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Characterisation	  of	  wood	  cell	  walls	  with	  sub-‐micron	  resolution	  

	  

Tobias	  Keplinger1,2	  ,	  Johannes	  Konnerth3	  ,	  Markus	  Rüggeberg1,2	  ,	  Notburga	  Gierlinger1,2	  ,	  Ingo	  Burgert1,2	  	  

1	  Institute	  of	  Building	  Materials,	  ETH	  Zurich,	  Zurich	  8093,	  Switzerland	  

2	  Applied	  Wood	  Research	  Laboratory,	  Empa	  –	  Swiss	  Federal	  Laboratories	  for	  Material	  Testing	  and	  
Research,	  8600	  Dübendorf,	  Switzerland	  

3	  Institute	  of	  Wood	  Technology	  and	  Renewable	  Resources,	  BOKU	  –	  University	  of	  Natural	  Resources	  and	  
Life	  Sciences,	  Vienna	  

	  

The	   wood	   cell	   wall	   is	   a	   composite	   material	   basically	   consisting	   of	   three	   polymers.	   The	  

sophisticated	   combination	   of	   cellulose,	   hemicelluloses	   and	   lignin	   in	   a	   hierarchically	   organized	  

structure	  results	   in	  excellent	  mechanical	  properties.	  A	  multitude	  of	  research	  at	  the	  micro-‐	  and	  

nanostructural	  level	  has	  been	  carried	  out	  in	  the	  last	  decades,	  to	  gain	  further	  knowledge	  of	  the	  

basic	  principles	  of	  cell	  wall	  structure	  and	  composition.	  However,	  there	   is	  still	  a	  need	  of	  better	  

understanding	  the	  physical,	  mechanical	  and	  chemical	  properties	  of	  the	  wood	  cell	  wall.	  

Advances	  in	  characterization	  techniques	  such	  as	  confocal	  Raman	  spectroscopy	  or	  Atomic	  Force	  

Microscopy	  will	  be	  discussed	  on	  the	  basis	  of	  various	  wood	  samples.	  A	  special	  focus	  will	  be	  given	  

to	  SNOM	  (Scanning	  Near	  Field	  Optical	  Microscopy)	  which	  to	  our	  knowledge	  has	  been	  used	  for	  

the	  first	  time	  to	  characterize	  wood	  and	  which	  potentially	  gives	  new	  insights	  into	  the	  sub-‐micro	  

structure	  of	  wood	  cell	  walls.	  



Biological systems and molecular tools to understanding plant cell wall structure  

Jorge M. Canhoto 

Department of Life Sciences, University of Coimbra, Ap. 3046, 3001-346 Coimbra, 
Portugal. jorgecan@ci.uc.pt 

Plant cells are surrounded by a complex chemical and structural frontier – the cell wall - 
which differs in thickness, chemical composition and in the orientation of cellulose 
microfibrils between cell types. In plants the wall is a complex network of cellulose 
fibrils embedded in a matrix of water, polysaccharides, ions and glycoproteins; many 
enzymes and aliphatic polymers are also present. Lignin, a very complex polymer, is a 
main component of the secondary wall. These different constituents result from a 
number of distinct metabolic pathways which involve protein synthesis and processing, 
cellulose production and assembling, carbohydrate and lipid metabolism as well as 
several secondary metabolic routes. All these processes must be tightly coordinated to 
make a precise structure formed during cell elongation and further differentiation. The 
cell wall is far from being an inert box. On the contrary, it performs a wide array of 
crucial functions including the control of cell enlargement and the orientation of growth. 
Over the past decade, a considerable amount of biological research has contributed to a 
better understanding of cell wall structure and function. Much of this information is 
based on the study of biological models where cell wall formation can be studied such 
as protoplast isolation and culture and xylem differentiation in Zinnia elegans in vitro 
cultured cells. Moreover, non woody plants such as Arabidopsis thaliana and the moss 
Physcomitrella patens allowed the identification of mutants in which cell wall 
formation was impaired. Genomic, transcriptomic, proteomic, and genetic 
transformation studies have permitted the characterization of key genes and enzymes 
involved on plant cell wall formation, in particular cellulose synthase (CesA), the 
enzyme responsible for the most common organic compound on earth – cellulose. These 
techniques, together with more precise methods of analysis, such as confocal and 
atomic force microscopy, now open the way for a better understanding of the 
interactions between the different components of plant cell wall. A more precise picture 
about the interaction between physical stresses, cellular effectors (microtubules), gene 
regulation and cell wall synthesis, just starts to emerge. Herein a general overview of 
the current use of biological systems and molecular tools to understanding cell wall 
structure and function will be presented.     
	  



Atomic force microscopy as a tool to characterize single pulp fibers and 
fiber-fiber bonds

Christian     Ganser  1,2, Franz J. Schmied1,2,3, Ulrich Hirn2,4, Robert Schennach2,5, Christian  
Teichert1,2

1Institute of Physics, Montanuniversitaet Leoben, Franz Josef - Str. 18, 8700 Leoben, Austria

2Christian Doppler Laboratory for Surface Chemical and Physical Fundamentals of Paper 
Strength, Graz University of Technology, Petersgasse 16/2, 8010 Graz, Austria

3Mondi Uncoated Fine & Kraft Paper GmbH, Kelsenstraße 7, 1032 Wien, Austria

4Institute of Paper, Pulp and Fibre Technology, Graz University of Technology, Inffeldgasse

5Institute of Solid State Physics, Graz University of Technology, Petersgasse 16/2, 8010 Graz, 
Austria

Atomic force microscopy (AFM) is a widely used method for investigating materials on the 
nano- and micrometer scale. This method allows to study a wide range of materials – from 
metals to biological materials. Here, an overview of applications to characterize single pulp 
fibers, regenerated cellulose fibers, and fiber-fiber bonds employing AFM is presented.
By using the imaging capabilities of AFM, surface morphologies of fibers can be studied 
under different conditions. Investigations of the swelling behavior have been performed by 
varying  the  relative  humidity  and  consecutively  scanning  the  very  same  surface  region. 
Imaging in water allows to study surfaces of fully swollen pulp fibers, revealing clearly the 
microfibrils in topography. In addition to surface morphology, mechanical properties of fibers 
can  be  studied  in  a  comparative  manner  by  using  the  atomic  force  microscope  as  a 
nanoindenter.
Further, we developed an AFM based method to measure bonds between two pulp fibers. 
Here the fiber-fiber bond is loaded by a stiff AFM cantilever, while force and distance are 
simultaneously recorded [1]. This setup allows to measure the strength of a single bond as 
well as energies dissipating into the bond. After the bond is broken, the imaging capabilities 
of AFM are utilized again to investigate the formerly bonded area. Certain features on the 
formerly bonded area, such as dangling fibrils and fibril bundles, yield hints about bonding 
mechanisms.

