a simple manufacturing process and evidence 
of self-assembly in certain applications. Graphene has been demonstrated to have the highest recorded Young"s modulus for an 
engineering material, a high aspect ratio, and unusual and novel electronic properties. These materials have found a wide array 
of applications, both individually and combined, including: material coatings, films, electronic components and reinforcement 
agents in composites. Despite the usefulness and prevalence of these two materials in modern research, little work has 
investigated the interaction and interfacial properties of these two materials at the nanoscale. 
In this work, we aim to characterize the interfacial strength of the two materials and determine how this interaction changes 
when both tensile and compressive strength is applied. It is hoped that this work can be used to explain failure mechanisms and 
limits of the aforementioned applications.  
Four sample types are investigated: a monolayer film of CNCs, a monolayer of graphene, a bilayer of graphene covered with a 
CNC film, and a bilayer of a CNC film covered with graphene. Each of the samples, loaded on the surface of an epoxy resin beam, 
is subjected to a four-point bending test. At set intervals of strain a Raman spectrum of the samples is taken with a focus on the 
characteristic band located at ~1095 cm-1 for cellulose and the 2D band for graphene. As deformation is applied, these 
characteristic bands shift in position. It has been shown in previous research that this rate of band shift per unit strain (cm-1/%) 
can be correlated to the stress in a material. By comparing the rates of band shift in the monolayers against the rates of shift in 
the bilayers, one can determine how combining the two material affects the stress at the nanoscale. This information can be 
used to determine stress transfer properties and hence interfacial bonding strength. 
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Introduction: Cellulose as the most abundant biopolymer in the world finds application in different areas like paper, hygiene 
articles and cardboards because of its attractive properties such as sustainability, biocompatibility and disposability. Due to its 
low cost, nontoxicity, flexibility and the adaptability to large-scale manufacturing, paper has become increasingly popular as a 
material for the design of various high-tech devices as sensor systems, micro fluidic tools and cell-based assays. 
Objectives: To equip cellulose with new intelligent properties, it is necessary to modify its fibers. The grafting of functional and 
responsive polymers onto the fiber surface forming a polymer brush is one promising method for this purpose. In the last 
decades smart responsive polymers came into the focus of the research of modifying interface properties. Due to structural and 
physical changes of the grafted polymers induced by environmental stimuli, the surface properties can be controlled and 
modulated. 
Materials & Methods: In this contribution, we present a simple way of creating ultrathin films of cellulose on well-defined silica 
substrates by coating the soluble trimethylsiliyl derivate followed by an acidic conversion to pure cellulose. Using these layers as 
model substrates it is possible to investigate fundamentally the function of responsive polymer films attached covalently on the 
deposited cellulose using surface sensitive methods like FTIR-spectroscopy, XPS, contact angle measurements and AFM. 
Results & Conclusions: Besides a switching of the wettability of cellulose by changing the pH-value and temperature, we also 
demonstrate that similar polymer brush coatings can implement anti-fouling properties. This effect is investigated quantitatively 
by the determination of the amount of adsorbed protein by in situ ellipsometry and fluorescence imaging microscopy. Using the 
results of our investigations obtained at model cellulose substrates, we are able to adapt this grafting approach to commercially 
available papers. A practicable functional polymer is presented, which can be grafted at room temperature within seconds. 
Thus, the gap between fundamental research and real application could be significantly bridged. 
 
Financial support by BMWi is gratefully acknowledged (AiF-IGF 18696 BR). 
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The interaction of bovine serum albumin (BSA) with different charged cellulose nanocrystals was studied as a function of the 
degree of substitution by determining the absorption isotherm and by directly measuring the thermodynamics of interaction. 
The binding of BSA to cellulose nanocrystals was found to depend on the charge displayed on the cellulose nanocrystals: 
Positively charged (pyridinium-grafted) CNCs showed Langmuirian adsorption of BSA, with the amount of protein adsorbed on 
the cellulose rod proportional on the degree of substitution of positive pyridinium grafts. The binding mechanism was further 
found to be endothermic and based on charge neutralization. The enthalpy of adsorption increased as function of increasing 
degree of substitution. The positive entropy of interaction was associated with an increase of the degree of disorder upon 
addition of BSA, compensating for an unfavorable endothermic interaction enthalpy. Negatively charged cellulose nanocrystals 
bearing sulfate and/or carboxylic functionalities were found not to interact significantly with the BSA protein, and thus a positive 
surface charge seems to be required. 
 
Figure 1 
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Cellulose thin films with a well-defined chemical composition and morphology are frequently used materials for studying 
cellulose surface interactions. Therefore, these materials contribute to develop a better understanding for processes and 
reactions taking place on cellulose interfaces. Commonly, there exist several applied techniques for the production of such 
cellulose model films. On the one hand cellulose thin films can be prepared by dissolving and converting an organo-soluble 
cellulose derivative like trimethylsilyl cellulose followed by regeneration after processing. Another option to establish cellulose 
model layers is to disperse cellulose in proper solvents followed by film formation and precipitation. However, the production 
and investigation of cellulose thin films produced via these technologies features some drawbacks (1). 
In this contribution we will present a new method for a water based production of smooth cellulose thin films with high storage 
stability, as well as defined chemical composition and morphology. The cellulose films produced via this method are 
characterized by ATR-IR spectroscopy, profilometry, atomic force microscopy, contact angle measurements and GI-WAXS 
studies. Finally, protein absorption on the new cellulose model films is investigated by SPR spectroscopy. 

(1) Cellulose thin films from ionic liquid solutions, Cellulose thin films from ionic liquid solutions, Nordic Pulp & Paper 
Research Journal Vol 30 no (1) 2015 (6 – 13) 
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The natural origin, accessibility and biodegradability of cellulosic wastes make them a very attractive source for valorization 
through modification processes. The conversion into profitable customer products can be by obtaining polyelectrolytes (PEL) 
through the introduction of charged groups into the polymeric backbone. Further, the water-soluble cellulosic wastes (CDAW) 
can be applied as water treatment agent, for example in the removal of colorants which are typically difficult effluents to treat. 
This creates a very promising alternative way of water purification, compared to traditional chemicals, which tend to be 
associated with significant environmental impact. 
The focus of this work was to produce CDAW based on the surplus of eucalyptus wood wastes, which should have good 
flocculation properties in decoloration. The wood chips were used in a two stage procedure. To overcome low reactivity of 
wood, significant removal of lignin as a pretreatment was implemented. In this step, unbleached wood fibers were produced 
(characterized by HPLC and FTIR). Introduction of reactive aldehyde groups to the polymeric backbone by oxidation of the 
cellulose hydroxyl groups, also increased the reactivity of the raw material. This allows for positively charged ammonium groups 
to be introduced. Different degrees of substitution were obtained by changing the stoichiometry between aldehyde content in 
oxidized fibers and the ammonium transfer agent. The CDAWs were characterised by: elemental analysis, FTIR, 1H NMR, DLS for 
hydrodynamic radius and zeta potential (electrophoretic light scattering). The flocculation performance of CDAWs was 
evaluated for several effluents containing dyes. The efficiency of the removal process was monitored by turbidity and 
absorbance measurements of the supernatant water. 
The wood -based cationic PELs used as flocculation agents were shown to be effective for wastewater treatment. The procedure 
described here demonstrates the possibility of adding value to typically discarded wood by-products for their subsequent use in 
wastewater treatment from several industries. 
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Paper has been used as an important supporting material for preserving mankinds information for many centuries. A large 
volume of paper-based artefacts such as books and graphical works accumulated in libraries and archives since the 1850ies are 
acidified and undergo a rapid deterioration upon aging. The deterioration is mainly caused by acidity generated in the paper 
during aging since alum was used as sizing agent in the papermaking process. (i) preparation and dispersion of polysaccharide 
composite nanoparticles (NPs) stabilized by a hydrophobic polymer dissolved in an organic solvent, (ii) mass-scale deacidification 
of paper using a prototype process and nanoparticles, (iii) investigation of pH, alkaline reserve, physicochemical and mechanical 
properties of treated paper upon accelerated aging are therefore the targets envisaged in this work. Stable dispersions of NPs 
were applied on paper at 0 and 2 bar at RT using a home-built prototype device of 12 liters volume. Acid neutralization and 
alkaline reserve of coated paper were investigated by titration methods. The morphology, distribution of NPs and mechanical 
properties were assessed. Titrations have demonstrated that the acidity in paper is neutralized completely and an alkaline 
reserve of 1.5 wt.% is deposited. Thin, transparent coatings and uniform distributions of NPs are confirmed by SEM. Results 
revealed that the pH and alkaline reserve remain similar when samples are aged at high humidity and temperature. The increase 
of mechanical strength after coating is approximately 12% which improved by 80% after aging. 
 
Figure 1. SEM images of uncoated and NPs coated paper 
Using a prototype device with 12 liters of volume containing 5 kg of acidic books, neutralization of acidity in paper and sufficient 
deposition of alkaline reserve, and improved mechanical strength are achieved by a proprietary process using polysaccharide 
stabilized nanoparticles. 
 
Acknowledgements: The authors gratefully acknowledge financial supports from the Austrian Research Promotion Agency 
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Agave tequilana is an outstanding crop in the western semi-arid region of Mexico and is the base for the international renowned 
drink called tequila. The industrialization of tequila production has led to an extensive farming, being the cause of environmental 
deterioration and waste production. The residue of the industrial activity of tequila production is commonly called agave 
bagasse. This material finds its origin on the core of the plant and not on the leaves, as the leaves are left in the ground they also 
represent an unused resource. The importance of lignocellulosic residues in new applications is increasing rapidly, accordingly 
the methods for processing these materials are being assessed by a wide range of investigators. To produce a liter of tequila 
agave, 8 kg are required and generate 3.2 kg of agave bagasse as waste. The management of this waste represents a big 
problem and so far these residues have been used as compost and have a low economic value. Therefore, a lot of studies are 
being developed with the aim of testing different sources and raw materials. In this sense, the study arises as to obtain whiskers 
of cellulose from an agroindustrial waste as agave bagasse prepared at different bleaching treatments, like organosolve, soda 
and sodium chlorite (NaClO2). Cellulose is a polymer that in nanoscale form offers excellent mechanical properties, this makes it 
a versatile material for various applications. 
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The primary plant cell wall is essential for strength, growth and development of the plant (Caffall & Mohnen, 2009). The cell wall 
also dictates the texture of edible parts of plants during storage and processing. The plant cell wall predominantly consists of 
pectin, hemicellulose and cellulose. Pectin, hemicellulose-cellulose and structural proteins are believed to form 3 co-existing 
networks. However, it has been suggested frequently that these networks not only co-exist but also interact. Evidence is found 
for both covalent and for non-covalent interactions between the networks (Cosgrove, 2001; Popper & Fry, 2005; Ralet et al., 
2016; Tan et al., 2013). The nature of such interactions and the cell wall components involved are yet unknown. 
In this study, the cell wall architecture of carrots (Daucus carota), strawberries (Fragaria ananassa) and tomatoes (Solanum 
lycopersicum) is studied. After extraction of water- and chelating agent soluble pectin from AIS (alcohol insoluble solids), the 
chelating agent unextractable solids (ChUS) were further studied for interactions between polysaccharide networks. 
In order to gradually degrade the different types of interactions involved in the cell wall, sequential alkali extractions were 
performed. Increasing alkali strength solubilised fractions rich pectin and hemicellulose, and yielded a residue of cellulose. 
Depending on the source, the final residue after 6M alkali extraction contained ≈ 6-30% of all pectin in AIS. Surprisingly, water 
extractions performed after each alkali extraction yielded pectin populations accounting for 20% of the total pectin present in 
ChUS. 
In order to further characterise the polysaccharides in the alkali released water extracts and in the 6M alkali pellet, enzymatic 
digestion with purified enzymes was performed. As expected, digestion with purified RG-hydrolases solubilised a pectin 
population rich in RG-I from the 6M alkali pellet. Surprisingly, enzymatic digestion of the carrot 6M alkali pellet with purified 
endo- and exo-glucanases also released a pectin population enriched in RG-I. The ability of glucanases to solubilise RG-I from the 
carrot 6M alkali pellet suggests a strong interaction between RG-I and cellulose in a specific part of the cell wall. It might also 
explain the insolubility of RG-I during the sequential alkali extractions. The precise nature of the interactions and the 
consequences for the cell wall architecture will be discussed. 
 

(1) Caffall, K. H., & Mohnen, D. (2009). The structure, function, and biosynthesis of plant cell wall pectic polysaccharides. 
Carbohydrate Research, 344(14), 1879-1900. 

(2) Cosgrove, D. J. (2001). Wall structure and wall loosening. A look backwards and forwards. Plant Physiology, 125(1), 131-
134. 

(3) Popper, Z. A., & Fry, S. C. (2005). Widespread occurrence of a covalent linkage between xyloglucan and acidic 
polysaccharides in suspension-cultured angiosperm cells. Annals of Botany, 96(1), 91-99. 

(4) Ralet, M.-C., Crépeau, M.-J., Vigouroux, J., Tran, J., Berger, A., Sallé, C., Granier, F., Botran, L., & North, H. M. (2016). 
Xylans Provide the Structural Driving Force for Mucilage Adhesion to the Arabidopsis Seed Coat. Plant Physiology, 
171(1), 165-178. 

(5) Tan, L., Eberhard, S., Pattathil, S., Warder, C., Glushka, J., Yuan, C. H., Hao, Z. Y., Zhu, X., Avci, U., Miller, J. S., Baldwin, 
D., Pham, C., Orlando, R., Darvill, A., Hahn, M. G., Kieliszewski, M. J., & Mohnen, D. (2013). An Arabidopsis Cell Wall 
Proteoglycan Consists of Pectin and Arabinoxylan Covalently Linked to an Arabinogalactan Protein. Plant Cell, 25(1), 
270-287. 
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Introduction: Deep eutectic solvents (DES) have emerged as one of the most promising technologies for biomass fractionation, 
aiming at enhancing value and reduce the CO2 emissions to achieve an European low carbon bio-economy by 2050, namely in 
large scale sectors as the pulp and paper industry (1). DES are a greener alternative to the typical solvents used in chemical 
processes due to their simplicity of preparation, unique physicochemical properties, and, they are often of natural origin, are 
biodegradable and recyclable (2). 
However, an understanding of the mechanisms underlying the solubilisation of biomass components, that would enable a 
rational selection of DES and process conditions for specific applications, is still needed. 
Objectives: The aim of this work was to study the solubilisation of hemicellulose in DES, investigating the effect of DES 
concentration, temperature and different ratios of hydrogen bond donor (HBD) and acceptor (HBA). 
Materials and Methods: Pure xylan was used in the solubility assays and its content was quantified by Fourier transform 
infrared spectroscopy (FTIR). Choline acetate served as reference (3). Choline chloride (ChCl):Acetic Acid (1:2) and ChCl:Urea 
(1:2) were tested at 90°C, in different concentrations in water. The most promising DES were then used at different proportions 
of HBA/HBD and a temperature study was made. 
Results: ChCl:Urea presented the best results with solubilisation of 341.97 mg.mL-1 of xylan in 50% of DES in water. In the tests 
with different HBA/HBD ratios (Figure 1), 1:2 had the best results. The temperature variation showed interesting results of xylan 
solubilisation (Figure 2), for 80% of DES in water at 70 °C (342.22 mg.mL-1), for 66.7% at 80 °C (356.77 mg.mL-1) and 50% at 90 
°C (341.97 mg.mL-1).  
Conclusion 
This work shows that it is possible to successfully solubilise hemicelluloses in DES. In the next step, the optimized conditions will 
be tested in Eucalyptus globulus biomass in order to selectively extract hemicelluloses. 
 
Figure 1 – Xylan solubility using different ratios of HBA/HBD (1:2 ■, 1:1 ■, 2:1 ■) with ChCl:Urea. 
Figure 2 – Solubility assays at different temperatures (70°C ■, 80°C ■, 90°C ■), using ChCl:Urea (1:2). 
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Figure 2 
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The production of textile fibres is currently a growing market as the extensive use of clothes continues to increase worldwide. 
Only 6.4% of the market share is wood-based cellulose fibres where one of the most difficult challenge facing the production of 
textile fibres from wood is to find solvents that are both sustainable, efficient and cost effective compared to the systems used 
today. Undoubtedly one of the most attractive alternative solvent systems is NaOH(aq), which has been studied since the early 
1930s. The exact mechanism of cellulose dissolution in NaOH(aq) is not fully understood to this day. This studie highlights a 
property of this system that previously has been overlooked: its inherent ability to capture CO2 from air due to low 
temperatures and high alkalinity, with the aim to investigate the feasibility of CO2 playing a possible role in the dissolution 
mechanism of cellulose in cold NaOH(aq). 
Microcrystalline cellulose (MCC), 3 wt%, was dissolved in 8 wt% NaOH at -5°C for 1 hour and regenerated with ethanol or water. 
The regenerated materials was washed until neutral, freeze dried and finally characteried using ATR-IR and NMR spectroscopy. 
ATR-IR revealed a new signal at 1590 cm-1 for the materials regenerated with ethanol, corresponding to a carbonate ion. This 
indicates that CO2, present in the solvent system, chemisorbes on cellulose during dissolution. This result was confirmed by 13C 
NMR showing a new signal at 154 ppm for samples regenerated with ethanol. Two new signals in the cellulose area at 66 and 69 
ppm were also observed for the samples regenerated with ethanol, interpreted as a change in the cellulose structure due to the 
chemisorption of CO2 during dissolution. Neither the signal in ATR-IR nor the signals in 13C NMR was observed for samples 
regenerated with water suggesting the chemisorption to be reversible dependant on type of regenerating agent. 
 
Figure 1. 13C NMR spectra of a) reference cellulose, b) cellulose dissolved in NaOH(aq) and regenerated with ethanol and c) 
cellulose dissolved in NaOH(aq) regenerated with water. 
 
These results suggest that CO2 from air dissolves in NaOH(aq) and chemisorbes on cellulose during the dissolution in NaOH(aq). 
The exact role of CO2 in the solvent system NaOH(aq) needs to be further investigated. 

Figure 1 
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Gelation of fiber-specific pure rhamnogalacturonan I 

P. Mikshina, A. Petrova, O. Makshakova, D. Faizullin, Y. Zuev, T. Gorshkova 

KIBB KazSC RAS, Kazan, Russian Federation 

Introduction: The ability of pectin to form gels is mainly related with the presence of high- and low-methoxylated 
polygalacturonic acid in their structure (rev. Thakur et al., 1997). It is considered that rhamnogalacturonans (RGs-I) of higher 
plants, in the absence of homogalacturonan structure fragments, do not form gels. In this work, on the example of RG-I from flax 
gelatinous fibers, the ability of this type of pectic polysaccharides to form at physiological concentrations hydrogels with 
hyperelastic properties was revealed. 
Objectives: The aim of present investigation was to establish the physicochemical and mechanical features of novel type of gel 
from tissue-specific RG-I.  
Materials and methods: RG-I was isolated from mature flax fibers by total cellulose microfibril destruction. Gel from RG-I was 
obtained by microwave irradiation. Experiments on uniaxial compression were used for analysis of RG-I mechanical properties; 
water-retaining ability and changes of RG-I structure after microwave irradiation were characterized by IR spectroscopy. 
Monosaccharide composition and ratio of key components of RG-I structure were analyzed by HPAEC and NMR.  
Results and conclusion: Flax fiber RG-I has pure and regular RG-I backbone and side chains from β-(1,4)-galactan. The principal 
differences of gel-forming RG-I from RGs-I of other cell wall types are the ability to self-associate, form the hydrogel with specific 
mechanical properties and tightly retain water molecules. The minimal polysaccharide concentration required for gel formation 
being 4%. 
Youngs modulus and Poissons ratio for the RG-I gel were 13.7 kPa and 0.483, respectively, that characterizes these 
polysaccharides as hyperelastic materials. Analysis of "fingerprint" region for gel and solution spectra of this polymer revealed 
that changes in the RG-I gel are related to increasing intensity of the bands belonging mainly to the galactose absorption, that 
suggest the participation of galactan side chains in the gel formation of fiber-specific RG-I. 
This data confirm the suitability of RG-I gel for the functioning under high-pressure conditions into tertiary cell wall and 
demonstrate the potential of this polysaccharide as material for use in medicine and various technologies. 
 
Fig. 1. Gel obtained from flax fiber RG-I after microwave effect. 
 
Figure 1 
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Recovery of cotton cellulose from polyester/cotton mixed textiles 

A. Palme1, A. Peterson1, S. Björquist1,2, H. de la Motte3, H. Theliander1, H. Brelid4 

1Chalmers University of Technology, Chemistry and Chemical Engineering, Gothenburg, Sweden 
2The Swedish School of Textiles, Borås, Sweden 
3Research Institutes of Sweden, RISE Bioeconomy/Biorefinery and Energy, Gothenburg, Sweden 
4Södra Innovation, Varberg, Sweden 

Textiles that contain blends of polyester and cotton, so called polycotton, are among the most common textile materials. These 
are e.g. used in the service sector in towels and sheets. To accomplish chemical recycling of textiles, separation of blended 
materials must be accomplished. The aim of the present investigation was to develop a separation process for polycotton, 
where polyester is degraded to its monomers, ethylene glycol (EG) and terephthalic acid (TPA), and cotton is maintained. 
New polycotton sheets which contained 52% polyethylene terephthalate (PET) measured according to ISO 1833:-11:2006, were 
used and the hydrolysis of the PET in the polycotton samples was performed in an aqueous solution containing 5-10% NaOH at 
70-90°C for 240-420 min. In some experiments, the phase transfer catalyst benzyltributylammonium chloride was added. When 
the reaction was finished, the solid cotton residue was filtered off and washed. The filtrate was acidified with sulfuric acid, which 
caused the TPA to precipitate. The solid TPA was filtered off, washed and dried. The reaction products were analyzed with 1H 
and 13C solution state NMR, UV-spectroscopy, and ATR FT-IR. 
 
Figure 1: Yield of TPA from separation experiments, measured with UV-spectroscopy, as function of reaction time. The 
experiments were performed in 10% NaOH. 
 
In Figure 1, the effect of temperature on the degradation rate is shown, when the experiments were carried out in 10% NaOH. 
The TPA yield is based on measurements of the TPA content of the hydrolysis solution, measured with UV-spectroscopy. When 
the hydrolysis was performed without phase transfer catalyst, the degradation rate was slower, however, PET could be 
completely degraded without the catalyst. 
The filtrate containing the EG as well as the recovered TPA were analyzed with solution state 13C NMR and the results showed 
no residues of other degradation products. The cotton fraction was analyzed with ATR-FTIR, and no polyester residues was 
found. 
Results presented here show that it is possible to separate polyester and cotton from blended textiles with yield above 97% 
using alkaline hydrolysis. Analysis of the resulting streams showed high purity which is promising when considering future textile 
recycling. 
 
Figure 1 
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Integrated research on biodegradability of composites based on PLA and starch 

K. Aleksanyan1, S. Rogovina1, A. Loginova1, N. Ivanyshkina2, L. Vladimirov1 
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2Skryabin Institute of Biochemistry and Physiology of Microorganisms, RAS, Pushchino, Russian Federation 

Synthesis of polymers from monomers of natural origin is a new direction in creation of biodegradable polymers based on 
renewable raw material sources. One of such polymers is a poly(lactic acid) (PLA) produced from lactic acid. The production of 
the composites of PLA could allow one to reduce its price and increase the biodegradability by mixing with starch as one of the 
most used and cheapest polysaccharides. Such composites with increased biodegradability can be applied in different 
application fields such as packaging, agriculture, etc. 
The biodegradable composites of PLA and starch were obtained in a mixer of a Brabender type under the action of shear 
deformations. The films were pressed at 160°C to investigate the composite mechanical properties and biodegradability. It has 
been shown that the mechanical characteristics depend on the starch content. In order to improve the system elasticity, the 
plasticizer poly(ethylene glycol) (PEG) of different molecular weight has been introduced. The biodegradability of the composites 
was studied using different independent methods: estimation of the weight loss after exposure in soil, tests on fungus 
resistance, investigation of the sample surface after tests on biodegradability via SEM. The most noticeable weight loss was 
noted for the binary PLA–starch (60:40 wt %) and ternary PLA–starch–PEG600 (60:20:20 wt %) composites after 55 days of tests. 
The tests on fungus resistance allowed one to establish the type of fungi developing on the surface and in bulk. The intensity of 
the fungus growth for all systems was estimated at the highest level. It should be noted that the sample appearance was 
evaluated by the deformation, pigmentation, and damage area (~ 100% for all composites). The comparative investigation of the 
film morphology after both tests revealed that the principle difference of these samples was the presence of cracks on the films 
after exposure in soil that pointed to the biodegradation of the PLA matrix under these conditions. 
Thus, the binary and ternary biodegradable composites based on PLA and starch were produced under shear deformations. 
Using independent methods it was illustrated that the biodegradation involved not only polysaccharide, but also PLA matrix. 
This work was supported by the Russian Science Foundation, project no. 14-13-00803. 
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Design and synthesis of multi-dimensional lignocelluloses based catalytic systems and their catalytic performance in green 
chemistry 

X. Peng1, Z. Xiang1, L. Zhong1, J. Ma1, R. Sun2 

1South China University of Technology, Guangzhou, China 
2Beijing Forestry University, Beijing Key Laboratory of Lignocellulosic Chemistry, Beijing, China 

The utilization of lignocelluloses is an important issue in biomass conversion. From lignocelluloses high utilization and "green" 
points of view, this study focuses on constructing environmental lignocelluloses based catalytic system and their applications in 
catalysis. A series of lignocelluloses based functional materials and solvents, such as spatial hydrogels, porous carbon materials, 
hybrid nanoparticles and saccharic acids will be designed, and the influences of physical and chemical properties of the as-
prepared polysaccharides precursors containing O, N, S elements and grapheme ligands et al on the structure and properties of 
these materials are investigated. Furthermore, the applications of lignocelluloses catalytic system in organic synthesis, electro-
catalysis and producing green platform chemicals will be studied, and the regulation of the catalysis properties of lignocelluloses 
catalytic materials will be discussed. This study will provide new ways for the utilization of lignocelluloses and offer effective 
catalysts and solvents for green chemistry. 
 
