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Dear ELB 2018 participants, 

It is a great honour to welcome you in Reims at the ELB 2018 meeting. As some of you remember, 
the first ELB meeting was organized in Reims in 2016 to celebrate the 15th anniversary of the 
FARE laboratory. It was a big challenge for us to shape this meeting which was considered as 
successful due to the presence of renowned speakers and numerous attendees. 

During the last two years, the paradigms of global bioeconomy and circular economy have 
matured in many countries, emphasizing the need to tune efficiently and hybridize the use of 
fossil and renewable carbon resources to fight climate changes and to create new economical 
assets. This has reinforced the importance of organizing scientific meetings dedicated to biomass 
transformation, and in particular of lignocellulose, which is the world ubiquitous resource for 
energy, materials, polymers and molecules for the future. 

That is why ELB 2018 has integrated a session on bioeconomy to open the meeting, focusing on 
the challenges that our societies face today. The following sessions will be focused on new 
advances in understanding the complexity of lignocellulose (Session 2), its transformation in 
biotechnological processes (Session 3) and in soils (Session 4), and finally valorisation as 
bioproducts (Session 5) and materials (Session 6).  

With nearly 40 oral communications and more than 130 attendees, the environment is perfectly 
appropriate to debate fascinating interdisciplinary scientific questions around lignocellulose and 
its importance for the future of agriculture, food, health and global wellness. 

Finally we would like to acknowledge the support of our partners and sponsors that has allowed 
us to organize this international conference and to invite several world-recognized scientific 
ƭŜŀŘŜǊǎΦ [ŜǘΩǎ ŜȄǇƭƻǊŜ ǘƘŜ ƭƛƎƴƻŎellulosic biomass together now! 

I hope you will all have fruitful discussions and enjoy your stay in Reims. 

Have a nice meeting! 

Gabriel Paës, Chairman of ELB 2018

Foreword 
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Meeting venue 

¢ƘŜ /ƻƴƎǊŜǎǎ /ŜƴǘŜǊ όά/ŜƴǘǊŜ ŘŜǎ /ƻƴƎǊŝǎέύ ƛǎ ƭƻŎŀǘŜŘ мн ōƻǳƭŜǾŀǊŘ Řǳ DŞƴŞǊŀƭ [ŜŎƭŜǊŎΣ 

51100 ReimǎΦ IƻǘŜƭǎ ƛƴ ǘƘŜ άtƭŀŎŜ ŘΩ9Ǌƭƻƴέ ƻǊ ŀǊƻǳƴŘ ŀǊŜ р ƳƛƴǳǘŜǎ ǿŀƭƪ ŀƴŘ ŀƭǎƻ ǾŜǊȅ 

close to the Reims train station. Numerous car parkings are available. 

 

Reims Cathedral and Palais du Tau 

Both monuments are 10 minutes walk from the Congress Center. 

 

 

Practical information 



10 

  



11 

 
 

 
 

Tuesday 26 June 2018 
 
12:00 
 

14:00 

Opening of the welcome meeting desk 
 

Opening remarks by Gabriel PAËS, Chairman of ELB 2018 
 
Forewords by: 

Monique AXELOS, INRA Scientific Director for Food, Nutrition & Bioeconomy 

Laurent LUCAS, University of Reims Champagne-Ardenne Vice-President in charge 
of Research 

 
 

14:40 
 
 
 
14:40 
 
 
15:25 
 
 
16:10 
 
16:40 
 
 
 
17:00 
 
 
 
 

Session 1 ς Biorefining for Bioeconomy 
Chairperson: Bernard KUREK. FARE, INRA/University of Reims Champagne-Ardenne - 
Reims, France 
 
Keynote lecture: Anne-Christine RITSCHKOFF. VTT - Espoo, Finland 
Biobased innovations drive circular bioeconomy - a Finnish perspective 
 
Keynote speaker: Antoine MISSEMER. CIRED, CNRS - Paris, France 
Energy, environment and natural capital: an economic and historical perspective 
 
Coffee break 
 
Nicolas BEFORT. Chair in Industrial Bioeconomy, NEOMA Business School, European 
Center in Biotechnology and Bioeconomy - Reims, France 
The bioeconomy, biotechnology, and the transition to sustainability 
 
Manuel MORALES. Chair in Industrial Bioeconomy, NEOMA Business School, 
European Center in Biotechnology and Bioeconomy - Reims, France 
Industrial Symbiosis, a dynamic transitional strategy to a Bio-based Economy 
 
  

Programme 



12 

17:20 
 
 
17:40 
 
 
18:00 

Jacky VANDEPUTTE. French Bioeconomy Cluster (IAR) - Laon, France 
What has been accomplished in the bioeconomy in France? 
 
Julie WOHLFAHRT. ASTER, INRA - Mirecourt, France 
Bioeconomy systems sustainability assessment: embracing complexity 
 
End of Session 1 
 
End of the day 
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Wednesday 27 June 2018 
 

09:00 

 
 
 
 
 
09:00 
 
 
 
 
09:45 
 
 
 
10:05 
 
 
 
10:25 
 
10:55 
 
 
11:15 
 
11:25 
 
 
 
11:45 
 
 
 
 
12:30 
 
14:00 
 
 
 
14:45 
 

Session 2 ς Structural and chemical complexity of lignocellulose 
Chairpersons: 
Estelle BONNIN. BIA, INRA - Nantes, France 
Brigitte CHABBERT. FARE, INRA/University of Reims Champagne-Ardenne - Reims, 
France 
 
Invited speaker: Peter CIESIELSKI. NREL - Golden, USA 
Integrating advanced microscopy, structural modelling, and multiphysics simulation 
to understand transport phenomena and conversion processes in lignocellulosic 
biomass 
 
Fabienne GUILLON. BIA, INRA - Nantes, France 
Multispectral autofluorescence analysis, a promising approach to track tissue origins 
of particles in ground grass lignocellulosic biomass 
 
Julia PARLATORE LANCHA. LGPM, CentraleSupélec - Pomacle, France 
Parietal modifications of lignocellulosic biomass subjected to hydrothermal 
pretreatment observed by Raman micro-spectrometry 
 
Coffee break 
 
Simon HAWKINS. UGSF, University of Lille/CNRS - Lille, France 
A chemical reporter strategy for studying lignification in plants 
 
Sponsor presentation: Interchim by Julien LEFEBVRE 
 
Alain BOURMAUD. IRDL, Université Européenne de Bretagne - Lorient, France 
Plant fibre cell walls characterization by peak-force quantitative nano mechanics 
technology 
 
Carlos MARCUELLO. FARE, INRA/University of Reims Champagne-Ardenne - Reims, 
France 
Interfacial forces between lignocellulosic polymers by Single Molecule Force 
Spectroscopy: Impact of the coverage AFM- tip 
 
Lunch 
 
Keynote speaker: Art RAGAUSKAS. Department of Chemical & Biomolecular 
Engineering, University of Tennessee - Knoxville, USA 
Fundamentals of biorefining: Today and Tomorrow (video conference) 
 
End of Session 2 
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14:45 
 
 
 
 
 
 
14:45 
 
 
 
15:30 
 
 
 
15:50 
 
 
 
 
16:10 
 
16:40 
 
 
 
 
17:00 
 
17:10 
 
 
17:30 
 
 
17:50 
 
 
 
18:10 
 

Session 3 ς Physical, chemical and biological deconstruction of 
lignocellulose (to be continued on Thursday 28 June) 
Chairpersons: 
Fabienne GUILLON. BIA, INRA - Nantes, France 
Caroline RÉMOND. FARE, University of Reims Champagne-Ardenne/INRA - Reims, 
France 
 
Keynote speaker: Anne S. MEYER. Technical University of Denmark, Denmark 
Assessing laccase catalyzed lignin modification: EPR measurements and mediator 
effects 
 
Jean-Guy BERRIN. BBF, INRA/Aix-Marseille Université - Marseille, France 
Lytic oxidative enzymes from fungal biodiversity as innovative tools for plant 
(hemi)cellulose processing 
 
Harivony RAKOTOARIVONINA. FARE, University of Reims Champagne-
Ardenne/INRA - Reims, France 
Genomic and transcriptomic analyses of a hemicellulolytic thermostable bacterium 
reveal its potentiality and adaptability for an efficient biomass fractionation 
 
Coffee break 
 
Estelle BONNIN. BIA, INRA - Nantes, France 
Synchrotron time-lapse imaging of lignocellulosic biomass hydrolysis: tracking 
enzyme by autofluorescence, and cell walls modifications by infrared 
microspectroscopy 
 
Sponsor presentation: Realcat by Egon HEUSON 
 
Nicolas BROSSE. LERMAB, Université de Lorraine/INRA - Nancy, France 
The steam explosion process for lignocellulosics pretreatment: beyond bioethanol 
 
Claire MAYER. IATE, INRA/CIRAD/University of Montpellier - Montpellier, France 
Preserving the structural variability in maize stalk through dry fractionation processes 
 
Ezinne ACHINIVU. Chaire ABI, AgroParisTech - Pomacle, France 
Extraction and recovery of sinapic acid from oleaginous biomass (mustard bran): a 
sustainable access to a valuable phenolic platform molecule 
 
End of Session 3 to be continued on Thursday 28 June 
 
End of the day 
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Thursday 28 June 2018 
 

8:45 
 
 
 
 
 
 
8:45 
 
 
 
9:30 
 
 
 
 
10:05 
 
 
10:25 
 
 
 
 
 
10:45 
 
 

11:15 
 
 
 
 
 
 
11:15 
 
 
 
11:50 
 
 

Session 4 ς Lignocellulose as a source of organic matters in soils 
Chairpersons: 
Gwenaëlle LASHERMES. FARE, INRA/University of Reims Champagne-Ardenne - 
Reims, France 
Sylvie RECOUS. FARE, INRA/University of Reims Champagne-Ardenne - Reims, 
France 
 
Keynote speaker: Claire CHENU. ECOSYS, AgroParisTech/INRA - Thiverval-Grignon, 
France 
Closing the loop between soils and lignocelluloses to address global challenges 
 
Invited speaker: Petr BALDRIAN, Laboratory of Environmental Microbiology, 
Institute of Microbiology of the Czech Republic Czech Academy of Sciences. Prague, 
Czech Republic 
Lignocellulose in forest soils and its microbial decomposers 
 
Fida MRAD. AGHYLE, Polytechnic Institute UniLaSalle - Rouen, France 
Soil microbial response to sunflower residue and corresponding agromaterial inputs 
 
Laurent BLEUZE. FARE, INRA/University of Reims Champagne-Ardenne - Reims, 
France 
Microbial colonization of hemp mulches during field retting at the soil surface 
 
End of Session 4 
 
Coffee break 
 
 

Session 3 ς Physical, chemical and biological deconstruction of 
lignocellulose 
Chairpersons: 
Fabienne GUILLON. BIA, INRA - Nantes, France 
Caroline RÉMOND. FARE, University of Reims Champagne-Ardenne/INRA - Reims, 
France 
 
Invited speaker: Thomas FARMER. University of York - York, UK 
Lignocellulose deconstruction and the importance this has on maximising the use of 
chemical functionality in bio-based platform molecules 
 
Eric HUSSON. GEC, CNRS/University of Picardie Jules Verne - Amiens, France 
Biorefinery strategies based on room temperature ionic liquids, hydrolases and their 
synergism with other pretreatments 
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12:10 
 
 
 
12:30 
 
12:30 
 
14:00 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
14:30 
 
17:00 
18:00 

Egon HEUSON. University of Lille - Lille, France 
Innovative high-throughput microplate approach for cell wall degrading enzyme 
production based on fungi and lignocellulosic raw biomass interaction 
 
End of Session 3 
 
Lunch 
 
Selected Flash Talks of posters (3 min each) 

 
Poster 2 by Virginie STEINMETZ 
Analytical characterization of a soluble lignin fraction from thermomechanical 
softwood treatment: toward a biorefinery concept 
 
Poster 3 by Aya ZOGHLAMI 
Spatio-temporal imaging of lignocellulosic biomass deconstruction and correlation 
with the enzymatic hydrolysis 
 
Poster 8 by Alexandre CLERCQ 
Performance of a stoichiokinetic model to predict the degradation of lignocellulose 
by reactive oxygen species and the formation of valuable compounds 
 
Poster 12 by Quentin CZERWIEC 
Ligninolytic potential of Thermobacillus xylanilyticus for the production of aromatic 
molecules 
 
Poster 14 by Hasna NAIT M'BAREK 
Lignin decomposition for enhanced bioethanol production: Improving the process 
using a bio-pre-treatment with the fungus isolate Humicola grisea from central 
Morocco 
 
Poster 18 by Varunesh CHANDRA 
Gaseous emissions of nitrogen species from decomposing crop residues: 
construction and calibration of a novel model 
 
Poster 26 by Clémentine VEROVE 
New sugar-based amphiphilic compounds with surfactant or gelling properties ς 
focus on xylose from ligno-cellulosic biomass 
 
Poster 30 by Feng CHEN 
Thermodynamics and kinetics screening of cellulose fiber dissolution in ionic liquids 
 
Poster session 
 
End of the poster session 
Optional upon registration: visit of the Reims Cathedral 
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19:00 

 
Optional upon registration: Gala dinner at the Palais du Tau 
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Friday 29 June 2018 
 

9:00 
 
 
 
 
 
 
9:00 
 
 
9:45 
 
 
10:20 
 
 
10:40 
 
11:10 
 
 
 
11:30 
 
11:40 
 
 
 
 
12:00 
 
 
 
12:20 
 
12:30 
 
 
 
 
 
 

Session 5 ς Lignocellulose as a source of biomolecules for energy 
and platforms molecules 
Chairpersons: 
Xavier COQUERET. ICMR, CNRS/University of Reims Champagne Ardenne - Reims, 
France 
Gabriel PAËS. FARE, INRA/ University of Reims Champagne Ardenne - Reims, France 
 
Keynote speaker: Ed de JONG. Avantium - Amsterdam, The Netherlands 
ZamōŜȊƛ .ƛƻǊŜŦƛƴŜǊȅΥ άtǳǊŜέ ƎƭǳŎƻǎŜ ŦǊƻƳ нƴŘ ƎŜƴŜǊŀǘƛƻƴ ŦŜŜŘǎǘƻŎƪǎ 
 