Supported  by  Mondi,  Kelheim  Fibres and  the  Christian  Doppler  Research  Society, 
Vienna, Austria.

[1]  F.J.  Schmied,  C.  Teichert,  L.  Kappel,  U.  Hirn  and  R.  Schennach  .  Joint  strength 
measurements of individual  fiber-fiber bonds: An atomic force microscopy based method, 
Rev. Sci. Instrum. 83, 073902 (2012)



MicroRNA activity in the regulation of plant cell wall biosynthesis pathways 

Said Hafidh and David Honys 

Plant cell walls are diverse complex layered structures composed of cellulose (40%), 
hemicellulose (20-30%), pectin (10-20%), proteins (<10%), and lignin (0-20%), a 
composition of which varied between cell types (Somerville et al., 2004). Structured cell 
walls play important function in intercellular communication, transport of macromolecules 
and plant-microbe interactions, including defence against potential pathogens. The demand of 
plant cell wall materials as a source of dietary fibre, sugar substitute, improving timber 
production and recently in generation of biofuels, has ever been greater.  

The synthesis of pollen exine wall is under the control of at least three major developmental 
processes leading to the controlled formation of cell wall biopolymers: primexine 
accumulation, callose wall synthesis, and sporopollenin deposition. Male sterile mutants, such 
as ms1 (a PHD finger class of transcription factors), have shown that the latter two stages are 
controlled by tissues surrounding the anther loculi, the tapetum (Yang et al., 2007).  

Our objective is to investigate the role of microRNAs on their role in regulating cell wall 
biosynthesis genes in the male gametophyte. We have generated tobacco mature pollen and 
pollen tube transcriptome (Hafidh et al., 2012) and also identified >52 conserved microRNA 
families by NGS. Here we propose deployment of NTP303 (a pollen specific p69 kDa 
glycoprotein) as a major component of pollen tube cell wall and extend our investigation to 
other cell wall biosynthesis pathways genes identified in our transcriptome dataset.  These 
genes serve as direct targets of several miRNAs. Our observation emphasis the likely 
correlation between abundance of cell wall biosynthesis genes and their putative regulatory 
miRNAs.  A demonstration of direct regulation of cell wall biosynthesis genes by microRNA 
together with functional studies will provide a means in improving plant cell wall constituents 
to meet current demands.  

 

 

 

 



Plant systems biology approach to study the influence of environmental constraints on the 
production of plant-sourced polymers 

J.F	  Hausman,	  B.	  Printz,	  J.	  Renaut,	  C.	  Guignard,	  J.N.	  Audinot,	  G.	  Guerriero	  and	  K.	  Sergeant.	  

Dept.	  Environment	  and	  Agrobiotechnologies.	  	  	  CRP-‐Gabriel	  Lippmann,	  Luxembourg.	  

Email	  :	  hausman@lippmann.lu	  	  

The interest in using plant-based products as raw material in industrial processes, replacing oil-based or 
geological products, or as renewable energy source is increasing. With the current scientific, economical and 
societal interest in sustainable development, industrial products wherein synthetic fibers are replaced by 
fibers originating from plant cell walls are no longer niche products. For instance the interior paneling of cars 
is made of plastics that contain up to 15% plant fibers.  

Furthermore, there is an increasing pressure on Luxembourg to increase its use of renewable energy 
sources and reduce its dependency on energy import. One main source of bioenergy in the Luxembourg 
context can come from agriculture, and more specifically from the development of the production of second 
generation biofuels, aside of the existing biomethanation or solar or wind energy.  

In both industrial application and biofuel production, the ecological impact exceeds the mere replacement of 
limited resources but includes the use of short supply chains and the potential utilization of abandoned or 
underutilized land, thereby decreasing the footprint of the industry.  

Despite the economical importance, the biosynthesis of plant cell wall polymers and the impact nutrient 
imbalances have on yield and fiber properties is poorly understood, certainly on the molecular level.  

To study the dynamics of the cell wall and thus to gain insight in the regulation of plant cell wall fiber 
biosynthesis a systems biology approach is proposed. Included in these analyses are 
morphological/phenotypical descriptions followed by transcriptome, proteome and metabolite studies. To 
validate the changes observed at these levels the expression of selected genes will be quantified and a further 
important source of information will be the 3D visualization of selected events. The latter, a new competence 
developed within the group, will provide data on the subcellular localization of important cellular and molecular 
events. Together with literature information all the obtained data will be integrated, supported by bio-
informatic analyses, to attain in-depth knowledge on the biosynthesis of plant cell wall polymers.  

	  

	  

	  



The computational modelling of a plant cell wall

The multi-scale computational methods are presented in the context of a plant
cell wall. The fine and coarse grained approaches towards the fractal aspects
of a plant cell wall are applied synergistically to elucidate the critical factors
that are thought to impact on the ‘effective’ mechanical properties of a cell wall.
The Finite Element Analysis of a plant cell wall (at a coarse resolution) is sup-
plemented by the atomic model of a cellulose nanofibril (at a fine resolution).
The factors that significantly affect the mechanical properties of plant cell walls
are presented along with the potential of a cell wall architecture to be used as
a template for novel biomimetic materials.



Nanorobotic Manipulation Techniques for Fibrous Structures – 
Current Research Activities at AMiR/TC-ANH 

Manuel Mikczinski† ,‡ 

† 
OFFIS – Institute for Information Technology, Technology Cluster Automated Nanohandling (TC ANH), 

Escherweg 2, D-26121 Oldenburg, Germany 
‡ 

University of Oldenburg, Division Microrobotics and Control Engineering (AMiR), D-26111 Oldenburg, 

Germany 

 

Developing robots has always improved the workflow: difficult tasks were facilitated, working in 

hazardous environments reduced, and throughput and accuracy increased. These advantages can be 

transferred also to nearly all technical research fields. Working with fibrous structures, from smallest 

structures, like MFC, over single fibres to network structures from those, can be facilitated in terms 

of tele-operated manipulation or full automation. The observation systems can be light microscopes 

(LM), scanning electron microscopes (SEM), or even atomic force microscopes (AFM), which might be 

used as a nanorobot itself. 

This poster will present current research activities in this area that are performed at the Technology 

Cluster Automated Nanohandling and the Division Microrobotics and Control Engineering, 

respectively. It will focus on the necessary five core topics for successful experiments: (i) nano and 

microrobotic setups, (ii) basic handling and manipulation techniques, (iii) measurement techniques, 

(iv) imaging and image analysis techniques, and (v) automation of the systems. All these topics will be 

backed with examples from real experimental setups and measurements that were installed and 

conducted, respectively. Single fibre compression with cross section observation as well as MFC film 

bending will be shown, just to mention two. Figure 1 below shows a sample for (ii). 