Reference 

(1) Jiliang Ma, Xinwen Peng*. D-xylonic acid: a solvent and an effective biocatalyst for a three-component reaction. Green 
Chemistry. 2016, 18, 1738-1750 

(2) Xinwen Peng, Junli Ren. Nanocomposite films based on xylan-rich hemicelluloses and cellulose nanofibers with 
enhanced mechanical properties. Biomacromolecules. 2011, 12: 3321-3329 

(3) Xinwen Peng, Junli Ren. Homogeneous esterification of xylan-rich hemicelluloses with maleic anhydride in ionic liquid. 
Biomacromolecules. 2010, 11: 3519-3524 

(4) Xinwen Peng, Junli Ren. Highly effective adsorption of heavy metal ions from aqueous solutions by macroporous xylan-
rich hemicelluloses-based hydrogel. Journal of Agricultural and Food Chemistry. 2012, 60: 3909-3916 

(5) Wei Chen, Xinwen Peng. Chemical fixation of carbon dioxide using a green and efficient catalytic system based on 
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CarbaVisc — man-made cellulosic fibers via the viscose process — new opportunities by cellulose carbamate 

A. Lehmann, R. Protz 

Fraunhofer Institute for Applied Polymer Research, Potsdam, Germany 

Viscose fibres have an ever increasing market share with over 5 million tons p.a. Main application area for viscose fibers is the 
textile industry. Nevertheless, the broad variability of the viscose process allows realizing even technical man-made cellulose 
fibers, like Supe 3 tyre cord yarn with tenacities of more than 50 cN/tex. This broad variability of fiber qualities is not reached by 
any other cellulose shaping process. 
However, since decades there is strong focus on decreasing the input of highly toxic CS2 for the viscose fiber manufacturing and 
keeping the quality of spinning solutions at the same time, which allows the known processing behavior and resulting in a high 
fiber quality. The cellulose carbamate process is by far the most intense investigated option to substitute the viscose technology. 
By different reasons this didn´t happen up to today, despite the fact that the cellulose carbamate spinning was already shown on 
industrial scale. 
The CarbaVisc technology combines both spinning routes, carbamate and viscose. This enables to realize fiber properties known 
from the viscose process and at the same time a significant lower CS2 input for so produced man-made cellulose fibers. The 
lecture will give an overview about the CarbaVisc technology, different fiber properties and structural characterization of the 
same by varying the processing conditions. 
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Surface modified particulate nanocellulose for functional materials 

K. Zhang, Y. Wang 
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Up to now, nanocellulose is mostly present in the form of nanowhisker, nanocrystal or nanofiber. For further construction of 
functional materials, complicate surface modification of nanocellulose is often required, which leads to either non-stable 
nanocellulose or loss of nanocellulose. 
Herein, novel particulate nanocellulose with surface-attached functional groups was obtained after the alkylation of cellulose 
with long chain acid chloride. This nanocellulose is present as particles, in contrast to other forms as whisker, crystal or fiber. 
They contain crystalline cellulose core and amorphous shells based on diverse characterizations, such as solid-state NMR 
spectroscopy and TEM. Such particulate nanocellulose provides more feasibility to form functional materials, such as stimuli-
responsive films and reversible surfaces via solvent casting. Transparent films showed solvent-responsive surface roughness and 
thus different wetting properties. As well, they exhibited solvent- and temperature-responsive shape-memory properties. 
Moreover, the surface structure via the self-assembly of such particulate nanocellulose was reversible: it was removable at 80°C 
and recovered at room temperature. At the same time, the transparancy, surface roughness and birefringence reversibly 
changed. 
Thus, a novel kind of particulate nanocellulose for construction of functional materials is presented, which is also of great 
interest for the development of new synthesis routes for novel functional nanocellulose. 
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Polymer grafting from cellulose nanocrystals — new synthetic pathways, properties and applications 
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Surface modification of cellulose nanocrystals (CNCs) through surface-initiated controlled radical polymerization (SI-CRP) offers 
an efficient means to control their interfacial properties. There is a growing interest in the use of such CNC hybrid materials for a 
number of applications, ranging from retention/drainage aids in papermaking to antimicrobial agents. Traditionally, conducting 
SI-CRP from CNCs has involved undesirable preparation steps, such as lyophilization followed by redispersion, or solvent 
exchange in order to covalently anchor appropriate initiators via esterification of surface hydroxyl groups with acid halides. Here 
we present an overview of our recent work in transition metal-mediated SI-CRP from CNCs for targeted applications, such as 
stimuli-responsive flocculants and viral entry inhibitors, while employing water-tolerant reaction steps. Atom transfer radical 
polymerization (ATRP) initiators were either 1) uniformly attached to CNC surface hydroxyl groups via acid-catalyzed Fischer 
esterification or 2) selectively attached to the reducing end groups via N-hydroxysuccinimide/carbodiimide-mediated chemistry. 
Following SI-ATRP, surface-tethered polymers, such as poly(N-isopropylacrylamide) (PNIPAM) and poly(styrene sulfonate) (PSS), 
were cleaved from CNC interfaces by two different hydrolytic methods, respectively, and analyzed by 1H NMR spectroscopy and 
gel permeation chromatography (GPC). With information about the molecular weight and dispersity of surface-grafted 
polymers, we examined the effect of the inherent surface chemistry of CNCs on ATRP initiator reactivity. We found that CNC 
surface charge had a significant impact on initiator efficiency and dispersity of polymer grafts. The interfacial properties of CNC 
hybrids were later analyzed by light scattering, which provided insights into electrokinetic phenomena, colloidal stability and 
stimuli-responsive properties. In particular, the lower critical solution temperature (LCST) of PNIPAM shifted to slightly higher 
temperatures when tethered to CNCs, which was likely a result of restricted chain mobility. Finally, some of the potential 
applications of such CNC hybrid materials will be proposed. 
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Chemical isolation and characterization of cellulose from pyura chilensis tunicate 

G. Opazo Salcedo, A. Qüintro Leiva, M. Martin Loayza, J. Fernández Lazo, F. Quero 

Universidad de Chile, Departamento de Ciencia de los Materiales, Santiago, Chile 

Introduction: Cellulose nanofibers have been attracting much attention for the last fifteen years owing to their abundance, 
renewability, non-toxicity and outstanding physical properties. Tunicate cellulose has been found to be a source of high quality 
cellulose nanofibers. A range of tunicate species has been found to contain high quality cellulose including Ciona intestinalis, 
Halocynthia roretzi, Ascidia sp. and Styela plicata. Pyura Chilensis tunicate (c.f. Figure 1a), which is mainly located along the 
Chilean coasts has, however, never been investigated as a tunicate cellulose source to produce cellulose nanofibers. 
 
Figure 1 Images of (a) Pyura Chilensis showing its external shell (tunic) as well as its reddish edible internal organs and (b) freeze-
dried pieces of Pyura Chilensis tunic. 
 
Objectives: 

 Isolation of pure cellulose from Pyura Chilensis using a chemical approach. 

 Characterize the isolated cellulose by proximate analysis, FTIR spectroscopy, thermogravimetric analysis, Raman 
spectroscopy, powder X-ray diffraction and scanning electron microscopy. 

Materials & Methods: Briefly, pieces of freeze-dried tunic of Pyura Chilensis (cf. Figure 1b) were milled until a fine powder was 
obtained. An alkaline treatment was subsequently performed using KOH at a concentration of 5% w/v (c.f. Figure 2a) followed 
by a bleaching process using solution acetic acid and sodium hypochlorite to obtain a white and pure cellulose powder (cf. Figure 
2b). 
 
Figure 2 Images of (a) the alkaline treatment applied to the tunic powder using KOH at a concentration of 5 % w/v at 80 °C for 24 
hours and (b) the Pyura Chilensis tunicate cellulose powder after sodium hypochlorite treatment.  
 
Results: The generated materials were subsequently characterized in between each isolation step. The presence of highly pure 
cellulose (cf. Figure 2b), present within the tunic of Pyura Chilensis was confirmed by FTIR spectroscopy, thermogravimetric 
analysis, Raman spectroscopy, powder X-ray diffraction and scanning electron microscopy. 
Conclusion: Cellulose from the tunicate Pyura Chilensis was successfully isolated by using a chemical approach. This was 
confirmed by proximate analysis, FTIR and Raman spectroscopy, powder X-ray diffraction and scanning electron microscopy. 
 
Figure 1 
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Extraction of hemicelluloses from rapeseed straw for renewable plastic film 
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2Rise Bioeconomy, Stockholm, Sweden 

New methods and a more efficient utilization of bio-based resources are needed to obtain sustainable functional materials for 
the future. Rapeseed straw is an agricultural residue with few areas of further use. Hemicelluloses with high molecular weight 
were extracted from rapeseed straw by hydrothermal extraction as a part of a long term quest to develop a biorefining process. 
The extraction procedure was purposely designed to provide a straight forward route and avoid extensive subsequent 
purification steps of the extracts. The relationships between the conditions of the extraction method and the structure, 
composition, molecular weight, yield and mass flows of the recovered extracts were evaluated through statistical factorial 
screening design and "severity factor" analysis. 
Three types of hydrothermal extraction conditions were used; water, acidic and alkaline at different extraction temperatures 
and times. Water and acidic extraction conditions resulted in an extract-rich in glucomannan, where the glucomannan obtained 
through acidic extraction conditions was more degraded than glucomannan obtained with water. Xylan was co-extracted at high 
temperature during water extraction. Alkaline extraction resulted in an extract-rich in xylan. The total amount of xylan increased 
with increasing alkali charge, but was more degraded at the highest temperature, 140 °C and alkali charge. All of the different 
extraction methods yielded co-extracted lignin, especially during high alkali charge, but the straw was never fully dignified or the 
cellulose fibers deliberated. Some selected extracts were demonstrated to be suitable raw materials for renewable plastic films. 
The glucomannan films were very fragile, while the xylan films had remarkable strain at break values of 70 – 90 % without any 
added plasticizer. 
 
Figure 1. Illustration of the extraction of hemicelluloses from rapeseed straw and utilized as a resource in renewable plastic 
films 
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Design and synthesis of new polymers from low molecular hemicelluloses 

L. Puchot, P. Verge, Y. Habibi 
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Presently the majority of the raw chemical compounds used for the production of polymeric materials stem mainly from 
petroleum resources. However, facing the depletion of fossils resources as well as their increasing prices and the growing 
environmental concerns, the interest in the chemistry of sustainable and renewable resources used for the production of 
polymeric materials gained considerable interest. (1) In this context, renewable building blocks derived from biomass such as 
plant oils, polysaccharides, lignin or hemicelluloses are considered as attractive and inexhaustible resources. 
Hemicelluloses, represent 15% to 35% of plants and wood and are, the second most abundant natural polymers in the vegetal 
world after cellulose. Hemicelluloses can be considered as a very interesting and underexploited source of bio-based building 
blocks for the chemistry and polymer industries. Indeed, a large fraction of the extracted hemicelluloses-rich material is mainly 
composed of unexploited monomers or low-molecular mass oligomers, which intricate their use as chemical building blocks for 
materials elaboration. Consequently, alternatives to add value to this low molecular mass fractions are therefore needed. The 
present work reflects the conversion of low molecular mass fractions of hemicellulose into polymeric materials through chain 
extension. Molecular, thermal and thermo-mechanical characterizations of the obtained polymers will be detailed. 
 
Acknowledgements: 
Authors are thankful to Fond National pour la Recherche (FNR, Luxembourg) for the financial support of Catbiose. 
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In tissue engineering, 3D scaffolds which show tunable interconnected porosity, hydrophilicity, and are made of natural 
polymers are particularly of interest since they are often biocompatible and biodegradable. These scaffolds act as a template for 
cellular infiltration and give physical support for mediating the growth, differentiation, and proliferation of cells which are 
seeded on it. Despites their many advantages over synthetic scaffolds, poor mechanical stability limit the use of these materials. 
Although this issue is addressed in several reports, only a few studies have been devoted to the development of stable cell-
supporting matrices from ionically cross-linked polysaccharides. (i) Preparation of ionically cross-linked 3D scaffolds from 
oppositely charged polysaccharides, (ii) Investigation of physicochemical and mechanical properties, (iii) understanding the 
principles governing cell-surface interactions. Aqueous solutions of carboxymethyl cellulose (CMC) where ionically cross-linked 
with chitosan (CHI) under constant stirring at RT. The obtained mixture was poured into a mold consisting of pre-defined 
structures, freeze-dried and lyophilized. Scaffolds were subjected to different neutralization procedures. The physicochemical 
and mechanical properties of resulting materials were investigated using various methods. Infrared spectroscopy confirmed the 
presence of ionic cross-linking between CMC and CHI before and after neutralization with NaOH. Results revealed that the CMC-
CHI scaffold is porous (100 – 300 nm), showed enhanced fluid update, wettability, and increased wet strength compared to the 
single components. These properties are altered upon heat treatment. The scaffold that showed suitable properties were used 
for growth of cells (e.g., fibroblast derived from human skin). Highly stable, porous, hydrophilic scaffolds are prepared from 
ionically cross-linked polysaccharides and employed for the growth of human derived fibroblast cells. 
 
Figure 1. SEM images of pure CMC, CHI and CMC-CHI scaffolds 
 
Acknowledgements: The authors acknowledge the financial support from the Slovenian Research Agency for research core 
funding No. P2-0118. 
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Introduction: Commercially available cyclodextrins (CD), CD6, CD7 and CD8 are circular α-1,4 glucans, comprised of 6, 7 and 8 
glucose units, respectively. CD form a cone-shaped structure with a hydrophobic cavity and hydrophilic surface enabling the 
formation of specific inclusion complexes with bioactive guest molecules. However, large-ring cyclodextrins (LR-CD) composed 
of 9 and more glucose units are still a subject of basic research. Due to their different sizes and structural features, LR-CD may 
find applications as novel host compounds in molecular recognition processes. 
Cyclodextrin-glucanotransferases (CGTases) catalyse the transformation of starch to CD. While the main cyclic products are CD6-
CD8, LR-CD are formed as side products during the initial reaction. The production, isolation and purification of LR-CD has been 
tedious and required improvement. 
Objectives: Our aim was to optimize the production and downstream processing of LR-CD. We applied protein engineering 
strategies to construct highly specific CGTase variants with increased product specificity for LR-CD. 
Materials: CGTase from Bacillus sp. G825-6, site-specific mutagenesis, HPAEC-PAD analysis 
Results: CGTase variants showing increased LR-CD formation were constructed and characterized. The enzymes were used to 
produce LR-CD mixtures. Compared to the wild type CGTase, the ratios of CD9-CD12:CD6-CD8 were increased from 30:70 to 
85:15 for the initial reaction and from 22:78 to 71:29 for prolonged reactions with the enzymes. A 30% conversion of starch to 
CD was achieved and it was possible to obtain CD mixtures ranging from CD8-CD38 with CD8-CD12 as the main products. 
Conclusion: By site-specific mutagenesis, specific LR-CD-producing CGTase variants were obtained. With these enzymes, almost 
pure LR-CD preparations without contaminating CD6 or CD7 could be produced in large amounts enabling the analysis of their 
inclusion-forming properties. 
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A. Leszczyńska, P. Radzik, K. Pielichowski 

Cracow University of Technology, Department of Chemistry and Technology of Polymers, Kraków, Poland 

Introduction: The development of new high-performance polymeric biocomposites is a challenging task for current materials 
science and technology. 
Objectives: In this work an engineering bionanocomposites of renewable polyamide 10.10 and surface modified nanofibrillated 
cellulose (NFC) were manufactured by melt blending. The influence of NFC on the crystal structure and phase transitions of 
bioPA10.10 was investigated by WAXD, DSC, MTDSC and TOPEM DSC methods. 
Materials & methods: Enzymatic nanofibrillated cellulose from InoFib, Grenoble INP Pagora, was subjected to esterification with 
acetic anhydride (Ac) and then dispersed in bioPA10.10 using MiniLab extruder at 230ºC and mixing time 6 min. 
Results: The WAXD analysis of all biocomposites showed significantly increased crystallinity degree (Xc) of PA10.10 especially for 
the lowest NFC content. The increasing number of nucleus at higher content of NFC gave rise to more imperfect crystal structure 
of PA matrix and thus lower Xc. Interestingly, this effect was not related to the simple heterogeneous nucleaction of PA 
crystallization by Ac-NFC since no change in the Tonset of nonisothermal crystallization was found by DSC method. However, the 
kinetic parameters of the isothermal crystallization revealed acceleration of the secondary nucleation and crystal growth of 
PA1010 by Ac-NFC. Among others, higher values of the crystallization rate constant and shorter times to maximum 
crystallization rate (tmax) were found for bionanocomposites as compared to neat PA10.10. 
The glass transition of PA10.10/Ac-NFC bionanocomposites decreased with the increasing content of Ac-NFC in a broad range of 
frequencies. The modulated temperature DSC (MTDSC) provided the insight into the reversible and non-reversible components 
of the melting process of PA 10.10 in the presence Ac-NFC and revealed significant reduction of polyamide recrystallization. 
Conclusion: The WAXD, MTDSC and TOPEM DSC methods demonstrated that the Ac-NFC at low content (1wt%) significantly 
enhanced the formation of more perfect and thermally stable α-form crystals that underwent less extensive recrystallization 
during heating. 
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RN1, a novel galectin-3 inhibitor, inhibits pancreatic cancer cell growth in vitro and in vivo via blocking galectin-3 associated 
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Galectin-3 (Gal-3) has been implicated in pancreatic ductal adenocarcinoma (PDAC), and its candidacy as a therapeutic target 
has been evaluated. Gal-3 is widely up-regulated in tumors, and its expression is associated with the development and 
malignancy of PDAC. In the present study, we demonstrate that a polysaccharide, RN1, purified from the flower of Panax 
notoginseng binds to Gal-3 and suppresses its expression. In addition, RN1 markedly inhibits PDAC cells growth in vitro, in vivo 
and in patient-derived xenografts (PDXs). Mechanistically, RN1 binds to epidermal growth factor receptor (EGFR) and Gal-3, 
thereby disrupting the interaction between Gal-3 and EGFR and down-regulating ERK phosphorylation and the transcription 
factor of Gal-3, Runx1 expression. Inhibiting the expression of Runx1 by RN1, suppresses Gal-3 expression and inactivates Gal-3-
associated signaling pathways, including the EGFR/ERK/Runx1, BMP/smad/Id-3 and integrin/FAK/JNK signaling pathways. In 
addition, RN1 can also bind to bone morphogenetic protein receptors (BMPR1A and BMPR2) and block the interaction between 
Gal-3 and the BMPRs. Thus, our results suggest that a novel Gal-3 inhibitor RN1 may be a potential candidate for human PDAC 
treatment via multiple targets and multiple signaling pathways. 

Key Words: RN1, galectin-3, pancreatic cancer, inhibitor, Runx1 
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Potato peel waste is a starch-rich surplus material of food industry. In this study peel waste was used as an alternative starch 
source to produce cationized starch. The potato peel waste was utilized as received from the food industry. The cationization 
was performed in water solution by using NaOH as base and 2-chloro-3-hydroxypropyltrimethylammonium chloride as the 
cationization reagent. Microwave activation and oil bath were used as heating methods. The impact of various reaction 
conditions (pre-treatment time, temperature, cationization time, molar ratio of AGU:CHPTAC and molar ratio of AGU:NaOH) on 
the degree of substitution were studied by using experimental design. The products were analyzed by 1H NMR. The degree of 
substitution of the cationized starch varied in the range of 0-0.44. 
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Lateral substitution (or grafting) of polysaccharides is a well-established approach to obtain useful polysaccharide derivatives. In 
the present context the lateral substitution of alginates by peptides (1) and carboxylation of triple-stranded schizophyllan (2) will 
be described and discussed. Focus for the former will be on the influence of peptide substitution on the degradation of alginates 
under physiological conditions (3). 
The more challenging terminal substitutions have a potential beyond traditional bioconjugation, namely to assemble entirely 
novel glycopolymers (4). We have recently initiated exploring the preparation and properties of diblock materials based on 
oligomers of chitin, amylose, and alginate, using mainly adipic acid anhydride (ADH) as linker. Initial results concerning the 
conjugation, purification, and solution properties will be described. 
 

(1) Dalheim, M. Ø.; Vanacker, J.; Najmi, M. A.; Aachmann, F. L.; Strand, B. L.; Christensen, B. E., Efficient functionalization of 
alginate biomaterials. Biomaterials 2016, 80, 146-156. 

(2) Yoshiba, K.; Sato, T.; Osumi, T.; Ulset, A.-S.; Christensen, B. E., Conformation of carboxylated schizophyllan in aqueous 
Solution. Carbohyd Polym 2015, 134, 1-5. 

(3) Dalheim, M. Ø.; Ulset, A.-S. T.; Jenssen, I. B.; Christensen, B. E., Degradation kinetics of peptide-coupled alginates 
prepared via the periodate oxidation - reductive amination route. Carbohydr Polym 2017, 157, 1844-1852. 