Invited speaker: Warwick RAVERTY. CIRCA - Melbourne, Australia 
Levoglucosenone: à la recherche de chimie perdue 
 
Xiao ZHANG. Washington State University - Richland, USA 
New approach toward lignin conversion to fuel and chemicals 
 
Coffee break 
 
Kati GÖRSCH. Deutsches Biomasseforschungszentrum gemeinnützige GmbH - 
Leipzig, Germany 
Hydrothermal conversion of lignocellulosic sugars to furans 
 
Sponsor presentation: Futurol by Frédéric MARTEL 
 
Caroline RÉMOND. Chaire AFERE, FARE, University of Reims Champagne-
Ardenne/INRA ς Reims, France 
Enzymatically-synthesized alkyl pentosides and pentose-based esters, as 
surfactants of interest 
 
Florent ALLAIS. Chaire ABI, AgroParisTech - Pomacle, France 
From sawdust to high value-added fine chemicals: a France-Australia-USA success 
story 
 
End of Session 5 
 
Lunch 
 
 
 
 
 
 



19 

14:00 
 
 
 
 
14:00 
 
 
 
14:45 
 
 
15:20 
 
 
 
 
15:40 
 
 
 
 
16:00 
 
16:30 
 
 
 
 
16:50 
 
 
 
 
17:10 
 
 
17:30 
 
17:30 
 
17:45 

Session 6 ς Biobased materials from lignocellulose 
Chairpersons: 
Alain BOURMAUD. IRDL, Université Européenne de Bretagne - Lorient, France 
Simon HAWKINS. UGSF, University of Lille - Lille, France 
 
Keynote speaker: Richard GROSS. Rensselaer Polytechnic Institute, USA 
High performance biobased structural epoxy resins derived from levulinic acid 
(video conference) 
 
Invited speaker: Armand LANGLOIS. ENERLAB, Canada 
Iso-Lignin® technology, lignin base polyurethane: challenges and opportunities 
 
Elise GERBIN. FARE, University of Reims Champagne-Ardenne/INRA ς Reims, 
France 
Lignin cross-linking in cellulose nanocrystal based films by Fenton reaction: 
mechanism and properties 
 
Amandine VIRETTO. IATE, INRA/CIRAD/University of Montpellier - Montpellier, 
France 
Valorization of lignocellulosic fibers derived from park and garden wastes for 
biocomposites applications 
 
Coffee break 
 
Clovis BERTHELIN. IMT, Polymers and Composites Technology & Mechanical 
Engineering Department - Douai, France 
Water-assisted extrusion compounding process to reduce the total volatile organic 
compounds in natural fibre-filled composites for automotive interior applications 
 
Julie BOSSU. Institute of Paper, Pulp and Fibre Technology, Graz University of 
Technology - Graz, Austria 
GuyaValoFibres: exploring the potential of Amazonian unvalorized ligno-cellulosic 
resources for fibres-based composites applications 
 
Arnaud DAY. Fibres Recherche Développement - Troyes, France 
Quality management of hemp straw used in agro-materials 
 
End of Session 6 
 
Closing remarks 
 
End of ELB 2018 meeting 
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Session 1: Biorefining for Bioeconomy 

Keynote lecture 

Biobased innovations drive circular bioeconomy - a Finnish perspective 

Anne-Christine Ritschkoff 

VTT Technical Research Centre of Finland Ltd, Espoo, Finland 

Finland is a country of forest, around 78% of the total area is covered by forest. The annual 

growth of forest exceeds 100 Mm3, from which 60% is in use. Sustainable forest-based 

Bioeconomy has a key role in Finland´s economy and wellfare. The expected output of 

.ƛƻŜŎƻƴƻƳȅ ƛǎ млл ōƛƭƭƛƻƴ ϵ ōȅ нлнрΦ ¢ƘŜ CƛƴƴƛǎƘ .ƛƻŜŎƻƴƻƳȅ ǎǘǊŀǘŜƎȅ ǘŀǊƎŜǘǎ ǘƻ ǇŀǾŜ ǘƘŜ ǿŀȅ 

for competitive environment, establishment of new businesses, establishment of strong 

knowledge basis and sustainable use of raw materials [1]. Innovation and collaboration along 

the innovation value chain have a crucial role in maximizing the output for optimal use of 

biomass and sustainable Bioeconomy. New value added forest-based products, such as bio 

composites, alternatives to fossil plastics, resins & chemicals, building blocks and fibre products, 

can double the value of forest sector by 2030 in Finland. Circular bioeconomy have great positive 

impact on climate change and challenges connected to the increasing need of materials, food & 

feed, energy and services. 

The inherited properties of cellulose - bio-based, biodegradable, recyclable - makes it a future 

super material. Cellulose structure enables excellent product performance, ability to modify and 

construct new materials and novel material design. Currently, nano- and micro cellulose, 

cellulose films for packages, 3D-printed products and cellulose textile fibres are on the verge of 

a breakthrough.  

[1] Sustainable growth from bioeconomy, The Finnish Bioeconomy Strategy, May 2014 
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Session 1: Biorefining for Bioeconomy 

Keynote lecture 

Energy, environment and natural capital: 

an economic and historical perspective 

Antoine Missemer 

CNRS, CIRED, Paris, France 

This presentation, based on a recently published book [1], will explore how economists 

historically incorporated energy issues in their tools, concepts and theories, with a particular 

focus on fossil fuels. The economic conception of fossil fuels changed overtime, from a systemic 

perspective to a more reduced, sector-oriented or even individual perspective. Energy 

dependency, competitiveness and economic development, which were major concerns in the 

middle of the 19th century, left the place to theoretical questions on the optimal allocation of 

ore resources for one producer, on the road to synthetic and formalized models elaborated in 

the 1930s. That movement was not linear. It occurred through various forward and backward 

steps, with theoretical tracks sometimes abandoned. The reasons for these evolutions are to be 

found both in economic and environmental history (sociotechnical change, decrease of the 

perceived biophysical constraints) and in the history of economic thought and analysis 

(development of marginal utility, of capital theory, use of mathematical tools). This presentation 

will define the role of each of these factors in the history of energy economics, and will give 

some insights to understand why economists (still today) deal with environmental and energy 

issues in such a peculiar way in comparison with other scientists. 

[1] Missemer A. Les Économistes et la fin des énergies fossiles (1865-1931) [Economists and the End of 

Fossil Fuels (1865-1931)], 2017, Paris: Classiques Garnier, 225 pages. 
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Session 1: Biorefining for Bioeconomy 

Oral communication 

The bioeconomy, biotechnology, and the transition to sustainability  

Nicolas Befort1, Martino Nieddu2 

1Chair in Industrial Bioeconomy, Neoma Business School, Reims, France 

2REGARDS (EA 6292), University of Reims Champagne Ardenne, Reims, France 

{ƛƴŎŜ нлмнΣ ǘƘŜ ǘŜǊƳ ΨōƛƻŜŎƻƴƻƳȅΩ Ƙŀǎ ƛƴŎǊŜŀǎƛƴƎƭȅ ŀǇǇeared in the literature (Bugge et al., 2016), 
and in public policy, with the publication of technological roadmaps for countries, regions, industries 
and value-chains (McKormick and Kautto, 2013). Despite the importance of expectations that the 
concept will help achieve the transition to sustainability, the meaning of the bioeconomy is not clear. 
The OECD defines the bioeconomy as an economy driven by biotechnologies, involving the use of 
genes and complex cell processes, for a variety of sectors (industry, health, agriculture, etc.), and 
producing a third Industrial Revolution. Meanwhile, the European Commission (EC) characterise the 
bioeconomy merely as processes transforming renewable resources from agriculture, forestry, 
fisheries, food, pulp and paper production, and parts of the chemistry, biotechnology and energy 
sectors. Among these processes, the common denominator linking industries is not biotech but the 
ŎƻƴŎŜǇǘ ŀƴŘ ǊƻƭŜ ƻŦ ǘƘŜ ΨōƛƻǊŜŦƛƴŜǊȅΩΣ ǿƘƛŎƘ ƛǎ ŀ ŎŜƴǘǊŀƭ ŀǊǘŜŦŀŎǘ ǘǊŀƴǎŦƻǊƳƛƴƎ ǘƘŜ ōƛƻƳŀǎǎ ǳǎƛng 
different technologies drawn together in complex knowledge bases (van Lancker et al., 2016). Hence, 
at least, two visions of the bioeconomy coexist. 
The aim of this research is to unravel the links between biotechnology and the bioeconomy. While 
the field of biotechnology has been well known since Kenney (1986), and Arora and Gambardella 
όмффлύΣ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ƭŀŎƪǎ ŀ ŎƭŜŀǊ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ΨǘƘŜ ōƛƻŜŎƻƴƻƳȅΩ ƛƴ ǘŜǊƳǎ ƻŦ ƛƴƴƻǾŀǘƛǾŜ 
economic activities. To fill this gap and compare biotechnology and the bioeconomy, we consider 
these two fields as sociotechnical regimes (Geels, 2002). In the first part of the study, we give an 
historical and institutional account of the differences between the sociotechnical regimes of the 
biotechnology and the bioeconomy. We conclude that the sociotechnical regime of biotechnology is 
mainly technology-driven, whereas the bioeconomy is mission-ŘǊƛǾŜƴ ǘƻǿŀǊŘ ŀ ΨƎǊŜŀǘ ǘǊŀƴǎƛǘƛƻƴΩ 
toward the use of renewable resources.  
In the second part of the study, we highlight the internal coherence of the two regimes through three 
historical qualitative case studies of emblematic bioeconomy products. From this analysis, we draw 
three conclusions and research avenues. First, there is an emerging sociotechnical regime of the 
bioeconomy. It opens the way to further research to identify its specificities and organizational 
modes since it covers food and materials production. Second, this regime may be plural and under 
tension because of competing logics. So there is an issue in identifying these logics. Third, 
bioeconomy public policies mainly focus on production side. There is an issue in designing and 
implementing consumption side policies. 
Bugge, M., Hansen, T., Klitkou, A., 2016. What Is the Bioeconomy? A Review of the Literature. Sustainability 8, 691. 
https://doi.org/10.3390/su8070691 
Fevolden, A., Coenen, L., Hansen, T., Klitkou, A., 2017. The Role of Trials and Demonstration Projects in the 
Development of a Sustainable Bioeconomy. Sustainability 9, 419. https://doi.org/10.3390/su9030419 
Geels, F.W., 2002. Technological transitions as evolutionary reconfiguration processes: a multi-level perspective and 
a case study. Research Policy 31, 1257ς1274 
McCormick, K., Kautto, N., 2013. The Bioeconomy in Europe: An Overview. Sustainability 5, 2589ς2608 
Van Lancker, J., Wauters, E., Van Huylenbroeck, G., 2016. Managing innovation in the bioeconomy: An open 
innovation perspective. Biomass and Bioenergy 90, 60ς69  
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Session 1: Biorefining for Bioeconomy 

Oral communication 

Industrial Symbiosis, a dynamic transitional strategy to a Bio-based 

Economy 

Therese Bennich1, 3, Manuel E. Morales2,3 

1University of Stockholm, Department of Physical Geography, SE-106 91, Stockholm, Sweden 

2NEOMA Business School, Chair in Industrial Bioeconomy, 59 rue Pierre Taittinger, 51100, Reims, France 

3Clermont Auvergne University, Research Center on International Development Studies (CERDI), 65 

Boulevard François Mitterrand, 63000 Clermont-Ferrand, France 

¢ƘŜ ƴƻǊƳŀǘƛǾŜ ǉǳŜǎǘƛƻƴ ά²Ƙŀǘ ŀǊŜ ǘƘŜ Ŏŀǳǎŀƭ ǎǘǊǳŎǘǳǊŀƭ ǇŀǘǘŜǊƴǎ ǘƘŀǘ ŘǊƛǾŜs the transition to a 
bio-ōŀǎŜŘ ŜŎƻƴƻƳȅΚέ Ƙŀǎ ǊŜŎŜƛǾŜŘ ŀǘǘŜƴǘƛƻƴ ƻŦ ǊŜǎŜŀǊŎƘŜǊǎΦ ¢Ƙƛǎ ǎǘǳŘȅ ǇǊƻǾƛŘŜǎ ŀƴ ƻǾŜǊǾƛŜǿ ƻŦ 
strategies that could facilitate the transition to a Bio-based economy through the 
implementation of Industrial Symbiosis (IS) process, using system dynamics to integrate an 
environmental, social and economic analysis to assess future and current opportunities to 
ŀŎƘƛŜǾŜ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŀƴŘ ǘŜǎǘ ǘƘŜ ǎȅǎǘŜƳΩǎ ǾǳƭƴŜǊŀōƭŜ ǇƻƛƴǘǎΦ  Based on the regional analysis of 
the lignocellulose cluster development in Norrköping, located in the province of Östergötland, 
in the south-eastern part of Sweden, the results identify the key strategic actors and found 
empirical evidence of a transition, validated by the causal relationship of energy behaviour 
patterns and the structural transition to a Bio-based economy, presented in the form of a System 
Dynamic model. We consider that the IS project at Norrköping has been a dynamic platform of 
scenario modelling and policy tests, exploring potential future patterns, risk factors, and 
opportunities to further expand the sustainable bio-based economy in the region. Concluding 
that the dynamic transition strategy to a bio-based economy has been fully addressed by the 
following successful mechanisms in Norrköping: [1] the construction of new partnerships in the 
forest industry between private and public, [2] the willingness of the stakeholders to encompass 
a compelling interactive learning process and [3] the innovation shared structure that decrease 
transaction costs and increase flexibility. 

[1] Aid, G., et al., 2015. Looplocal ς a heuristic visualization tool to support the strategic facilitation of 

industrial symbiosis. J. Clean. Prod., Special Volume: Support your future today! Turn environmental 

challenges into opportunities. 98, 328ς335. https://doi.org/10.1016/j.jclepro.2014.08.012 

[2] EU, 2012. Innovating for Sustainable Growth: A Bioeconomy for Europe [WWW Document]. URL 

http://ec.europa.eu/research/bioeconomy/pdf/official-strategy_en.pdf (accessed 1.13.17). 