 

Figure 1. A microgripper is used to manipulate a macrofibril, exposed on a fibre. 



Mechanical Characterization of Individual Paper Fibres and 
Bonds using Microrobotics

Pooya Saketi and Pasi Kallio

Micro- and Nanosystems Research Group, Department of Automation Science and Engineering, 
Tampere University of Technology, Tampere 33720, Finland 

Mechanical characterization of individual paper fibres determines the key parameters which 

affect the quality of paper sheets. 

fibres and bonds individually 

level or indirectly on fibre level

tensile test are performed on hand sheet level to indicate the bond strength; Steadman method 

combined with confocal laser scanning microscopy is used to measure flexibility of 

individual fibres indirectly. 

technology, specifically in the fields of microrobotics and microsensors,

tools and methods which facilitate 

throughput.  

Micro- and Nanosystems research grou

developed a modular microrobotic platform for paper fibre studies. 

platform is capable of performing 

Examples of the tasks include

samples for other instruments

angle; making individual paper 

individual bond strength. The 

reconfiguration of the platform to match the needs of various paper fibre studies.

statistically reliable information, it is necessary to make aforementioned teleoperated 

processes fully automated in the future to perform hundreds of tests per day. 

representative images from different tasks performed using the microrob

fibres and bonds. 

 
Figure 1: A) Breaking a bond, B) Handling a bond, C) Measuring Flexibility of a Fibre
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Mechanical characterization of individual paper fibres determines the key parameters which 

of paper sheets. Because of difficulties in handling and characterizing paper 
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and Nanosystems research group of Tampere University of Technology has 

developed a modular microrobotic platform for paper fibre studies. 
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. The modular features of the platform allow a promptly adaptable 

reconfiguration of the platform to match the needs of various paper fibre studies.
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y automated in the future to perform hundreds of tests per day. 

representative images from different tasks performed using the microrob

 
: A) Breaking a bond, B) Handling a bond, C) Measuring Flexibility of a Fibre

B C 

Mechanical Characterization of Individual Paper Fibres and 

and Nanosystems Research Group, Department of Automation Science and Engineering, 
Tampere University of Technology, Tampere 33720, Finland  

Mechanical characterization of individual paper fibres determines the key parameters which 

ecause of difficulties in handling and characterizing paper 

either on handsheet 

peel cohesion test and a Z-directional 

tensile test are performed on hand sheet level to indicate the bond strength; Steadman method 

combined with confocal laser scanning microscopy is used to measure flexibility of 

 and nanosystems 

have provided new 

paper fibres and bonds directly in high 

p of Tampere University of Technology has 

developed a modular microrobotic platform for paper fibre studies. This microrobotic 

tasks on individual paper fibres and bonds. 

flexibility of individual paper fibres; preparing 

easuring Drop-on-Fibre contact 

fibres and bonds; measuring 

modular features of the platform allow a promptly adaptable 

reconfiguration of the platform to match the needs of various paper fibre studies. To collect 

statistically reliable information, it is necessary to make aforementioned teleoperated 

y automated in the future to perform hundreds of tests per day. Figure 1 shows 

representative images from different tasks performed using the microrobotic platform on 

 

: A) Breaking a bond, B) Handling a bond, C) Measuring Flexibility of a Fibre 



Cellulose nanostructures in wood based materials 
 

Ritva Serimaa1, Paavo Penttilä1, Patrik Ahvenainen1, Seppo Andersson1, and Pekka Saranpää2 
1 Department of Physics, Division of Materials Physics, University of Helsinki, Finland 
2Finnish Forest Research Institute METLA, Vantaa, Finland 

Cellulose forms hierarchically ordered structures in both plant cell wall and natural polymer based materials. In 
the plant cell wall parallel cellulose chains form partially crystalline microfibrils which are coated with 
hemicelluloses. Microfibrils form bundles in the plant cell wall, and show short range order also in 
microcrystalline cellulose and cellulose whiskers.[1,2] Wide-angle x-ray scattering is a powerful method to 
determine the crystallinity, and preferred orientation and dimensions of cellulose crystallites. Small-angle x-ray 
and neutron scattering give information on the short range order between cellulose microfibrils.  

We present results of our recent wide and small angle scattering and microtomography studies on wood [3], and 
the role of hemicelluloses in the plant cell wall structure and in enzymatic hydrolysis of wood based 
nanocellulose to fermentable sugars [4].  

[1] Rämänen P, Penttilä PA, Svedström K, Maunu SL, Serimaa R. The effect of drying method on the properties 
and nanoscale structure of cellulose whiskers. Cellulose 19(3). 901-912, 2012 
[2] Virtanen T, Svedstrom K,  Andersson S,  Tervala L,  Torkkeli M,  Knaapila M,  Kotelnikova N,  Maunu SL, 
Serimaa, R. A physico-chemical characterisation of new raw materials for microcrystalline cellulose 
manufacturing. Cellulose  19 (1),  219-235, 2012 
[3] Svedström K, Lucenius J, Van den Bulcke J,  Van Loo D,  Immerzeel P,  Suuronen J-P, Brabant L, Van 
Acker J,  Saranpää P, Fagerstedt K, Mellerowicz E,  Serimaa R. Hierarchical structure of juvenile hybrid aspen 
xylem revealed using X-ray scattering and microtomography. Trees - Structure and Function 2012 
[4] Penttilä P, Varnai A, Fernández M,  Kontro I,  Liljeström V,  Lindner P, Siika-aho M, Viikari L, Serimaa R. 
Small-angle scattering study of structural changes in the microbril network of nanocellulose during enzymatic 
hydrolysis.  Manuscript. 



ON THE ROLE OF BIPHENYL STRUCTURES 
ON LIGNIN REACTIVITY 
 
Jussi Sipilä1*, Pirkko Karhunen1, Paula Nousiainen1, Eeva-Liisa Tolppa2, and Marco Orlandi2 
 
1Department of Chemistry University of Helsinki P.O. Box 55 SF00014 Helsinki Finland 
2Dipartimento di Scienza di Materiali, Università di Milano-Bicocca, Via R.Cozzi 53, 20125 
Milano (Italy) 
 
The structure and reactivity of biphenyl moieties, probably the most important 
branching units in lignin macromolecules, has been elucidated with model 
compounds. For this purpose the formation of a set of model compounds including 
dehydrodimers of guaiacylglycerol β-guaiacyl ether and vanillyl alcohol and their 
dibenzodioxocin  structures were studied in enzymatic oxidation systems in 
conditions to mimick lignin biosynthesis. It was found that in the coupling reaction 
between dehydrodivanillyl and coniferyl alcohol dibenzodioxocines are formed in high 
yields. In case of dehydrodimer of the guaiacylglycerol β-guaiacyl ether as a biphenyl 
moiety, on the other hand, practically no cross coupling product is obtained. The 
molecular mechanical calculations suggest that this may be due to the difficulties in 
free rotation around the biphenylic bond.  The implications of these findings for 
mechanisms in lignin biosynthesis are discussed. 
 