(4) Schatz, C.; Lecommandoux, S., Polysaccharide-Containing Block Copolymers: Synthesis, Properties and Applications of 
an Emerging Family of Glycoconjugates. Macromol Rapid Comm 2010, 31 (19), 1664-1684. 
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The excellent mechanical properties, anisometric shape and high specific surface of nanocrystalline cellulose (NCC) led to often 
testing as an additive to nanocomposite plastics for increasing their mechanical properties. The same time, to investigation of 
NCC for reinforcing fiber properties, partially polyacrylonitrile (PAN) is paid much less attention. Since PAN composition includes 
polar nitrile groups, the orientation of polymer chains is hindered at fiber spinning and heat treatment procedures. The NCC 
introduction can lead to improve PAN chains ordering due to shielding the nitrile-nitrile interaction in favor of interaction 
between NCC hydroxyl group and PAN nitrile group, registered by the IR spectroscopy method. 
Stable NCC dispersions of various concentrations in DMSO, as well as in concentrated PAN solutions were prepared by ultrasonic 
treatment. The dispersions quality was proved by polarization microscopy, and particle size was measured by dynamic light 
scattering. 
The viscosity of the suspensions was measured in steady-state and oscillation regimes. In both cases it decreases with increasing 
shear rate or frequency, indicating a non-Newtonian shear-thinning behavior. All flow curves show a shoulder in a specific area 
of shear rates where tempo of viscosity fall increases. In the same area, significant deviations from the Cox-Merz rule is 
observed and even growth of dynamic viscosity with a frequency. Presumably, this effect reflects the threshold increasing the 
orientation of the anisometric NCC particles interconnected with PAN macromolecules. 
The frequency dependences of storage and loss moduli leads to demonstrates a shift of gelation point to higher frequencies with 
addition of NCC, that may indicate a decrease in the intensity of nitrile-nitrile interactions in dispersion. 
PAN fiber samples with NCC additive were spun by wet-spinning process. It"s morphological and mechanical properties were 
studied. Analysis of mechanical properties indicates that tensile strength and elastic modulus of multifilament composite fiber 
with 0,5% content of NCC is in 1.5 times higher compared with initial PAN fibers. 
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Nowadays, a huge amount of plastic and organic wastes resulting from human activity has a significant impact on the 
environment. For instance, the agrofood industry and its extensive trade are targets of major concern. The implementation of a 
circular economy by adding value to non-reused agrofood industrial wastes viz. potato chips industry byproducts as biopolymers 
sources for the development of renewable packaging materials is an opportunity. 
In this work, various potato industry byproducts were used on biobased films production. Potato starch, waxes, and oils were 
extracted from washing waters, potato peel and frying residues, respectively. Mechanical and wettability tests were tested to 
investigate the biopolymers influence on potato starch-based films properties. 
Recovered potato starch revealed to be suitable for the development of packaging materials. According to the starch/oil/waxes 
ratios used, different mechanical profiles were obtained. Oil incorporation increased the starch-based film elongation properties 
with concomitant reduction of both tensile strength and Youngs modulus. On the other hand, low amounts of waxes were able 
to improve the films elongation properties while higher portions increased their tensile strength and deformation ability. Water 
contact angle measurements revealed that both lipidic extracts efficiently enhanced the films hydrophobicity, although a highest 
waxes amount is required to evidence this effect. 
Therefore, potato industry byproducts revealed to be a suitable biopolymers source for designing alternative renewable 
packaging materials. 
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Chitosan has been studied as a renewable polymer to form edible films due to its nontoxicity, biocompatibility, and 
antimicrobial properties. However, the use of chitosan films for food applications has been limited due to their high 
degradability in aqueous acidic media and low resistance. Chemical modification of chitosan is a strategy to prepare chitosan 
films with enhanced properties to be used for food applications. 
The grape pomace, a by-product of winemaking, is a rich source of natural phenolic compounds, namely anthocyanins, 
proanthocyanidins, and phenolic acids, which have antioxidant properties. In order to produce chitosan films with high 
antioxidant activity, the phenolic compounds were grafted to chitosan by a radical mechanism (1,2). This methodology 
originated films with higher antioxidant activity than pristine film. The grape pomace, contains other valuable compounds, 
namely oils and waxes, that can be incorporated into the polysaccharide matrix, improving its inherent characteristics. These 
modified chitosan films revealed enhanced mechanical properties, higher hydrophobicity and antioxidant capacity than pure 
chitosan films (3). 
The cross-linking of chitosan with genipin, a natural and non-cytotoxic compound extracted from gardenia fruit, enhances films 
mechanical strength and chemical stability rendering them practically insoluble in acidic aqueous solutions (1). This allows to 
exploit chitosan antimicrobial and antioxidant properties for wine preservation (4). As the blue color of this chitosan-genipin film 
can limit its use as food packaging material, a green oxidation methodology for the color removal was developed, preserving 
their functional properties. 
This communication shows that tuned properties can be achieved by the chemical modification of chitosan, allowing the 
development of materials to be used for food preservation and shelf-life extension. 
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Various cellulosic nano-objects have been developed through chemical and mechanical approaches. Kondo et al. have 
developed the aqueous counter collision (= ACC) method which is able to cleave intermolecular interaction in bio-based 
materials only using water. Using the ACC method, cellulose nanofibers (ACC-nanocelluloses (= ACC-Nacs)) were prepared from 
various raw cellulose materials (1-5]. This ACC-Nacs have more hydrophobic feature in comparison to other hydrophilic 
nanocelluloses (3,6). Thus, this study focused on amphiphilicity and surface activity of ACC-Nacs. 
To investigate emulsifying ability of ACC-Nacs, water dispersion of the ACC-Nacs was mixed with non-polar oils. As a result, O/W 
Pickering emulsions were reproducibly prepared by mixing with lower energy comparing to other nanocelluloses. The obtained 
emulsion was negligibly changed for a long-time. Besides, the emulsification by ACC-Nacs was sensitive to the polarity of the oil 
phase. Such abilities of the ACC-Nacs as emulsifier and stabilizer were higher than general hydrophilic nanocelluloses, which 
suggested the unique surface activity of the ACC-Nacs. In addition, relative adsorptive amounts of surfactant and direct dye 
molecules on nanocelluloses were investigated. The results also indicated amphiphilicity of ACC-Nacs. These results would 
expect to apply the surface-active ACC-Nacs in a wide variety of material fields. 
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Polysaccharide-based multilayers provide a biocompatible matrix which can be used to coat biomedical devices or to 
manufacture or surface modify scaffolds used in tissue engineering. Besides their biocompatibility, polysaccharides are also well 
known for their biodegradability and low toxicity. Such multilayers are also of interest to study degradation in biological 
environments, whether these are functional surface coatings or a polysaccharide derived scaffold for cell growth. In order to 
understand the build-up and degradation processes in detail one should be able to monitor interaction in situ in the nanometer 
range. 
In this work we introduce an approach to monitor the build-up and the digestion of the polysaccharide-based multilayers by 
means of an optoelectronic sensor incorporated in an optical fibre. A comprehensive comparison of the performance of these 
sensors with a quartz-crystal microbalance was carried out as well. 
The main objectives were to monitor the build-up and digestion of polysaccharide and protein multilayers with an 
optoelectronic fibre sensor. The interferometry-based sensor can detect small changes in refractive indices induced by the 
change in the optical path length. Building up or digesting multilayers on the sensor tip changes its optical path length and 
enables one to monitor both processes. 
Carboxymethyl cellulose, alginate, chitosan, synthetic polyelectrolytes and the proteins fibrinogen and bovine serum albumin 
were used for the manufacturing of the multilayers. The multilayers were exposed to enzymes capable of digesting single 
components of the coatings. 
The results of the studies conducted with QCM-D and the optoelectric sensor have shown that both methods give comparable 
results and one can conclude that using interferometry-based optoelectric sensors can be an alternative to conventional 
techniques to study molecular interactions on solid surfaces. 
 
Acknowledgments: The authors acknowledge the financial support from the Slovenian Research Agency for research core 
funding No. P2-0118 
 



172 

Polysaccharides — Resources, Isolation and Standardisation 

OP 146 
Optimization of neutral deinking process by artificial neural networks 

V. Zúñiga, K. Gurubel, V. Romero, C. Guzmán, B. Sulbarán-Rangel 

Universidad de Guadalajara, Campus Tonalá, Tonalá, Mexico 

Recently, due to increasing chemical, energy, and pulp prices, mills are exploring new ways of saving costs using new concepts 
for recycled fiber processing. Some chemical suppliers offer neutral deinking, where chemical costs in the pulper can be saved in 
addition to other process and chemical benefits. The neutral deinking is an alternative to counteract the intensive use of 
chemicals in the conventional process, being a process that reduces the environmental impact, efficient and fast, and with which 
similar results to what has been achieved in deinking using chemical substances are obtained in neutral deinking only surfactant, 
usually a blend of different synthetic surfactants, is added to the pulper. Although the neutral deinking process can give 
acceptable results, there is room for improvement. The neutral deinking process involves several parameters such as reaction 
time, flotation time, surfactant and temperature. These parameters play an important role on the process and must be carefully 
selected to obtain the best results. One way to find the optimized parameters is to obtain a mathematical model of the neutral 
deinking process. This model can be obtained using a technique called artificial neural networks which is a computational 
representation of a set of neural units or artificial neurons that mimic the way a biological brain learns and solves problems 
based on previous experiences. Thus, by providing an initial set of experimental parameters of the neutral deinking process, an 
artificial neural network can be trained to predict the results in terms of brightness or yield which can be used to optimize the 
deinking process. 
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For some years now, the biopolymers have attracted greatest interest from both academia and industry. Some of them being 
investigated for a long time, such as rubbers (1), the interest in others, such as PHA (2), was mainly driven by the ecology 
concerns. 
Chitin is somehow apart from this mainstreaming interest in biopolymers. Indeed, the second major biopolymer worldwide after 
cellulose, it is mainly produced as by-product of shellfish industry. Therefore, its production was less a concern than its 
valorization through different applications and subsequent purifications and derivatizations (3). The hatching of the insect 
industry contributes to a tremendous change of the situation. Indeed, the main purpose of this industry being the production of 
consistent protein meal, the synchronization of the generations is a key point, then it induces the consistence and the 
reproducibility of the cuticle, and from there extracted chitin, as well; as long as the extraction and purification processes are 
consistent. 
In this regard, several species of insects and processes were evaluated for the production of chitin. Even if all the screened 
species drove to a high quality biomaterials – the degree of crystallinity (DC) above 0.2 - significant differences were found 
among the tested species and processes. 
Indeed, flying insects (H. illucens and G. melonella) which contain less proteins, were found to be easier to purify, whereas A. 
domisticus, on the contrary, was found to be the most recalcitrant, whatever the applied process was. For the process, the 
pressing step was found to be crucial for the enhancement of the gravimetric purity and of the purity by difference, especially by 
lowering the amount of alanine and tyrosine present in the cuticle, whatever the studied insect was. 
Finally, besides its ecological interest, the enzymatic extraction also presents the interest of lowering the degree of acetylation, 
thus facilitating the deacetylation step, required for the synthesis of chitosan, the most used chitin derivative. Thus, the 
combination of pressing step and the utilization of Prolyve enzyme allowed the production of chitin with the purity by difference 
higher than 70% and the acetylation degree below 80% for H. illucens, G. melonella and T.molitor (4-6). 
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Sulfated polysaccharide, has captured researchers attention intensively because of its diverse bioactivities and specific structure. 
Angiogenesis, the formation of new blood vessels, considered as the process of vascular growth by sprouting from existing 
vessels is balanced by a wide range of angiogenic factors such as VEGF and FGF, signal proteins (including Akt, Erk, mTOR) and 
signal transducers and activators of transcriptions and inhibitors. Angiogenesis is a hallmark of cancers and various inflammation 
diseases. So, angiogenesis inhibitors are helpful to conventional therapies in treatment of these diseases. A series of inhibitors 
targeting these mechanisms were applied and investigated in clinical trials, suggesting that inhibiting the formation of new 
vessels is a promising therapy for aberrant angiogenesis-related diseases. In this study, two sulfated homogeneous 
polysaccharides, ACWsul and S32S were obtained from two different kinds of traditional precious Chinese herb medicine. Both 
of them have a similar structure, i.e. 1,4-linked glucan backbone but with different branches on C-2 of backbone attached by 
Ara, 4-MeO-GlcA and 1-4-linked glucose liked to Ara, while they have similar anti-angiogenesis bioactivity. Both of them could 
disrupt tube formation and inhibit the migration of human microvascular endothelial cells (HMEC-1) dose-dependently in vitro. 
However, their effective concentrations are not different. S32S plays a role in a lower concentration. In addition, S32S has lower 
cytotoxity compared with ACWsul. Besides, ACWsul inhibit the phosphorylation of some critical protein while the specific action 
target of S32S needs further study. The results suggested that the two sulfated polysaccharides could be potent anti-angiogenic 
inhibiton. 
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The Lenzing Group has been committed to the fundamental principles of sustainability for many years. Profitably operating is 
equally important to achieve a social balance and safeguard the ecological basis of life. One of the key issues is the more 
extensive use of the raw material wood for valuable products. The biopolymer xylan, a co-product from cellulose production, 
has been neglected over decades. Hemicelluloses have come into focus for special applications as well as for further processes. 
A process stream with a high xylan concentration provides a high potential as starting material for new products.  
Wood based hemicelluloses can be used as a sustainable material in different applications. They originate from renewable non-
food material. In addition, it is possible to extract them from side streams of existing production processes. Thus, they would 
offer an eco-friendly alternative for applications by providing polysaccharide backbone and OH-groups for diversity of 
modifications. The chemical modification of xylan is a promising path to new biopolymer ethers and esters with specific 
properties depending on the functional groups, the degree of substitution, and the substitution pattern. 
The hydrophilic and hydrophobic derivatizations have been studied directly in hemi-rich alkaline media (hemilye) with respect to 
the effects of reaction parameters, such as reaction medium, time, and molar ratio, on the reaction outcome. Major benefit of 
the process is the enhanced reactivity of xylan in the extraction liquor without intermediate separation and, especially, drying. 
The synthesized products were characterized by FT-IR, 1H-NMR, 13C-NMR spectroscopy and HPLC and the results have been 
demonstrated in this work. The synthesized xylan derivatives were: carboxymethylxylan (CMX), 
hydroxypropyltrimethylammoniumxylan (HPTMAX), 3-butoxy-2-hydroxypropyl xylan ether (BHPXE), carboxyethylxylan (CEX), 
carboxypropylxylan (CPX), xylansulphonate, xylansulfate. 
 
Figure 1 
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Figure 2 
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Introduction: Polymeric nanoparticles are increasingly used as biodegradable drug carriers to deliver antibiotics directly to the 
site of infection, reducing their toxic side effects. Polysaccharides, in particular, seem to be promising carriers, owing to their 
unique physicochemical properties. Curdlan, a linear β-1,3 glucan, is a bacterial polysaccharide known to possess 
immunomodulatory and anti-infective properties. In this study, curdlan nanoparticles are explored as potential drug delivery 
vehicles. 
Objectives: To prepare curdlan nanoparticles and to load them with rifampicin drug. To investigate their drug release, in vitro 
cytotoxicity and antibacterial activity. 
Materials and methods: Curdlan was produced from Agrobacterium sp. ATCC 31750 as reported earlier (1). Nanoparticles of 
curdlan was prepared by nanoprecipitation method (2). Curldan dissolved in formic acid was added under probe sonication to 
water containing 1% polyvinyl alcohol as a stabilizer. Since curdlan is insoluble in water, the solvent changeover causes 
precipitation of curdlan, which forms nanoparticles under sonication. The drug rifampicin was loaded onto the obtained 
nanoparticles by impregnating them in the drug solution for 24 hours under stirring. Physicochemical characterization, drug 
release, in vitro cytotoxicity and antibacterial activity are investigated to evaluate the efficiency of curdlan nanoparticles as drug 
delivery vehicles. 
Results: The curdlan nanoparticles had a spherical morphology with an average diameter of 57 ± 23 nm (Fig. 1). The loading 
efficiency of rifampicin onto the nanoparticles was ~60%. Rifampicin loaded nanoparticles showed changes in FTIR spectra of 
curdlan nanoparticles in the 1700-1200 cm-1 region. They were found to be non-toxic to mouse fibroblast cells. 
 
Fig. 1. SEM micrographs of curdlan nanopaticles (A) 30000x magnification and (B) 40000x magnification with nanoparticle size 
measurements. 
 
Conclusion: Curdlan nanoparticles were fabricated by nanoprecipitation method. They are non-toxic and could take up the 
hydrophobic rifampicin drug and thus can be efficient carriers for drug delivery. 
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Basidiomycetes have been part of human culture since the beginning of civilization, used as food resource and for their health 
beneficial properties. Basidiomycete cell wall polysaccharides, mainly consisting in β-glucans and heteroglucans, often 
complexed with proteins, are non-starch polysaccharides whose consumption is associated with such benefits, possessing 
immunostimulant, prebiotic, hypocholesterolemic and hypoglycemic activities. Chemical structure and molecular weight of 
these polymers are determinant factors for these activities. 
Since only 1% of Finnish forest mushrooms are collected, this biomass is available for functional dietary fiber production for the 
nutraceutical market. Extraction procedures influence polymer properties, therefore process development for cell wall 
polysaccharides requires, as first step, macromolecular characterization of this components. 
The cell wall polysaccharides from the common Cratarellus tubaeformis have been extracted with hot water, 2% KOH and 25% 
KOH. After ethanol precipitation, freeze-thawing, and ion-exchange chromatography, the polymers were outlined in their 
molecular weight, FT-IR spectra, thermogravimetric profile and monomer composition. 
Utilization of mild alkali solvent resulted in higher yield compared to hot water and strong alkali. Different solvents extracted 
different cell wall components. The FT-IR indicates higher presence of β-anomeric polymers in the mild alkali fraction, while the 
presence of α-anomeric signals in the strong alkali fraction suggests release of glycoprotein from the cell wall matrix. Molecular 
weight of polysaccharides decreased, as expected, as the KOH concentration increased, due to alkali hydrolysis. Mushroom 
residue is composed of α-chitin and chitosan, probably bound to β-glucans. 
 
Figure 1 
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Figure 2 
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Functionalization of cellulose nanofibrils from wood for immobilization of pro-drug molecule by click chemistry 

H. Durand1, E. Zeno2, H. Le Drezen2, M. Demeunynck3, I. Baussane3, S. Fort4, N. Belgacem1, J. Bras1 

1Université Grenoble Alpes, LGP2, Grenoble, France 
2Centre Technique du Papier, Grenoble, France 
3DPM, Grenoble, France 
4CERMAV-CNRS, Grenoble, France 

Cellulose Nanofibrils (CNF) from wood are more and more considered for their outstanding properties (high specific area, low 
density, excellent mechanical properties…) besides their character of renewable resource. Such fibrils of 5-20nm in width and 1-
5µm long are able to form highly entangled networks, resulting in films with high mechanical and barrier properties that make 
them interesting candidates for a number of applications as seen recently in the biomedical field. The possibility to further 
expand the CNF use by tailoring their surface properties and functions has also been intensively explored in the last decade. 
During this study, alkyne-modified CNF were produced either with non-oxidized CNF or TEMPO-oxidized CNF. A peptidic linkage 
was formed between propargyl amine and carboxylic acid moieties of oxidized CNF. On the other hand, a Williamson reaction 
between propargyl bromide and hydroxyl groups of non-oxidized CNF was conducted. Surface modifications of CNF were 
confirmed by Infra-Red and Raman spectroscopy, conductimetric titration and solid state C13 NMR. 
Ibuprofen, an anti-inflammatory drug, was used to produce a thiol-modified pro-drug molecule which is a suitable candidate for 
the thiol-yne click chemistry with alkyne-modified CNF. The coupling efficiency has been confirmed by FTIR and elemental 
analysis. 
The inverse strategy was also investigated. Thiol-modified CNF were obtained through sylilation with (3-
mercaptopropyl)trimethoxysilane (MPMS) which allow thiol-ene click chemistry with a maleimide-modified Ibuprofen. 
This new coupling has been successful in both case and open the gate for new CNF based drug release system sensitive to 
specific stimuli, like enzyme activity in the human body. 
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Preparation of high strength hemicellulose-based nanocomposite film 

G. Chen, F. Peng, R. Sun 

Beijing Forestry University, Beijing, China 

Hemicelluloses are abundant natural polysaccharides with huge availability and potential for the biomaterials due to its 
biocompatibility and biodegradability. But their utilization in packaging is greatly limited by its intractability (hygroscopic and 
poor mechanical properties). In this work, the quaternized hemicelluloses (QH) were successfully prepared to increase the value 
of hemicelluloses. The objective of this work was the intercalation of different ratios of polyvinyl alcohol (PVA), chitin 
nanowhiskers (NCH), cationic biopolymer chitosan (CS), and QH in montmorillonite (MMT), respectively, providing compact and 
robust nanocomposite films with nacrelike structure and multifunctional characteristics. The tensile strength, and oxygen 
transmission rate of QH-MMT-PVA film (FPVA0.3) were better than those of quaternized hemicelluloses/MMT films. It was also 
found that the tensile strengths of films QH-MMT-CS (F0.05 and F0.08) were 52.7 and 57.8 MPa, respectively, which suggested 
that the addition of CS was supposed to contribute to mechanical properties due to the strong electrostatic interactions and the 
enhanced hydrogen bonding. The thermal stability of nanocomposite films, the oxygen permeability, and water vapor 
permeability had been improved due to the small amount of CS. In addition, biobased nanocomposite films were also developed 
using wood auto-hydrolysate autohydrosate (WHA), MMT and carboxymethyl cellulose (CMC). The mechanical properties of the 
film designated FCMC0.05 (91.5 MPa) were dramatically enhanced because the proportion of HWE, MMT and CMC was 
1:1.5:0.05. The optimized films (HWE-MMT-CMC) exhibited an oxygen permeability below 2.0 cm3 μm/ day·m2·kPa, as well as 
good thermal stability due to the small amount of CMC. These observations create an important foundation in the experimental 
design of the high-performance biomass-based nanocomposite materials. 
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Bacterial Cellulose – A nanostructured drug-delivery system 

D. Kralisch, U. Beekmann, P. Weyell 

Friedrich-Schiller-University Jena, Jena, Germany 

Introduction: Bacterial nanocellulose has shown a high potential as innovative drug delivery system. 1,2 We recently 
investigated the potential of drug-loaded hydrated and freeze-dried BNC in dental therapies such dental extraction or mucosal 
transplantation, e.g., for the palate or the extraction alveole coverage. Both applications would benefit on the one hand from a 
material, which degrades under physiological conditions and on the other hand from an antibiotic environment. Consequently, 
periodate-oxidation of BNC was performed to facilitate modified oral degradation behaviour. In addition, native and oxidized 
BNC loaded with doxycycline was tested for prophylaxis against infection.  
 

Results: An in vitro toxicity test (MTT assay) ensured biocompatibility of oxidized BNC obtained by periodate oxidation, whereas 
agar diffusion tests of BNC samples loaded with doxycycline against pathogen oral bacteria such as Staphylococcus aureus, 
Aggregatibacter actionmycetemcomitans, Streptococcus mutans proved antibiotic efficiency. Comparative release studies of the 
drug from native and oxidized BNC have shown that the release behaviour is only marginally affected by the oxidation. In 
summary, BNC has proven once more as a highly adaptable carrier for the design of tailor-made drug delivery systems. 

 

1. Müller, A., et al., J. Pharm. Sci. (2013) 102 (2), 579 

2. Moritz, S., et al., International Journal of Pharmaceutics (2014) 471 (1–2), 45 
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Nanocellulose — a bacterially synthesized polysaccharide as gene activated matrix 

Y. Pötzinger, L. Rahnfeld, B. Karl, D. Kralisch, D. Fischer 

Friedrich-Schiller-University Jena, Department of Pharmaceutical Technology, Jena, Germany 

Introduction: Bacterial nanocellulose (BNC), a polysaccharide produced by acetic acid bacteria, has been intensively investigated 
for biomedical applications due to its 3D-network structure with about 99% water content, special mechanical properties and 
high biocompatibility. The suitability of BNC as tissue or cartilage replacement, implant or wound dressing is currently studied 
and could be improved by loading with different active ingredients (1, 2). 
Objectives: BNC should be loaded with nucleic acids as so-called "gene activated matrix" (GAM) and examined as gene delivery 
system for biomedical purposes for the first time. 
Materials & Methods: BNC fleeces were synthesized by Komagataeibacter xylinus, alkaline purified (3) and loaded with plasmid 
DNA or DNA-poly(ethylene imine)-complexes by injection or reswelling techniques. Loaded BNC was characterized regarding 
morphology, physicochemical properties, ability to protect DNA against nucleases and DNA release behavior. The 
biocompatibility was investigated by a hen"s egg test (4). The transfection efficiency was evaluated using CHO-K1 cells. 
Results: The efficiency and speed of loading as well as the release behavior of loaded BNC could be controlled by different 
loading techniques. A long-term release up to 4 weeks with an almost linear release profile could be obtained. No changes in the 
network structure and the mechanical properties of BNC were observed. Loaded BNC was able to protect DNA against nucleases 
over up to 144 h and was found to be non-toxic after local application in the hen"s egg test. Different transfection efficiencies 
were obtained in accordance to the release behavior. 
Conclusion: BNC was found to be a biocompatible, efficient and thereby promising polysaccharide for the matrix-mediated 
delivery of DNA. 
 