[3] Formas, 2012. Swedish research and innovation strategy for a bio-based economy. Swedish Research 

Council for Environment, Agricultural Sciences and Spatial Planning, Formas, Stockholm. 

[4] Hatefipouret al., 2011. The Händelö area in Norrköping; Sweden. Does it fit for Industrial Symbiosis 

development?, in: World Renewable Energy Congress-Sweden; 8-13 May; 2011; Linköping; Sweden. 

Linköping University Electronic Press, pp. 3468ς3475. 

[5] Norrköpings kommun, 2017. Norrköping i siffror [WWW Document]. URL 

https://www.norrkoping.se/download/18.3ef6b1d158f1bd46e11c377/1488791488534/NKPG_isiffror20

16_sve.pdf (accessed 3.2.17).  
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What has been accomplished in the bioeconomy in France? 

Jacky Vandeputte 

French Bioeconomy Cluster (IAR) 

As the French Bioeconomy Cluster, IAR and its members have been strongly contributing to the 
development of the national Bioeconomy Strategy and the action plan which has been published 
recently. It aims to propose a coherent framework for all initiatives undertaken in the sector, 
supporting an increased and sustainable mobilization of locally produced biomass to boost its 
efficient use and valorization to answer our needs (food and non-food). The French bioeconomy 
is very much linked to local territories and the valorization of locally produced biomass in 
integrated biorefineries. French industries based around the living world are key actors in the 
bioeconomy. They are already engaged in innovative approaches, helping new uses to emerge. 
The different sectors of agriculture are engaged in the production of renewable energy. The 
forestry & wood sector proposes a variety of uses for biomass, ranging from construction timber 
to energy, and including industrial lumber and innovative molecules. New materials and 
ƳƻƭŜŎǳƭŜǎ ŀǊŜ ǇǊƻŘǳŎŜŘ ŦǊƻƳ ŀƎǊƛŎǳƭǘǳǊŀƭ ŀƴŘ ŦƻǊŜǎǘǊȅ ōƛƻƳŀǎǎΧ !ƭƭ ŀŎǘƻǊǎ ƘŀǾŜ ōŜŜƴ able to 
benefit from support for innovation. The French program of investment for the future has led 
ǎƛƴŎŜ нлмл ǘƻ ŀƭƭƻŎŀǘƛƻƴ ƻŦ ϵнрлƳ ƛƴ ǎǳǇǇƻǊǘ ƻŦ .ƛƻŜŎƻƴƻƳȅ ǇǊƻƧŜŎǘǎΦ The resulting strategy is 
aimed at strengthening all value chains at the same time.  
Some practical examples of the application of Bioeconomy principles and open innovation 

R&D&I project will be described, old and new value chains and drivers will be tackle. New 

ǊŜǎƻǳǊŎŜ ƻŦ tǊƻǘŜƛƴΣ ŀƭƎŀŜ ǊŜŦƛƴŜǊƛŜǎΣ ƛƴǎŜŎǘΩǎ ŦǊŀŎǘƛƻƴŀǘƛƻƴΣ Ǉƭŀƴǘ ǇǊƻǘŜŎǘƛƻƴΧΦ 

[1] A bioeconomy strategy for France 
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3UMR EcoSys, INRA-AgroParisTech, Université Paris-Saclay, Thiverval-Grignon, France 

4Agro-Transfert Ressources et Territoires, Estrees-Mons, France 

5FARE Laboratory, INRA, University of Reims Champagne-Ardenne, Reims, France 

6UMR Agronomie, INRA-AgroParisTech, Thiverval-Grignon, France 

7UMR LAE, INRA-Université de Lorraine, Colmar, France 

The European Union sets the objective of a sustaƛƴŀōƭŜ ōƛƻŜŎƻƴƻƳȅ ŀǎ άǘƻ ŜƴǎǳǊŜ ŀƴ ŀŘŜǉǳŀǘŜ 
supply of food and products of biological origin that are safe, healthy and of high quality by 
developing sustainable and resource-efficient production systems, related ecosystem services, 
restoration of biological diversity, competitive and economical processing and marketing chains 
ƛƴ ŎŀǊōƻƴέΦ .ƛƻŜŎƻƴƻƳȅ ŀǇǇŜŀǊǎ ŀǎ ŀ ƪŜȅ ǇƻƭƛŎȅ ǘƻ ƛƴǘŜƎǊŀǘŜ ǘƘŜ ƎǊŜŀǘ ǎƻŎƛŜǘŀƭ ƛǎǎǳŜǎ ƻŦ ŎƭƛƳŀǘŜ 
change, food security, fossil fuel dependence, scarcity of natural resources and territorial and 
industrial development on a number of scales, from small territory to national scale, as 
sustainable production and use of biomass are inherent to the bioeconomy proposition. One 
major challenge for bioeconomy is then to be able to assess how its development will 
successfully achieve these different objectives in concrete situations, from biomass production 
to recycling processes. Several authors highlight the lack of knowledge regarding the reality of 
bioeconomy systems that limits the development of sustainable bioeconomy projects in 
territories.  
Bioeconomy as a system is a relatively new concept that encompasses several sectors and 
disciplines (e.g.: agriculture, forestry, industry). The scientific community is then still quite 
scattered from a process to a resource approach. The same conclusions can be established 
regarding stakeholders that are mostly focused on one component of the bioeconomy system 
(e.g.: forest-wood chains, biofuels production). Bioeconomy systems are also characterized by a 
high flexibility of resources, processes, stakeholders or transformation chains. Understanding 
the whole bioeconomy system and proposing sustainable organization to optimize biomass 
productions and uses requires accounting for the high level of complexity inherent to 
bioeconomy systems.  
There is a need for a specific framework that deciphers bioeconomy systems in order to help 
their integrated assessment. Starting with territorial bioeconomy systems, we propose a 
description to help the concrete sustainability assessment and highlight the potential locks and 
levers for bioeconomy development.  
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!ƭǘƘƻǳƎƘ ǘƻŘŀȅΩǎ ƭƻǿ-energy costs have reduced the commercialization of cellulosic ethanol 
production, we have seen the development of commercial cellulosic-ethanol plants on a global 
basis employing either the thermochemical or the biological technology platform. Despite these 
successes, technical challenges remain which hinder broad acceptance of biofuels which for the 
biological platform include the recalcitrance of biomass and what to do with lignin.  Our research 
studies and others have clearly shown that the recalcitrance of biomass is a multi-tiered effect 
due to the complex nature of the plant cell wall which can include: Biomass particle size and 
porosity, Cellulose, Hemicellulose and Lignin.  Our on-going studies have shown that the natural 
variance of the plant-cell wall can influence recalcitrance and chemical pretreatments 
substantially altering the structure of the cell-wall components further reducing recalcitrance.  
Analysis of cellulose, hemicellulose and lignin from low and high recalcitrance biomass 
feedstocks including switchgrass and poplar, before and after chemical pretreatment, is one of 
the most promising methodologies to investigate and dissect the fundamental mechanisms of 
recalcitrance.  Employing these protocols, we have shown that acidic and neutral pretreatments 
usually provide a biomass resource with increased crystallinity which is less reactive to cellulose 
and thereby not a beneficial component to reducing recalcitrance. The loss of hemicelluloses 
and changes in structure of lignin, during these pretreatments, certainly provides a more 
reactive biomass for biological deconstruction.  Depending on the severity of the pretreatment, 
lignin undergoes a series of competing depolymerization reactions cleaving B-O-aryl ethers 
which can then undergo further condensation reactions.  This presentation will examine how 
advanced NMR and GPC techniques can be used to investigate the changes in bulk cell wall 
chemistry and how ToF-SIMS can be used to monitor changes on the surface of biomass before 
and after pretreatment [1-5]. 

[1] Li, M. et al.Biotechnology for Biofuels (2017), 10, 12/1-12/12. 

[2] Yoo, C.G. et al. ACS Sustainable Chemistry & Engineering (2017), 5(1), 426-435. 

[3] Meng, X. et al. ChemSusChem (2017), 10(1), 139-150. 

[4] Li, M. et al. Biotechnol Biofuels (2017) 10:12. 

[5] Meng, X. et al A.J. ACS Sustainable Chemistry & Engineering (2016), 4(9), 4563-4572. 
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Integrating advanced microscopy, structural modelling, and multiphysics 

simulation to understand transport phenomena and conversion 

processes in lignocellulosic biomass  

Peter Ciesielski, Michael Crowley, Bryon Donohoe, Michael Pecha, Vivek Bharadwaj, 

Joshua Vermass, Michael Himmel 

 
National Renewable Energy Laboratory, Golden, CO, USA 

Biomass conversion processes require coordination of complex physiochemical processes that 
occur over multiple length and time scales. Biochemical deconstruction relies on the penetration 
of catalysts, including enzymes and other small molecules, into the cell wall. Thermochemical 
conversion processes, such as pyrolysis and gasification, require rapid heat transfer to drive 
high-temperature depolymerization reactions. Optimization of these processes requires a 
detailed understanding of how the transport of heat and mass is affected by the complex, 
hierarchical structure of lignocellulosic biomass. Developing integrated multiscale simulations 
for these processes will allow for high-throughput investigations of various conversion scenarios 
in silico and provide some predictive utility regarding the efficacy of new processing paradigms. 
In this presentation, I will describe our efforts toward multiscale simulations of transport 
phenomena and biomass conversion in the context of structurally and compositionally detailed 
model geometries. First, I will present recent progress with coupled molecular and mesoscale 
simulations that incorporate biopolymer structure at the cell wall scale. Molecular dynamic 
simulations are used to evaluate diffusion coefficients of small molecules through cell wall 
biopolymer assemblies. These are coupled to mesoscale models that account for the complex 
organization of cellulose fibrils, lignin, and hemicellulose at the cell wall scale. Second, I will 
describe particle-scale models that incorporate higher-order geometric features, such as cellular 
geometry and anisotropic particle shapes, in the context of thermochemical conversion 
simulations. All of the structural models employed in these simulations are informed by 
multimodal analytical microscopy which will be described throughout the presentation.   
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tissue origins of particles in ground grass lignocellulosic biomass 
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In a biorefinery plant diagram, a grinding step is usually the prerequisite for biological 
conversion, allowing material densification and homogenization for transport and storage, or an 
increase of the accessible surface. Powders produced from plant biomass are heterogeneous in 
relation to native plant heterogeneity, and during grinding, dissociation often occurred at the 
tissue scale. The distribution of tissue within a single particle is required to understand, control 
and optimize the plant deconstruction through dry fractionation process. Therefore the tissular 
origin of powders must be identified at the particle level. If recognition of tissues is easy in 
sections of plant organs, it is not straightforward in powders. Taking advantage of the 
autofluorescence properties of cell wall components, we propose to use multispectral image 
analysis to identify the tissular origin of lignocellulosic particles. Maize stem was chosen as 
model of grass lignocellulose. The fluorescence variability of maize stem sections was first 
investigated. Images of the stem sections were acquired and chemometric approaches was 
implemented to reveal fluorescence variability without any a priori. Fluorescent profiles were 
extracted for the main tissues. Images of ground tissues, isolated from the same stem, were 
acquired using the same procedure. The fluorescence intensity profiles were analysed using 
principal component analysis. Similar variability was found in fluorescence profiles extracted 
from powders and tissues confirming the potential of fluorescence multispectral imaging to 
predict the tissue origin of particles. 
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In order to overcome the recalcitrant macromolecular structure of lignocellulosic biomass and 
to make carbohydrates sufficiently accessible for enzymatic hydrolysis, a pretreatment is 
required. This pretreatment can consist of a hydrothermal treatment, followed or not by steam 
explosion1. In this work, changes in ultrastructural characteristics of ǇƻǇƭŀǊΩǎ ŎŜƭƭ ǿŀƭƭ caused by 
hydrothermal treatment were studied. To ensure the homogeneity of the treatment throughout 
the sample, poplar cubes with a characteristic size of less than one centimeter were treated 
using an in-house developed device2.  Cell wall changes have been assessed by a microscopic 
study of its components before and after the process. Raman micro-spectrometry is known to 
be a powerful tool for chemical-mapping3. However, in comparison with native wood, the 
sample preparation of biomass after pretreatment is challenging due to the weak cohesion of 
cells and cell wall layers. To overcome this issue, we developed a new sample preparation 
method, suitable for both kinds of sample. Two-dimensional chemical maps were obtained by 
integration over wavelength ranges with strong Raman signal using an Alpha 300R+ confocal 
Raman microscope from Witec. Lignin was detected by the peak around 1600 cm-1 which 
corresponds to the aromatic C=C bond3. For untreated wood, as expected, the areas with higher 
lignin concentration are in the cell corner and middle lamella, which is particularly visible at 
triple points. Integration around 1120 cm-1 corresponds to C-O-C symmetric linkage found in 
carbohydrates3 and enables the identification of the so-called holocellulose, which includes 
cellulose and hemicellulose. It is present in higher concentration in the S2 layer of the cell wall. 
The comparison with treated biomass reveals the deformation of cell wall and sub-parietal 
chemical changes. In order to evaluate the kinetics of these chemical changes, this method is 
applied to samples obtained after different treatment durations. 

[1] Asada, C. et al. Bioresour. Technol., 2015, 182, 245. 

[2] Mokdad S. et al. Biomass Bioenergy, 2018, 108, 330. 