 

 
 
 
 
 
 Schematic biomimetic formation of  dibenzodioxocines 
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How internal hierarchy of fibre wall determines  

the energy required to disintegrate cellulose fibres into cellulose nanofibres 

Dr. Alvaro Tejado, 

Tecnalia Research & Innovation, Sustainable Construction Div., (Spain) 
 

From the most basic to the most advanced use, cellulose seems always to be one step ahead 

of any other material, be it natural or synthetic. Millions of years of specialization under an 

“adapt or die” basis, necessarily lead to a highly developed product, and plants and especially 

trees are the best example. The direct consequence is the astonishing complexity of cellulose 

fibres, built following a multi-level hierarchy which still today is not completely unveiled.  

The cellulose fibre wall, with a typical diameter (d) ranging 15-35 μm, is a compounded 

material mainly composed of cellulose microfibres (d≈40-100 nm), arranged in different 

orientations, embedded in a polymeric network of hemicelluloses, pectins and lignins, with the 

percentage of each constituent varying in the radial direction through well-defined layers. The 

microfibres themselves are composed of several nanofibrils (d≈2-10 nm) made of crystalline 

and amorphous domains. Whether these domains are arranged in an alternating configuration 

or a core-shell distribution is still an open question, although traditionally the first possibility 

has been the most widely accepted. Finally, the number of cellulose polymeric chains that 

builds up one nanofibril is also a matter of discussion, but lately a molecular model consisting 

of a 36-glucan-chain elementary fibril forming both crystalline and subcrystalline structures is 

being preferentially considered.  

Cellulose nanofibres (CNF) are then the primary complete building entities in the hierarchy of 

plants. From the point of view of materials science, their fibrillar shape of small diameter and 

very high aspect ratio makes them ideal to be used as reinforcing elements, but by themselves 

they are also ideal to form strong and transparent films that can compete with polymeric ones. 

However, there are still one major problem that require solution before considering real-world 

applications for the CNF: finding an efficient and energetically favourable way to isolate them. 

Because neighbouring nanofibrils are either chemically cross-linked or physically entangled by 

single-chain polysaccharides, it seems that their isolation always requires a considerable 

amount of shear, i.e. mechanical action, regardless of the type of pretreatment. So far, existing 

methods make use of a considerable amount of mechanical energy to disrupt the fibre wall, a 

process that, in addition to other environmental implications, requires a high energy input and 

high cost.  

Chemical modifications (the most popular being the carboxylation of OH groups via TEMPO-

mediated oxidation) allow reducing the disintegration energy of cellulose fibres from 

somewhere in the order of 100 kWh/kg for unmodified cellulose preparations to as little as 1-2 

kWh/kg, depending on the extent of the treatment. The main drawback of this approach, 

however, is that either it still requires the input of a substantial amount of energy or it fails to 

provide reasonable production yields. Apparently, diffusion problems prevent taking the 

oxidation further toward the theoretical maximum of >3 mmol/g. In order to surpass TEMPO 

moderate oxidation limits, a recent work employs a different oxidation route, by which 

exciting new observations come to light. 



This presentation analyses the relation between the carboxylic content of cellulose fibres and 

the disintegration energy required to convert them into nanofibrils. It shows that the oxidative 

treatment ultimately results in the spontaneous liberation of the CNF from the cell wall 

without the necessity of applying any mechanical energy other than that required to stir fibre 

suspensions during the chemical treatments. However, the length and especially the 

crystallinity of the nanostructures are severely affected, which in turn could become beneficial 

for certain applications such as biofuel production. The study brings some new light in 

understanding the mechanisms that hold the nanofibrils together inside the fibre cell wall and 

anticipates the production of CNF exclusively by chemical means by defining a charge 

threshold beyond which cellulose fibres need no mechanical energy to be disintegrated. 

 

 



Characterization	  of	  lignocellulosics	  by	  using	  separation	  of	  fibre	  surface	  layers	  and	  nitrogen	  sorption	  

Arnis	  Treimanis,	  Inese	  Sable,	  Uldis	  Grinfelds,	  Alexander	  Arshanitsa,	  Tatjana	  Dizhbite,	  Anna	  Andersone	  
and	  Galina	  Telysheva	  

Latvian	  State	  Institute	  of	  Wood	  Chemistry	  ,27,	  Dzerbenes	  Street,	  Riga,	  Latvia,	  LV-‐1006,	  

Email:	  arnis.treimanis@edi.lv	  

	  

The	  hydromechanical	  peeling	  method	  was	  proposed	  in	  the	  70-‐ties	  of	  the	  past	  century	  for	  separation	  and	  
analysis	   of	   the	   wood	   pulp	   fibre	   surface	   (P	   –	   S1)	   and	   central	   (S2-‐S3)	   layers.	   As	   compared	   to	   the	   non-‐
destructive	  ESCA	  and	  other	  spectroscopy	  methods,	  peeling	  of	  fibre	  walls	  provides	  authentic	  fractions	  of	  
the	  surface	  layers	  up	  to	  1	  µm	  in	  thickness.	  It	  has	  been	  established	  that	  the	  chemical	  composition	  of	  fibre	  
surface	  layers	  differs	  noticeably	  from	  the	  fibre	  wall	  average	  numbers.	  A	  higher	  content	  of	  non-‐cellulosic	  
constituents	   is	   found,	   especially	   that	   of	   lignin.	   It	   has	   been	   also	   demonstrated	   that	   bleaching	   of	  
separated	   fibre	   surface	  material	  does	  yield	   lower	   	  brightness	   level	   as	   that	  of	   the	   fibre	   secondary	  wall	  
due	  to	  the	  more	  complex	  chemical	  composition	  of	  the	  surface	  layers.	  	  	  	  

It	   is	   possible	   to	   speed	   up	   and	   refurbish	   the	   peeling	   process	   and	   its	  monitoring	   by	   using	   present-‐day	  
digital	   equipment	   for	  determination	  of	   fibre	  dimensions	   and	   shape.	   It	   is	   also	   convenient	   to	   apply	   the	  
hydromechanical	   peeling	   for	   obtaining	   fibres	   with	   a	   clearly	   exposed	   secondary	   wall	   S2	   layer.	   It	   is	  
established	  that	  such	  fibres	  create	  stronger	  inter-‐fibre	  bonds	  as	  compared	  to	  the	  unpeeled	  ones.	  When	  
investigating	  the	  impact	  of	  a	  treatment	  on	  the	  surface	  of	  fibres,	  secondary	  wall	  is	  more	  appropriate	  due	  
to	  the	  clear	  pattern	  of	  the	  cellulose	  microfibrils	  and	  their	  orientation	  (distinct	  MFA	  angle).	  For	  example,	  
it	   is	   observed	   that	   cold	   plasma	   treatment	   generates	   a	   structure,	   which	   is	   similar	   to	   the	   „lamellar”	  
orientation	  instead	  of	  the	  „fibrillar”	  configuration.	  	  