References 
(1) M. Jorfi, E.J. Foster; J. Appl. Polym. Sci., 132(14) (2015) 
(2) S. Moritz, et al.; Int. J. Pharm., 721(1–2) (2014), pp. 45–55. 
(3) D. Kralisch, et al.; Biotechnol. Bioeng., 105(4) (2010), pp. 740–747 
(4) Y. Alkhatib, et al.; Eur. J. Pharm. Biopharm., 112 (2016), pp. 164–176 
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Synthesis and characterization of xylan carbonates as a synthetic platform for new bio-based materials 

L. Gabriel, M. Gericke, T. Heinze 
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The hemicellulose xylan is one of most abundant biopolymers in hardwoods and non-wood lignocellulosic biomass. It is highly 
available and easily obtained as a by-product of pulp production or by upgrading paper pulp to dissolving quality by cold-alkali 
extraction. The chemical modification of xylan is a promising path to new biopolymers with specific properties depending on the 
functional groups, the degree of substitution (DS) and the substitution pattern. To adjust these properties for a wide range of 
substituents, the use of activated intermediates as platform compounds is highly desired in current polysaccharide research. 
The synthesis of novel xylan phenyl carbonates (XPC) derivatives was investigated. Different starting xylans were reacted with 
phenyl chloroformate either in dipolar aprotic solvents with LiCl or in an ionic liquid (IL) with pyridine as co-solvent (see reaction 
scheme). XPC with DS values up to 2.0, i.e., fully functionalized derivatives could be obtained. It was found that the efficiency of 
the derivatization strongly depends on the reaction medium as well as the type of starting materials. The XPC were 
characterized comprehensively using spectroscopy techniques (FT-IR, 1D- and 2D-NMR). Interestingly, the position C-3 is the 
most reactive one in this particular reaction. Substitution in position C-2 only occurred after conversion of position C-3. 
The synthesis of novel xylan carbamates (XC) by conversion of the XPC with different nucleophilic amines was studied. The 
aminolysis proceeded with high efficiency and was found to be quantitative, i.e., XC with tunable DS could be obtained. In 
contrast to similar carbonates from cellulose and dextran, no cross-linking occurred and all XC obtained were well soluble in 
water and/or dipolar aprotic solvents depending on DS and the type of substituent. The present fundamental study 
demonstrates that XPC are valuable platform compound for preparing novel polysaccharide based materials for specific fields of 
applications. 
 
Figure 1 
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Tailor-made bio-based α-1,3-glucan — from in vitro synthesis to thermoplastic films 

S. Puanglek1, S. Kimura1, M. Yoshida2, M. Wada3, T. Iwata1 
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3Kyoto University, Graduate School of Agriculture, Forest and Biomaterials Science, Kyoto, Japan 

Introduction: Naturally occurring α-1,3-glucan is a branched polysaccharide produced by glucosyltransferases from 
Streptococcus spp. as a dental plaque biofilm. Herein, unnatural-type α-1,3-glucan without branches was in vitro synthesized 
with engineered GtfJ enzyme from S. salivarius using sucrose (Fig. 1A) and its thermoplasticity was improved by acylation, for 
the first time (1). 
Objectives: To create new polysaccharides having unbranched structure and develop materials for future bio-based plastics. 
Materials & methods: Recombinant gtfJ was expressed in E. coli (Fig. 1B), and GtfJ was purified. When GtfJ was incubated with 
sucrose, α-1,3-glucan was produced. Effects of reaction conditions and additives were studied. Ester series of α-1,3-glucan were 
synthesized (Fig. 1C). 1H- and 13C-NMR spectra of all products were recorded to elucidate the structure and confirm the 
completion of reaction. In addition, thermal and mechanical properties were investigated. 
Results: Engineered GtfJ enzyme successfully synthesized water-insoluble α-1,3-glucan (Fig. 2A) without branches. Interestingly, 
its Mw was adjustable depending on enzyme and sucrose concentration, temperature, incubation time and additives; i.e. Mw 
ranged from 100 to above 2,000 kDa (Fig. 2B). 
Fully substituted esters were successfully synthesized. Thermal stability was improved from 237°C to ca. 350°C. Tm was detected 
in esters having side chain carbon numbers from 2 to 6, suggesting a presence of crystal structure. Tg and Tm had an inverse 
relationship with the side chain length. In addition, α-1,3-glucan esters showed the superior Tg and Tm over commercially 
petroleum-based thermoplastics (Fig. 2C) such as PET. Besides, their mechanical properties depended on the side chain length; 
i.e. the longer chain length, the more flexible the α-1,3-glucan ester films exhibited. 
Conclusion: Success in in vitro synthesis and acylation showed many advantageous outcomes such as the green approach in 
enzymatic polymerization and potentially low-cost materials to a wide range of applications. Therefore, these materials with 
adjustable properties can be regarded as promising candidates for future bio-based plastics. 
 
Reference 

(1) Puanglek, S. et al. Sci. Rep. 2016, 6, 30479 
 
Fig. 1 In vitro synthesis (A), source of GtfJ enzyme (B), and acylation (C). 
Fig. 2 α-1,3-Glucan in reaction (A number is reaction days.) (A), Variation in Mw (1 M sucrose, 3-day reaction) (B), Comparison of 
Tg and Tm of α-1,3-glucan esters and commercial polymers (C). 
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Figure 1 
 

 

Figure 2 
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Complexes of polysaccharides oxovanadium (IV/V) increase the leishmanicidal potential in respect to their native forms 

G. Noleto1, C. L. Petkowicz1, I. Adriazola1, A. do Amaral1, J. Amorim1, B. Correia1, A. L. Mercê2, M. Iacomini1, G. Martinez1, M. E. 
Merlin Rocha1, S. M. Cadena1 

1Federal University of Paraná, Biochemistry, Curitiba, Brazil 
2Federal University of Paraná, Chemistry, Curitiba, Brazil 

Introduction: In recent years, much attention has been given to polysaccharides from plants for application in medicine due 
their immunomodulatory ability and low toxic potential (1). In addition, vanadium and its derivatives also exhibit a wide variety 
of biological effects (2). Leishmaniasis is a highly epidemiological important disease and it is included in the group of neglected 
diseases by World Health Organization. The immunotherapy has been pointed as an important strategy for the treatment of 
these diseases (3). 
Objectives: Evaluate the effects of polysaccharides and their oxovanadium complexes in modulation of macrophages and 
intramacrophages Leishmania. 
Material & methods: Galactomannan from R. celastri lichen (GMPOLY) galactomannan and xyloglucan from seeds of M. 
scabrella (GALMAN-A) and H. courbaril (XGJ) respectively, and arabinogalactan from A. colubrina (ARAGAL) were complexed 
with oxovanadium (VO). The complexes were characterized by potentimetric titration and nuclear magnetic resonance 
techniques. The interleukin and nitric oxide levels in the supernatant of mouse peritoneal macrophages treated with the 
biopolymer preparations were quantified by ELISA and Griess reagent, respectively. The leishmanicidal activity was evaluated in 
macrophages infected with Leishmania (L.) amazonensis after 48 h of treatment with biopolymers. 
Results: GALMAN-A:VO increased the IL-1β and IL-6 production, compared to GALMAN-A. ARAGAL:VO and GMPOLY:VO 
increased IL-1b level by 1.5 times, compared to native forms. For IL-6 ARAGAL:VO and GMPOLY:VO increased ~ 2 times level of 
this interleukin, compared to uncomplexed biopolymers. In respect to leishmanicidal activity, all biopolymer preparations 
exhibited leishmancidal effect at concentration around 12-fold lower than Glucantime®, used as positive control. 
Conclusion: The results demonstrated that the galactomannans, xyloglucan, arabinogalactan and their oxovanadium complexes 
could be investigated to future application in the leishmaniasis treatment. 
 
References 

(1) Int Immunopharm 6, 317(2006). [2] J Inorg Biochem 105, 303(2011). [3] J Antimicrob Chemother 68, 2834(2013). 
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Structural characterization and gastroprotective properties of a pectic fraction isolated from artemisia campestris subsp 
maritima 

M. Corrêa-Ferreira, D. Ferreira, A. Silva, M. Werner, C. Petkowicz 

Federal University of Parana, Curitba, Brazil 

Introduction: Many Artemisia species are known for its medicinal properties which are usually believed to be related to the 
presence of secondary metabolites. However, polysaccharides from botanical sources are promising molecules due to their 
structural diversity and biological properties, with safety and efficacy. 
Objectives: The aim of this study was to isolate a water soluble polysaccharide of A. campestris L. subsp. maritima Arcangeli, 
characterize and investigate its antiulcer effects in rats. 
Material & Methods: Defatted/depigmented aerial parts of A. campestris from Costa Nova (Portugal) were submitted to an 
extraction with boiling water. The polysaccharides were precipitated with ethanol. The crude polysaccharide fraction was 
subjected to ultrafiltration process and a fraction with monomodal elution profile by HPSEC was obtained (ACP-E10). ACP-E10 
was characterized by NMR, methylation and, GC-MS. In vivo antiulcer activity of ACP-E10 was assayed using the model of 
ethanol-induced ulcer. Female Wistar rats were orally pretreated with ACP-E10 (0.3, 3 and 30 mg/kg), water and omeprazole (40 
mg/kg) before ethanol challenge. 
Results: ACP-E10 had galacturonic acid as the major monosaccharide (64%) and the neutral sugars, arabinose, galactose, 
glucose, mannose, and rhamnose were present in the molar ratio of 2.8: 2.3: 1.6: 1.1: 1.0. ACP-E10 was composed by 
homogalacturonan (60%) and rhamnogalacturonan-I (RG-I) (29%) regions. Side chains of the RG-I include mainly branched 
arabinans and arabinogalactans type II. The molar mass of ACP-E10, determined by HPSEC-MALLS, was 16,600 g/mol. Oral 
pretreatment of rats with ACP-E10 at the lowest dose (0.3 mg/kg) reduced the gastric lesions by 77% compared to lesioned 
group. ACP-E10 also was able to maintain the level of mucus and reduced glutathione. 
Conclusion: A pectic polysaccharide from A. campestris subsp maritima had significant gastroprotective effect in vivo probably 
due to the capacity of ACP-E10 to increase the protective defenses of gastric mucosa. 
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Amylose-based encapsulation of β-carotene through amylosucrase-mediated synthesis and self-assembly process 
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Introduction: This study presents a novel approach to prepare a one-step inclusion complex using amylose microparticles as 
host molecule using amylosucrase from Deinococcus geothermalis (DGAS) and β-carotene nanoparticles, which were to entrap 
them during the synthesis of amylose chains.  
Objectives:  Create an inclusion complex between amylose microparticles and β-carotene.  

Test the complex against photodegradation and chemical oxidation tests. 
Materials & methods: Amylose microparticles (AmMP) were synthesized using 500 mM sucrose, 500 U amylosucrase at 30o C 
for 48 hr under constant rotation. To synthesize β-carotene amylose microparticles (BC-AmMP) 0.45 mg/mL of BCNPs were 
added to the AmMP reaction mixture.  
Results: The amylose microparticle formed during this synthesis is a B-type amylose and was assumed that BC nanoparticles 
interacted with the outer surface of amylose by hydrogen bonding to form a complex. Analysis by FE-SEM reveal a well-defined 
spherical bead compare to the control. Moreover, the average size for BC-AmMP was 8 µm and AmMP 4 µm respectively. BC-
AmMP was analyzed to confirm the protection given by the complexation. BC activity of BC-AmMP decreased by 25% within 1h 
of UV light exposure and 31% of BC was still active after 7 h of treatment under UV light. To test the oxidative degradation of BC 
FeCl3 was employed as common iron oxidizing agent. BC-AmMP showed a higher stability (75%) after 7h treatment. 
Conclusion: In this study, we presented a novel approach to encapsulate β-carotene during the synthesis of amylose chains. 
These microbeads could be used in the food industry to enhance the properties of BC against photodegradation and chemical 
oxidation. 
 
Reference 

(1) Lim, M.-C., Seo, D.-H., Jung, J.-H., Park, C.-S., & Kim, Y.-R. (2014). Enzymatic synthesis of amylose nanocomposite 
microbeads using amylosucrase from Deinococcus geothermalis. 

 
Legends 
Fig 1. Shematic drawing illustrating the enzymatic synthesis of amylose and self-assembly of the amylose chains to form AmMP 
microbeads (A), and the one-step inclusion complex in the presence of β-carotene to form BC-AmMP (B). 
Fig 2. Raman spectra of the microbeads we prepared: AmMP, pure β-carotene powder as controls and the complex of BC-
AmMP. 
 
Figure 1 
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Figure 2 
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Structural formation of some polysaccharides as observed by time-resolved SAXS 
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Some neutral polysaccharides as starch and cellulose are insoluble in water due to strong association between saccharide chains 
including crystal structure with hydrogen bonding. Amylose is one component of starch and it is linear polymer constructed of α-
1,4 linked D-glucose. On the other hand schizophyllan, which is water soluble polysaccharide, is also linear β-1,3 linked D-
glucose. They build helical structure with hydrogen bonding. These polysaccharides can be dissolved in alkaline aqueous 
solutions by breaking association between chains. And they can yield homogeneous gels as proceeding and controlling structural 
formation by in situ neutralization method1. This slow process allow us to use time-resolved small angle X-ray scattering 
technique (SAXS). In this study we report the results of structural observation for amylose and schizophyllan. 
Polysaccharide samples are dissolved by 0.5 or 1M NaOH aqueous solutions. Formamide was used as neutralization reagent. 
SAXS measurements were carried out at SPring-8, synchrotron radiation facility in Japan. 
Time course of SAXS profiles were detected during neutralization and gelation of amylose and schizophyllan solutions, and these 
time dependences indicated the structural formation of polysaccharide chains at nano-scale. During the gelation of amylose by 
in situ neutralization, the scattering intensity in smaller q (the magnitude of scattering vector) region gradually increased due to 
the aggregation of amylose chains, accompanying with crystal growth as observing diffraction peaks in bigger q region. 
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Preparation method nano-cellulose modified by multiple functional groups 
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Question: Nano-cellulose research is a hot topic in recent years. However, few researchers involved in researching nanofibers 
containing Multiple Functional Groups. So using cellulose derivatives to prepare nanofibers cotaining Multiple Functional Groups 
has became a valuable research direction. Also, a new preparation method is requested as common method such as inorganic 
acid hydrolysis brought a lot of energy consumption and environment pressure.  
Methods: By using the combination method of carboxylation, acidification, neutralization and homogenization, through 
optimizing the process, two kinds of nano-cellulose products, such as nano-cellulose whiskers (CMNW), and cellulose nanofibers 
(CMNF) were obtained. In the mixed organic medium and water system, the process of carboxylation and acid hydrolysis of 
wood pulp cellulose was carried out by using chloroacetic acid and organic weak acid. After acid hydrolysis, the mixed liquid is 
centrifuged at high temperature, and the recovered liquid is cooled by recrystallization to realize the recovery of the acid. Solid 
mixture obtained by adding water and alkali neutralization, and then centrifuged, collected solids and water washing times, 
after resting, the upper suspension for removal of water of nano-cellulose whiskers modified CMNW containing various 
functional groups, the lower the solid precipitate diluted after homogenization treatment of cellulose nanofibers obtained 
CMNFs containing a variety of functions group.  
Results: The results show that CMNW, CMNFs two kinds of nano cellulose products can be obtained simultaneously. By 
controlling process parameters of carboxylation and the acid hydrolysis, CMNW diameter and length can be controlled in 20-
50nm, 40-100nm, CMNFs diameter and length can be controlled at 20-50nm, micron level, the degree of substitution of carboxyl 
group can be controlled between 0.2-0.5.  
Conclusion: The combination method can be used to recover all the process acid. and after acidification, the mechanical energy 
consumption is lower. This is an environmentally friendly and low-cost method for the preparation of nano-cellulose containing 
mixed carboxyl groups. 

Keywords: Carboxylation, Homogenization, Nano-cellulose whiskers, Cellulose nanofibers, Low-cost method 
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One-step production of nano-fibrillated cellulose via a bottom-up process using a bacterium 
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We isolated a novel bacterium capable of producing cellulose, and identified it as a novel strain (named NEDO-01) of 
Gluconacetobacter intermedius1). After the optimization of cultivation conditions, NEDO-01 mediated the one-step production 
of nano-fibrillated bacterial cellulose (NFBC) from sugars such as glucose and fructose in a medium supplemented with 
carboxymethyl cellulose (CMC). The results of FT-IR analysis and zeta potential measurement suggested that CMC adsorbed on 
the surface of cellulose microfibrils. Transmission electron analysis revealed that the NFBC was composed of relatively uniform 
fibers with diameters of approximately 20 nm (Fig. 1). NFBC was produced as uniform water suspensions, the yield of which was 
3.0 g/L in a 10-L jar fermenter. NFBC with superior fluidity, moldability, and miscibility, has a wide variety of applications, 
including potential uses in the medical and materials engineering fields. In addition, we recently developed a method to produce 
amphiphilic NFBC in one step. This new type of NFBC can be dispersed in some polar organic solvents such as methanol, 
isopropyl alcohol, and tetrahydrofran, therefore, it will enable us expand application range of NFBC. 
 
Reference 

(1) Kose, N. Sunagawa, M. Yoshida, and K. Tajima: One-step production of nano-fibrillated bacterial cellulose (NFBC) from 
waste glycerol using Gluconacetobacter intermedius NEDO-01. 2013, Cellulose, 20, 2971-2979. 

 
Figure 1 
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Formation of β-1,3-glucan hollow fiber from plant protoplasts in response to intracellular and extracellular environmental 
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In our previous studies (1-4), it was found that plant protoplast secreted a micro-sized fiber into culture medium due to an 
environmental stress response. The fiber was a bundle of hollow sub-fibrils consisted of β-1,3-glucans. This study has focused on 
how the fibers form in response to intracellular and extracellular environmental stimuli.  
In a normal stress condition, the secreted β-1,3-glucans hollow fibers were ca. 15 μm in width. When paclitaxel, which inhibits 
de-polymelization of cortical microtubules (CMTs), was added into the medium as an extracellular environmental stimulus, the 
width of secreted β-1,3-glucans hollow fibers became ca. 33 μm, as the width of individual hollow sub-fibrils became larger. The 
results indicated that the size of hollow sub-fibrils was possibly changed due to the dynamics of CMTs. 
As an extracellular stimulus, aniline blue fluorochrome (ABF), a specific fluorescent dye for β-1,3-glucan, was added before 
cultivation. There was no significant difference appeared regarding width of the secreted fibers. However, the fibers were 
collapsed in a few minutes by irradiation of light at 405 nm in wavelength during microscopic observation. This indicates that the 
self-assembly of β-1,3-glucans sub-fibrils were prevented with ABF, but it still kept the shape of hollow fibers. 
In this study, an understanding of some intracellular and extracellular environmental stimuli on formation mechanism of three-
dimensional hollow structure of the β-1,3-glucans could be provided, but still it requires to understand the characteristic of β-
1,3-glucan synthase on the cell membrane. 
 
References 
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Starch fatty-acid esters can be utilized as transparent hot melt and are based on entirely bioavailable materials. They can be 
synthesized by a comparatively simple method. (1) In this project the basic material properties like E-moduli and melt viscosities 
as well as the adhesion properties on different materials like glass or wood of various starch fatty-acid esters shall be explored. 
For the measurement of E-moduli pullrods according to DIN 53504-S2 where used. The adhesion was tested with samples of the 
corresponding material, which were joined on an overlapping area with starch fatty-acid esters and tested via shearing test. The 
primary groups of esters used were starch palmitates, laurates and caprates. In addition, the possibility of several functional 
additives where explored. For example E-moduli in the range of 5 - 45 GPa and a maximal adhesion on glass of about 5.5 MPa 
could be determined. Through variation of ester chains (chain length), the degree of substitution and the source of the used 
starch (e.g. potato, corn or tapioca), properties like melting point, E-moduli, transparency, and adhesion can be adjusted and 
optimized for a specific use. Further research into additives as well as optimization of synthesis and processing of the starch 
fatty-acid esters seems to be advised so that application of these materials will be feasible. 
 

(1)  B. Grünler, A. Heft, M. Homuth, T. Heinze, T. Liebert, US 8,277,554 B2, 2010. 
 

Fig. 1: Examples for the practical application of starch fatty-acid esters, a) glass laminate, b) film doped with photochromic dye, 
c) sample of glued wood parts 
 
Figure 1 
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Due to their superior properties such as mechanical strength and renewable feature, nanocellulose has recently been widely 
studied as reinforcements of plastics. A problem associated with preparing such composites is the incompatibility between the 
hydrophobic plastics and hydrophilic nanocellulose. Therefore, past studies have used various compatibilizers to chemically 
modify the nanocellulose and improve their compatibility with the plastics (1). 
In this study we propose a novel and simple composite system consisting only of plastics and amphiphilic nanocellulose, without 
chemical modification. The nanocellulose was prepared from bamboo pulp via the aqueous counter collision (ACC) system, 
proposed by Kondo et al (2), which produces amphiphilic nanocellulose (ACC-nanocellulose) solely by the collision energy of dual 
water jets (3,4). As for the plastic component, we used polypropylene, which was kneaded with the ACC nanocellulose. By using 
ACC-nanocellulose, we were able to produce transparent composites without the use of any compatibilizers. It is thought that 
the hydrophobic sites of the ACC nanocellulose contributed to improve the affinity between the nanocellulose and the plastic.  
Details on the characteristics and interaction mechanism of the ACC-nanocellulose and plastic will be discussed in the poster. 
We are also investigating the effect of lignin in this composite system by preparing ACC-nanocellose from pulp containing lignin. 
 

(1) Siró, I., & Plackett, D., Cellulose, 17(3), 459-494 (2010). 
(2) Kondo, T., et al., U.S. Patent, No.7,357,339, (2005). 
(3) Kose, R., et al., Sen"i Gakkaish, 67(7), 163-167 (2011).  
(4) Tsuboi, K., et al., Nordic Pulp & Paper Research Journal, 29(1), 69-76 (2014). 
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Introduction: Natural polysaccharides are considered to be biocompatible, biodegradable and non-toxic. Modified 
polysaccharides are of rising interest for gene delivery to avoid the toxicity associated with synthetic polymers. Cationized 
dextrans are able to self-assemble with nucleic acids to positively charged complexes with the capability to undergo cellular 
uptake due to electrostatic interactions with the cell membranes. 
Objectives: The aim of this study was to investigate the suitability of dextran-formamidine esters for the use as non-viral vectors 
for gene delivery. 
Materials & methods: Dextran-formamidine esters (dextran-N-[(dimethylamino)methylene]-β-alanine ester) were synthesized 
in an one-pot reaction of dextran (Mw 60.000 g/mol) with unprotected β-alanine and iminium chloride (1). Cytotoxicity and 
hemocompatibility of the obtained cationic dextrans were examined. Complexes with pGL3 plasmid DNA were analyzed 
concerning particle size, surface charge, DNA binding capacity and protection of the nucleic acid payload against enzymatic 
degradation. The transfection efficacy in CHO-K1 cells was evaluated by luciferase assay. 
Results: The degree of substitution (DS) of the synthesized dextran-formamidine esters and the polymer concentration were 
found to affect hemocompatibility and cytotoxicity. All cationized polysaccharides were capable of forming positively charged, 
nanosized structures with plasmid DNA. Dextran derivates with small DS showed only a low transfection efficiency in vitro. In 
contrast, the modified dextrans with higher DS exhibited an increased transfection activity due to an excellent plasmid DNA 
binding capacity and the ability to protect DNA against degradation by DNAse I. 
Conclusion: Dextran-formamidine esters formed with this efficient synthesis present suitable characteristics for the use as gene 
delivery vectors. 
 