[3] Gierlinger N. et al., Plant Physiol., 2006, 140, 1246. 
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A chemical reporter strategy for studying lignification in plants  
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59000 Lille, France  

The quality of lignocellulosic biomass for a wide range of different industrial uses (biofuels, 

composite materials, textiles, paper etc.) is related to the chemical composition of the plant cell 

wall. Cell walls are dynamic structures that are progressively constructed and modified during 

plant growth and a better understanding of the factors affecting final composition of biomass at 

harvest can only be achieved through more knowledge about the dynamics of cell wall polymer 

formation. Obtaining this knowledge in vivo is usually hampered because of a lack of suitable 

probes. Although fluorescence-tagged monolignols have been developed for lignin [1], these 

often present the disadvantage of the tag being larger than the tagged molecule thereby 

potentially interfering with the lignification process. More recently, coniferyl alcohol 

monolignols tagged with clickable azide or alkyne tags have been used in a bioorthogonal 

chemical reporter strategy on the model species Arabidopsis [2], [3]. In this strategy, an 

analogue of the biomolecule of interest is modified with a biocompatible chemical function and 

is metabolically incorporated into the target biomacromolecule where it ŦǳƴŎǘƛƻƴǎ ŀǎ ŀ ΨŎƘŜƳƛŎŀƭ 

ǊŜǇƻǊǘŜǊΩΦ ¢ƘŜ ƛƴŎƻǊǇƻǊŀǘŜŘ ŎƘŜƳƛŎŀƭ ǊŜǇƻǊǘŜǊ ƛǎ ǘƘŜƴ ǾƛǎǳŀƭƛȊŜŘ ōȅ ŦƭǳƻǊƻǇƘƻǊŜ ǘŀƎƎƛƴƎ ƛƴƛǘƛŀǘŜŘ 

by a bioorthogonal chemistry reaction. We have recently [4], [5] developed an original 

Bioorthogonal Labeling Imaging Sequential Strategy (BLISS) to visualize and analyze the 

incorporation of both p-hydroxyphenyl (H) and guaiacyl (G) units into lignin in vivo with a 

combination of strain-promoted and copper-catalyzed azide-alkyne cycloadditions 

(SPAAC/CuAAC). We are currently using the BLISS strategy to study lignification dynamics in the 

flax fiber crop and other plants by confocal fluorescence microscopy.  

[1] Tobimatsu et al. Biomacromol. 2011, 12, 1752.  

[2] Bukowski et al. Bioconjugate Chem. 2014, 25, 2189 

[3] Tobimatsu et al. Chem. Commun. 2014, 50, 12262.  

[4] Lion C et al., C. Cell Chem. Biol. 2017, 24 (3), 326.  

[5] Simon C et al., Plant Signal. Behav. 2017, 12 (8), e1359366. 
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The industrial interest for plant bast fibres used as composite reinforcements increases. The 
tensile properties of the elementary fibres are well described in the literature [1], but additional 
information at the cell wall scale is needed to better understand the relationship between their 
ultrastructure and their mechanical performance.  

Indeed, an elementary flax fibre is itself assumed to be a composite because of its specific 
ultrastructure made up of several cell walls and layers. The S2 layer of the secondary cell wall, 
ǿƘƛŎƘ Ƴŀƛƴƭȅ ŎƻƴǘǊƻƭǎ ǘƘŜ ƭƻƴƎƛǘǳŘƛƴŀƭ ƳŜŎƘŀƴƛŎŀƭ ǇǊƻǇŜǊǘƛŜǎΣ ƛǎ ŎƻƳǇƻǎŜŘ ƻŦ Ғтл҈ ƻǊƛŜƴǘŜŘ 
cellulose microfibrils embedded in an amorphous polysaccharide matrix containing 
hemicelluloses and pectins [2]. During plant development, the secondary cell wall of the outer 
bast fibre bundles firstly becomes thickened, while complete filling takes around two months. 
Consequently, during fibre development, the degree of maturity may differ between the outer 
and inner fibres. Fibres can thus have a skin-core like ultrastructure, e.g., the so- called G and 
Gn sub-layers in the developing secondary cell wall [2].  

The aim of this work is to present results from manipulations on plant cell walls performed in 
atomic force microscopy (AFM) associated with PeakForce Quantitative Nanomecanic (PF-QNM) 
mode. Mechanical mapping within the growing flax cell walls are showed as well as on mature 
fibre after thermal treatment to investigate the effect of a process cycle on flax fibres 
components. Finally, other examples of Peak Force QNM characterization on plant cell walls are 
shown, especially in palm or hemp fibres. 

These studies validate the measurement method but also to suggest the full potential of the PF-
QNM technology for the fine fibre characterization of plant cell walls. This tool provides an 
access to new information and open the way for many future applications. 

[1] T.A. Gorshkova, P. V Mikshina, O.P. Gurjanov, S.B. Chemikosova, Formation of plant cell wall 

supramolecular structure, Biochem. 75 (2010) 159ς172. 

[2] P. Mikshina, T. Chernova, S. Chemikosova, N. Ibragimova, N. Mokshina, T. Gorshkova, Cellulosic Fibres: 

Role of Matrix Polysaccharides in Structure and Function., Cellul. - Fundam. Asp. (2013) 91ς112. 
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Nowadays, demands an increase of green products being environmental friendliness. In this 
context, lignocellulosic biomass provides a great opportunities for refineries to produce new 
cellulose based materials with large range of applications from automotive parts to 3D printer 
[1, 2]. In these materials, cellulose can be under the form of either pure cellulose 
nanofibril/nanocrystal or complex structure as lignocellulosic fiber containing a variety of 
ǇƻƭȅƳŜǊǎ όŎŜƭƭǳƭƻǎŜΣ ƘŜƳƛŎŜƭƭǳƭƻǎŜǎΣ ƭƛƎƴƛƴǎΣΧύ ǿƛǘƘ ŘƛǎǘƛƴŎǘƛǾŜ ǇƘȅǎƛŎŀƭ ŀƴd chemical 
characteristics. In this field, capitalizing on the interfacial forces between each lignocellulosic 
polymers in order to predict their cohesive behavior in (nano)material is required. For this 
reason, Atomic Force Microscopy (AFM) is presented as a convenient technique to achieve 
information on adhesion forces between components at nanoscale level. Chemical interactions 
between functionalized tip/tipless AFM levers and substrates can be interrogated by Single 
Molecule Force Spectroscopy (SMFS) mode. Strong skills in surface modification and polymer 
chemical conjugation are required for this purpose.  
Building up to the previous expertise of our group [3], a broad range of different films (CNCs, 
hemicellulose as glucomannan or xylan and unmodified or laccase-oxidized lignin) has been 
deeply analyzed in terms of adhesion properties with functionalized tips with CNCs or synthetic 
lignin. Langmuir-Blodgett (LB) technique was used and compared with several chemical 
procedures to achieve this goal. Extensive analysis of how the coverage of the attached polymer 
on AFM-Tip influences on intermolecular interaction measurements with substrates previously 
detailed has been carried out. This unprecedented methodology in this field allows to precise 
control the measure of intermolecular interactions between lignocellulosic polymers in 
controlled environmental conditions (relative humidity, temperature). The promising results can 
open a gate to grasp the knowledge regarding the interactions of all these components and thus 
guide the conception of new materials with unique properties or enhance the lignocellulose 
biorefinery engineering.  
 
[1] Antoine G et al. RSC Adv. 2017. 7, 34638. 

[2] Tenhunen T et al. Mater. Des. 2018. 0264, 1275. 

[3] Aguié V et al. άCƛƭƳǎ ŀƴŘ Coatings from Lignocellulosic PolymeǊǎέΦ /ƘŀǇǘŜǊ уΦ 9ŘƛōƭŜ CƛƭƳǎ ŀƴŘ /ƻŀǘƛƴƎǎΥ 
Fundamentals and Applications. M.P Montero, M.C Gomez-Guillen, M.E Lopez-Caballero, G.V. Barbosa-
Canovas. Eds. CRC. 2016.  
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Laccases, EC 1.10.3.2, CAZY family AA1, are blue multicopper oxidases that catalyze oxidation of 

phenolic groups in lignin to phenoxyl radicals during reduction of O2 to H2O [1]. In fungal 

laccases, the T1 copper site in the enzyme and the redox potential define the ability of the 

enzyme to catalyze the abstraction of electrons from phenolic substrates, and the trinuclear 

cluster allows for the copper-catalyzed oxidoreduction reaction [2,3]. We used electron 

paramagnetic resonance spectroscopy (EPR) for real time measurement of enzymatic radical 

formation on different types of lignin by fungal laccases derived from Trametes versicolor and 

Myceliophthora thermophila, respectively, and showed that such measurements can be used to 

assay laccase catalyzed radical formation in lignin [4]. The radical formation activity was 

ƛƴŘŜǇŜƴŘŜƴǘ ƻŦ ǘƘŜ ŜƴȊȅƳŜΩǎ ǊŜŘƻȄ ǇƻǘŜƴǘƛŀƭ ώпϐΦ By EPR on biorefinery lignin samples, we also 

examined the influence on laccase catalyzed radical formation of mediators, 1-

hydroxybenzotriazole (HBT), N-hydroxyphthalimide (HPI), 2,2,6,6-tetramethylpiperidin-1-yloxy 

(TEMPO), and 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS), presumed to act 

by shuttling electrons between the laccase and subunits in lignin that the laccase enzymes 

cannot approach directly. ABTS addition produced confounding EPR signals, but laccase-

mediator treatments with 500 µM N-OH type mediators (HPI or HBT) did not affect the radical 

formation whereas high doses of 5 mM HPI or HBT surprisingly led to significantly decreased 

radical formation rates and lowered steady state radical concentrations [5]. Laccase-TEMPO 

treatment at a 5mM mediator dose significantly increased steady state radical concentration 

and rate of radical formation on beech organosolv lignin [5]. The data suggest that electron 

shuttling by mediators is not a significant general mechanism for enhancing laccase catalyzed 

oxidation of biorefinery lignin substrates. The EPR results thus provide both a new real time 

laccase assay and a new view on mediator functions in laccase catalyzed lignin modification. 

[1] Munk L et al., Biotechnol. Adv., 2015, 33, 13. 

[2] Jones S and Solomon E, Cell. Mol. Life Sci., 2015, 72, 869.  

[3] Sitarz AK et al., Crit. Rev. Biotechnol., 2016, 36, 70. 

[4] Munk L et al., Enzyme Microb. Technol., 2017, 106, 88. 

[5] Munk L et al., Enzyme Microb. Technol., 2018 in press  
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Bernard Henrissat2, Jean-Guy Berrin1 

1INRA, Biotechnology and Fungal Biodiversity, Marseille, France 

2CNRS, AFMB, Marseille, France 

Plant polysaccharides are the most abundant renewable carbon source on earth and are highly 

ǊŜƭŜǾŀƴǘ ǘƻ ŦŀŎŜ ǘƻƳƻǊǊƻǿΩǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƻƴŎŜǊƴǎΦ IƻǿŜǾŜǊΣ ǘƘŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ƴŜŜŘŜŘ ǘƻ 

convert plant carbohydrates into valuable products that can then be utilized in emerging 

biorefineries face several challenges due to the recalcitrance of biomass to enzymatic 

deconstruction. In this context, one of our objectives is to identify and characterize novel 

biocatalysts from fungal natural diversity. Fungal strains efficiently converting the 

polysaccharide fraction of biomass are deeply investigated using comparative post-genomic 

approaches [1-3]. Correlation between -omics data and markers of biomass recalcitrance enable 

us to select promising hydrolases and oxidases encountered in fungal secretomes. Special 

attention is given to lytic polysaccharide monooxygenases (LPMOs) that are considered as a 

breakthrough in the enzymatic degradation of biomass because they oxidatively cleave 

glycosidic linkages that render plant biomass more susceptible to hydrolysis by conventional 

cellulases [4-5]. The novel enzymes identified are heterologously expressed in Pichia pastoris 

taking advantage of the in-house medium-throughput expression system allowing small-scale 

expression of recombinant enzymes. The mechanism of action of the most efficient enzymes is 

studied in depth using multi-disciplinary approaches (i.e., biophysics, protein crystallography 

and bio-inorganic chemistry). These investigations give insights into the substrate specificity, 

catalysis and biological function of the targeted enzymes. Production of the most-promising 

enzymes is up-scaled in bioreactors to facilitate their integration into bioprocesses. 

Biotechnological applications are directed towards the improvement of plant biomass 

saccharification and the production of renewable materials. 

[1] Navarro D et al., Biotechnology for Biofuels, 2014, 7, 143 

[2] Couturier M et al., Biotechnology for Biofuels, 2015, 8, 216 

[3] Berrin JG et al., Carbohydrate research, 2017, 448, 155 

[4] Ladevèze S et al., Biotechnology for Biofuels, 2017, 10, 215 

[5] Couturier M et al., Nature Chemical Biology, 2018, 14, 306  
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Thomas Méline1, Valentin Loux2, Laurent Guttierez3, Gaëlle Mongelard3, Pedro Couthino4, 

Christelle Doliwa1, Caroline Rémond1, Ludovic Besaury1, Harivony Rakotoarivonina1 

1Chaire AFERE, FARE Laboratory, Université de Reims Champagne-Ardenne, INRA, Reims France, 

2MAIAGE Laboratory, INRA Jouy en Josas, France 

3CRBBM, Université Jules Verne Amiens France 

4AFMB Laboratory, Université Aix ςMarseille, CNRS Marseille, France 

Enzymatic reactions to transform biomass components require the identification of robust and efficient 

biocatalysts. Thermostable enzymes offer potential benefits in the hydrolysis of lignocellulose as they are 

more resistant to extreme bioprocessing. Hemicelluloses could form a physical barrier preventing the 

hydrolysis of cellulose polymers within lignocellulosic biomass. It is necessary to deconstruct them 

specifically to improve the biomass upgrading (by allowing accessibility of cellulases and by liberating 

components from hemicelluloses). Thermobacillus xylanilyticus is a Gram positive thermophilic and 

ƘŜƳƛŎŜƭƭǳƭƻƭȅǘƛŎ ōŀŎǘŜǊƛǳƳ ŀōƭŜ ǘƻ ƎǊƻǿ ƻƴ ǎŜǾŜǊŀƭ ǎǳōǎǘǊŀǘŜǎ ƛƴŎƭǳŘƛƴƎ ǎƛƳǇƭŜ ǎǳƎŀǊǎ όƎƭǳŎƻǎŜΣ ȄȅƭƻǎŜΧύ 

and complex polysaccharides such as xylans [1]. This bacterium can grow onto a variety of plant derived 

feedstocks like wheat bran and straw by exhibiting rapid growth [2]. The hemicellulases produced by this 

bacterium are thermostable and able to release efficiently pentoses and ferulic acid from lignocellulosic 

biomass [3, 4]. We developed a combination of genomic, transcriptomic and other physiological (growth 

and enzyme production) approaches to determine the behavior of T. xylanilyticus while using 

lignocellulosic biomass as well as complex and soluble sugars. The size of the genome after sequencing 

was 4Mbp representing 3900 genes predicted. High lignocellulolytic potential was observed with 162 

CAZYmes encoding (carbohydrate metabolism) and 114 oxido-reductases putative genes (that could play 

a role in the lignin biotransformation). T. xylanilyticus does not possess genes encoding for cellulase 

activities. A RNA-sequencing approach has been developed to study the expression of lignocellulolytic 

genes by the bacteria through its growth on two chemically-contrasted lignocellulosic biomasses (wheat 

bran and wheat straw) as well as on xylan and glucose The results demonstrate the involvement of seven 

identical core enzymes whatever the complex substrates to be deconstructed. The expression of other 

hemicellulolytic enzymes change with the substrates showing an adaptation of lignocellulolytic enzyme 

expression with the biomass used. These results indicate the importance of using different biomass 

sources to encourage the production of specific and tailor made enzymatic cocktails. The strategies 

identified by these combinatorial approaches could be applied for further efficient biotechnological 

deconstruction of lignocelluloses. 