The	   nitrogen	   gas	   sorption-‐desorption	   method	   can	   be	   applied	   for	   the	   characterization	   of	   porous	  
structure	  of	  wood	  and	  other	   lignocellulosic	   samples	   in	   terms	  of	  BET	  surface	  area,	  pores	  volume,	  pore	  
size	  distribution,	  nanopores	  volume	  and	  average	  nanopore	  width.	  The	  nitrogen	  adsorption	  isotherms	  is	  
used	  for	  calculation	  of	  surface	  fractal	  dimensionality,	  	  dfs,	  in	  accordance	  with	  the	  Neimark	  equation:	  	  dfs	  =	  
3	   +	   dln[N(χ)]/dln[-‐ln(χ)]	   (where	  χ	   -‐	   the	   relative	   adsorbate	   pressure,	   N(χ)	   –	   the	   number	   of	  molecules	  
adsorbed).	   The	   dfs	   values	   can	   be	   applied	   for	   quantitative	   characterization	   of	   processing-‐induced	  
lignocellulosics	  surface	  structural	   transformation.	  The	  method	  was	  exemplified	  by	   results	  obtained	   for	  
rich-‐in-‐lignin	  residues	  from	  wood	  hydrolytic	  treatment	  and	  products	  of	  its	  modification	  by	  non-‐covalent	  
interactions.	  	  The	  increase	  of	  dfs	  from	  2.46	  to	  2.79	  was	  revealed	  that	  indicated	  growing	  complexity	  of	  the	  
lignocellulosic	  surface	  after	  modification	  and	  its	  inclining	  to	  3-‐D	  surface.	  	  

The	  one-‐axle	  compression	  test	  for	  the	  characterization	  of	  lignocellulosic	  structure	  is	  described,	  too.	  The	  
impact	  of	  reversible	  deformation	  was	  expressed	  by	  relaxation	  ratio	  value	  R.	  

	  	  	  	  	  



Deconstruction of lignocelluloses for understanding the features that govern mechanical, structural and 
adhesion properties of polymers in plant cell wall 

 
Brigitte Chabbert1,2, Véronique Aguié-Béghin1,2, Johnny Beaugrand1,2, Bernard Kurek1,2, Gabriel 
Paës1,2 
 
1 INRA, UMR Fractionation of AgroResources and Environment (FARE), Reims, France 
2 University of Reims Champagne-Ardenne, UMR Fractionation of AgroResources and Environment 
(FARE), Reims, France 
 
The FARE laboratory develops research projects to improve our knowledge in the exploitation of 
lignocellulosic resources, in accordance with the concepts of sustainable development and 
environment preservation. The research activities relate to (i) the fundamental knowledge of 
development and structure of secondary plant cell wall, (ii) the fractionation and processes of 
lignocellulosic materials involving chemical, enzymatic and physical treatments, (iii) the processes of 
degradation of plant litters recycled to soils and influence on C cycle. In the scope of our running 
studies on lignocelluloses, we are investigating the mechanical properties and biological recalcitrance 
of lignified cell walls at micro/nano-scale. These questions are addressed using both plant cell wall 
bio-inspired systems and lignocellulosic materials. 
 
Plant cell wall architecture holds on multiple interactions between polymers (cellulose, 
hemicelluloses, lignin, which contribute to the mechanical properties and recalcitrance to 
deconstruction. In addition, the temporal and biological controlled deposition of the polymers causes 
spatial heterogeneity of the wall layers, which impacts on the reactivity of the cell wall and tissues 
(enzyme deconstruction, cohesion, surface properties…). To unravel some of the mechanisms 
involved in the accessibility and cohesion of lignocelluloses, we design various bioinspired systems 
consisting of cellulose-hemicellulose-lignin based gels and films [1,2,3]. Characterization of these 
plant cell walls analogs aim at investigating the mechanical and adhesion properties (AFM), and the 
impact of the network on probe mobility (confocal microscopy) at molecular and macroscale levels 
[3,4].  
 
Regarding lignocelluloses deconstruction, our study on lignocelluloses mechanical properties is 
focusing on defibrization aiming at enhancement of the mechanical properties of an agrocomposite. 
Fiber disruption is known to be influenced by intrinsically properties of the lignocelluloses [5] as well 
as external conditions (environmental conditions, often relied to process used, like temperature or 
water). Using a an energy approach (Specific Mechanical Energy) we have provided evidence that 
mechanical enhancement of composite is achieved by controlling the processed fibre morphology 
(length/diameter ratio) in an extrusion process[6]. 
 
1-Boukari I, O’Donohue M, Remond C, Chabbert B.  Effect of lignin content on a GH11 endoxylanase acting on 
glucuronoarabinoxylan-lignin nanocomposites.	  Carbohydrate Polymers	  2012, 89, 423– 431 
2-Hambardzumyan A, Foulon L, Chabbert B, Aguié-Béghin V. Natural organic UV-absorbent coatings based on 
cellulose and lignin: designed effects on spectroscopic properties. Biomacromolecules (accepted)	  
3-Paës G, Chabbert B. Characterization of arabinoxylan/cellulose nanocrystals gels to investigate fluorescent 
probes mobility in bioinspired models of plant secondary cell wall.	  Biomacromolecules 2012, 13, 206−214 
4-Estephan, E., V. Aguié-Béghin, L. Muraille, N. Dumelie, B. Chabbert, Molinari M. Adhesion between 
lignocellulosic polymers using atomic force microscopy. MRS 2011, Boston (USA), 28/11-2/12 2011. 
5-Bag R, Beaugrand J, Dole P, Kurek B. Treatment of chenevotte, a co-product of industrial hemp fiber, by 
water or hydrochloric acid: impact on polymer mobility in the lignified cell walls. Journal of Wood Science 2012 
(In	  press) 
6-Beaugrand J., Berzin F Thermo-hydric environment and Specific Mechanical Energy impacts on defibration 
using flow modeling and twin screw extrusion, International Conference on Biocomposites, May 2012, Niagara 
Falls, Canada.  
.  
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Biofibre	  processing	  -‐	  Competences	  at	  VTT	  
S.	  Heinemann	  
To	  be	  introduced	  at	  the	  FP1105	  Workshop,	  3-‐4	  December	  2012,	  Stockholm/Sweden	  
	  
Abstract	  

VTT,	  the	  Technical	  Research	  Centre	  of	  Finland,	  is	  the	  biggest	  multi-‐technological	  applied	  research	  
organisation	  in	  Northern	  Europe,	  with	  a	  turnover	  of	  292	  M€	  (2010),	  and	  a	  personnel	  of	  3167	  
(1.1.2011).	  	  