References 

(1) K. Hotzel, T. Heinze; Carbohydrate Research, 434 (2016), pp. 77-82 
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Introduction: Cellulose is most abundant biopolymer which is now-a-days extracted from different agro- waste materials as 
waste management for the isolation of nanocelluloses having excellent properties and is widely used in various fields. Generally 
cellulose is extracted using chlorine containing compounds which are more efficient and commonly used bleaching agents but 
are non-environmental friendly. Efforts have been given on the use of non- chlorinated materials for extraction of cellulose and 
thence nanocelluloses. 
Objective: Our present work is focused on a novel green method for cellulose extraction and further nano crystalline cellulose 
from eucalyptus bark as agro waste material. 
Materials and methods: The cellulose was extracted after dewaxing, delignification and alkaline treatment. The delignification 
was carried out using 3% hydrogen peroxide at pH=12 and temperature 70oC. The cellulose nanocrystals were isolated from 
extracted cellulose using acid hydrolysis method. The CNCs were investigated through different techniques including (Fourier 
Transformed Infrared (FTIR), X Ray Diffraction (XRD) for structural, Thermogravimetric Analysis (TGA), Hot Stage Microscopy 
(HSM) for thermal and Transmission Electron Microscopy (TEM)) for morphological analysis. The particle size distribution, 
colloidal stability and weight average molecular weight (Mw) were also analysed by light scattering studies via Dynamic Light 
Scattering (DLS) & Static Light Scattering (SLS). 
Results: These studies showed that cylindrical shaped CNCs, with percentage yield of 41 % (with respect to extracted cellulose) 
having high crystallinity (79.2%), good aspect ratio (L/D=18) and thermal stability of 230oC, were successfully extracted. The 
weight average molecular weight obtained through SLS measurement was found to be lower for nanocellulose compared to the 
native cellulose which may be attributed to the breakdown of some of glucose chains during acid hydrolysis. 
Conclusions: These findings indicate that the CNCs extracted from eucalyptus bark exhibit good potential to be used as 
reinforcing agent in composite materials. 
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Introduction: In recent years the resultant increase in environmental pollution and global warming has witnessed a tremendous 
increase in the hunt for an alternative energy source to replace the conventional fossil fuels. Industrial wastes are considered 
potential raw material for single cell oil (SCO) production, as these microbes such as oleaginous yeast can utilize fermentable 
sugars of lignocellulosic materials for lipid production, which will reduce the production cost to a large extent. Paper mill sludge 
(PMS) has the utmost biomass production capacity in contrast to many industrial wastes, and its compositional analysis specifies 
that it has great potential for production of SCO.  
Objective: To examine the potential of oleaginous yeast Cryptococcus vishniaccii on PSM aqueous extract (PMSE) for biodiesel 
production.  
Materials and method: Triacylglycerol (TAG) accumulation in PMSE grown cells were visualized by fluorescent Nile red stain. The 
TAG accumulated inside the yeast lipid droplets (LDs) were transformed to biodiesel by transesterification (14% BF3–methanol) 
after extraction (Bligh and Dyer method) and thoroughly characterized using FTIR (Fourier-Transform Infrared spectroscopy) and 
GC–MS (Gass Chromatography- Mass Spectroscopy) technique.  
Results: The fluorescence microscopy study revealed that cells cultivated on PMSE depict 1.36-fold increase in LD size compared 
to glucose synthetic medium (GSM). Oleaginous yeast grown in PMSE showed enhanced lipid productivity (0.054 g/L/h) and lipid 
content (53.40%) in comparison to GSM (0.038 g/L/h and 40.44%, respectively). Oil profile obtained revealed palmitic (25%) and 
oleic (45%) as major fatty acid followed by linoleic and arachidic acid. The physical properties of yeast based biodiesel were 
within the specified limits of biodiesel standards. 
Conclusions: The utilization of PMS by C. vishniaccii for biodiesel production appeared to be cost effective and environmentally 
friendly, and opens a new path to potentially renewable and sustainable biodiesel industry. 
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Introduction: A majority of the packaging materials used today are non-biodegradable and are short of some or the other 
feature that keeps them from being an ideal food packaging material. Plastic based food packaging materials are non-
biodegradable and accumulate in the environment as municipal solid waste. These materials contribute to environmental 
pollution and deterioration. Based on the current need of food grade packaging materials, it is the time to shift the research 
focus on biopolymers that are assumed to have astounding potential to replace plastic based non-biodegradable food packets. 
Objective: The current research work focuses on the amelioration of the properties of biodegradable chitosan films with the 
incorporation of zinc oxide nanoparticle fillers in varying concentration. 
Materials and method: The ZnO nanoparticles (ZnONPs) fillers were synthesized by supersaturation method. They were 
characterized using UV-visible spectrophotometry, X-Ray diffraction and field emission scanning electron microscopy (FE-SEM). 
The chitosan films with varying concentration of ZnONPs were synthesized and characterized using Fourier transform infrared 
spectroscopy and FE-SEM. The films were studied for their thermal stability, water vapor transmission rate (WVTR) and 
mechanical properties. 
Results: The thermal stability, as determined by Thermo Gravimetric Analysis and Differential Scanning Calorimetry increased 
slightly with increasing percentage of embedded ZnONPs while a substantial 6-fold decrease in WVTR was observed. Mechanical 
properties also showed improvements with 77% increment in tensile modulus and 67% increment in tensile strength. The 
antimicrobial activity of the films was also studied on gram positive bacterium Bacillus subtilis (B. subtilis) and gram negative 
bacterium Escherichia coli (E. coli). A 2-fold and 1.5-fold increment in the antimicrobial activity was observed for B. subtilis and E. 
coli, respectively, with increased ZnONPs concentration in the films from 0%(w/w) to 2%(w/w).  
Conclusions: The 2% zinc oxide embedded chitosan films show superior properties as compared to neat chitosan films. 
Moreover, they completely biodegradable and eco-friendly and hence can prove to be of immense potential for antimicrobial 
food packaging applications. 
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Introduction: Cellulose is the most abundant organic polymer and considered as an almost inexhaustible source of raw material 
for the increasing demand for environmentally friendly and biodegradable products. The waste which contains cellulose should 
be converted into derivatives of cellulose. Hydroxypropylmethyl cellulose (HPMC) has been widely used the mainly as thickener, 
adhesive, emulsifier and stabilizer for applications.  
Objectives: In today"s world, the development of recycling technologies and green strategies to negate effects of accumulation 
of waste is of great importance from a sustainability stand point. A waste, called as "air particle vacuum dust (APVD)", containing 
high rate of cellulose are collected by ventilation in the textile factories, is not being assessed in Turkey. In this context, using of 
the waste is recovered from the ventilation systems not only contributes to recycling of cotton but also protects the surrounding 
ecosystem from waste accumulation. 
Materials and methods: In this study, APVD was purified with 17.5% (w/v) NaOH solution and bleached by NaOH and H2O2 
mixture of various ratios. The bleached cellulose was mercerized with sodium hydroxide solutions at -5oC temperatures and 6 
hours. The synthesis of HPMC was carried out by propylene oxide and methylchloride in aqueous isopropranol medium at -15oC 
under closed reactor. 
Results HPMC was characterized by 1H-, 13C-NMR, FT-IR and XRD spectroscopy. The spectra of HPMC showed a broad peak at 
3457 cm−1, indicating the presence of a hydroxyl group in the HPMC. The peaks at 1048 cm−1 attributed to the presence of 
secondary alcoholic groups. The peak at 2903 cm−1 indicated C-H stretching due to the presence of alkane. The peaks at around 
943 cm−1 attributed the stretching of the C–O–C linkage. As can be seen in 13C- NMR spectrum of HPMC, the peaks of between 
105 and 90 ppm were assigned to C-1. The resonances at 80 and 60 ppm were attributed to C-4 and C-6. Unsubstituted and 
substituted of C-2, C-3, and C-5 appeared between 60 and 79 ppm. In addition to, the thermal behavior and surface morphology 
of HPMC was studied by TG-DTA and Scanning Electron Microscopy (SEM), respectively. 
Conclusion: In this study, HPMC was synthesized by the reaction of propylene oxide, methylchloride and cellulose obtained from 
waste APVD containing cotton. The synthesis of HPMC can be produced using textile waste. Also, this waste can be converted 
into their derivatives by the chemical processes. 
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Introduction: Cellulose triacetate is generally made from cellulose via reaction of acetic acid and acetic anhydride in the 
presence of sulfuric acid. The triacetate is then partially hydrolyzed to the desired degree of substitution (DS) to obtain cellulose 
acetate (CA). CA which has many commercial applications is a well-known industrial product.  
Objectives: In our country have a huge textile byproducts and wastes. One of the most important wastes is towel pile which is 
produced as byproduct of towel factory. Today, the hydrophilic cotton has already produced from byproduct for personnel care. 
The recycling of waste towel pile can be contributed to the environment by reducing the use of natural resources and also 
provides gain to the national economy. 
Materials and methods: In this study, the waste was obtained from a textile factories produced towel in Denizli, Turkey. The 
waste was mixed with NaOH and H2O2 for purification and bleached at 90°C, respectively. For the synthesis of the CA, the 
bleached cellulose, acetic acid and sulfuric acid was placed in two-necked reactor of 250 mL capacity and mixtured at 37 oC for 
45 min. After the reaction, the reactor was cooled at 5oC, acetanhydride and sulfuric acid was added and mixtured for 120 min. 
Then, reaction temperature was changed as selected and other parameters kept constant. The obtained cellulose triacetate was 
hydrolyzed with diluted acetic acid solution and neutralized by Mg(CH3COO)2 up to pH 4 to obtain CA. The participated material 
was settled in the reactor in one day and then CA was filtered and dried at room temperature. Results The structure of 
synthesized CA was characterized by spectroscopic methods (1H-, 13C-NMR, FT-IR). In the 1H-NMR spectrum of CA, while the 
methyl protons of the acetyl unit were appeared between 2.2 and 1.9 ppm, the protons of the anhydroglucose unit were 
observed between 5.1 and 3.5 ppm. The carbonyl signal in the acetyl unit was occurred at 170 ppm in 13C-NMR spectrum of CA. 
To determine product the FT-IR spectrum was used. The typical sharp vibration of C=O in the acetyl group was appeared almost 
1750 cm-1. In addition to, CA, found DS value of 2.6, was investigated the surface morphology by SEM and the thermal behavior 
by DTA –TG and DSC analyses. 
Conclusion: This study is part of a large effort to find new uses for cotton waste and byproducts. In this study, the process was 
described for the conversion of the cellulose in waste cotton to produce CA. It is noteworthy that cellulose acetate has been 
successfully synthesized from the waste. 
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Introduction: Starch and starch-derived products have been widely used in industrial application such as food, textile, paper and 
glue etc. Modified waste starch(WS) shows that different physical-chemical properties. WS can be modified easily with help of 
chemicals and thermal process. The modified starch can be produced as an adhesive because of environmentally friendly and 
economic. 
Objectives: Waste starches are modified with different acids to improve their physical and chemical properties for cardboard 
adhesive. In this study, the adhesive properties and application areas of the obtained modified starch have been investigated in 
detail. 
Materials and methods: In this work, the waste starches were purified by using sodium hydroxide and hydrogen peroxide so as 
to remove impurities comes from cellulose-containing shell and proteins. Dried starch was hydrolyzed by HCl in various solvents 
media (water, ethanol, methanol, isopropanol). In order to understand effect of the experimental parameters: temperatures 
and reaction time were selected. 
Results: The characterizations of modified starch were investigated by spectroscopic methods (FT-IR, NMR, XRD) and also the 
surface morphology was examined by SEM analysis. Some physical properties were determined by DTA-TG and DSC analyzes. 
The best adhesive properties of modified starch was obtained when using among 2.0- 2.5 N HCl in isopropanol. 
Conclusion: The main purpose of this study, to investigate modified WS. And adhesive of cardboard was applied for industrial 
application. This process can be contributed to recovery of WS and it is a new application area for future.  
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Introduction: Mannan from Candida albicans is a neutral branched polysaccharide consisting of α-1,6-linked mannose backbone 
with different frequency of α-1,2; -1,3 and β-1,2-linked mannooligomer branches (1). As a major cell wall antigen, it is a 
candidate for anti-Candida vaccine component. Zwitterionic polysaccharides of bacterial origin have been recognized as a new 
group of antigens eliciting cell-mediated immune response without the need of conjugation to protein carrier (2). 
Objectives: With the aim to mimic natural zwitterionic polysaccharides, amphoteric mannans possessing both carboxymethyl 
and (2-hydroxypropyl)trimethylammonium groups were prepared. The potential changes in antigenicity due to chemical 
modification and the impact of free-radical degradation mimicking the real mechanism of polysaccharide processing in 
endolysosomes were studied. 
Materials & methods: Amphoteric mannans were prepared by chemical modification with (3-chloro-2-
hydroxypropyl)trimethylammonium chloride and sodium chloroacetate under aqueous alkaline conditions by two-step reaction 
(3). Their structure was confirmed by elemental analysis, FTIR and NMR spectroscopies. Antibody-binding capacity was 
determined by enzyme-linked immunosorbent assay. HPLC was used to monitor changes in molecular mass due to degradation.  
Results: Adjusting the molar ratio of modification agents to anhydromannose unit, amphoteric mannans with various degree of 
substitution were prepared. With increasing level of modification, reduction of the antibody-binding capacity was observed. 
Conclusion: Amphoteric mannans with low degree of substitution are suitable for further investigation of the character of 
immune response elicited by these antigens. Simulation of processing in cells of the immune system brought more insight into 
the behaviour of these mannan derivatives. 
 
This work was supported by Grant Agency of Slovak Academy of Sciences VEGA grant Nos. 2/0098/17, 2/0092/17 and Slovak 
Research and Development Agency grant No. APVV-15-0161. 
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Introduction: Hydroxyethyl derivative is being water-soluble and commercially also available in large quantities. It is a more 
favorable polysaccharide source than starch. When compared the application of microwave radiation with the conventional 
heating technique, reaction time has been extensively shorted. Owing to increasing in reaction efficiency microwave assisted 
technique is employed for etherification of starch under aqueous or solvent-free conditions. In this study, HES was synthesized 
from starch through reaction with ethylene oxide (EO) with help of microwave radiation technique. 
Objectives: Waste potato starch (WPS) occurs when potato chips produce in a chips factory. To protect the environment, this 
waste should be used for reducing the use of natural resources and provides a new economic area. By this study, a series of 
experiments were carried out for production of more valuable material which was emphasized using by-product and wastes.  
Materials and methods: In this study, WPS was obtained from potato chips producer in Konya, Turkey. WPS was generated from 
process when slicing, peeling, and washing in the machine. WPS was purified with H2O2 and NaOH. after then, hydroxyethyl 
potato starch (HEPS) was synthesized via WPS, EO and NaOH in isopropanol under microwave radiation. The product was 
neutralized by acetic acid, filtrated, and washed with 80 %(v/v) methanol. Results 
HEPS was characterized by FT-IR, 1H-, 13C-NMR, and X-ray diffraction methods (XRD). The peaks at range 110–60 ppm in 13C-
NMR spectrum of HEPS are related to the ring carbons of anhydroglucose units. A few changes appeared in the spectrum of 
etherified samples, contributing to the successful introduction of hydroxyethyl groups into starch chains. The signals of 
methylene groups proton between 3.35 and 3.45 ppm overlapped with the broad ring proton signals between 2.80 and 5.60 
ppm of the starch skeleton in the 1H-NMR spectrum of HEPS. Besides, HEPS was investigated the surface morphology by SEM 
and the thermal behavior by DTA –TG and DSC analyses.  
Conclusion: In this study, it is aimed to find new uses of starch waste and by-products. The process was described for the 
conversion of waste to produce HES. It is understood that HEPS can be successfully synthesized from WPS according to 
experimental results. 
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Introduction: Magnetic iron oxide nanoparticles (MNP), especially as contrast agents for MRI, are usually coated with 
polysaccharides such as dextran or starch due to their excellent biocompatibility but often display a poor degradation behavior 
that limits their use for diagnostic applications. 
Objectives: Therefore, the aim of the present study was to assess the degradation behavior of different polysaccharide (dextran 
and modified dextran, starch, glucuronic acid) coated MNPs in artificial body fluids in comparison to synthetic and inorganic shell 
materials including silica (SiO2). 
Materials & Methods: The MNPs were characterized physicochemically regarding their size, surface charge and morphology 
using photon correlation spectroscopy, laser Doppler anemometry and electron microscopy. Relevant intracellular storage and 
degradation compartments were evaluated by Raman spectroscopy and laser scanning microscopy. MNP biodegradation was 
tested in different simulation fluids mimicking the lysosomal compartment (ALF, pH 4.5) and the plasma compartment (SBF, pH 
7.4) over a period of 28 days. Degradation and changes of the core and the shell were evaluated by iron quantification and 
infrared spectroscopy. 
Results : All MNP showed a core-shell structure with a comparable hydrodynamic size of about 150 nm in aqueous dispersion 
with varying surface charges (neutral, negative, positive) depending on the shell material. It was shown that MNP were taken up 
mainly by endocytosis and degraded in lysosomes. Therefore the MNP degradation was tested in SBF and ALF. In SBF all MNPs 
stayed stable over a period of 28 days. In ALF the MNPs degraded dependent on the biodegradability, water permeability and 
hydration, as well as the acid/base character of the shell. 
Conclusion: It was demonstrated that tailoring the MNP surface with different polysaccharides can alter the biodegradation and 
could help to overcome current application limitations. 
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Gabiroba (Campomanesia xanthocarpa Berg) is a Brazilian native fruit from Myrtaceae family. In this study hemicelluloses from 
the pulp of gabiroba were investigated. The pulp of gabiroba was subjected to sequential extraction with hot water, citric acid 
and alkaline solution. The later gave rise to a polysaccharide fraction named GA2M (3.6 g%), which was submitted to 
fractionation procedures of freeze-thaw followed by Fehling treatment. The Fehling precipitated fraction (GE-FP) was subjected 
to membrane ultrafiltration using a 300 kDa MWCO. The eluted fraction (GE-300) showed a homogeneous elution profile by 
high-pressure steric exclusion chromatography coupled to multi-angle laser light scattering (HPSEC-MALLS). The neutral 
monosaccharide composition was analyzed by gas chromatography coupled to mass spectrometry (GC-MS) and the acid 
monosaccharides determined by colorimetric method and identified by high-performance anion-exchange chromatography with 
pulsed amperometric detection HPAEC-PAD). The fraction GE-300 showed to be mainly composed by xylose (39%). 13C nuclear 
magnetic resonance (NMR) showed five main signals at δ 101.6 (C1), 72.7 (C2), 73.7 (C3), 76.4 (C4) and 63.0 (C5), that could be 
assigned to a (1→4)-linked β-D-xylan. Signals at δ 174.9 and 59.5 were assigned to -COOH of GlcA and -OCH3 of 4-O-Me-GlcA, 
respectively. The presence of 4-O-Me-GlcA units was confirmed by 1H-13C heterocorrelated HSQC NMR due the presence of the 
signal δ 5.28/97.65 ppm in the anomeric region. The chemical and spectroscopic analysis suggest the presence of a 4-O-methyl-
glucuronoxylan in the pulp of gabiroba fruit, which was not previously described for fruits belonging to the Myrtaceae family. 

Financial support by Rede Nanoglicobiotecnologia MCT/CNPQ, Pronex Carboidratos, Conselho Nacional de Desenvolvimento 
Científico e Tecnológico – CNPq (nº 476.950/2013-9 and 140774/2014-9) and Federal University of Paraná. 
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NanoGlycogen is a highly branched alpha-D-polyglucan produced by the extremophilic red micro alga Galdiera sulphuraria. It is a 
compact, globular molecule that is highly water soluble due to its high branch density (1). NanoGlycogen is structurally similar to 
phytoglycogen, a starch-like alpha-glucan found in sugary-I maize mutants. Phytoglycogen and starch can be turned into 
emulsifiers by reacting them with octenyl succinic anhydrate (OSA). OSA-starch is superior to gum Acacia for encapsulating 
flavours and fish oil, improving the oxidation stability of such compounds. In this research the emulsifying capacity of OSA-
NanoGlycogen was investigated. 
OSA-NanoGlycogen was synthesized by mixing NanoGlycogen extracted from G. sulphuraria grown on glycerol with 3-9% w/w 
OSA for 24 h while maintaining the pH at about 8.5. The reaction was stopped by lowering the pH to 6.5 with 2% HCl. The OSA-
NanoGlycogen was collected by precipitation with 100% ethanol and centrifugation. The presence of octenyl side groups on the 
NanoGlycogen was analyzed by FTIR, showing a signal at wavenumber 1730 (2), indicating the presence of a carboxymethyl. The 
degree of substitution, as calculated from the 1H-NMR spectrum, was approx. 0.04. It was found that OSA-NanoGlycogen has 
emulsifying properties similar to OSA-phytoglycogen. The capacity of OSA-NanoGlycogen to prevent lipid oxidation was 
measured by determining the hydroperoxide (HP) value and thiobarbituric acid (TBARS) analysis (3). Initial results show that 
OSA-NanoGlycogen is similar to OSA-phytoglyogen and OSA-starch with respect to preventing lipid oxidation. 
This study shows that NanoGlycogen, derived from glycerol-grown microalgal cells, can be used as an alternative to starch or 
phytoglycogen as base material to produce an effective amphiphilic alpha-glucan that can be used to encapsulate flavours and 
fish oils. 
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In a recent study, polysaccharide materials were concluded to show lower non-renewable energy requirements and lower 
greenhouse gas emissions than petrochemical-based materials. Glucosyltransferase (Gtf) or commonly named glucansucrase, 
enzymes catalyze synthesizing α-glucan from sucrose, a renewable feedstock, as a glucose monomer source. 
Recentry, we showed one-pot water-based enzymatic polymerization of pure α -1,3-glucan without branches using GtfJ enzyme, 
one type of the Gtf enzyme that cloned from Streptococcus salivarius ATCC 25975 (1). The GtfJ enzyme also shows branching-
enzyme activity when α-1,6-glucan (dextran) coexist with sucrose in the reaction. In this study, we report the preparation of 
enzymatic synthesis of branched glucan with α-1,3 and α-1,6 glucosidic bonds using GtfJ. 
The branched glucan was synthesized in a buffered reaction mixture containing sucrose, dextran with different molecular weight 
(Mw = 50,000, 23,000, 37,000), recombinant GtfJ enzyme from S. salivaius, at 30°C, for 24h. The product was collected by 
centrifugation, washed with distilled water, freeze dreied, and characterized using NMR, GPC analysis. 
The sucrose solution containing dextran was colorless at the beginning. After addition of GtfJ, the mixture became turbid and 
highly viscous solution, suggesting the formation of water-insoluble branched glucan. 13C-NMR spectrum showed the insoluble 
glucan contained both α-1,3-linked and α-(1,6)-linked glucosyl residues. The moleculer weight of products were increased more 
than two times of added dextran. 
 

(1) Puanglek et al. Scientific Reports, 6, 30479 (2016) 
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Turkey is the largest producers of hazelnuts (Corylus avellana L.). Skin is the perisperm of hazelnut kernel and represents 
approximately 2.5% of the total kernel weight, but is often discarded during roasting (1). Nuts skin consists of a significant 
portion of polyphenols (2) but it is also a good source of a dietary fibre (1,3). 
The goal of this work is the isolation and detail characterization of the polysaccharides from hazelnut skin. Ultrasound in 
extraction can induce the better cell tissues disruption and a greater penetration of the solvent into the tissue itself. 
The polysaccharides were extracted with conventional and ultrasound heating and were characterized by various analytical 
techniques such as FT-IR, GC-MS, HPLC or NMR. 
The sonication decreased the extraction time from 60 to 5 min at lower temperature and the extracts from the ultrasonic 
experiment were shown to contain more of the water-insoluble polysaccharides. The pectic polysaccharides dominated in water 
extracted part, whilst glucuronoxylan and glucose rich polysaccharides were released by dilute alkali. 
The results from the hazelnut skin polysaccharide analysis of both conventional and ultrasonic experiments point to the fact that 
they can be utilized as a potentially additive in food production to obtain a food with high fibre content. The use of ultrasound 
improved the extraction efficiency at lower temperatures than those normally used. 
 
The authors gratefully acknowledge financial support for this work from the Slovak Grant Agency VEGA, grant No. 2/0092/17. 
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Cellulose has today become highlighted as a potential candidate for advanced bio-based material development, especially for 
films or composites. Tunicate, which is widely distributed worldwide, is the only animal resource for cellulose. It has already 
become an abundant cellulose resource competitive to wood after large-scale cultivation and technical development for 
preparation of high quality cellulose. In this paper, in order to reveal the application potentials, cellulose nanofibers (CNF) have 
been prepared from tunicate cellulose by homogenization after a pretreatment of either enzymatic hydrolysis or TEMPO-
mediated oxidation. The prepared CNF were subjected to comprehensive characterizations regarding chemical structure and 
morphology. Cast-films were further prepared from the CNF and subjected to characterizations regarding density, morphology, 
and optical, mechanical, thermal and hydrophobicity properties. It has been found that the CNF consist of highly pure cellulose 
and have very high degrees of polymerization. The CNF structure depends closely on the preparation processes. For example, 
introduction of surface charges via the TEMPO-mediated oxidation is observed. This has significant impacts on the structure, 
morphology, optical, mechanical, thermal, and hydrophobic properties of the prepared films. Among others, the film density is 
closely related to the charge density of the used CNF and the tensile stress of the films is correlated to the crystallinity index of 
the CNF. Comparatively, the tunicate CNF should be considered as one unique type distinctly different from the commonly 
reported wood CNF. The CNF should further be grouped into two categories, one obtained after enzymatic hydrolysis and 
another after TEMPO-mediated oxidation pretreatment. For applications, the structures and physiochemical properties of the 
CNF and their films could be tuned by varying the preparation processes or blending different CNFs together to meet different 
application demands. The results from this study can provide useful information and knowledge for the practical preparations 
and applications of tunicate CNF. 
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Cellulose films are widely used as membrane materials and find applications in medicine and in various industrial processes. 
However, due to their structural and morphological features cellulose films obtained from solutions in MMO, in dry condition 
have low adsorption properties, while in the swollen state transport properties increase dramatically because of increase the 
size of pores and distribution by sizes. This makes them unsuitable for nanofiltration processes. By varying the conditions of 
coagulation and further conditioning, it is possible to increase slightly their ability to nanofiltration, but in general, the problem 
remains unsolved. 
Membranes prepared from polyacrylonitrile (PAN) are characterized by a narrow pore size distribution and the resistance to a 
number of solvents and oil products. The possibility of obtaining PAN solutions in MMO (the method was patented earlier (1) 
has allowed us to obtain composite films based on cellulose and PAN from mixed solution in MMO. 
The study of morphology of the mixed dopes has shown that the resulting solutions are biphasic emulsions, and the shape of the 
dispersed phase PAN solution droplets depends on the phase composition of the mixed solution, temperature, and shear strain. 
The rheological properties of 12-14% mixed solutions containing up to 5% of PAN remain unchanged, i.e. they are determined by 
rheology of matrix cellulose solution. 
The study of nanofiltration characteristics of the films was carried out in dead-end filtration cells at a trans-membrane pressure 
of 20 atm. For all films under consideration the transport properties were measured - retention coefficient (the dye was Orange 
II) and ethanol permeability. It was shown that the composite film containing up to 5% PAN was characterized by a high 
retention coefficient, reaching 40% at permeability 0.4 kg/m2*h*atm. These composite films had strength exceeding 50 MPa 
and elongation at break about 8%. 
By X-ray diffraction and electron microscopy methods the structure of membrane films was studied. 