[1] Touzel, J.-P., et al., International Journal of Evolution and Systematic Biology, 2000. 50(1): p. 315-320 

[2] Rakotoarivonina, H., et al., Microbial Cell Factories, 2012. 11 

[3] Dupoiron, S., et al., Industrial Crops and Products, 2017. 105: p. 148-155 

[4] Rakotoarivonina, H., et al., Applied Microbiology and Biotechnology, 2016. 100(17): p. 7577-7590  
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Camille Alvarado1, Sylvie Durand1, Paul Robert1, Luc Saulnier1, Marie-Françoise Devaux1 

1UR1268 BIA, INRA, Nantes, France 

2Synchrotron SOLEIL, Gif-sur-Yvette, France 

The enzymatic conversion of lignocellulosic materials for the production of chemicals and fuels 
in replacement of petroleum feedstock is a very promising approach due to high enzyme 
selectivity and mild conditions of implementation. However, the efficiency of enzymatic 
degradation on plant cell walls is low. In the last decade, many efforts have been devoted to the 
understanding of biomass recalcitrance to enzymatic degradation but no consensus has been 
reached on the most important features explaining it. Biomass is most often considered as a 
bulk material and it would be helpful to take into account the diversity and heterogeneity of 
plant cell walls, and the dynamic of enzymatic degradation. 
In the present work [1], the enzymatic degradation of lignocellulosic biomass has been imaged 
without labelling the enzyme or the cell walls thanks to synchrotron facilities. Excitation at 
275 nm allowed autofluorescence recovery for protein and phenolics, and multichannel imaging 
to highlight concomitantly the presence of enzymes on cell walls and the changes of cell walls. 
Image analysis was used to quantify the variations of fluorescence intensity. In parallel, 
microfluidic FT-IR microspectroscopy allowed time-lapse tracking of local changes of the cell wall 
polysaccharides during degradation. The presentation will show the degradation dynamics by a 
cellulolytic/hemicellulolytic preparation. Consistent variations in the enzyme concentration 
were found locally in cell cavities and their surrounding cell walls. The quantification of 
fluorescence intensity showed that the enzymes were not evenly distributed and take into 
account the cell wall heterogeneity, not only from one cell type to another but also on a given 
cell. 

[1] Devaux MF et al., Front. Plant Sci. 2018, 9:200  
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[ŀōƻǊŀǘƻƛǊŜ ŘΩ9ǘǳŘŜ Ŝǘ ŘŜ wŜŎƘŜǊŎƘŜ ǎǳǊ ƭŜ aŀǘŞǊiau Bois, Faculté des Sciences et Techniques, Université 
ŘŜ [ƻǊǊŀƛƴŜΣ .ƻǳƭŜǾŀǊŘ ŘŜǎ !ƛƎǳƛƭƭŜǘǘŜǎΣ рпрлл ±ŀƴŘǆǳǾǊŜ-lès-Nancy, France 

Steam explosion (SE) is currently one of the most valuable and cost effective pretreatment 
technologies for cellulosic bioethanol production. After impregnation, biomass is treated with 
hot steam (around 200°C) under pressure (around 1.5-3 MPa) during few minutes followed by 
an explosive decompression. The effect of SE on biomass combines a chemical hydrolysis during 
the stream treatment and defibration during the explosive decompression to make the cellulose 
more amenable to enzymes. This technology is currently developped at the commercial scale 
(continuous processes) in Italy (beta renewables) and in the USA (Abengoa) for biofuel 
production from lignocellulosic feedstocks. 
In this paper we will demonstate that beyong bioethanol, steam explosion could be considered 
as a versatile technology for lignocellulosics deconstruction for different advanced applications. 
The examples given include current on-going works from our group : 
- the production of fine hemp fibers (cottonisation of hemp) for textile applications : the 
optimization of elementary water- or NaOH-impregnated hemp fibers extraction using SE is 
described. An original quantification method was developed in order to follow the defibration 
rate by image processing. Defibration was evaluated and optimized using systematical 
experimental method for the production of superior quality fibers with a low variability. 
- the pretreatment by SE of phytoremediation lignocellulosic feedstocks (heavy metals 
contaminated) for the production of bioethanol and fibrous materials. The influence of the 
severity of the SE process on the composition in metals of the fibrous cellulosic residues was 
examined. The residual metal effect on the enzymatic hydrolysis of cellulose into glucose and 
on the fermentation step was also investigated. 
- the extraction of biopolymers from biomass in control conditions. SE appeared to be a selective 
and non desctructive method for the extraction and solubilisation of high molecular mass 
biopolymers (hemicelluloses, proteins, lignin). 

[1] Toward the cottonisation of hemp fibers by steam explosion - Part 1 - Defibration and morphological 

characterization. Thibaud Sauvageon, Jean-Michel Lavoie, César Segovia and Nicolas Brosse. Textile 

Research Journal 2017. Pretreatment of trace element-enriched biomasses grown on phytomanaged soils 

for bioethanol production, Mohammad Asad, Zahra Menana, Isabelle Ziegler-Devin, Valérie Bert, Michel 

Chalot, Rolf Herzig, Michel Mench, Nicolas Brosse, Ind Crops Prod, 2017, 107, 63-72  

  



41 

Session 3: Physical, chemical and biological deconstruction of lignocellulose 

Oral communication 

Preserving the structural variability in maize stalk through dry 

fractionation processes 
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2EPSEB, Universitat Politècnica de Catalunya, Av. Dr. Marañón 44-50, 08028 Barcelona, Spain 

The composition and the structure of biomass makes it a wonderful source of raw materials for 

the production of energy or bio based material. As examples, the most inner part (the pith) of 

corn stalk, an agricultural by-product, shows an alveolar structure, similar to those of expanded 

polystyrene, responsible of insulating properties [1,2]. On other example are the vascular 

bundles of the pith and the ring, which also insure, a mechanical support for the plant, making 

them particularly interesting for reinforcement of composite materials. One of the challenges is 

to recover each plant part without damaging its structure to preserve the original properties. 

This can be achieve by dry fractionation processes, which allow to dissociate plant structures at 

the relevant scale, between 0.5-4mm. Dry fractionation diagram combining grinding (based on 

shearing solicitation) and separation step (based on size and density) have been developed at 

the kilogram scale in order to separate the rind from the pith of maize stem internode while 

preserving pith alveolar structure. The fractions with particle size higher than 1 mm, contain 

more than 92 % of pith and represent 41% of the initial pith. In addition, in the finest fractions 

(particle size < 1mm), the pith vascular bundles are dissociated from parenchyma cells, and a 

successful isolation of the vascular bunds has been realized using an electrostatic separator. The 

fractions containing the biggest pith particles were retained to produce thermal insulating 

materials, which present a thermal conductivity around 0.04 W/mK, close of those of 

commercial thermal insulating materials.  

[1] N. Mati-Baouche N. et al. Ind. Crops. Prod., 58 (2014) 244-250 

[2] M. Palumbo. (2015). Contribution to the development of new bio-based thermal insulation materials 

made from vegetal pith and natural binders: hygrothermal performance, fire reaction and mould growth 

resistance. Universitat Politècnica de Catalunya, Barcelona, Spain 
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Ezinne Achinivu, Erika Clavijo Rivera, Amandine Flourat, Florent Allais 

Chaire ABI - Agro Biotechnologies Industrielles, AgroParisTech, CEBB 3 rue des Rouges Terres 51110 

Pomacle, France 

The objective of this research project was to develop a cost-effective and sustainable integrated 

ǇǊƻŎŜǎǎ ŦƻǊ ǘƘŜ ŜȄǘǊŀŎǘƛƻƴ ŀƴŘ ǊŜŎƻǾŜǊȅ ƻŦ ǎƛƴŀǇƛŎ ŀŎƛŘ ŦǊƻƳ ƻƭŜŀƎƛƴƻǳǎ άƻƛƭ-ōŜŀǊƛƴƎέ ōƛƻƳŀǎǎ as 

a value added chemical alongside cellulose and lignin. Waste products like mustard bran and 

canola meal are rich in sinapine (~15 mg/g), a derivative of sinapic acid, which has the potential 

to serve as a value-added product for applications in the cosmetic, the plastic and the 

pharmaceutical industries due to its antioxidant and anti-UV properties. 

By employing an optimized chemo-enzymatic technique, sinapine was effectively liberated and 

completely converted into sinapic acid. Following this, the sinapic acid was recovered using an 

extensively optimized membrane filtration technology involving nanofiltration and diafiltration. 

Lastly, the residual biomass (fats, cellulose, lignin) were also fractionated and characterized for 

their use in other products. With these unique approaches in fractionation, separation and 

process integration, the process developed has an improved efficiency, cost effectiveness and 

environmental impact. The establishment of these processes can lead to new technology 

developments, and economic opportunities, which can, in turn, enable the cost-effective 

production of advanced bioproducts. 
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Lignocellulose deconstruction and the importance this has on 

maximising the use of chemical functionality in bio-based platform 

molecules 
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The key to future successful biorefineries will be a combination of the ability to handle varied 

and diverse feedstocks and to also produce a wide range of products. In doing so the ambition 

will be to utilise all component parts of feedstock, but as we know the chemical composition of 

biomass is incredibly diverse. At the heart of these future biorefineries will be the production to 

a range of Platform Molecules, these being fundamental building blocks of a bio-economy. 

Although in essence platform molecules would seem analogous to fossil-derived base chemicals, 

they are in fact vary different [1]. For example, high heteroatom content of platform molecules 

means they contain significantly more functionality, this something we must embrace and not 

seek to remove. The platform molecules that can derived from your biomass are also 

determined by the feedstocks chemical composition, and most important of all how you process 

the feedstock. As such careful, selective, sequential deconstruction is required to maximise 

feedstock utilisation. This talk will highlight the value of the diverse chemical functionality of 

platform molecules [2]. It will also focus on how different components of lignocellulose lead to 

different products and therefore why we need effective, selective and controlled separation of 

lignocellulose to form platform molecules. 

[1] Farmer TJ, Mascal M, Chapter 4: Platform Molecules, Clark J.H. and Deswarte, F.E.I (eds.), Introduction 

to Chemicals from Biomass, Second Edition, John Wiley and Sons Ltd., 89, 2014 

[2] Farmer TJ et al., Int. J. Mol. Sci., 2015, 16(7), 14912; Farmer TJ et al., Polym. Chem., 2016, 7, 1650; Wu 

L et al., ChemSusChem, 2017, 10, 166; Pérocheau Arnaud S et al., Faraday Discussions, 2017, 12902; Byrne 

F et al., Green Chem., 2017,19, 3671 
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France 

Biorefinery concept is built around sustainable strategies of lignocellulosic biomass (LCB) 

transformation. The economic viability includes the development of eco-responsible processes 

targeting the three major constitutive components of LCB: cellulose, hemicellulose and lignin. 

In this context, sequential and simultaneous strategies were developed including a rational 

selection of Room Temperature Ionic Liquids (RTILs) and (hemi)cellulolytic enzymes. These 

approaches were applied to representative LCBs including agricultural or forestry residues and 

dedicated crops.  

Sequential strategy consisted in RTIL-pretreatment implemented in mild conditions (110 °C; 

40 min) followed by enzymatic hydrolysis. Whatever the targeted LCB, pretreatment induced a 

significant improvement of cellulase-catalyzed hydrolysis performances. The glucose yields were 

4 to 8 higher depending on biomass as compared to untreated [1-3]. Chemical composition and 

structural studies of pretreated LCBs evidenced a lignocellulosic matrix disorganization rather 

than fractioning. According to the crystallinity index variations induced by the pretreatment, the 

improvement of enzymatic saccharification cannot be exclusively linked to an increase in the 

amount of amorphous regions of cellulose. For wheat straw, the addition of one supplementary 

xylanase-catalyzed step in the sequential strategy led to efficient xylose production with very 

competitive yield (97.6%) and a subsequent total enzymatic saccharification of constitutive 

cellulose (glucose yield > 99%) [3]. The combination of this strategy with other pretreatments 

such as subcritical water or reactive extrusion is also investigated to evaluate their 

complementarity [4].  

Otherwise, tolerance of cellulases and xylanases to RTIL was demonstrated. In view of reducing 

the RTIL amount and the number of steps, simultaneous strategy combining RTIL pretreatment 

and enzymatic hydrolyses in a one-batch process was proposed. This route provided promising 

sugar yields in comparison with the sequential strategy [5]. This effectiveness was suggested to 

be governed by a compromise between better substrate accessibility and enzyme deactivation.  

[1] T. Auxenfans et al. (2014). Biomass Bioenergy. 62, 82. 
[2] T. Auxenfans et al. (2014). Energy Conv Managment. 88, 1094. 
[3] E. Husson et al. (2018). Bioresour Technol. 251 280. 
[4] E. Husson, C. Sarazin, H. Ducatel, I. Murrieta-Pazos, G. Ravot (2017). Patent FR17/50296  
[5] T. Auxenfans et al. (2017). Biochem Eng J. 117, 77.  
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Vincent Phalip, Renato Froidevaux 

University ƻŦ [ƛƭƭŜΣ Lbw!Σ L{!Σ ¦ƴƛǾŜǊǎƛǘȅ !ǊǘƻƛǎΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ [ƛǘǘƻǊŀƭ /ƾǘŜ ŘΩhǇŀƭŜΣ 9! тофп, ICV (Institut 

Charles Viollette), 59000 Lille, France 

The industrial exploitation of lignocellulosic biomass for platform molecules production is 

currently facing two major bottlenecks [1]: the plant cell wall chemical composition is extremely 

complex and its degradation therefore requires the combination a large variety of enzymatic 

activities [2]existing methods for high-throughput screening of such cocktails are not applicable 

to complex substrates. We therefore propose an innovative high-throughput screening 

methodology for the rapid design of enzymatic cocktails, based on the interaction between fungi 

and biomass in a submerged manner and that can be applied to any kind of biomass without 

extensive pre-treatment. This approach, developed on the REALCAT platform, uses the 

BioLector® as core equipment. This device enables the screening of up to 48 fermentations of 

fungi/biomasses couples per batch, in a small-scale format, and is totally automated. 