Research	  at	  VTT	  is	  divided	  into	  several	  knowledge	  centres,	  of	  which	  “Fibre	  processes”	  is	  one	  of	  the	  
key	  centres,	  because	  VTT	  has	  a	  strong	  emphasis	  on	  forest-‐based	  biomass	  research	  as	  well	  as	  on	  the	  
research	  of	  composite	  materials.	  After	  the	  merge	  of	  KCL	  (formerly:	  Finnish	  Pulp	  and	  Paper	  Research	  
Institute)	  to	  VTT,	  a	  unique	  combination	  of	  research	  resources	  even	  in	  the	  world	  scale	  was	  formed.	  
The	  knowledge	  centre	  “Fibre	  processes”	  has	  96	  persons	  grouped	  into	  teams	  from	  biomass	  and	  
separation	  technologies,	  biofibre	  processing	  to	  multiphase	  flows	  and	  physics	  of	  fibre	  products	  (a	  
closer	  introduction	  of	  VTT	  Forest	  Industry	  related	  research	  can	  be	  found	  from	  
http://www.vtt.fi/service/for/).	  

The	  knowledge	  centre	  VTT	  “Fibre	  processes”	  has	  a	  strong	  research	  environment	  in	  wood	  fibres,	  
fibre	  processing	  (pulping)	  and	  converting,	  i.a.	  web	  forming	  for	  paper	  and	  board	  products,	  but	  also	  
for	  other	  biofibre	  based	  structures.	  It	  contains	  several	  unique	  testing	  instruments,	  from	  making	  
fundamental	  analyses	  in	  laboratory	  scale	  to	  conducting	  larger	  test	  runs	  in	  pilot	  scale.	  Especially	  
strong	  arsenal	  can	  be	  found	  for	  testing	  fibre	  properties	  and	  fibrous	  structures.	  Microscopy,	  
suspension	  flow,	  flocculation	  dynamics,	  wet	  end	  research,	  high	  strain	  rate	  wet	  and	  dry	  strength	  
testing,	  chemical,	  and	  especially	  wet	  end	  chemical	  testing	  are	  few	  examples.	  	  

Special	  focus	  in	  several	  research	  projects	  of	  the	  research	  team	  “Biofibre	  processing”	  has	  been	  on	  
analysing	  single	  fibres	  in	  subsequent	  testing	  sequences	  on	  microscopic	  level.	  These	  procedures	  are	  
under	  permanent	  development,	  combining	  also	  experiences	  from	  other	  research	  groups	  inside	  VTT	  
and	  from	  international	  partners	  (e.g.	  with	  the	  EU-‐project	  PowerBonds).	  	  

The	  researchers	  of	  VTT’s	  competence	  centre	  “Fibre	  processes”	  are	  actively	  participating,	  for	  
example,	  in	  the	  Finnish	  Bioeconomy	  Cluster	  FIBIC	  (former	  Forest	  Cluster)	  programmes	  “Efficient	  
Networking	  towards	  Novel	  Products	  and	  Processes”	  (EffNet),	  and	  “Value	  through	  intensive	  and	  
efficient	  fibre	  supply”	  (EffFibre),	  which	  are	  both	  the	  direct	  continuation	  of	  “Intelligent	  and	  resource	  
efficient	  production	  technologies”	  (EffTech).	  In	  these	  programmes,	  new	  research	  based	  solutions	  to	  
improve	  resource	  efficiency	  and	  accelerated	  development	  of	  new	  fiber	  based	  products	  and	  process	  
concepts	  (EffNet),	  and	  new	  research	  based	  solutions	  to	  improve	  the	  competitiveness	  and	  quality	  
aspects	  of	  forest	  based	  raw	  materials	  and	  to	  develop	  radically	  new	  energy	  –	  and	  resource	  efficient	  
production	  technologies	  for	  chemical	  pulping	  including	  biorefinery	  aspects	  (EffFibre)	  are	  provided.	  
They	  also	  participate	  in	  “Future	  Biorefinery”	  (FuBio),	  one	  of	  the	  stractegic	  ares	  of	  former	  
Forestcluster,	  which	  is	  now	  divided	  into	  the	  programmes	  “Joint	  Research	  2”	  and	  “Cellulose”.	  

VTT’s	  expertise	  will	  fit	  perfectly	  to	  WG2	  in	  the	  COST	  Action	  FP1105,	  with	  some	  overlapping	  also	  to	  
WG1.	  



 
Morphology of dried nanofibrilated cellulose 
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The usage of hydrophilic nanofibrilited cellulose in combination with hydrophobic 
biopolymers usually demands physical and chemical modification of the components. The 
aim of this study was to investigate the product obtained after various dehydration procedures 
of the aqueous suspensions of microfibrilated (MFC) and nanofibrilated (NFC) cellulose. 
Cellulose suspensions were subjected to air drying, oven drying, freeze drying and spray 
drying and the dry product was examined by field emission scanning electron microscopy.  
Air and oven drying resulted in formation of continuous fibrious network and in a relatively 
solid bulk material, while coarse and fine powder formed upon freeze and spray drying. FE-
SEM revealed dense textured film of randomly arranged fibrils in air and oven dried samples. 
Freeze drying of MFC and NFC suspension resulted in formation of irregularly shaped 
agglomerates with dimensions up to 80 µm and spray drying in spherical and rod-like 
structures of the size up to 20 µm. Spray drying has been recently reported as the method of 
choice for producing dry nanofibrilated cellulose. However, morphology of spray dried 
product observed in our investigation suggests that the favourable aspect ratio of 
nanofibrilated cellulose could be altered by this procedure. We assume that optimization of 
freeze and spray drying process would enable a potential route in generating cellulose 
nanofibrils in powder form with targeted properties for the development of bionanocomposite 
materials  



I.	  Ali,	  R.	  Passas,	  J.F.	  Bloch	  -‐	  Grenoble	  INP-‐LGP2	  

	  

Tittle:	  Evolution	  of	  the	  fibre	  cell	  wall	  properties	  during	  recycling.	  

	  

Description:	  

It	   is	  well	  known	  that	   recycling	  change	  the	  mechanical	  properties	  of	   fibres	  and	  thus	   the	  mechanical	  
properties	   of	   the	   produced	   paper	   or	   board.	   This	   is	   due	   to	   the	   phenomenon	   of	   hornification.	   To	  
explain	   the	   evolution	   of	   the	   internal	   structure	   of	   the	   cell	   wall	   during	   drying	   and	   rewetting	   stage,	  
different	   characterizations	   were	   performed.	   The	   classical	   morphology	   analysis	   is	   not	   enough	   and	  
should	  be	  completed	  by	  others	  technics	  like	  in-‐situ	  ESEM	  observation,	  X-‐ray	  tomography,	  nano	  pore	  
distribution	  measured	  by	  Invers	  Size	  Exclusion	  Chromatography,	  atomic	  force	  microscopy	  and	  single	  
fibre	  tensile	  properties.	  