(1) I. Makarov, L. Golova, L. Kuznetsova, A. Shlyakhtin, I. Nifantev, V. Kulichikhin, RF Patent № 2541473 (2014). 
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Viscosity modifiers, paint, food ingredients, and pharmaceutical excipients, these are only a few examples where polysaccharide 
derivatives play an important role. With more than 300,000 tons per year, carboxymethyl cellulose is one of the most important 
anionic cellulose derivatives commercially available. Another anionic cellulose ether is sulfoethyl cellulose. It has found 
applications as cation-exchange material, for encapsulating biocatalysts and as a component of membranes. 
The aim of the present study was the characterization of sulfoethyl cellulose via the sulfoethyl glucose isomers obtained after 
the hydrolysis of cellulose derivative using trifluoroacetic acid. The sulfoethyl glucose were reductively aminated with 4-
aminobenzoic acid. The separation of the derivatives was achieved in a 40/50.2 cm, 50 mm id fused-silica capillary using a 150 
mM boric acid buffer adjusted to pH 9.5 by the addition of 1 M NaOH as background electrolyte. The applied voltage was 28 kV. 
Separations were carried out at 20 °C and detection was accomplished at 292 nm. 
CE-MS studies were conducted using 25 mM ammonia adjusted to pH 6.2 by addition of 10% (v/v) aqueous acetic acid as 
background electrolyte. The applied voltage was 10 kV and the capillary temperature was 15 °C. Generally, separation efficiency 
was lower when using the ammonia-based buffer as compared to the boric acid background electrolyte. 
The relative quantification of various sulfoethyl cellulose samples with regard to the mono-, di- and tri-sulfoethyl glucose were 
accomplished using the boric acid buffer system with UV detection at 292 nm. A sample displayed a degree of substitution (DS) 
of 0.63 ± 0.01 with 43.30 ± 0.38% underivatized glucose, 41.36 ± 0.12% mono-sulfoethyl glucose, 9.58 ± 0.56% di-sulfoethyl 
glucose and 0.30 ± 0.01% tri-sulfoethyl glucose. The DS of the another sample was 1.37 ± 0.01 with 8.72 ± 0.17%, 40.53 ± 0.24%, 
35.35 ± 0.26% and 4.48 ± 0.23% of underivatized, mono-sulfoethyl-, di-sulfoethyl and tri-sulfoethyl glucose, respectively. 
In conclusion, the developed CE assay is a suitable technique for the characterization of sulfoethyl cellulose batches. 
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Lignocellulosic biomass, such as forestry and agricultural residues, is the most abundant non-food biomass. It is renewable, 
cheap and exists all over the world. Lignocellulosic biomass is a good source of hemicellulose and cellulose, which can be 
hydrolyzed e.g. to monosaccharides. Sugars can be further converted to various platform chemicals or biofuels. However, 
selective hydrolysis is challenging since hemicellulose and cellulose tend to hydrolyze at different conditions. 
The aim of this study was to utilize the different reactivity of these two polymers and find the reaction conditions to hydrolyze 
only hemicellulose and not cellulose. Pine (pinus sylvestris) sawdust was used as a feedstock and sulfuric acid, formic acid or a 
mixture of these two acids was used as a reaction media. In addition to the different acids, reaction temperature, time and acid 
concentration were used as variables. Results showed that in order to hydrolyze hemicellulose, 120 and 140 °C were suitable 
temperatures. However, when the temperature was increased from 120 to 140 °C also the glucose yield increased, indicating 
that cellulose decomposed along with hemicellulose. From the studied acids, 2.5% sulfuric acid produced the highest yield of 
hemicellulose sugars (59 %) while the glucose yield remained low (6 %). 
 
This work was financially supported by ERDF project PreBio (decision nr EURA 2014/162/09 02 01 01/2014 PPL) 
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Chemical modification of polysaccharides is an excellent tool for the design of reactive biopolymers, e.g. for immobilization of 
biomolecules and dyes or for crosslinking even in a reversible way. (1-3) In this work, dextran was applied for the design of novel 
reactive products. The dextran derivatives were synthesized under homogenous conditions by esterification of the 
polysaccharide with maleimido-carboxylic acids or norbornenecarboxylic acid via in situ activation with p-toluenesulfonyl 
chloride. Moreover, etherification of dextran with divinyl sulfone (DVS) proved to be an efficient method to introduce reactive 
moieties into the polysaccharide. Due to the water solubility of dextran, dextran esters thus obtained were soluble in water at a 
degree of substitution (DS) < 0.2 for 4-maleimidobenzoic acid and < 0.3 for 6-maleimidohexanoic acid. Reaction of DVS with 
dextran under basic conditions led to the related water soluble ether with DS values up to 1.1h. All dextran derivatives obtained 
dissolved in dimethyl sulfoxide (DMSO) and N,N-dimethylacetamide (DMA). 
The dextran-derivatives prepared have great potential as reactive intermediates for the synthesis of novel functional polymers. 
They provide reactive carbon-carbon double bonds that can be further modified in a selective and efficient manner. Moreover, 
they readily dissolve in water and/or organic solvents like DMSO and DMA, which is required in many potential applications and 
for homogeneous post-derivatization. 
 
Figure 1: Reactive dextran derivatives and examples for subsequent reactions 
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Polysaccharide based nanoparticles (PS-NP) are of great interest for applications in medicine and biotechnology due to their 
many beneficial features such as simple preparation, biocompatibility, and sustainability. A facile approach towards PS-NP is the 
self-assembling of hydrophobic PS esters. In order to employ these nanomaterials, functionalization, e.g., with drug molecules, 
dyes, or affinity ligands is required. This can be achieved by covalently linking the desired molecules to the PS backbone. 
Another highly desired alternative approach is the physical entrapment of functional compounds within PS-NP. 
In the present work, a facile procedure was developed to entrap hydrophobic dyes (2-aminoanthraquinone, sudan red IV, sudan 
black B) within PS-NP derived from cellulose acetate (CA) or cellulose acetate phthalate (CAPh). Dialysis of mixed solutions 
containing PS ester and dye in an organic solvent like N,N-dimethylacetamide against water resulted in a co-self-assembling of 
both components into stable particle suspensions. Dynamic light scattering and electron microscopy revealed that particles with 
sizes in the range of 200-500 nm were obtained and that the dyes were well-incorporated within the spherical cellulose ester 
particles. By UV-Vis spectroscopy, it was demonstrated that the spectroscopic properties of the composite PS-NP are mainly 
determined by dye-dye interaction. 
The results presented are of general relevance for the incorporation of hydrophobic compounds in a PS-NP matrix and can be 
useful in many areas, e.g., drug delivery. The dye loaded CAPh-NP were found to be well suitable for immunoassay applications. 
They feature reactive carboxyl groups and, thus, it was possible to covalently couple them with antibodies. The PS-NP-antibody 
conjugates were sucessfully employed as detection labels in lateral flow immunoassays. The sensitivity that was achieved by this 
approach was significantly higher than for test systems operating with currently employed gold-NP. 
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Introduction: Worldwide consumption of dietary fiber and resistant starch is still far below the recommended levels, except for 
developing, rural-based populations. Thus, increasing fiber consumption is crucial for health promotion and disease prevention, 
and remains a major public concern. Food manufacturers still seek new products that could be enriched with dietary fibers. 
Moreover, soluble dietary fiber may be added to beverages. Some properties of soluble dietary fibers are of particular 
importance in the case of their application in the beverage industry. Besides the obvious characteristics, such as stability and 
resistance to enzymatic digestion in the human upper gastrointestinal tract, they should be well soluble in water, exhibit low 
viscosity, form transparent solutions, have low caloric value, and be durable in processing and storage. 
Objectives: The objective of the study was to produce soluble enzyme-resistant dextrins by microwave heating of potato starch 
acidified with small amounts of hydrochloric and citric acids, and to determine their properties. The solubility, pasting 
properties, retrogradation tendency, and stability of enzyme-resistant potato starch dextrins were determined to ensure they 
meet the functional requirements of the beverage industry. 
Materials and methods: Twenty five samples were initially made and their solubility was determined. Three samples with the 
highest water solubility were selected for physico-chemical (dextrose equivalent, molecular weight distribution by HPSEC, 
pasting characteristics by means of RVA, retrogradation tendency), total dietary fiber (TDF) analysis by AOAC 991.43 method, 
and stability tests. 
Results: TDF content averaged 25%. Enzyme-resistant dextrins practically did not paste, even at 20% samples concentration, and 
were characterized by low retrogradation tendency. The stability of the samples at low pH and during heating at low pH 
averaged 10% and 15% of the initial value, respectively. 
Conclusions: The results indicate that microwave heating could be an effective and efficient method of producing highly-soluble, 
low-viscous, and enzyme-resistant potato starch dextrins for the beverage industry. 
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The processing of the lignin poses a challenge due to its variable number of reactive sites and its consequential thermal 
instability. (Argyropoulos 2013) Additionally, its nonuniform and highly branched molecular structure causes an insufficient flow 
ability in melt and solution. (Hatakeyama et al. 2002) Back in the 1980s, Glasser and his co-workers addressed this challenge by 
blending Organosolv lignin (OSL) with mesophase-forming cellulose derivatives. (Rials, Glasser 1989; Davé, Glasser 1997) 
This study aims at determining the accessibility of OSL solutions to new additive manufacturing processes. So, it is proposed that 
a lyotropic cellulosic phase not only increases the pseudoplasticity of OSL solutions, but also induces a high degree of enduring 
orientation in the phase separated system. 
By means of polarized optical microscopy (POM), the lyotropic mesophase formation of hydroxypropyl cellulose (HPC) was 
investigated upon addition of OSL. Rheological measurements comprised flow curves of a wide range of blend compositions and 
were conducted with cone-plate rheometry. Furthermore, strain recovery and structural relaxation was explored by means of 
creep and relaxation experiments and, in addition, analysed optically via POM equipped with a Linkam shear cell. 
It was found that the onset of anisotropy correlates directly with the shear viscosity maximum for blend solutions with up to 20 
wt% OSL. The comprehensive study of the flow behaviour of blend solutions revealed that the mesophase formation of the 
cellulose derivate enables a higher the total polymer content in the system without compromising the processing properties (i.e. 
ηeff at relevant shear rates). 
Upon blending with HPC, OSL can be processed at room temperature via solution processing, representing a promising approach 
for the energy and resource friendly lignin-based bioplastic manufacturing. 
 
This work is supported by a grant from the Ministry of Science, Research and the Arts of Baden-Württemberg to M.-P. Laborie. 
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Ulvans are sulfated polysaccharides biosynthesized by green seaweeds from the genus Ulva spp. Considering chemical 
modifications might improve the biological and physical-chemistry properties of polysaccharides, the aim of this study is to oxide 
ulvan via periodate in order to obtain 2,3-dialdheyde units, which are sites for introduction of new reactive groups. Therefore, 
green seaweed Ulva fasciata was submitted to aqueous extraction (80°C, 4 h) to give F2 fraction, which was oxide with NaIO4 
0.05 mol.L-1 for 24 h, 48 h and 72 h originating F2-P1, F2-P2 and F2-P3, respectively. According to monosaccharide composition 
and NMR analyses (13C, 1H and HSQC), F2 is built up of: [→4)-β-D-GlcpA-(1→4)-α-L-Rhap3S-(1→], [→4)-β-D-Xylp-(1→4)-α-L-
Rhap3S-(1→], [→4)-β-D-Xylp2S-(1→4)-α-L-Rhap3S-(1→] and [→4)-α-L-IdopA-(1→4)-α-L-Rhap3S-(1→]. The 13C NMR spectra of 
the periodate products showed the appearance of signals at 90.6 and 90.9 ppm, attributed to carbons of aldehyde groups in diol 
form, confirming the occurrence of the oxidative process. Moreover, the HSQC spectra showed the disappearance of the C-1/H-
1 correlations at 104.8/4.64 and 104.1/4.91 ppm indicating the oxidation of [→4)-β-D-Xylp-(1→] and ([→4)-α-L-IdopA-(1→] 
units, respectively. Size exclusion chromatography (SEC) analyses coupled to laser light scattering photodetector, refraction 
index (RI) and to a viscometer (VIS) detector showed a decrease in Mw of periodate products when compared to F2 (2.0 X 104, 
7.5 X 103, 7.0 X 103 and 6.1 X 103 g.mol-1 for F2, F2-P1, F2-P2 and F2-P3 respectively), indicating the oxidation promoted partial 
depolymerization. Additionally, it was observe a decrease in the radius of gyration (Rg) obtained via Flory-Fox equation and in 
the intrinsic viscosity (ƞ), which were attributed to the decrease in Mw. The Mark–Houwink–Sakurada exponent (α) (angular fit 
of the double logarithmic plot of the intrinsic viscosity against Mw) was 0.208 for F2 and 0.515, 0.507 and 0.527 for F2-P1, F2-P2 
for F2-P3 respectively, indicating a conformational transition from a rigid sphere to a random coil form after periodate oxidation. 
Therefore, products with different chemical and physical-chemical characteristics from the native polymer were obtained, 
expanding the possible applications of ulvan in several areas of glycobiology. 
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Cellulose sulfate has antiviral, anticoagulant and cell growth characteristics, therefore it is a great starting material for tissue 
engineering. Moreover, cellulose is the most abundant renewable biopolymer on earth. The aim of our study is to synthesize a 
gel via crosslinking oxidized cellulose sulfates and chitosan derivatives, which attracts growth factors to improve the 
regeneration of damaged tissue. Starting with cellulose the first step is a sulfation, followed by a Malaprade oxidation that leads 
to a regioselective cleavage of the C2-C3 bond. Finally a click reaction between the obtained product and a chitosan derivate 
takes place to form an imine. We synthesized cellulose sulfates with different degrees of substitution ranging from 0.5 to 2.0. 
Additionally the creation of gels through reaction of oxidized cellulose sulfates with carboxymethyl chitosan was successful and 
the formation was already completed after one minute. Furthermore the received gel components are non-toxic in 
concentrations ranging from 1 to 1000 µg/ml in cell culture media for 3T3 mouse fibroblasts after 24 h incubation. Overall our 
first results look promising but further investigations considering the gel characteristics like stability or biodegradability are 
required to prove the suitability as cartilage tissue. 
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Cassava (Manihot esculenta Crantz) is a starchy crop cultivated in many tropical countries and used as food for more than 500 
million people. Stem and bagasse are two major by-products from harvest and processing of cassava. The stem, which 
represents as much as half of the weight of cassava root, is separated from the roots during harvesting. The production of 
cassava starch results in the generation of 15-20% of the processed root weight as bagasse. Since both stem and bagasse are 
rich in carbohydrates, they can be considered as feedstocks for ethanol production. The hydrolysis of the polysaccharides starch 
and cellulose is required in order to make the substrate amenable to be used by ethanologenic organisms. 
In this work, hydrothermal pretreatment at variable solids loads (from 10 to 14.3%) was used for hydrolyzing starch and for 
pretreating cellulose for enzymatic hydrolysis. The pretreatment led to a high degree of starch hydrolysis, which resulted in 
substantial release of glucose to the pretreatment liquors. Due to the difference in starch content in the raw materials the 
concentration of glucose was higher in the liquors of cassava bagasse than in those of stem, and the yield of pretreated solids 
was higher for stem than for bagasse. Glucose concentration in the pretreatment liquors from cassava stem displayed a 33-% 
increase with the increase of the load of solids, but no major changes were observed in the liquors from bagasse pretreatment. 
On the other hand, the yield of released glucose per gram of initial raw material decreased for both feedstocks with the increase 
of the solids load. The increase of the solids load increased the yield of pretreated solids from 49 to 53% for stem and from 22 to 
31% for bagasse. As indicated by the formation of hydroxymethylfurfural (HMF), the pretreatment led to partial degradation of 
the released glucose. The degradation was more remarkable for cassava bagasse, where HMF concentration in the liquors was 
5-6 times higher than in those of stems. For both materials the increase of the solids load led to an increase of HMF formation. 
The cellulose contained in the pretreated solids was submitted to enzymatic hydrolysis. Increasing the solids load in the 
pretreatment from 10 to 12.5% did not affect the enzymatic hydrolysis of cellulose neither for stem nor for bagasse. However, a 
further increase of the solids load to 14.6% led to a decrease of the glucose yield of around 13% for stems and of 11% for 
bagasse. 
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There are various well established processes to shape cellulose to fibres. Mainly, the Viscose technology and the Lyocell process 
by using N-methylmorholin-N-oxid are of a technical interest. The latter as a direct dissolution method without derivatization 
has some advantages compared to the viscose process. (1) In addition to ecological considerations, it has emerged to be an 
efficient tool in order to design functional textile materials and textiles for special applications. (2,3,4) Particularly in the last 
years, ionic liquids attracted, due to their good dissolution power, a remarkable interest for dissolution and then shaping 
cellulose to fibres. (5,6) They can be also classified as so-called non-derivatizing cellulose solvents. (7) Nevertheless, some open 
questions have been existing to this very day. Beside the pulp characteristics it is well known that especially pre-treatment 
conditions, such as an enzymatic treatment, cellulose pre-swelling or the pH-adjustment may impact the dissolution state and 
the resulting fibre properties respectively. 
In this context we would like to communicate the influence of these different pre-treatment conditions to fibres spun from 
common cellulose dissolving imdidazolium based ionic liquids. Beside the textile-physical parameters, rheological properties of 
the solutions as well as the molecular distribution of the cellulose are involved in the discussion. 
  

(1) H. Harms, Lenzing LYOCELL: Potentiale und Chancen einer neuen Fasergeneration, Materialwissenschaft und 
Werkzeugtechnik 34 (2003) 267-271. 

(2) A. Slater, TENCEL – The key to high performance nonwoven products, Lenzinger Berichte 84 (2005) 36-41. 
(3) F. Wendler, F. Meister, R. Montigny, M. Wagner, New Antimicrobial ALCERU Fiber with Silver Nanoparticles, Fibers & 

Textiles in Eastern Europe. 15 (2007) 41-45. 
(4) F. Meister, D. Vorbach, F. Niemz, T. Schulze, High-Tech-Cellulose-Funktionspolymere nach dem ALCERU-Verfahren, 

Materialwissenschaft und Werkzeugtechnik 34 (2003) 262-266. 
(5) B. Kosan, C. Michels, F. Meister, Dissolution and forming of cellulose with ionic liquids, Cellulose 15 (2008) 59-66. 
(6) G. Bentivoglio, T. Röder, M. Fasching, M. Buchberger, H. Schottenberger, H. Sixta, Cellulose processing with chloride-

based ionic liquids, Lenzinger Berichte, 86 (2006) 154-161. 
(7) Th. Heinze, K. Schwikal, S.Barthel, Ionic Liquids as Reaction Medium in Cellulose Functionalization, Macromol. Biosci. 5 

(2005) 520–525. 
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Introduction: Brazil is the largest producer of sisal fiber in the world. This fiber has high cellulose content (70-78%), an important 
property for producing glucose via saccharification. 
Objectives: The objectives of this study were to evaluate the influence of pretreatments and use of rhamnolipid on the 
enzymatic hydrolysis of sisal fiber. 
Materials & methods: Untreated and Kraft sisal fibers were mercerized (10g.L-1 NaOH 20%, 1.5h, 40°C and 20g. L-1 NaOH 20%, 
3.0h, 50°C respectively). Untreated and mercerized fibers were subjected to enzymatic hydrolysis (1g fiber/ 50mL citrate buffer, 
pH 5.0, 50°C, 48h, 0.5mL of enzyme). Samples were withdrawn from the medium at certain time intervals, and the solid fraction 
(non-hydrolyzed fibers) were separated from the liquor by filtration. Reactions were conducted using rhamnolipid as a 
surfactant (80mg.L-1). The non-hydrolyzed fibers were washed, dried and characterized by Scanning Electron Microscopy (SEM), 
and the liquor was evaluated by HPLC. 
Results: The properties of mercerized fibers described in Table 1, in addition to the SEM images (not shown), which indicated a 
separation in the fiber bundles (Kraft treated or not), have facilitated the enzyme attack, leading to higher conversion to 
glucose, compared to other starting fibers (Table 2). The use of rhamnolipid during the hydrolysis of the untreated and 
mercerized fibers did not significantly affect the conversion to glucose (Table 2). 
Conclusion: The results indicated that the mercerization pretreatment was extremely efficient in the enzymatic hydrolyses of 
the sisal fibers performed until now. This study is in progress, but the results already obtained have shown that lignocellulosic 
sisal fibers may be an excellent source for cellulosic ethanol production. 
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Figure 1 
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Introduction: Carbohydrates and glycoconjugates are promising alternatives to antibiotics with respect to the promotion of 
health and prevention of enteric infections, based on their capacity to block bacterial adhesion to host mucosa by providing 
alternative adhesion sites to enterobacteria. 
Objective: The present study aimed to evaluate the capability of arabinogalactan obtained from soybean meal to adhere 
enterobacteria (Salmonella enterica sv. Typhimurium). 
Materials & methods: Soybean meal suspension was subjected to thermochemical treatment (120°C, pH 13.0, 1 h). After 
neutralization and centrifugation, the supernatant obtained was subjected to a new thermochemical process, yielding the SM 
fraction. SM was characterized by chemical and spectroscopic methods. Different assays were employed in this study to 
evaluate the binding capability of polysaccharides: (i) a microplate-adhesion assay varying fraction concentration; (ii) a 
microplate-adhesion assay using fraction after in vitro digestion to assess the stability of obtained molecule; (iii) an adhesion-
inhibition assay to test the inhibition potential of fraction to a mannan-coated surface, and (iv) bacterial growth tests to evaluate 
whether the inhibitory effect occurred due to binding to the bacteria or by cytotoxic effects of the fraction on the bacteria. 
Results: Chemical and spectroscopic analysis showed that polysaccharides present in SM fraction are composed by β-D-Galactan 
(1→4)-linked partially substituted in C-6 by α-L-Araf (1→5)-linked. Data obtained showed that the fraction was able to adhere 
between 7,42 x 106 to 1,44 x 107 CFU at concentrations ranging from 0.06 to 1% m/v. This adhesion capability was maintained 
even after the in vitro digestion process. Furthermore, the fraction tested significantly inhibited the adhesion of bacteria to 
known analog receptors and did not present cytotoxic effect on the bacteria at any of the analyzed concentrations. Thus, it is 
possible to suggest that the effect of adhesion-inhibition was result of specific inhibition due to adhesion between the modified 
polysaccharide and bacteria, preventing the adhesion to mannan previously coated to the microplate. 
Conclusion: All the results together demonstrate that thermochemically modified arabinogalactan from soybean meal 
selectively binds Salmonella, and thus has biotechnological potential in the prevention of enteric infections as an alternative to 
the use of antibiotics. 