As proof of concept, we tested one plant pathogen, Zymoseptoria tritici, and two species well 

known for their ability to produce a wide range of cell wall degrading enzymes, Aspergillus niger 

and Mucor circinelloides, with wheat straw has complex model substrate [1ς3]. The biomass was 

grinded before use to reduce the particle size, but no further treatment was applied. Cultivation 

was performed in a submerged mode by adding the minimal medium M3. In order to 

characterize the cocktails produced, fermentation supernatants were sampled over time, and 

enzymatic activities were determined using 7 different model substrates (AZO-xylan, AZO-

cellulose, AZO-rhamnogalacturonan, AZO-barley glucan, AZO-casein, pNP-glucopyranoside and 

pNP-xylopyranoside) in a high-throughput automated colorimetric assay. Control fermentations 

were done in flasks, and results finally showed equivalent to higher enzymatic activity 

production with our new approach. With a much smaller volume (1.4 mL against 100 mL) and 

equivalent enzyme production, this automatable method proves to be very efficient for the high-

throughput screening and design of fungal enzymatic cocktails toward a wide range of biomass 

complex substrates. 

[1] Archer DB, Curr Opin Biotechnol. 11 (2000) 478 

[2] Siah A et al., , Commun Agric Appl Biol Sci. 74 (2009) 693 

[3] Jung JY et al., Int. J. Food Microbiol. 185 (2014) 112  
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Soils are an essential resource for our societies and at the cross road of major challenges: food 

security, renewable energy provision, water security, biodiversity maintenance and climate 

change. Indeed, soils contain twice as much carbon as the atmosphere and could then 

contribute to mitigating climate change by storing more carbon in the form of soil organic 

matter. This has been recently emphasized by the 4p1000 initiative proposed at the COP21, 

which fosters the preservation and increase of the organic matter content of soils for food 

security, adaptation to and mitigation of climate change 

Plant biomass is the main source of soil organic matter and lignocellulosic biomasses the main 

source of organic carbon to soils. Maintaining or increasing the inputs of plant biomass to soils 

is therefore crucial, at the local scale for soil fertility and biodiversity and other ecosystem 

services, and at the global scale for climate change mitigation. This can be achieved in 

agricultural soils through an increased primary production with adequate agricultural practices 

(e.g. cover crops, agroforestry), while ensuring sufficient plant residue return to the soil. Recent 

results show that increasing plant biomass inputs to soils is more effective to increase soil 

organic carbon stocks than no tillage practices.  

How much biomass should be returned to soil to maintain or increase its carbon stocks and its 

fertility? What are the effects on soil fertility and soil carbon stocks of returning more or less 

processed biomass to soil (e.g. straw, compost, digestate..)? Where should the biomass be 

returned to soil in priority at the landscape scale? These are questions and challenges to be 

explored for an optimized management of lignocellulosic biomasses in a bioeconomy addressing 

global challenges. 
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Forest soils represent important terrestrial carbon (C) pools where C is primarily fixed in the 

plant-derived biomass [1]. This is why lignocellulose represents the most important complex 

source of organic matter in this environment that is typically utilized by fungi and bacteria. Both 

fungi and bacteria are involved in the assimilation and mineralization of C from lignocellulose as 

well as other major complex sources existing in soil. Decomposer fungi are, however, better 

suited to utilize lignocellulose, whereas the ability to utilize fungal and bacterial biomass is more 

frequent among bacteria [2]. The enzymatic systems for lignoellulose decomposition in forest 

soils are complex and highly redundant and individual families of decomposer genes are typically 

produced by hundreds or even thousands of microorganisms. While fungi seem to dominate the 

pool of transcribed ligninolytic enzymes, bacteria have an equal importance in the production 

of cellulases and hemicellulases [3]. Indeed, the ability to decompose cellulose and other plant 

polysaccharides is common among bacteria inhabiting plant litter and the organic layer of soil. 

Interestingly, the enzymatic systems of bacteria can be highly variable in composition, ranging 

from simple to very complex ones [4] and give some of their producers the ability to efficiently 

decompose even such complex compounds as crystalline cellulose [5]. It appears that 

lignocellulose decomposition in forest soil is a collaborative process where a wide range of 

microbial taxa collaborate and this environment still represents a largely unexplored source of 

biotechnologically relevant strains. 

[1] Baldrian P, FEMS Microbiol. Rev., 2017, 41, 109 

[2] López-Mondéjar R et al., ISME J., 2018, doi:10.1038/s41396-018-0084-2 

ώоϐ ¿ƛŦőłƪƻǾł [ et al., Microbiome, 2017, 5, 122 

[4] López-Mondéjar R et al., Sci. Rep., 2016, 6, 25279 

[5] López-Mondéjar R et al., Biotech. Biofuels, 2016, 9, 104 
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2Polytechnic Institute UniLaSalle, Rouen campus, Agroecology Hydrogeochemistry Environment and 

Ressources research unit (AGHYLE), Agroecology team (UP 2018.C101), 3 Rue du Tronquet, 76130 Rouen 
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Industry, transportation or building sectors consume fossil fuels and generate waste and 
pollution. The use of 100% biobased materials in these fields is an ecological alternative to fossil 
materials and prevents resources depletion [1]. Nevertheless, the end-of-life issue of these 
agromaterials is to be considered in waste management.  
In this context, we imagined a biological recycling of an agromaterial made for the building 
sector. Indeed, agricultural soils provide many services, such as providing food and materials for 
human needs. They can also contribute to the greenhouse gases mitigation through carbon 
storage following organic matter incorporation (organic waste, crop residues) [2].  
In this study, we separated sunflower stems into: the bark (outer stem part) and the pith (inner 
stem part), then used pith for designing the building agromaterial. Our aim was to compare soil 
response when we introduce the pith and its corresponding agromaterial through carbon and 
nitrogen dynamics and microbial community monitoring. 
Various methods were used to characterize both biomasses. The decomposition study was 
inspired by the French standard XP U44-163 [3]. It was conducted in microcosms under 
controlled conditions (28 C° and 83 incubation days). Carbon and nitrogen mineralization were 
monitored at several dates. For microbial communities dynamics, various measurements were 
carried out (microbial carbon, total DNA, bacterial DNA, fungal DNA and B-Glucosidase) on 5 
incubation dates (0, 8, 21, 49 and 83 days). 
The agromaterial presented higher mineralization rates than the pith. However, the measured 
biological indicators seemed little affected by the biomass type. Our results suggest that the 
manufacturing process may have induced some biochemical modifications of the original 
material, favoring the C mineralization, but not enough for observing important microbial 
differences. The decomposition rate of the pith agromaterial also shows that the biological 
recycling we are proposing may be a suitable way of waste management. 

[1] H. Lenormand, A. Mahieu, N. Leblanc, A. Vivet, Nouvelles agroressources pour panneaux de particules 

100% biosourcés, in Matériaux 2014 

ώнϐ bΦ tŀǎŎŀǳƭǘΣ wŞǇƻƴǎŜ ŘŜǎ ŎƻƳƳǳƴŀǳǘŞǎ ƳƛŎǊƻōƛŜƴƴŜǎ Řǳ ǎƻƭ Ł ƭΩŀǇǇƻǊǘ ŘŜ ǊŞǎƛŘǳǎ ŘŜ ŎǳƭǘǳǊŜΥ ƛƴŦƭǳŜƴŎe 

des pratiques agricoles et lien avec le fonctionnement biologique du sol, Dijon, 2010 

[3] AFNOR, Norme XPU 44-163. Amendements organiques et support de culture - Caractérisation de 

la matière organique par la minéralisation potentielle du carbone et de lΩŀȊƻǘŜΣ нллф  
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The use of plant fibers as hemp (Cannabis sativa L.) has spread to new applications as substitute 
of synthetic fibers. The field retting, a process during which hemp stems are displayed at the soil 
surface after harvest in mulches to be exposed to heat, soil humidity and microorganisms, is an 
economical and widely used natural pre-treatment in Europe. Retting consists in a selective 
microbial degradation of the bast plant tissues surrounding the fibers which aims to facilitate 
their separation. This process is regulated by environmental factors, such as local weather 
conditions and soil microbial colonization. However, most available information is still mostly 
empirical. Improving the understanding of plant characteristics, microbial colonization and 
environmental conditions influence ƻƴ ǊŜǘǘƛƴƎ ƛǎ ŜǎǎŜƴǘƛŀƭ ŦƻǊ ƛƳǇǊƻǾƛƴƎ ŦŀǊƳŜǊΩǎ ǊŜǘǘƛƴƎ 
management. 

The aim of this work was to study the relative importance of retting drivers. An experimental 
approach under controlled environmental conditions was set up to mimic agricultural and 
climatic scenario of retting. This experimental design allows to decoupling the environmental 
parameters and thereby avoiding confounding effects, so as to quantify the effects of their 
changes on the retting dynamics. The impact of crop harvest stage (flowering and maturity of 
the seed) on retting, was assessed through the microbial colonization dynamics of the stem 
surface and the bast tissues degradation using infrared spectroscopy and colorimetry. It 
revealed the progressive microbial colonization and degradation, revealed also by wet 
chemistry, microscopic analysis, and linked with enzymatic activities. Topsoil analyses also 
showed microbial activities and nutrient exchanges during the process. Retting of stems 
harvested at flowering stage was faster than that of stems harvested at the seed maturity stage. 
The experimental design proved to be adapted to carry-out hemp retting with other scenarii 
varying climatic conditions, soils and hemp characteristics, while quantifying of the induced 
effects on the retting dynamic. 

  



50 

Session 5: Lignocellulose as a source of biomolecules for energy and platforms molecules 

Keynote lecture 

½ŀƳōŜȊƛ .ƛƻǊŜŦƛƴŜǊȅΥ άtǳǊŜέ ƎƭǳŎƻǎŜ ŦǊƻƳ нnd generation feedstocks 

Ed de Jong 

Avantium, Amsterdam, the Netherlands; 

Avantium (www.avantium.com) is a high tech SME company known of their exploration into 
novel furan (YXY) chemistry, focused on efficient and low cost conversion of C6 sugars via HMF 
derivatives into the promising chemical key intermediate FDCA. FDCA can be used as building 
block for a wide range of applications including polyesters such as PEF, polyamides, resins and 
plasticizers [1]. Currently, Avantium is working to bring 100% biobased PEF bottles to the market 
and intends to commercialize the YXY process in a Joint Venture together with BASF.  

Many chemical building blocks can be produced from biomass, nowadays mainly from 1st 
generation based carbohydrates [2] but in the longer term brand-owners want to have the 
option to choose between 1st and 2nd generation feedstocks. The use of non-edible 
lignocellulosic feedstocks is an equally attractive source to produce chemical intermediates and 
an important part of the solution addressing ǘƘŜǎŜ Ǝƭƻōŀƭ ƛǎǎǳŜǎ όtŀǊƛǎ ǘŀǊƎŜǘǎύΦ !ǾŀƴǘƛǳƳΩǎ 
ǎǘǊŀǘŜƎƛŎ ƻōƧŜŎǘƛǾŜ ƛǎ ǘƻ ŘŜƭƛǾŜǊ ǿƛǘƘ ƛǘΩǎ нnd generation Zambezi technology the best in class 2G 
άǇǳǊŜέ ƎƭǳŎƻǎŜ ǘŜŎƘƴƻƭƻƎȅ ŦƻǊ όōƛƻ-)chemical & bioenergy applications for a sustainable future; 
in parallel delivering value generation from the implementation of this technology. All products 
streams should be marketed at their highest value [3]. In this presentation particular attention 
ǿƛƭƭ ōŜ ƎƛǾŜƴ ǘƻ ǘƘŜ ½ŀƳōŜȊƛ ǘŜŎƘƴƻƭƻƎȅ ŦƻǊ ǘƘŜ ǇǊƻŘǳŎǘƛƻƴ άǇǳǊŜέ нnd generation glucose, 
hemicellulose streams and lignin. Avantium has achieved a range of technological improvements 
on the concentrated mineral acid based process to make the process techno-economic 
competitive. A consortium consisting of AkzoNobel, RWE, Chemport Europe and 
Staatsbosbeheer has been established to bring this technology to commercial scale. As a first 
step a demonstration plant is being built in Delfzijl, the Netherlands to be operational in mid-
2018.  

[1] de Jong, E., Dam, M.A., Sipos, L., Gruter G-J.M. (2012) ACS Symposium Series "Biobased Monomers, 
Polymers and Materials" (eds Smith, P.B. and Gross, R.) 1-13. DOI: 10.1021/bk-2012-1105.ch001 

[2] de Jong, E., Higson, A., Walsh, P., Wellisch, M. (2012). Biofuels, Bioproducts & Biorefining 6: 606-624.  