Results	  indicate	  that	  the	  following	  phenomena	  will	  take	  place:	  surface	  compaction,	  delamination	  of	  
the	  outer	  layer,	  densification	  of	  the	  S2	  layer	  with	  the	  interlamellar	  pore	  closure.	  	  As	  a	  perspective,	  an	  
in-‐situ	  measurement	  of	  the	  microfibrills	  angle	  should	  be	  developed.	  

	  



Lignin analyses in timothy (Phleum pratense) clones of different digestibility  
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Grass silage is the most important source of metabolised energy in milk and beef production. The goal 
in forage production is to obtain high herbage mass with high nutritive value. Lignin content in grasses 
increases with maturity, as the need for structural strength increases during stem elongation. This 
reduces digestibility of cell wall polysaccharides as lignin makes them inaccessible to rumenal 
enzymes that would normally digest them. Also cross-linkages between ferulic acid bound to 
hemicellulose arabinoxylan exist further impeding the digestion of cell wall polysaccharides. The aim 
of this work is to evaluate whether it is lignin amount and/or quality that leads to different digestibility in 
different timothy (Phleum pratense) clones. One aim is also to develop analytical methods that could 
be later utilised for quick analysis of plant material for digestibility. 
 
Timothy clones that have either very low or high digestibility in relation to their stem proportion were 
used as a material (material rights: Boreal Plant Breeding). As different quantitative methods are 
known to give different results (Hatfield and Fukushima 2005) we compared several methods for lignin 
determination (acetyl bromide (AcBr), acid detergent, acid dioxane, Klason, permanganate) using 
extractive-free stem powder (alcohol insoluble residue) of Tammisto II cultivar as a material (leaf 
sheaths removed). Clonal material (stems and leaf sheaths separately) was then analysed with the 
AcBr method (Klason lignin as a standard; Hatfield et al. 1999). FTIR spectra were run from lignins 
prepared with different methods and from the original plant powder. In addition, qualitative lignin 
analysis was performed as alkaline cupric (II) oxidations using a microwave digestion system (Goni & 
Montgomery 2000). Vanillyls,	  syringyls,	  p-‐hydroxyls	  and	  cinnamyls	  were	  identified	  and	  concentrations	  
were	  determined	  from	  the	  GC-‐MS	  SIM-‐runs. 
 
Lignin quantitation methods vary in the principle how lignin is assayed. AcBr method is a suitable 
quantitative method to determine lignin in small amounts (<50 mg) of grass material. Our results 
underline the importance of the structure and digestibility of leaf sheaths on digestibility of timothy 
tillers.  
 
References: 
 
Hatfield R, Fukushima RS (2005) Crop Sci 45: 832-839 
Hatfield RD, Grabber J, Ralph J, Brei K (1999) J Agric Food Chem 47: 628-632 
Goni, M.A. & Montgomery,  S. 2000. Alkaline CuO oxidation with microwave digestion system: 
Ligninanalyses of Geochemical Samples. Anal. Chem. 72:3116-3121 
 
 
 



 
Fibre wall breakdown and production of nanoparticles for 

improvement of paper properties 
 

1L. Vikele*, 1A. Treimanis, 2R. Passas, 1I. Birska, 1M. Laka, 1S. Chernyavskaya. 
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Wood and wood pulp fibres containing materials are environmentally friendly, still 
the wet-strength, retention aids and other additives for improvement of paper 
properties create certain problems and pollution during paper recycling and/or 
composting. 
This study was initiated with an objective to investigate 100% biodegradable paper 
additives applying nanoparticles obtained from wood and pulp by fibre walls 
breakdown. 
Wood and pulp fibre walls breakdown is performed by the thermocatalytic hydrolysis 
treatment of the wood cells and pulp fibres with small quantities of weak acid 
solution. The properties of the papers obtained and the bonds formed are investigated 
as well as the practical applicability tested.  
After thermocatalytic hydrolysis the nanoparticles are subjected to the mechanical 
treatment in the water dispersion at a high shear stress. TEMPO oxidation and 
modification of nanoparticles by cationization are also applied.   
Characterisation of the nanoparticles is carried out by a “Malvern Zetasizer”, TEM, 
ESEM and AFM microscopy.  
The particles are used both in the pulp fibre furnish dispersion and as a coating 
material onto paper surface.  
The properties of the obtained biocomposites are evaluated by mechanical testing 
(tensile strength in dry and wet conditions, burst strength, folding endurance); 
determination of surface properties (TOPO 3D, Altisurf, Bendtsen, contact angle) and 
barrier properties (water penetration; water, air and oxygen permeability), aging and 
biodegradability. The study is ongoing. 
AFM and especially the QNM module are used to elucidate the physical and chemical 
processes on the surface of paper after the addition of nanoparticles.  
 
Research is financially supported by Latvian State Programme “NatRes” and Grant  
Nr. 09.1610 as well as University of Latvia via ERASMUS project.  



Does the shape of cellulose nanocrystals matter after polymer grafting? 

Henry Bock 
 
There is an intense debate about the exact shape of the cross-section of cellulose 
nanocrystals (CNC). While this is essential for our understanding of CNCs and of the 
biological processes associated with their synthesis and degradation, for their industrial 
application it might not be. Processes that might be relevant for industrial use will likely 
take place in solution, where the crystals must always be stabilized either by 
electrostatic or steric repulsion. This may disguise their shape, so that for their mutual 
interactions the exact shape is not important. 
 
We use computer simulations to investigate the structure of a layer of grafted polymer 
molecules surrounding the nanocrystals. Computer simulations are well suited to do 
this, because they allow detailed insight even into the polymer layer and the 
determination of all relevant forces. We find that the cross-sectional shape is smoothed 
out by even short polymers. For longer ones the outer part of the polymer layer 
assumes cylindrical symmetry, i.e. any memory of the CNCs shape is lost. This renders 
the steric repulsion of a pair of parallel CNCs independent of rotation around the axis, 
i.e. they behave like cylindrical rods. 

 

 
Local densities of the grafted polymer layer to show the progressive loss of  

memory of the shape of the grafting surface. 
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THE POTENTIAL OF CELLULOSE NANOFIBRILS FROM WOOD 
PULP FIBRES AS A SUBSTRATE FOR WOUND HEALING 

APPLICATIONS 
 

Gary Chinga-Carrasco1, Harald Kirsebom2, Kristin Syverud1 
 
1 Paper and Fibre Research Institute (PFI), Høgskoleringen 6b, NO-7491 Trondheim, Norway. 
2 Department of Biotechnology, Lund University, P.O. Box 124, SE-22100, Lund, Sweden. 
 