 



226 

P 52 
Grafting diels-alder reactants onto cellulose nanocrystals 

J. Carneiro de Oliveira1,2, V. Roucoules3, M. P. Laborie1,2 

1University of Freiburg, Freiburg Materials Research Center, Freiburg, Germany 
2University of Freiburg, Chair of Forest Biomaterials, Freiburg, Germany 
3Université de Haute-Alsace, Institut de Science de Matériaux de Mulhouse, Mulhouse, France 

Introduction: Cellulose nanocrystals (CNCs) have attracted interest as scaffolds for a large number of reactions, due to the great 
number of hydroxyl groups on its surface (Habibi, 2014). Grafting onto CNCs of amine-terminated moieties, followed by click 
chemistry, was firstly performed by Filpponen & Argyropoulos (2010). Since click chemistry involves a variety of different 
reactions, the authors opened a field with a large set of possibilities. One of the possible applications of click chemistry is the 
focus of this work. 
Objectives: The present work aims to explore the potential of Diels-Alder (DA) reaction to develop thermoresponsive cellulose 
nanocrystals (Fig. 1). Initially, a careful analysis of the DA reaction between the molecules to be grafted onto the CNCs surface 
was performed. Additionally the grafting of these molecules onto CNCs is explored. 
Materials & methods: Reaction of N-hydroxymaleimide (NHM) and furfuryl alcohol (FAL) was followed with UV-Vis and 1HNMR. 
2,4-tolulene diisocyanate was used for carbamation of CNCs. NHM or FAL were grafted onto the carbameted CNC surface. CNCs 
were analyzed with FTIR and XPS. 
Results: 1HNMR allowed a careful characterization of the product and the reaction. UV-Vis confirmed these results. Yield and 
kinetic parameters for this DA reaction could be determined. 
The successful grafting onto the CNCs is indicated by FTIR (Fig. 2). The appearance of the peak at 2270 cm-1 (CNCC) is related to 
free isocyanate after the carbamation. Carbonyl stretch, amide stretch and amine bend at 1713, 1598 and 1536 cm-1, 
respectively, shows the formation of the urethane bond and consequent effective grafting of the 2,4 TDI. Grafting of the 
maleimide (CNCM) and furan (CNCF) moieties are indicated by the subsequent disappearance of the isocyanate peak. 
Conclusion: 1HNMR and UV-Vis showed to be, under the right conditions, suitable techniques for following the DA reaction. 
Grafting onto CNCs was effective, as proved by the techniques used. 
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Figure 1 – Schematic representation of DA reaction of modified CNCS 
Figure 2 – FTIR spectra of CNCs and modified CNCs 

Figure 1 
 

 



227 

Figure 2 
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Sustainable use of natural resources is one of the key issues in global economy. The use of lignocellulose-rich waste streams 
promotes both the material efficiency and sustainability. Lignocellulose is a good source of polysaccharides such as cellulose and 
hemicellulose. Both of these polysaccharides can be converted into their monomeric sugars by acid hydrolysis. Furthermore, the 
sugars such as glucose can be converted into valuable platform chemicals. In this study various lignocellulose-based waste 
biomasses were used as starting materials in the production of platform chemicals. The reactions were performed in the 
microwave reactor with sulfuric acid as a catalyst. Reaction conditions (time, temperature, acid concentration and the ratio of 
biomass to water) were studied by using experimental design. The reaction products were analyzed with HPLC and GC. The 
results suggested that various waste biomasses can be converted into value-added products with microwave activation as 
heating method. 
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Carrageenans are polysaccharides naturally sulfated obtained from red algae species. These polysaccharides are used in the food 
and cosmetics industries due to their gelling and stabilizing properties. Also, carrageenans show a wide range biological 
activities, which are strongly dependent of the degree and position of sulfate groups in the polysaccharide backbone. Kappa-
carrageenan is formed by alternate (1→3)-linked β-D-Galp and (1→4)-linked 3,6-anhydro-α-D-Galp units. In order to synthesize 
new carrageenan derivatives, we investigated the selective oxidation of C6 at β-D-Galp units using an environmentally friendly 
reaction with 2,2,6,6-tetramethylpiperidine-1-oxyl free radical (TEMPO), as catalyst, and trichloroisocyanuric acid (TCCA) as co-
oxidant. Therefore, the aim of this work was the selective oxidation of C6 at β-D-Galp 4-sulfate units in the kappa-carrageenan 
using TEMPO and TCCA. For this, kappa-carrageenan (1 eq.) was dissolved in deionized water and TEMPO (0,2 eq.) was added 
(solution 1). In parallel, 0.2; 0.5; 1; 2 and 3 eq. of TCCA were dissolved in HCO3-/CO3-2 buffer 0,1 M (pH 9,5) (solutions 2). Then, 
the solution 2 was added over solution 1, and after 15 hours, ethanol and NaBH4 were added. The resulting solution was 
neutralized, dialyzed, concentrated and lyophilized to give the oxidized carrageenans. The oxidized products showed yield of 
70% and colorimetric analysis indicated the presence of uronic acids in all fractions. The degree of oxidation was estimated by 
1H NMR analysis through the integration of the signals correspondent to the hydrogens of C6/C5 (overlapped) and C2 of β-D-
Galp-4-sulfate units. The oxidation with 1 eq. of TCCA produced approximately 50% of oxidation at C6, whereas a complete 
oxidation was obtained using 3 eq. These data indicated that the increase of TCCA produced carrageenans with higher degree of 
oxidation. Therefore, the TEMPO/TCCA in carbonate buffer was efficient to convert β-D-Galp 4-sulfate units into its uronic acid 
derivative. The biological properties of oxidized polysaccharides have been investigated in our laboratories. 
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Sulfated polysaccharides produced by seaweeds represent an important source of natural bioactive molecules. The aim of the 
present study was to evaluate the effect of sulfated heterorhamnans produced by the green seaweed G. brasiliensis, on the 
viability of U87MG glioblastoma cell line. For this, G. brasiliensis was submitted to aqueous extraction (80°C, 5% w/v, 4 h) giving 
rise to Gb1 fraction (29.3% of NaSO3). This fraction was carboxyl-reduced using 1-cyclohexyl-3-(2-morpholinoethyl) carbodiimide 
metho-p-toluene sulfonate (pH 4.75, MES buffer) and NaBD4 (pH 7.0, TRIS buffer), yielding Gb1-R fraction. Monosaccharide 
composition of Gb1-R fraction showed rhamnose, xylose, galactose, glucose, galacturonic and glucuronic acids (64.3, 8.8, 7.3, 
8.0, 2.7 and 8.9 mol%, respectively). HSQC NMR spectrum of Gb1 showed anomeric correlations corresponding to 3-linked 
(103.2/4.99 ppm), 3-linked-2-sulfated and 3-linked-2,4-sulfated (100.9/5.32 ppm), 3-linked-4-sulfated (102.5/5.02 and 
102.7,102.5/5.08 ppm), 2-linked-4-sulfated and 2-linked-3,4-sulfated (101.2/5.22 ppm) and 2,3-disubstituted rhamnosyl units 
(100.9/5.28,5.25 ppm). The cytotoxic effect of Gb1 (100 μg/mL) was evaluated against U87MG cells using MTT, neutral red (NR), 
cell cycle and cell death analyses. Gb1 reduced cell viability in 60% (MTT) and 46% (NR). Additionally, it promoted an increase in 
the percentage of cells in the G0/G1 phase (13.6%) and in cells labeled with annexin V (13.4%), suggesting an apoptosis 
mechanism. These results suggest that sulfated heterorhamnans produced by G. brasiliensis represent molecules with 
biotechnological potential that will be tested against other cancer cell models. 
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Carrageenans are sulfated polysaccharides biosynthesized by red seaweeds that present large industrial uses and biological 
interest. κ-Carrageenan consists of alternating (1→3)-linked β-D-galactopyranosyl 4-sulfate (G4S) and (1→4)-linked 3,6-anhydro-
α-D-galactopyranosyl units (DA). κ-Carrageenan (K fraction) extracted from Kappaphycus alvarezii was chemically sulfated to 
give KS fraction. After partial acid hydrolysis (TFA 0.1 mol/L), we obtained K2 (80 °C, 3 h) and K15 (65 °C, 15 min) from K fraction 
and KS15 (65 °C, 15 min) from KS. K and K15 showed similar HSQC spectra: anomeric correlations were observed at 102.0/4.63 
and 94.8/5.10 ppm, which were attributed to C1/H1 of G4S and DA units, respectively. In addition, K15 spectrum presented 
signals attributed to the internal and reducing DA units in the ratio of 7.8:1, which indicated a lower degree of polymerization 
than K fraction. HSQC NMR spectrum of K2 (20.4% NaSO3) showed anomeric correlations at 102.9/4.53 and 90.2/5.00,5.02 ppm, 
which were attributed to C1/H1 of G4S and DAred units, respectively, of reducing κ-carrabiose disaccharides. HSQC spectrum of 
KS showed signals corresponding to G2S,4S,6S linked to DA2S and G4S,6S linked to DA2S. K, KS, KS15, K15 presented different 
structural features, such as, content of sulfate (23.9; 44.0; 43.2; 20.8%, respectively) and molecular weight (HPSEC-MALLS-RI 
retention times of 48.9; 48.6; 50.8; 52.6 min, respectively). Chemical sulfation promoted polymer degradation, because we 
observed in the KS HSQC spectrum signals correspondent to the reducing DA units. Chemically sulfated KS and its depolymerized 
fraction (KS15) showed similar ratios of internal and reducing DA units (2.6:1; 2.2:1, respectively) in the HSQC spectrum. This 
result was attributed to the presence of sulfate groups which could prevent hydrolysis of 3,6-anhydrogalactosidic linkages. All 
fractions were submitted to anticoagulant in vitro assays (aPTT and TT). TT results indicated that the anticoagulant effect of κ-
carrageenans fractions involved the inhibition of thrombin-mediated fibrin formation. KS and KS15 presented higher coagulation 
times than K and K15 in the aPTT assays, suggesting that the higher degree of sulfation and an intermediate molecular weight 
are important structural features for the anticoagulant activity. 
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Introduction: Biodegradable nanocarriers based on biopolymers, such as chitosan, has become an alternative of considerable 
importance among the various strategies used as controlled drug delivery systems. Chitosan is biocompatible, pH-sensitive, 
mucoadhesive, non-toxic and biodegradable (1). This biopolymer can be chemically modified to obtain amphiphilic derivatives 
that self-assemble in solution, allowing it to act as drug nanocarrier. 
Objective: The objective of this study was to develop amphiphilic derivatives of chitosan as suitable drug carriers that can 
control drug release up to 96 hours. Association studies in aqueous media, drug release kinetics and biological assays were 
conducted. 
Materials and methods: The amphiphilic chitosan derivatives were synthesized using the hydrophilic pentyl 
trimethylammonium group and the hydrophobic group dodecyl aldehyde. The derivatives were characterized by 1H-NMR and 
FTIR. DLS was used to measure the mean diameter of the blank and quercetin-loaded nanoparticles. The Korsmeyer-Peppas 
model was used to evaluate the release kinetics. Cytotoxicity of the aggregates was assessed by MTT assay and confocal laser 
scanning microscopy was used to verify the uptake of the aggregates by breast cancer cells (MCF-7). 
Results: The 1H-NMR and FTIR results confirmed that the synthesis were successful. The mean diameter of the blank and 
quercetin-loaded self-assembled aggregates ranged between 235 and 500 nm. Anomalous transport has been the prevalent 
drug release mechanism, according to Korsmeyer-Peppas mathematic model. The aggregates have low toxicity and microscopy 
showed that the particles were uptaken by the cells (MCF-7). The hemolysis test showed that the derivatives have excellent 
hemocompatibility suitable for further application. 
Conclusion: The results strongly suggest that the developed self-assembled aggregates were safe and non-toxic carriers with 
good in vitro compatibility suitable for the various drug delivery applications. 
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We investigate the conformation and rheology of sodium carboxymethyl cellulose (NaCMC) aqueous solutions. NaCMC is the 
most abundant cellulose polyelectrolyte derivative, with a wide range of applications in the oil, paper and food industries (1,2). 
Small angle neutron scattering (SANS) and rheology are employed to study NaCMC of three degrees of substitution (D.S.) as a 
function of polymer mass (Mw) and polymer and salt concentration (3). Scaling laws for the overlap and entanglement 
concentrations are established (4). NaCl is found to screen electrostatic interactions but not hydrophobic ones, while NaOH 
screens both. In salt free and NaCl solution, a NaCMC sample with D.S. = 1.2 displays hydrophilic polyelectrolyte and neutral 
polymer in good solvent behaviour respectively. The viscosity in NaOH solutions is similar to that in NaCl. Two samples with D.S. 
= 0.8 display hydrophobic behaviour above the entanglement concentration in salt free and NaCl solution, becoming weak, 
thixotropic gels at high concentrations. In 0.5M NaOH, all samples display identical rheological properties due to solubilisation of 
unsubstituted cellulose patches. By varying the ionic strength and pH of aqueous solutions, it is possible to tune the polymer-
solvent interactions for NaCMC samples. This allows us to separate the effects of entanglements, electrostatic repulsion and 
hydrophobic interactions on the solution rheology of NaCMC. 
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Electrospun matrices prepared with the electrospinning technique have been shown to provide a high surface area and micro-
porosity, making them ideal as modern wound dressings and for drug delivery. 
Rutin is one of the most important flavonoids with antioxidant, anti-inflammatory and wound healing properties. A significant 
limitation of the use of rutin is its low water solubility, which can be increased by enzymatic polymerization into polyrutin, while 
the bioactive properties of rutin are maintained. 
In this study, bio-based electrospun nanofibers with rutin and water soluble polyrutin were prepared for their application as 
novel advanced wound dressing materials. 
Nanofibers were prepared from carboxymethyl cellulose and polyethylene oxide solutions containing rutin/polyrutin. A pilot-
scale apparatus which allows for needle-lees electrospinning in the gram scale was employed. Nanofibers were additionally 
cross-linked to make them water insoluble. 
The morphology and bioactivity of water soluble and insoluble electrospun nanofibres with incorporated rutin and polyrutin 
were analysed. An in-vitro study of rutin and polyrutin release was performed on Franz diffusion cells 
From SEM images we can see that the incorporation of rutin/polyrutin in the polymer formulation did not affect the morphology 
of electrospun nanofibres. The results showed that the kinetic profile does not depend on the solubility of nanofibers, while the 
total amount of released active substance is higher for water soluble polyrutin. 
Modern wound dressing materials with controlled release profiles could be prepared with the incorporation of water insoluble 
rutin and water soluble polyrutin in the electrospinnig formulation. 
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Introduction: One of the ways cereal beta-glucans are thought to suppress the production of cholesterol in humans is the 
interruption of lipid metabolism. One possible way is the obstruction of the action of lipases by binding and blocking.  
Objectives: In this study we investigate a possible interaction between pancreatic lipase and oat beta glucan using the powerful 
method of co-sedimentation in the analytical ultracentrifuge.  
Materials/ Methods: The analytical ultracentrifuge is a useful diagnostic tool for interactions because of its inherent separation 
ability without the need for the use of a "matrix", i.e. columns or membranes which may potentially interfere with any possible 
interaction. It has a dual optical system (Rayleigh Interference refractrometric optics and UV absorption). The Rayleigh 
interference system will detect the sedimentation of any macromolecule (in this case the beta-glucan and the lipase) whereas 
the UV absorption will only detect the lipase and the effect of any ligand which is bound to it.  
Results: The lipase (porcine pancreatic Type II) by itself shows 3 clear peaks: a main narrow monodisperse peak at 3.5S 
(corresponding to lipase monomer), plus two small peaks one at 1.8S (possibly co-lipase) and at 5S (lipase dimer). For all 
concentrations of beta-glucan analysed the main lipase peak shifts by 15% to ~4S with a broad distribution (Fig. 1) corresponding 
to a clear binding to the polydisperse beta-glucan component (which by itself shows no UV absorbance at 280nm). The co-lipase 
also appears to be consumed in this distribution, and the dimerization is suppressed.  
Conclusion: All the lipase appears bound to the beta-glucan. 
 
Fig 1. Sedimentation coefficient distribution plots recorded by UV absorbance at 280nm. A: 0.4 mg/ml beta-glucan only (no 
absorbance); B: 1 mg/ml lipase only; C: 0.5 mg/ml lipase + 0.6 mg/ml beta-glucan; D: 0.5 mg/ml lipase + 0.5 mg/ml beta-glucan; 
E: 0.5 mg/ml lipase + 0.4 mg/ml beta-glucan; F:0.5 mg/ml lipase + 0.3 mg/ml beta-glucan; G: 0.5 mg/ml lipase + 0.2 mg/ml beta-
glucan. 

Figure 1 
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Many of commonly occurring wounds are connected with the sensation of pain, which is contributing to significantly slower 
wound healing. Controlled delivery of pain reducing active substances (AS) into wounds can be achieved by in situ incorporation 
of ASs using electrospinning, where control of release can be achieved through a tailored morphology and porosity of the 
electrospun nanofibers. Among several factors, that affect the AS release kinetics, is the pH of the exudate in the wound bed, 
which is changing from pH 6 to pH 9. The latter can be also an indication for a possible colonization with bacteria. Based on all 
mentioned, the goal was to prepare a novel cellulose acetate based electrospun nanofibrous material with in situ incorporated 
pain reducing drug (i.e. local anesthetic benzocaine) and a dye, sensitive in the mentioned pH range (bromocresol green). This 
novel bifunctional material was characterized in regard of its physico-chemical, structural and morphological properties, as well 
as it capability for controlled drug release, pH sensing and biocompatibility towards human skin derived fibroblasts. 
The prepared material was proven biocompatible and was shown to effectively sense the pH in the desired range. As expected, 
the drug release was affected by the varying pH, making the color change of the wound dressing when exposed to different pHs 
useful in two regards. Namely, it can serve as a direct indication for a possible infection, as well as it can be visually related to a 
slower or faster drug release. Preparation and use of such bifunctional wound dressings could be interesting in treatment of 
infected and painful wounds. In response to the simple coloration upon pH change, the physician can efficiently respond to the 
underlying infection, which can also affect the drug release rate. 
 
Acknowledgements: The research work was financially supported by the Slovenian Research Agency in the frame of the 
programme group for Textile Chemistry P2-0118 and the research training program for Junior researchers, and partially by the 
European Union"s Horizon 2020 research and innovation program under grant agreement No 665172. 
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Materials that allow for the separation of oil and water in contaminated areas are still an important topic of research. In this 
work we are investigating the performance of electrospun polyvinylidene fluoride (PVDF) membranes that were modified with 
chitin nanowhiskers (CNW) or chitosan (CS). CNW were isolated from purified shrimp flakes using acid hydrolysis and well 
characterized using various instrumental technologies. Optical microscopy and field emission scanning electron microscopy 
(FESEM) were used to observe the morphology of CNW. The particle size of CNW determined by dynamic light scattering were in 
the range of 340 nanometers. The charge of the CNW and their stability with respect to pH was analyzed by zeta potential 
measurements. PVDF/CNW composite membranes were fabricated using needless electrospinning. As a comparison electrospun 
PVDF membranes were dip-coated with CS. By coating or particle incorporation the wettability of the membranes increased, 
resulting in contact angles of water from 121o ( PVDF) to 64o PVDF/CNW and 40o PVDF/CS. Morphological studies revealed that 
CNW were embedded into PVDF fibers while CS coatings where visible on the surface. Eventually, membranes were applied in 
oil-water separations using combinations of vegetable oil, tween 20 and water. Results have shown that both types of 
membranes with high amounts of chitin or chitosan were useful materials in the separation of oil from water. 
 
Acknowledgements: This project has received funding from the European Unions Erasmus Mundus programme, EUPHRATES, 
Action 2 Lot 13. 
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The biomedical field is in constant search for bio-sourced, bio-compatible and bio-active materials. Cellulose, the most abundant 
natural polymer on earth, is a very promising biomedical polymer thanks to its excellent mechanical and biological properties 
and low cost. The source of nanocellulose and the process used to extract them from biomass have a great influence on their 
chemistry, physical and morphological properties. In order to develop bioactive wound dressings, different types of 
nanocellulose were produced, characterized and used for the processing of various nanocellulosic materials. 
Namely, three types of nanocellulose from different processes and sources were studied: nanofibrils from refined and grinded 
kraft eucalyptus pulp, and nanocrystals from hydrolyzed cotton and tunicate. These nanocelluloses were then used to prepared 
two main types of structured materials. First, nanocellulosic films with tunable transparence, porosity and mechanical properties 
were prepared from casting and vacuum filtration. Second, foams were obtained from directional freeze-drying. By varying the 
type of nanocellulose, the concentration and the solvent, very broad range of specific surface area measured by the BET 
technique were obtained. 
The mechanical integrity of these nanocellulosic materials upon exposure to supercritical CO2 was then investigated. While 
cellulose nanofibrils-based films and foams were not affected by this treatment, a pronounced decrease of the resistance of 
cotton nanocrystals-based materials was observed. Surprisingly, foams produced from tunicate nanocrystals show very high 
mechanical resistance after supercritical CO2, despite their rigidity compared to nanofibrils. 
This variety of nanocellulosic structures will allow us to establish structure-functionnalization-bioactivity relationships and 
optimize the design of bioactive wound dressings. 
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In the past years, there has been a growing interest in the investigation of side streams in the course of paper production. In this 
context, paper fines are a versatile source for new materials with advanced applications. Paper fines are small cellulosic fibers 
which feature a size of below 76 microns, including also smaller constituents which are commonly referred to as NFC and MFC. 
(1) The role of the fines in papermaking production is still not completely clear but especially finer fractions higher paper 
strength. 
However, in this contribution we explore how to equip such fines with functional magnetic nanoparticles. This is interesting 
from two perspectives: On one hand isolated paper fines could be easily localized in paper sheets, on the other hand side, the 
magnetic moment of the particles can be directly exploited to create new materials with applications ranging from memory 
storage to switchable devices based on cellulose. As magnetic nanoparticles we chose cobalt ferrite, which can be easily 
synthesized in the nano form using either in-situ synthesis, filling the lumen, or an in situ-co precipitation method. (2) All the 
methods yield rather spherical nanoparticles with sizes in the range of 50 to 200 nm. Importantly, the in-situ synthesis works 
best and does not affect the morphology and structure of the fines as proven by Scanning Electron Microscopy (SEM). The 
excess of nanoparticles, not attaching on the surface, or the lumen has to be washed out from the fines, to prevent 
agglomeration and slurred illustrations. By combining Low Voltage SEM and High Voltage SEM it might be also possible see the 
contrast between loaded lumen and non-loaded surface to allocate loading inside the fines. Via Energy-Dispersive X-ray 
Spectroscopy loading can be also determined quantitatively. Magnetic parameters in a 7 T magnet proved rather low hysteresis 
and further X-ray microtomography was used to characterize the materials. 
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Plasma treatments of cellulose and cellulose based materials (paper, cellophane, cotton linters, viscose fibers, cellulose acetate) 
can efficiently change their surface properties, such as wettability (e.g. reduction of their hydrophobic character and increase of 
wettability), surface energy and adhesion (to improve the strength of their adhesion to the matrix in composite materials). In 
the paper industry, plasma treatment has already been implemented in several laboratory studies, pilot-scale and also some 
industrial environments in order to modify surface characteristics of fibers and paper. Using APPJ plasmas we plan to study an 
improvement of adhesion of inks, adhesion of metals and metal nanoparticles, and increase of the impermeability of a 
transparent film after printing. 
In this study, we combined two different scientific fields (physics and chemistry) to improve current state-of-the-art of 
nanoparticles impregnation into cellulose and cellulose based materials and tailor their properties. Therefore, cellulose 
substrates were modified using atmospheric pressure plasma jets (APPJ) (1-3). In addition, we studied impregnation of 
nanoparticles in cellulose assisted by an APPJ plasmas and compared it to spin coating process as a standard reference. The 
applied nanoparticles (Au, Ag, Cu) were synthesized by laser ablation techniques from elemental metals deposited in liquids. 
This led to cellulose with improved surface properties decorated with nanoparticles of interest. 
 