[3] de Jong, E., Gosselink R.J.A. (2014) Lignocellulose-ōŀǎŜŘ ŎƘŜƳƛŎŀƭ ǇǊƻŘǳŎǘǎΦ LƴΥ ά.ƛƻŜƴŜǊƎȅ wŜǎŜŀǊŎƘΥ 
!ŘǾŀƴŎŜǎ ŀƴŘ !ǇǇƭƛŎŀǘƛƻƴǎέ όŜŘǎΦ DǳǇǘŀΣ ±ΦYΦΣ ŜǘΦ ŀƭΦύ Elsevier, Amsterdam, The Netherlands. pp. 277-313. 
ISBN: 978-0-444-59561-4. 
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Stephen G. R. Lawrence2, Christian Gunawan2, Ebbe Dommisse2 
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2Circa Group Pty Ltd, Bio21 Institute, University of Melbourne, Melbourne, Australia 

Levoglucosenone (C6H6O3 ς CAS No. 37112-31-5) is arguably the most valuable low molecular 
weight compound that can be produced by relatively simple processing of unrefined 
lignocellulose. First identified in the early 1970s [1,2] in the volatiles emitted by pyrolysing paper 
that had been treated with acidic fire retardants, levoglucosenone has taken 40 years to come 
into semi-commercial production [3]. The high reactivity of levoglucosenone, particularly 
towards the reactive chars that are produced as a by-product of lignocellulose pyrolysis, meant 
that all attempts to scale up the production of levoglucosenone beyond a few grams per day 
ŦŀƛƭŜŘΦ [ŜǾƻƎƭǳŎƻǎŜƴƻƴŜ ŎƻƴǎŜǉǳŜƴǘƭȅ ƭŀƴƎǳƛǎƘŜŘ ŀǎ ŀ ΨƭŀōƻǊŀǘƻǊȅ ŎǳǊƛƻǎƛǘȅΩ ŦƻǊ ǎŜǾŜǊŀƭ ŘŜŎŀŘŜǎΦ 
In 2009, the small Australian chemical company, Circa Group, rediscovered the chemical 
potential of levoglucosenone and set about developing a continuous catalytic flash pyrolysis 
process that would enable the chemical properties of levoglucosenone and its chemical 
derivatives to be exploited on a multi-tonne scale. Working initially with only three full-time 
research staff and minimal private investment capital, Circa has successfully developed the first 
continuous process for making levoglucosenone and its dihydro-derivative, trademarked as 
Cyrene®. Through collaboration with the groups of Prof. James Clark at the University of York [4], 
Prof Florent Allais at AgroParisTech [5] and at several Australian and UK universities [6-8], Circa 
has been able to demonstrate that Cyrene® has a potential market of many thousands of tonnes, 
primarily as a replacement for two toxic polar aprotic solvents, NMP and DMF, and also as a 
valuable chiral bio-based chemical intermediate. This lecture will describe how, by setting seven 
important boundary conditions on their R&D, Circa Group successfully developed using minimal 
resources the first continuous process for producing levoglucosenone to the point where Circa 
Group has now formed a joint venture with pulp and paper company, Norske Skog (Australasia), 
ǘƻ ōǳƛƭŘ ŀƴŘ ƻǇŜǊŀǘŜ ǘƘŜ ǿƻǊƭŘΩǎ ŦƛǊǎǘ ƭŀǊƎŜ-scale demonstration plant that will produce 50 
tonnes per year of Cyrene® and plans to build a 5,000 tonne per year commercial plant in 2019-
20. The unusual physicochemical and toxicological properties of levoglucosenone and Cyrene 
will also be described. 

[1] Tsuchiya Y and Sumi K, J. Appl. Polymer Sci., 1970, 14, 2003. 

[2] Briodo A et al, J. Org. Chem., 1973, 38(2), 204. 

[3] Court G R et al, US Patent 9,505,985 (29th Nov 2016) 

[4] Clark J H et al., Chem. Commun., 2014, 50, 9,650. 

[5] Allais F et al., Green Chemistry, 2018 in press 

[6] Greatrex B et al., J. Org. Chem.,. 2017, 82, 12,294 

[7] Banwell M G, et al, Aust. J. Chem., 2015, 68, 593 

[8] Watson, A J B, Synlett, 2017, 28, A - E  
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This presentation will discuss the development of a simultaneous lignin-to-fuel and chemicals 
conversion process which can be integrated into a biochemical based lignocellulosic biorefinery 
process. 
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Carbohydrates as the most abundant renewable resource represent an important basis for 

sustainable future production technologies. The joint project BBCHEM aims to develop the 

conversion of lignocellulosic raw materials to bio-based chemicals with the help of hydrothermal 

conversion processes. Based on the principal constituents of structural carbohydrates, i.e. 

glucose and xylose, the production of the target chemicals furfural and 5-hydroxymethylfurfural 

is investigated. Within the project, batch and continuous tubular reactors under high pressure 

and temperature were used to optimize carbohydrate conversion rates and product yields. A 

remarkable linkage of reactor setup and process parameters on carbohydrate conversion, target 

chemicals yields and side products (insoluble humins and organic acids) was found. 

Homogeneous acidic catalysts were found to significantly affect conversion and yields. In co-

conversion of C5 and C6 sugars, similar conversion was achieved pointing at a combined use of 

lignocellulosic carbohydrates within hydrothermal liquefaction. Challenges were found to be the 

decomposition of target chemicals and associated humins formation. The platform chemicals 

obtained are potential candidates for applications e.g. in bio-based thermoplasts and 

thermosets, as fuel additives or for solvents production. 
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1Chaire AFERE, FARE laboratory, University of Reims Champagne-Ardenne, INRA Reims, France 

2Institut de Chimie Moléculaire de Reims, CNRS UMR 7312, Université de Reims Champagne Ardenne, 
France 

3Laboratoire de Biophysique Moléculaire aux Interfaces, Gembloux Agro-Bio Tech, Université de Liège, 
Belgium 

Xylans are abundant polysaccharides in lignocellulosic biomass and their valorisation represents 

a key issue for the development of biorefineries. Xylans and their derivatives provide a large 

spectrum of applications in biorefineries, such as the production of fermentation products 

(ethanol, xylitol), prebiotics, or films for packaging materials [1]. Finding new applications for 

pentose-based molecules is still of interest and challenging for the valorisation of lignocellulosic 

biomass.  

In this context, our research is devoted to the enzymatic functionalization of pentoses into 
surfactants. Enzymatic pathways for the functionalization of sugars gain interest as they occur 
in one step with high selectivity. We developed a first approach dedicated to transglycosylation 
reactions catalysed by hemicellulases in the presence of alcohols. This allowed producing various 
alkyl pentosides and oligopentosides from xylans [2, 3]. In another approach, we developed the 
synthesis of pentose-based esters with lipases in presence of xylose, arabinose or xylo-
oligosaccharides and esterified fatty acids [4]. Synthesis of alkyl pentosides and pentose-based 
esters was also developed directly from lignocellulosic biomass such as wheat bran. Our results 
indicate that both alkyl pentosides and pentose-based esters exhibit interesting surfactant 
properties for applications as ingredients for detergency, cosmetics, ... Furthermore, these non-
ionic bio-based surfactants are not toxic and are biodegradable. These studies are currently 
developed in the European Interreg ValBran project. 

[1] Deutschmann, R. and R.F.H. Dekker, From plant biomass to bio-based chemicals: Latest developments 
in xylan research. Biotechnology Advances, 2012. 30(6): p. 1627-1640. 

[2] Ochs, M., et al., Enzymatic synthesis of alkyl beta-D-xylosides and oligoxylosides from xylans and from 
hydrothermally pretreated wheat bran. Green Chemistry, 2011. 13(9): p. 2380-2388. 

[3] Muzard, M., et al., Evaluation of the transglycosylation activities of a GH 39 beta-D-xylosidase for the 
synthesis of xylose-based glycosides. Journal of Molecular Catalysis B-Enzymatic, 2009. 58(1-4): p. 1-5. 

[4] Méline, T., et al., D-Xylose and L-arabinose laurate esters: enzymatic synthesis, characterization and 
physico-chemical properties. Enzyme and Microbial Technology, 2018. 112: p. 14-21. 
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Christian Gunawan3, Warwick Raverty3, Martyn Jevric4, Jon Stewart2, Ben Greatrex4, 

Florent Allais1 

1Chaire ABI ς AgroParisTech, CEBB, Pomacle, France 

2Department of Chemistry, University of Florida, Gainesville, Florida, USA 

3Circa Group Pty Ltd, Coburg, Victoria, Australia  

4School of Science and Technology, University of New England, Armidale, New South Wales, Australia 

Levoglucosenone (LGO), an renewable enantiomerically pure h Σʲ-unsaturated ketone, can be 
ŜŦŦƛŎƛŜƴǘƭȅ ǇǊƻŘǳŎŜŘ ŦǊƻƳ ŎŜƭƭǳƭƻǎƛŎ ōȅǇǊƻŘǳŎǘǎ ōȅ ǘƘŜ CǳǊŀŎŜƭƭ ǇǊƻŎŜǎǎϰ ŘŜǾŜƭƻǇŜŘ ōȅ /Lw/! 
Group [1]. This highly dehydrated sugar has been used previously in the preparation of chiral 
synthons such as (-)-y-multistriatin and (+)-Prelog-Djerassi lactonic acid.  

Interestingly Baeyer-Villiger reaction on levoglucosenone and its dihydro derivative (aka 2H-LGO 
or Cyrene®) provides (S)- -ɹhydroxymethyl-ʰΣʲ-butenolide (HBO) and (S)- -ɹhydroxymethyl-ʰΣʲ-
butyrolactone (2H-HBO), respectively, which are valuable chiral chemical platforms suited for 
the synthesis of polymers, drugs, flavors and antiviral agents to name a few. Nevertheless, 
classical Baeyer-Villiger oxidation uses harmful peroxides such as m-chloroperoxybenzoic acid 
(m-CPBA), thus limiting its suitability for the production of HBO at the industrial scale.  

Herein, we report sustainable and efficient synthetic processes allowing the multi-kilo scale 
production of HBO and 2H-HBO using organic solvent- and catalyst-free Baeyer-Villiger 
oxidation [2], lipase-mediated Baeyer-Villiger oxidation [3] and whole cells bioconversion [4]. 
The chemo-enzymatic transformations of HBO and 2H-HBO into valuable chiral fine chemicals 
such as flavors, chiral epoxides [5] and rare sugars will also be described. 

[1] Court G. R. et al. US Patent US20120111714, January, 6th 2011 

[2] (a) Bonneau G. et al. Green Chemistry 2018, in press ; (b) Allais F. et al. WO2018007764, January, 11th 
2018 

[3] (a) Flourat A. L. et al. Green Chemistry 2015, 17, 404 ; (b) Teixeira A. R. S. et al. Frontiers Chem. 2016, 
4, 16 

[4] Allais F. et al. Patent Pending 

[5] Peru A. M. M. et al. Molecules 2016, 21, 988 
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Our group developed a series of biobased epoxy resins from readily renewable building blocks 
that have tunable properties for a range of applications. One route builds from levulinic acid a 
series of diglycidal ether diphenolate esters (DGEDP-esters). The ester group provides a simple 
approach to tune epoxy monomer viscosity as well as cured resin properties [1]. Combinations 
of DGEDP-methyl ester with a biobased epoxy cardanol resin provide an approach to 
dramatically enhance cured epoxy resin toughness relative to either of the neat resins [2]. The 
properties of DGEDP-pentyl ester was expanded by its combination with the monofunctional 
glycidyl ether of eugenol (GE) that functioned as a reactive diluent [3]. Using this reactant diluent 
to adjust the viscosity and cure time, the resins were utilized in a vacuum infusion molding 
process with plain woven glass fiber mats to fabricate a glass fiber/epoxy resin composite [4]. In 
addition, studies were performed using Bacterial Cellulose as a reinforcement matrix.  
Given the growing importance of structural capacitors, the potential replacement of DGEBA 
structural dielectric materials with DGEDP-esters (i.e. methyl, ethyl, propyl and butyl esters) was 
studied.  Broadband dielectric spectroscopy revealed that DGEDP-propyl has the highest 
dielectric constant in the series, comparable to DGEBA. Differences in the dielectric properties 
of DGEDP-esters is attributed to the interplay of segmental, small local, and side-chain motions 
on one hand and free volume and steric hindrance on the other. The introduction of surface 
amine functionality to cellulose nanocrystal allowed for the preparation of DGEDP-ester 
nanocomposites [5]. The resulting thermomechanical properties of epoxy nanocomposites with 
amine functionalized cellulose nanocrystal were 7 times greater than nanocomposites prepared 
using unfunctionalized cellulose nanocrystals.  Finally, the use of DGEDP-esters as components 
in structural adhesives was studied. The components consisted of a DGEDP ester, 
bis(furfurylamine) and modified cellulose nanocrystals. By manipulation of the structures and 
formulation composition, we obtained a biobased structural adhesive with suitably high 
viscosity, decreased cure time and adhesion that competes with commercial adhesive systems.  
The thermomechanical properties of these materials determined by DSC, DMA, tensile testing, 
fracture toughness will be discussed. Control of epoxy resin viscosity enabled the use of selected 
epoxy resin formulations discussed above for the preparation of fiber infused epoxy resin 
materials. 

[1] Maiorana et al. Biomacromolecules 2015, 1021-1031.  

[2] Maiorana et al. Green Materials 2015 3(3), 80-92.  

[3] Maiorana et al. Journal of Applied Polymer Science 2016 133(45) 1097-4628. 

[4] Yue et al 2017 Part A: Applied Science and Manufacturing 100, 269-274.  

[5] Yue et al Polymer 2018 134, 155-162. Smith A et al., J. Biol., 2017, 25, 1470  
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Lignin is the most abundant aromatic biopolymer in the world and the second most abundant 
natural polymer after cellulose. Lignin is a complex bio-polyol which is extracted from the non-
food grade biomass, such as vegetable straw and wood. Due to its high molecular weight and its 
complex structure, those hydroxyl functional groups are not easily accessible. 

The Iso-Lignin® Technology is a patented process to make lignin-based polyurethane products 
comprising:  

- rigid foams used in buildings, transportation, packaging and appliance; 

- flexible foams used in furniture and bedding; 

- coating and adhesive; 

- ǎǘǊǳŎǘǳǊŀƭ ōƻŀǊŘΧ 

The lignin is first mixed with the isocyanate, a basic raw material used in the chemistry of 
polyurethane products. This pre-polymer is then further reacting by using catalysts, heat or a 
resin to achieve the final product. The process does not require the use of any solvent, nor 
chemical derivatization of the as-obtained lignin. Consequently, any source of lignin can be used 
in the Iso-Lignin® Technology. No objectionable odor due to lignin has been detected, thus 
opening a wide range of applications. 