 
ABSTRACT 
There are various procedures for producing cellulose nanofibrils, i.e. cellulose nanostructures with 
diameters less than 100 nm and lengths in the micrometre scale. This includes mechanical 
homogenization and also procedures involving pre-treatments, e.g. enzymatic, chemical or 
mechanical. In this study we demonstrate the morphology of two main qualities of cellulose nanofibrils. 
One series was produced without pre-treatment. A second series was produced with 2,2,6,6-
tetramethylpiperidinyl-1-oxyl (TEMPO)-mediated oxidation as pre-treatment. The fibrillated materials 
were collected after 3 and 5 passes through the homogenizer. Contrary to the fibrillated materials 
produced without pre-treatment, TEMPO –mediated oxidation formed gels at low concentration. This is 
due to the high degree of fibrillation, containing a major fraction of cellulose nanofibrils of roughly < 10 
nm in diameter. The gels based on TEMPO nanofibrils have good ability to keep moisture for long 
periods of time. The gels can be cross-linked, being thus elastics. These characteristics combined with 
adequate surface modification, and the potential introduction of medicines, propose the nanofibril-
based gels as optimal substrate for wound healing applications. 
 
Keywords: nanofibres, microfibrillated cellulose, nanocellulose, nano-composites 
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ABSTRACT. This presentation gives an overview of the group’s recent activities which have centred around 
supported ultrathin films of various cellulosic materials, namely cellulose, cellulose derivatives and cellulose 
nanocrystals. Many fundamental issues have been established concerning the behaviour of the materials 
on ultrathin (< 100 nm thick) films and on the submonolayer regime.1 Because of the close presence of the 
substrate, the films are in a confined environment and their properties differ distinctly from those in the 
bulk. Furthermore, cellulosic materials possess many peculiarities resulting in, for example, different 
morphological response of the films compared with films made of synthetic polymers. When mixed with 
synthetic materials, such as common polymers or gold nanoparticles, curious textures can be obtained, 
ranging from cellular networks to phase-specific porosity and fractal-like patterns. Such unconventional 
behaviour is interesting when applying these films for various applications, like sensor materials or 
optoelectronic devices. In many instances with ultrathin films, the use of cellulosic materials may prove 
more beneficial than the present trend of simply applying synthetic polymers for these applications.  
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During the last years several applications have been proposed for cellulose nanofibrils. One 

important and potential area is within medical and biotechnology applications. Cellulose nanofibrils 

can potentially be used in filters for nano-filtration of airborne particles and cryo-structured gels for 

advanced wound healing. However, applications involving direct contact with human tissue require a 

thorough testing of the biocompatibility of the nanofibrillated materials. In this respect, stardardised 

cytotoxicity tests are most adequate.  

In this study in vitro cytotoxicity tests of different cellulose nanofibril structures have been 

performed. The structures have been based on fibrillated materials from Eucalyptus and Pinus 

radiata pulp fibres. The nanofibrillated materials had varying surface charge and fibrillation degree. 

Two different structures were manufactured; i) a macro-porous structure and ii) a consolidated 

structure with strong inter-fibril bonds. Additionally, nanofibrils modified with a surfactant, cetyl 

trimethylammonium bromide (CTAB), were tested. The cytotoxicity tests were performed on murine 

3T3-L1 fibroblast cells which are important components of skin and regenerating tissue. 

The results showed that the neat Eucalyptus and P. radiata nanofibril structures were not toxic 

against the 3T3-cells (Figure 1). However, the nanofibril structures modified with CTAB had a clear 

cytotoxicity effect on the survival, viability and proliferation of the fibroblasts. The cytotoxicity of 

CTAB was as expected as this is a known antimicrobial compound, being membrane active with the 

main target at the cytoplasmic membrane in bacteria.  

 

Figure 1. Light microscopy images showing the morphology of the cells after direct contact. A) 

Eucalyptus MFC sample with TEMPO-mediated oxidation as pre-treatment. B) P. radiata MFC sample 

with TEMPO-mediated oxidation as pre-treatment. C) CTAB sample showing poor survival of 3T3-L1 

fibroblasts.   
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The	  presented	  work	  is	  	  focused	  	  on	  	  different	  aspect	  of	  viscoelastic	  	  and	  	  thermal	  	  properties	  	  of	  	  
composites	  	  using	  thermoplastic	  	  biodegradable	  	  matrices,	  	  in	  	  combination	  	  with	  	  cellulose-‐based	  	  
fibreous	  fillers.	  	  First,	  interactions	  among	  these	  components	  were	  studied	  by	  looking	  at	  responses	  of	  
viscoelastic	  and	  thermal	  properties	  relative	  to	  processing	  conditions	  and	  physical	  or	  chemical	  
modification	  of	  fillers	  and	  the	  polymer	  matrix.	  Effects	  of	  composite	  processing	  on	  fibre-‐matrix	  
interactions	  were	  assessed	  at	  different	  crystallization	  stages.	  It	  was	  found	  that	  thermal	  and	  
viscoelastic	  properties	  can	  be	  improved	  with	  suitable	  thermal	  annealing.	  Poly(lactic	  acid)	  polymers	  
were	  further	  filled	  with	  different	  wood	  tissue	  types	  (mature,	  juvenile,	  compression	  wood)	  of	  Sitka	  
spruce,	  and	  it	  potential	  was	  shown	  to	  	  improve	  bio-‐based	  composites	  by	  utilizing	  the	  natural	  
variability	  of	  wood	  fibres.	  	  Nano-‐fibrillated	  cellulose	  was	  produced	  from	  flax	  and	  wheat	  straw	  pulps	  
through	  high	  pressure	  disintegration.	  	  The	  	  reinforcing	  	  potential	  	  of	  	  the	  	  nanofibrils	  	  in	  	  a	  	  polyvinyl-‐
alcohol	  	  matrix	  	  was	  	  evaluated.	  	  It	  is	  shown	  that	  the	  selection	  of	  the	  appropriate	  raw	  cellulose	  is	  
indispensable,	  being	  essential	  for	  the	  functional	  optimization	  of	  composite	  products.	  Compared	  to	  
the	  others	  the	  improvement	  with	  nano-‐fibrillated	  cellulose	  was	  the	  most	  remarkable	  one.	  This	  was	  
assigned	  mainly	  to	  the	  structural	  features	  of	  this	  filler.	  	  It	  	  was	  	  also	  	  shown	  	  that	  	  different	  	  
modification	  	  treatments	  	  were	  	  efficient	  	  with	  regards	  	  to	  	  viscoelastic	  	  and	  	  thermal	  	  properties.	  	  	  
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