References 

(1) X. Lu, G.V. Naidis, M. Laroussi, S. Reuter, D.B. Graves, K. Ostrikov, Reactive species in non-equilibrium atmospheric-
pressure plasmas: Generation, transport, and biological effects, Physics Reports 630 (2016) 1–84 

(2) Zaplotnik Rok, Bišćan Marijan, Krstulović Nikša, Popović Dean and Milošević Slobodan, Cavity ring-down spectroscopy 
for atmospheric pressure plasma jet analysis, Plasma sources science & technology 24 (2015) , 5 

(3) Claire Tendero et al, Atmospheric pressure plasmas: A review, Spectrochimica Acta Part B 61 (2006) 2-30 

 



241 

P 70 
Evaluating the influence of cellulose and/or lignin on fiber alignment and on the mechanical properties of electrospun mats 
based on recycled PET 

R. P. D. Santos, L. A. Ramos, E. Frollini 

University of São Paulo, Macromolecular Materials and Lignocellulosic Fibers Group, Center of Research on Science and Technology of BioResources, Institute of 
Chemistry of São Carlos, São Paulo, Brazil 

Introduction: Santos et al. (2015) as far as we know were pioneer in combining lignocellulosic biomass with recycled PET to 
produce submicron and nanoscale fibers (random orientation), via electrospinning technique. In the present study, the 
orientation of fibers along a preferred direction in mats prepared from PET, cellulose and/or lignin has been investigated. 
Objectives: Evaluate the influence of the presence of cellulose and/or lignin on the alignment of the fibers and on the 
mechanical properties of recycled PET based mats. 
Materials: The materials were kindly provided by Brazilian companies: Gruppo Mossi & Ghisolfi (recycled PET), Lwarcel 
(cellulosic pulp), Dedini (organosolv lignin). 
Methods:  
Trifluoroacetic acid solutions were prepared from: PET; mixture of recycled PET/cellulose; mixture of PET/lignin; mixture of 
PET/cellulose/lignin. 
The electrospinning process was performed using an apparatus EC-DIG from IME Technologies (Geldrop, The Netherlands), using 
conditions described in Santos et al. (2015). For all experiments it was used a rotating drum collector (3300 rpm). 
The materials were characterized via SEM, DMA, Tensile tests, among others properties. The mechanical properties were 
evaluated on the preferential direction of fiber alignment and on the opposite direction. 
Results: SEM images indicated that the presence of cellulose in the mats composition favored the alignment of the fibers with 
average alignment degrees higher than 0.50. 
The storage moduli (30 oC), ultimate tensile strength and elastic modulus increased with the presence of cellulose and/or lignin 
in mats composition, and were higher for mats tested on the preferential direction of fiber alignment, compared to the ones 
tested on the opposite direction. The elongation at break of the mats was higher for the ones tested on the opposite direction of 
fiber preferential alignment. 
Conclusion: The presence of cellulose and/or lignin impacted the fiber alignment and the mechanical properties of the recycled 
PET based mats. 
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Arabinoxylans (AX) are naturally occurring polysaccharides capable of forming covalent gels by enzymatic induction through the 
oxidation of ferulic acid (FA) molecules. AX hydrogels are attractive oral insulin delivery systems targeted to the colonic region as 
they are stable to changes in pH and temperature but biodegraded by the intestinal microbiota. In the present study, AX 
extracted from maize bran with an arabinose to xylose ratio of 0.72 and a FA content of 7mg/mg AX were used to prepare 
insulin-loaded AX microspheres by triaxial electrospray method. The spherical morphology of AX/insulin microspheres was 
confirmed by optical microscopy. The microspheres presented a mean diameter value of 491±20 mm. The encapsulation 
efficiency found for the system was 71%. Confocal laser scanning microscopy images showed that insulin distribution is mostly 
observed in the center of the microsphere. AX microspheres were stable under gastric and small intestine simulated conditions 
and presented low insulin release (20% loss of initial insulin concentration) suggesting that most of the insulin loaded would be 
delivered in the colonic region after polysaccharide fermentation by the microbiota. The results showed that highly ferulated AX 
microspheres could be potential candidates as an oral system for colon-targeted delivery of insulin and other therapeutic 
peptides.  
 
Future perspective in polysaccharide research:  
In vitro fermentation of highly ferulated AX microspheres need to be carried out in order to confirm that most of the insulin 
loaded is delivered in the colonic region. 
Hypoglycemic effect of insulin loaded highly ferulated AX microspheres in a diabetic animal model need to be performed to 
validate the efficiency of this delivery system. 
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The cell-wall sulfated polysaccharide of the marine red microalga Porphyridium sp. is a high molecular weight biopolymer that 
has potential for use as a platform for metal complexation for various applications. This work describes the structural and 
rheological characterization and antibacterial activity of the polysaccharide in combination with Zn2+ (Zn-PS). SAXS and rheology 
studies indicate that with the addition of ZnCl2 to the sulfated polysaccharide the only change was the increase in viscosity in 
the entangled regime. The antibacterial activity of Zn-PS solutions was more potent than that of the native polysaccharide 
against Gram-negative and Gram-positive bacteria. The synergy between the bioactivities of Zn2+ (which is a key player in 
wound healing and is active against variety of pathogens) and the unique bioactivities of the polysaccharide (e.g., anti-
inflammatory) indicates promising potential for the development of novel products for the pharmaceutical and cosmetics 
industries. 
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Chitosans, a family of highly promising functional biopolymers derived from chitin (β 1→4 linked N-acetyl glucosamine) by 
partial deacetylation, find uses e.g. in the fields of medicine and agriculture. Currently, the vast majority of chitosan-related 
products are generated via the chemical hydrolysis of chitin extracted from shrimp shells. In the manufacturing process, the 
degrees of polymerisation and acetylation can be controlled, but the pattern of acetylation (PA) of the chitosans produced is 
inevitably random. Yet, theoretical considerations as well as first experimental studies suggest that the PA may play a major role 
in e.g. bioactivity of chitosans. 
Fungal chitin deacetylases like PesCDA from Pestalotiopsis spec. or PgtCDA from Puccinia graminis f.sp. tritici are promising tools 
for the generation of well-defined chitosans with non-random PA. Following heterologous expression of the corresponding 
genes, the purified enzymes were characterized, revealing an identical initial deacetylation pattern, but significant differences 
regarding the further progess of deacetylation of chitin oligomers, yielding partially acetylated chitosan oligomers with enzyme-
specific PA. These differences are based on divergence in subsite specificities, i.e. the priority for either acetylated (GlcNAc) or 
deacetylated (GlcN) units at the different subsites that make up the enzymes" active site. Different assays showed a preference 
for acetylated units at the (-1) subsite of PesCDA but not PgtCDA. 
Based on in silico analysis, modelling and docking studies, amino acids potentially relevant for this difference were identified. 
Experimental data support the computational hypothesis: The substitution of single amino acids in the active site using site-
directed mutagenesis altered the subsite specificity, allowing to engineer enzyme muteins with a preference for either GlcNAc or 
GlcN units. This approach enables the generation of novel, well-defined partially acetylated chito-oligomers as a prerequisite to 
experimentally investigate the role of PA on different bioactivities of chitosans. 
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Lycium barbarum L. has been used historically in the countries as antipyretic, nourishing liver and kindy, moistening lung, anti-
inflammation and improving eyesight for more than thoustands of years. Here, three kinds of homogeneous polysaccharides ( 
designated LBP1B-S-2, LBP1B-S-1 and LBP1A1-1 ) have been fractionated and purified by DEAE-cellulose, Sephacryl S-200 HR and 
Sephacryl S-300 HR columns from the dried mature fruits of Lycium barbarum L. . LBP1B-S-2, an acidic polysaccharide, with an 
average molecular weight of 60 kD was consisted of rhamnose, galactose, arabinose, glucuronic acid, mannose in the molar ratio 
of 2:37:57:3:1. Based on the results of methylation analysis and NMR specturm, LBP1B-S-2 was mainly composed of 1, 5-linked 
Araf, 1, 3, 5-linked Araf, terminated-linked Araf, 1, 3-linked Manp, 1, 3, 4-linked Manp, 1, 3, 4-linked Rhap, 1, 3-linked Galp, 1, 3, 
6-linked Galp and 1, 4-linked GlcpA. Going a step further, the backbone structure and branching structure of LBP1B-S-2 will be 
illstrated by partial acid hydrolysis. And structures of LBP1B-S-1 with an average molecular weight of 85 kD, LBP1A1-1 with an 
average molecular weight of 45 kD also will be investigated. The present results provided the basis for future research on 
biological activities. 
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O-Glycosylation is an important post-translational modification found on many secreted and membrane-bound glycoproteins 
(1). At least eight different O-glycans core structures have been described so far, with core 1 and 2 structures being the most 
common in non-mucin glycoproteins and core 1-4 being the most common in mucins (2). 
 
Fig.1 Scheme of research 
 
Previous studies showed that, O-glycans are involved in many cellular biochemical processes, such as cell-cell adhesion, cell-
mediated immunity, and blood coagulation. Our research group focused on the study of structural modifications and structure-
activity relationship of the synthetic O-glycans (Fig.1). Based on the structure modification of core 1, we have successfully 
synthesized several analogues by an efficient route starting from D-(+)-Glucose and D-(+)-Galactosamine hydrochloride (Fig.2). 
Their structures were elucidated by applying high-resolution mass spectra, one-dimensional and two-dimensional NMR 
techniques. Going a step further, these target O-glycans obtained will be used for screening biological activities. 
This work was supported by the National Natural Science Foundation of China (21402224), and Shanghai Science and 
Technology Development Funds (14YF1407800). 
 
Fig.2 Synthetic route 
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Sargassum fusiforme is a brown alga distributed mainly along the coastline of China, Korea, and Japan. It was used as a 
traditional Chinese medicine to treat tumor, scrofula, edema, beriberi, and chronic bronchitis. Previous researches reported the 
fucoidan of Sargassum fusiforme exhibited anti-tumor properties in vivo and in vitro, anti-oxidant, immuno-stimulating, as well 
as anti-HIV activities. In addition, fucoidan may inhibit angiogenesis. However, its functional target molecule and the underlying 
mechanism are still vague. In the present study, a sulfated fucoidan FP08S2 from Sargassum fusiforme was shown to have a 
glucuronomannan backbone, composed of alternating 1, 2-linked α-D-Manp and 1, 4-linked β-D-GlcpA, with branches consisting 
of 1, 4-linked β-GlcpA, 1, 3-linked α-Fucp, terminal β-D-Galp and β-D-GlcpA residues, substituted at O-6 of 1, 2-linked α-D-Manp. 
The outer branches were composed mainly of 1, 3-linked α-L-Fucp residues highly sulfated at O-2 and O-4, or as fucogalactan 
and fucoglucuronan, and 4-O partially sulfated terminal Xylp. FP08S2 demonstrated significant inhibition on tube formation and 
migration of HMEC-1 cells dose-dependently, but had no significant effect on cell viability of HMEC-1 cells. In addition, FP08S2 
was confirmed to disrupt VEGF-induced angiogenesis both in vitro and in vivo. Further study indicated that FP08S2 could bind to 
both VEGF and VEGFR2 to interfere with VEGF-VEGFR2 interaction. Moreover, VEGFR2/Erk/VEGF signaling pathway was blocked 
by FP08S2 in HMEC-1 cells. Importantly, FP08S2 impeded the growth and microvessel formation of A549 cancer cells xenograft 
in nude mice. These results suggested that FP08S2 presented remarkable anti-angiogenic activity via blocking VEGF signaling and 
could be a potential novel leading compound to inhibit lung cancer cells growth. 
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A water-soluble polysaccharide (JCS1) was isolated from the stems of Dendrobium nobile Lindl. Structural characterization of 
JCS1 was investigated by a combination of chemical and spectral analysis, including methylation analysis, partial acid hydrolysis, 
FTIR, GC, GC–MS, and NMR spectroscopy. Its molecular weight was estimated to be 2.3 × 104 Da by high performance gel 
permeation chromatography (HPGPC). The sugar composition analysis indicated it was composed of glucose, mannose, 
galactose, xylose, arabinose in the molar ratio of 40.2:6.1:4.8:2.9:1.9. The structure analysis results showed that JCS1 was a 
galactomannoglucan featured with a backbone of (1→4)-linked α-Glcp with branches at C-6 of (1→4)-linked α-Glcp residues. The 
branches were composed of T-α-Galp, T-α-Glcp, 1,4-β-Manp, 1,6-β-Glcp, 1,3,6-β-Glcp, 1,4-α-Xylp and T-α-Araf. Bioactivity tests 
in vitro revealed that YJCS1, the acetylated derivative of JCS1, could induce neuritogenesis of PC-12 cells. The above results 
demonstrated that YJCS1 might be a promising bioactive polysaccharide to be developed as a drug candidate for the possible 
prevention and treatment of neurodegeneration disease. 
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Sulfated polysaccharides, such as heparin/heparan sulfate, played important roles in angiogenesis. However, due to the 
complexity of polysaccharides, its structure and activity relationship (SAR) was still vague. Herein, the binding between different 
sulfated polysaccharides and BMP2 was measured by quartz crystal microbalance (QCM) to investigate the SAR of sulfated 
polysaccharides. Among the different linkage type polysaccharides, the binding ability between sulfated α-1,4-glucan and BMP2 
was the most intensive one. The branch of α-1,4-glucan was not indispensable for the binding between the sulfated α-1,4-glucan 
and BMP2. The affinity between sulfated polysaccharides and BMP2 increased with the molecular weight (MW) and degree of 
substitution (DS) increasing. DS, which when exceeded approximately 1.05 would impair the binding, played a more important 
role than MW in polysaccharide BMP2 interaction. Besides, the reservation of partial 6-OH would benefit its binding ability to 
BMP2. By the qPCR and Western blotting, we showed that the sulfated polysaccharide with stronger binding to BMP2 could 
blocks the phosphorylation of Smad 1/5/8 and Id1 expression much more intensively. The tube formation assay demonstrated 
that the stronger polysaccharide binding to BMP2, the more potent anti-angiogenesis effect it showed. These results would help 
to understand the structure and activity relationship of sulfated polysaccharides binding to BMP2 and direct the sulfated glycan-
based angiogenesis inhibitor development. 
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Dendrobium officinale (Tie-Pi-Shi-Hu), a precious rare folk medicine nourishing the stomach, promoting the production of body 
fluid and enhancing the body immune system has been used for centuries. Recently, polysaccharide as the main bioactive 
substances was focused on this herbs. Nevertheless, a few homogeneous polysaccharides had been purified while the fine 
structures were elucidated. In this study, a homogeneous heteroxylan was newly obtained from alkali-extracted crude 
polysaccharide. Monosaccharide analysis and NMR data revealed that it composed of xylose, arabinose, glucose and 4-MeO-
glucuronic acid as well as trace amount of rhamnose and galactose. Combined with the methylation analysis and the 1D and 2D 
NMR spectra, we find backbone of this polysaccharide is 1-4 linked xylan with branches of terminal linked arabinose, terminal 
linked 4-MeO-glucuronic acid and 1-4 linked glucose directly or indirectly attached to C2-position of backbone. The sulfated 
derivative with moderate degree of substitution was prepared according the chlorosulfonic acid (CSA)–pyridine method. High 
performance gel permeation chromatograph(HPGPC) showed a symmetric single peak indicated that the sulfated derivative was 
a homogeneous polysaccharide. The results of biological activity tests suggested that it could disrupt tube formation and inhibit 
the migration of human microvascular endothelial cells (HMEC-1) in a low concentration dose-dependently without cytotoxity. 
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To investigate polysaccharide structure from Lonicera japonica, and study its effects on behavior of pancreatic cells, a 
homogenous polysaccharide, LJ-02-1, was extracted and purified from flowers of Lonicera japonica by DEAE-cellulose and 
Sephacryl S-200HR column. The molecular weight was estimated to be 54 kDa. Monosaccharide composition was determined to 
be rhamnose, galacturonic acid, galactose and arabinose in the molar ratio of 13.2: 8.05: 33.8: 44.8 by analyzing the PMP 
derivatives of the monosacchardies from 2 M trifluoracetic acid hydrolysis via HPLC. Based on methylation analysis, partial acid 
hydrolysis, and NMR spectra, the polysaccharide was elucidated to be a rhamnogalacturonan backbone and substituted partly at 
C-4 of rhamnose. The branches were determined to be T- and 1,4,6-linked β-D-Galp, T- and 1,5-linked α-L-Araf. The 
polysaccharide might inhibit BxPC-3 and PANC-1 pancreatic cancer cells growth at the concentration of 1 mg/mL with inhibitory 
ratio of 66.7% and 52.1%, respectively. 
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Pancreatic cancer is known as the "king of cancer"，because of its difficulty to diagnose, high mortality, and less effective drug. 

In this study, we show function of a homogeneous polysaccharide from a traditional Chinese medicine, which is named HH1-1. In 
vitro experiments showed that HH1-1 has good anti-pancreatic cancer activity, without significant toxicity. HH1-1 can 
significantly inhibit the formation of clones. Subsequently, BxPC-3 cells xenografte model in nude mice study suggests that HH1-
1 can effectively inhibit the growth of subcutaneous tumors. In addition, this polysaccharide also can attenuate primary human 
tumor xenograft (PDX) tumor cells growth significantly. However, body weight of the mice is not affected by HH1-1 in vivo. 
Mechanism study indicate HH1-1 may bind to Gal-3 strongly with the dissociation constant is 4.158◊10-7µM, which shows that 
Gal-3 may be a direct target of HH1-1. Moreover, we found that HH1-1 can induce pancreatic cancer cell cycle arrest in S phase. 
Further study suggests that HH1-1 can inhibit the activation of cyclin A and CDK2, and promote the expression of p21 and induce 
pancreatic cancer cell apoptosis dose dependently. It seems that the mechanism is related to the death receptor pathway, since 
HH1-1 can promote the expression of death receptor Fas/FasL, boost self-hydrolysis of caspase-8 and Caspase-3. Due to its low 
toxicity and high efficiency, HH1-1 has the potential to be a leading compound with anti-pancreatic cancer bioactivity. 
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Proteoglycans, especially heparan sulfate proteoglycans (HSPG), which are consist of a core protein and covalently linked 
glycosaminoglycans (GAGs), play an important role in varies physiological and pathological processes, such as co-receptor for 
growth factors, receptor of macromolecular cargo and key role in tumor angiogenesis and metastasis etc. To a quite important 
extent, HSPGs function is related to GAGs which are enlongated from linkage region during biosynthesis. Linkage region is 
consist of a common tetrasaccharide (GlcA-Gal-Gal-Xyl) with possible sulfation or phosphorylation on Gal or Xyl, respectively. 
Linkage region is thought to play a key role in the biosynthesis of glycosaminoglycans, but the mechanism is still not clear. A 
large number of HS oligasaccahride mimetics had been synthesized and some of them had exhibited excellent biological activity, 
but a few structures of linkage region had been reported, not to mention of biological role. In this project, we plan to synthesize 
two kinds of varies modificated oligosaccharides: a tetrasaccharide of linkage region and a hexasaccharide of linkage region and 
HS repeating unit. Those varies modificated oligosaccharide have important applications in biologycal processes, leading to a 
better understanding of the role of linkage region. Till now pre-deprotected tetrasaccharide and hexasaccharide have been 
synthesized via 2+2 and 2+2+2 strategies respectively, as shown in below: 
 
Figure 1 
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Being the primary component of plant cell walls, cellulose is the most abundant organic biopolymer on earth. According to 
recent studies, approximately 1.3 billion tons of cellulosic biomass is harvested every year. Considering that cellulose is the most 
important renewable natural resource, which is completely biodegraded. Cellulose carbamate, a stable and storable chemical 
cellulose derivative, was coupled to ferromagnetic beads. The cellulose carbamate functions as a suitable linker between the 
ferromagnetic beads and antigen-specific antibodies. The conjugation of antibodies followed by maleimide chemistry. Thereby 
the used hetero-bifunctional crosslinker sulfo-SMCC (sulfosuccinimidyl-4- (N-maleimidomethyl) cyclohexane-1-carboxylate) 
consists of an amine-reactive NHS ester group and a sulfhydryl-reactive maleimide group. By forming a stable amide bond, the 
NHS ester group is bound to the amino groups on the particle surface. The maleimide group reacts with reduced sulfhydryl 
groups of the antibodies to form covalent thioether bonds. An immunomagnetic separation system was developed with this 
construct for isolation of specific viral antigens on the example of porcine parvovirus (PPV). In this investigation it could be 
shown that 80% of porcine parvoviruses were isolated of spiked samples. 
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Objective(s): The ability of sperm to bind to species specific sugar residues is required for successful fertilisation.  

The development of in-vitro sperm binding assays as quality control for reproductive medicine of cattle requires Lewis-a-

trisaccharide (Lea) to be immobilised on glass slides. 

We present a new technique for immobilisation of Lea using aminocellulose for introduction of amino groups on glass surface for 

covalent coupling. 

Material and methods: Formation of self-assembling monolayers on glass slides was achieved by treatment with 0,1 % aqueous 

aminocellulose solution. Subsequent covalent coupling of Lea was performed in aqueous DMSO, acetonitrile solution. Presence 

of Lea onto glass surface was proved using Lea specific biotinylated lectin and Qdot streptavidin conjugate. 

With Lea coupled glass slides new sperm binding assay could be established. 

Results: Successful Lea immobilisation could be visualised with Lea specific biotinylated lectin and Qdot streptavidin labelling. 

Applicability of Lea glass slides could confirmed in sperm binding assay. 

Conclusion(s): With aminocellulose self-assembling monolayers defined functionalisation of glass surfaces can be performed. On 

the introduced aminogroups oligosaccharides can be bound covalently.  

A specific sperm binding assay was developed by immobilisation of Lea on glass slides. 
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Cellulose is a structural polysaccharide representing the most abundant organic polymer on earth. Recently, different 
methodologies have been developed to isolate cellulose derivatives, with one dimension in the nanometer range, 
referred to as nanocellulose (NC). NC is a versatile platform for fabrication of sophisticated materials with applications 
in many different fields since it combines physical characteristics, such as elasticity and mechanical strength with easy 
chemical modification and biocompatibility. We exploited TEMPO-mediated oxidation followed by a sonication 
treatment to obtain NC starting from cellulose pulp. The oxidation treatment introduces carboxylic groups in C6 
position of cellulose, while sonication disaggregates the carboxylated cellulose and breaks the amorphous regions, 
allowing to obtain rod like NC crystallites, 5-8 nm thick and up to 1 m long. NC obtained by the TEMPO-mediated 
chemical oxidation behaves as a poly-anion at neutral pH. 
Among materials, hydrogels are nowadays drawing more and more attention thanks to simplicity of fabrication, 
tuneable 3D structure, versatile physical characteristics and wide range of applications, which spans from drug delivery 
to energy storage. Some polysaccharides, in particular, are important hydrogel precursors, thanks to their ability to 
behave as polyelectrolytes and crosslink in the presence of multivalent counter ions. 
We found that sonication followed by addition of cations induces a sol-gel transition in aqueous solutions of NC, 
leading to stable hydrogels with impressive mechanical and optical properties. The process is similar to that observed 
for flexible polymer chains, despite the intrinsic rigidity of NC crystallites and their reduced ability to entangle into a 
network. The screening of the repulsive carboxylates in NC charges by cations is proposed to initiate gelation while 
ionic cross-linking dominates the final gel properties.  
We performed spectroscopy and rheology experiments to characterize the sol-gel transition of NC solutions and the 
properties of the hydrogels. In particular, we performed amplitude and frequency sweeps to obtain rheological 
parameters and we characterized the hydrogels as a function of cation valence and type (both mono- bi- and tri-
valence cations were considered), NC concentration and cation concentration.  
Various hydrogel fabrication strategies were considered to obtain structures with controlled size and shape. In 
particular, we exploited both simple mixing of NC and cations and more sophisticated ionotropic gelation techniques 
to obtain NC hydrogel structures with tunable shapes and dimensions (namely beads, wires, membranes) down to the 
mm range. 
We demonstrated that NC hydrogels with high mechanical strength, toughness and stability can be obtained from NC 
crystallites by simple, versatile, low-cost and green procedures. 
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A rapid and effective dissolution and activation of cellulose was demonstrated by a reversible reaction of CO2 with the hydroxyl 
groups of the cellulose backbone in the presence of 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) which was subsequently 
subjected to in situ derivatization with succinic anhydride without the need of any additional catalyst under very mild conditions. 
As a result of optimization studies, cellulose has been succesfully converted to cellulose succinates with degrees of substitution 
(DS) ranging from between 1.51 and 2.64 depending on the reaction conditions and the molar ratio of succinic anhydride. The 
optimized reaction conditions were successfully applied to different types of cellulose samples including microcrystalline 
cellulose (MCC) and organosolv wood pulp (WP) exhibiting similar conversions. Furthermore, the carboxyl moiety, introduced by 
the succinylation, was further converted via Passerini three-component reactions (Passerini-3CR) and Ugi four-component 
reactions (Ugi-4CR). 31P NMR revealed the quantitative conversions of carboxyl moiety on the cellulose backbone under mild 
conditions. The obtained products were thouroghly characterized by ATR-IR, 1H,13C, and 31P NMR spectroscopies as well as by gel 
permeation chromatography (GPC). Thermal properties of obtained products were investigated by differential scanning 
calorimetry (DSC) and by thermogravimetric analysis (TGA), revealing glass transitions for all the Passerini and Ugi products of 
cellulose (Tg) between at 76-116 °C and high thermal stability at between 263-290 °C. The reported methodology represents 
very mild, highly efficient and sustainable route for the dissolution of cellulose and the synthesis of cellulose succinates and for 
the post modifications of obtained cellulose succinates via multicomponent reactions resulting in materials with improved 
thermal properties. 
 

 

 
 