This presentation will present an overview of the work performed to overcome the lack of 
standards and to accelerate the industrial development and the commercialisation of biobased 
polyurethanes. 
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Nowadays, the conversion of lignin residue into renewable chemicals is one of the greatest 
challenges in developing economically viable industries based of lignocellulosic biomass. With 
their phenolic and complex structures, lignins are under valorised to new commercial products 
of interest partly from their high sensitivity to oxidation and to uncontrolled affinity with other 
molecules. The most investigation application today is its natural function to glue and hold 
together the cellulose microfibrils in plant cell wall and in wood panel [1]. Concomitantly, the 
investigation on cellulose-based nanocomposites associated with other plant polymers for new 
functionalities increased considerably due to the range of applications of such high added-value 
nanomaterial [2].  
Under controlled conditions, Fenton reagent has been used to grafted lignin onto cellulose 
nanocrystals surfaces to form coatings or films with interested functional properties (UV-
blocking, water resistance, antioxidant) [3,4]. Fenton reagent is defined as a mixture of hydrogen 
peroxide (H2O2) and ferrous iron (Fe2+) and it is one of the most powerful oxidative system found 
in nature producing highly reactive hydroxyl radicals [5].  
In this context, the mechanism of Fenton reaction was studied in the objective to control the 
final structure and properties of film. Two strategies were investigated: first, the Fenton reagent 
(Fe2+/H2O2) was studied to measure the production of hydroxyl radicals and their effect on 
cellulose colloidal suspension in presence of monomer of lignin. Second, coatings and films were 
prepared from these mixtures to analyse the impact of the oxidative reaction on cohesiveness 
of polymers in the material. Several analytical methods were developed to identify the 
complexes in solution and in the film. In addition, a thorough study of radicals in each film was 
carried out by EPR. Finally, the water resistance and anti-oxidant properties, as interesting target 
functionalities, were determined for the same films.  

[1] Aracri E. et al., Green Chem., 2014, 00, 1 

[2] Mariano, M., et aL., J. Polym. Sci. Pol. Phys, 2014. 52, 791. 

[3] Hambardzumyan, A., et al., Chem. Eng. J., 2015, 264, 780. 

[4] Aguié-Béghin V. et al., JAFC, 2015  

[5] Fenton, H.J.H., J. Chem. Soc., Trans., 1894, 65, 899  
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Biocomposites based on lignocellulosic raw materials are a solution to the current demands in 
terms of valorization of lignocellulosic solid waste, reduction of our dependence on fossil 
resources, reduction of environmental pollution generated by non-biodegradable and / or non-
recyclable plastics, and eco-design of high-performance materials. The use of microbial 
biopolyesters such as polyhydroxyalkanoates (PHAs) as a polymer matrix, which can also be 
produced from waste, allows us to obtain fully biobased and biodegradable biocomposites [1-2]. 

Today, the two main ways of recycling green waste from parks and urban gardens are 
composting and anaerobic digestion. In our study, we assessed the potential reinforcing effect 
of this lignocellulosic biomass. This resource is a very heterogeneous material; it consists mainly 
in organic (such as leaves, branches or grass clippings) and inorganic (soil and stones) 
compounds, and also includes foreign objects such as plastic bags, glasses or papers. In order to 
understand the overall reinforcing effect while taking into account this heterogeneity, the raw 
material was sorted in such a way to evaluate the respective reinforcing effect of each main 
fraction (wood-branches, leaves and grasses). The production of reinforcing fillers was carried 
out exclusively by dry fractionation, which consists in a combination of sorting and grinding 
processes. 

Six fractions were identified: 
- Unusable Fraction containing soil, stones and foreign objects (13wt%), 
- Branches Fraction (23wt%),  
- Leaves Fraction (5wt%),  
- Grass Fraction (3wt%),  
- A Medium Fraction consisting in a mixture of leaves, branches and grass without soil (9wt%), 
- A Fine Fraction is similar to the Medium Fraction with soil (47wt%). 

The reinforcing effect of each fraction was evaluated and discussed in relation to the structure 
of PHA-based biocomposites materials. This study is part of the European RESURBIS project 
(http://www.resurbis.eu, 2017-2020) aiming at enhancing the value of all urban organic waste. 

[1] Faruk O et al., Prog. Polym. Sci., 2012, 37 (11), 1552. 

[2] Mohanty A K et al., J. Polym. Environ., 2002, 10 (1-2), 19.  
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Françoise Berzin3, Loubna Lemkhanter3, Tiphaine Pacary4, Bénédicte Goffin4, Pierre Lemaitre4 

1IMT Lille Douai, Institut Mines-Télécom, Polymers and Composites Technology & Mechanical Engineering 

Department, Douai, France 
2Université de Lille, Lille, France 
3FARE laboratory, INRA, University of Reims Champagne-Ardenne, Reims, France 
4CERTECH (CEntre de Ressources TEchnologique en Chimie), Seneffe, Belgium 

Natural fibre-filled composites are recently considered to be used in interior parts of vehicles 
because of their eco-friendly and mechanical performance [1-3]. However, they emit VOCs at all 
stages of their life cycle, such as compounding, injection-moulding and usage [4]. In the present 
study water-assisted extrusion compounding process has been used to reduce the VOC emission 
during the usage of injection-moulded parts. Flax and hemp fibres (20 wt.%) reinforced 
polypropylene composites were compounded in presence of maleic anhydride grafted 
polypropylene (PP-g-MA) as compatibilizer using twin screw extrusion, with and without water 
injection during extrusion. Then the compounds where injection-moulded into standard test 
specimen. Physical and mechanical properties such as morphological, fibre length, tensile and 
impact properties were characterized as well as the total volatile organic compounds (TVOCs) 
and odour emission using automotive standard D42 3109-C. Released TVOCs from the 
composite products were quantified by air sampling on adsorbent followed by thermal 
desorption and GC-MS analysis. The scanning electron microscopic observation indicated a good 
dispersion of fibres in the matrix with a low reduction in average length and aspect ratio of 
fibres. Mechanical properties of samples produced with water-assisted compounding showed 
slightly reduced modulus and strength compared to the samples prepared without water 
assistance. For both flax and hemp fibre-reinforced composites, TVOC emissions are reduced by 
94% and 30% respectively with water-assisted extrusion. So, the water-assisted extrusion 
process has proved its effectiveness in reducing VOCs emissions without scarifying the 
mechanical properties. 

[1] aΦ YŀǊǳǎΣ aΦ YŀǳǇΣ ŀƴŘ {Φ hǊǘƳŀƴƴΣ ά¦ǎŜ ƻŦ bŀǘǳǊŀƭ CƛōǊŜǎ ƛƴ /ƻƳǇƻǎƛǘŜǎ ƛƴ ǘƘŜ DŜǊƳŀƴ ŀƴŘ !ǳǎǘǊƛŀƴ !ǳǘƻƳƻǘƛǾŜ 

IndustryτaŀǊƪŜǘ {ǳǊǾŜȅ нллнΣέ WΦ Ind. Hemp, 8, 73ς78 (2003) 

[2] 5¦Φ {ƘŀƘΣ ά5ŜǾŜƭƻǇƛƴƎ Ǉƭŀƴt fibre composites for structural applications by optimizing composite parameters: A 

ŎǊƛǘƛŎŀƭ ǊŜǾƛŜǿΣέ WΦ aŀǘŜǊΦ {ŎƛΦΣ пуΣ слуоς6107 (2013) 

[3] {Φ WŀȅŀǾŀƴƛ {ΦΣ 5 IŀǊŜƪǊƛǎƘƴŀΣ ¢h ±ŀǊƎƘŜǎŜΣ {Y bŀȅŀƪΣ άwŜŎŜƴǘ 5ŜǾŜƭƻǇƳŜƴǘ ŀƴŘ CǳǘǳǊŜ ǘǊŜƴŘǎ 

in Coir Fiber ReinfoǊŎŜŘ DǊŜŜƴ tƻƭȅƳŜǊ /ƻƳǇƻǎƛǘŜǎΥ wŜǾƛŜǿ ŀƴŘ 9ǾŀƭǳŀǘƛƻƴέΣ tƻƭȅƳΦ /ƻƳǇƻǎΦ отΣ онфсς3309 (2016) 

[4] YΦ ²Φ YƛƳΣ .Φ IΦ [ŜŜΣ {Φ YƛƳΣ IΦ WΦ YƛƳΣ WΦ IΦ ¸ǳƴΣ {Φ 9Φ ¸ƻƻΣ ŀƴŘ WΦ wΦ {ƻƘƴΣ άwŜŘǳŎǘƛƻƴ ƻŦ ±h/ ŜƳƛǎǎƛƻƴ ŦǊƻƳ ƴŀǘǳǊŀƭ 

flours filled biodegradable bio-composites ŦƻǊ ŀǳǘƻƳƻōƛƭŜ ƛƴǘŜǊƛƻǊΣέ WΦ IŀȊŀǊŘΦ aŀǘŜǊΦΣǾƻƭΦ мутΣ ƴƻΦ мς3, pp. 37ς43, 

2011.  
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Demand for technical and sustainable building materials is a hot topic in tropical areas. This is 

why in these regions, a special focus has recently been laid on the development of local biobased 

products. To encourage and foment this movement towards, we built a project in French Guiana 

that aims at valorising ligno-cellulosic fibres from Amazonian resources as reinforcement in 

composites materials, taking advantage of the good mechanical properties of their fibres. 

Indeed, first experiences in surrounding countries evidenced the interest of several plant species 

for composites applications [1-3]. In this project, we plan to enlarge the number of studied 

species with a focus on ligno-cellulosic resources that remain non-valuated today: tree species 

unsuitable for traditional timber productive systems, residuals from sawmills or agricultural 

wastes. In addition, exploring local high biodiversity, we expect to identify high-value fibres 

originating from untapped or uncharacterized plant species. GuyaValoFibres project´s objective 

is to add value to local ligno-cellulosic resources in the form of structural and insulating 

fibreboards, in the view to motivate the future development of a secondary productive chain in 

French Guiana dedicated to the production of biocomposites. This presentation focuses on the 

description of six different identified resources of interest and their fibres properties. Combining 

technics developed for paper and fibres science [4], we propose an innovative way to isolate 

fibres bundles and characterize their morphology, water uptake, mechanical properties and 

bonding ability [5]. From these results it will be possible to orientate (i) the choice of the matrix 

and the processing conditions that should be used for the elaboration of thermoplastic 

biocomposites by extrusion and (ii) the conditions and parameters that should be used in the 

process of fibreboards production. 

[1] Fonseca, A S et al. Ind Crops Prod., 2013, 47, 43 

[2] Quesada-Solís, K et al., Rev. Iber. Polímeros, 2005, 6, 157  

[3] Negrão, W H, et al., Ambient. Constr., 2014, 103 

[4] Mayr M et al., Nor. Pulp Pap. Res. J., 2017, 244  

[5] Hirn, U et al., Sci. Rep., 2015, 5, 10503  
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3FARE laboratory, INRA, University of Reims Champagne-Ardenne, Reims, France 

4Université de Bretagne Sud, IRDL CNRS UMR 6027, Centre de Recherche, Rue Saint Maudé, Lorient, 

France 

First producer in Europe, France has a large industrial potential in valorization of hemp. Its fibers 

constitute a renewable and ecological resource, with high potential uses in innovative materials 

with high added value. Nowadays mainly used in the paper industry, the hemp fibers have 

exceptional properties sought for technical applications (thermo compression, thermoplastic 

composites,) which attract many sectors of application, such as transport, textile industry, etc. 

However, access to those markets involves i. to produce fibers having strict specifications and ii. 

to be able ensure the required quality. The project, RIGHTLAB, aims to identify these fiber quality 

indicators.  

For these markets, the hemp straws, from which the fibers are extracted, have to undergo a 

specific stage, called retting. Usually, this bioprocess consists in laying the stems on the field 

during several weeks after their cutting. This step will cause several transformations of the straw 

and hence of the fibers. Owing to its methodology, the retting remains difficult to control, and 

its estimate, i.e. the degree of retting, is empiric and subjective. Thus, the lack of method to 

measure the degree of retting is greatly detrimental to the development of the sector and to 

the hemp valorization with high added value.  

Led by La Chanvrière, the project aims to define indicators of the retting degree. The strategy 

put in place starts in the fields by the characterization of the retted straws using spectrometric, 

chemical and mechanical methods and finishes with the analyze of nonwoven and injected 

thermoplastic composites made of fibers extracted from these straws. 
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(S) and dimers and trimers of coniferylic alcohol (G) 

Amandine Flourat, Abdus Samad Jaufurally, Lamine Aouf, Andreia Teixeira, Aurélien Peru, 

Florent Allais 

Chaire ABI, AgroParisTech, CEBB, Pomacle, France 

In order to further the understanding of lignin formation and more importantly lignin 

depolymerisation, employed synthetic model compounds have to be able to match the 

properties of their natural lignin counterparts as closely as possible. To fulfil this prerequisite, 

we propose a convenient chemo-enzymatic synthesis for natural-occurring dimers of coniferylic 

alcohol (aka monolignol G), sinapylic alcohol (aka monolignol S) as well as for a trimers and its 

dehydrotrimer (̡ -5)-( -̡O-4) of monolignol G [1]. For the dimers ̡-5 and 5-5 of monolignol G, 

linkages were obtained through radical coupling catalyzed by laccase. The yields achieve 43% 

and 95% respectively. Whereas,   the ether bond -̡O-4 was formed by SN2 between a phenolate 

and a bromo ceto ester (83%) or by aldolisation (78%) [2]. Dehydrotrimer and trimer were 

synthesized from ferulic acid in nine steps with a global yield of 20% and 12% respectively. For 

dimers of sinapylic alcohol, optimization of the reaction conditions (i.e. temperature, enzyme 

addition, solvent ratio) lead to an inversion of selectivity between the two dimers -̡O-4 and ̡ - 

 ̡[3]. 

[1] Flourat et al submitted 

[2] Mouterde et al Eur. J. Org. Chem. 2013, 173 

[3] Jaufurally et al ChemistrySelect 2016, 1(16), 5165 
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2Université de Lorraine, Inra, LERMAB, EA4370, 54000 Nancy, France 
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Valorization of by-products from paper industries produced with chemical pulp is a well-known 
economical and technical scheme. It is not yet the case for by-products coming from 
thermomechanical pulp (TMP). TMP process waters contain a wide range of valuable 
compounds as lignin and phenolic extractives. Thanks to a membrane filtration process 
(ultrafiltration and nanofiltration), previously developed in the laboratory, soluble lignin 
extracted by TMP was isolated and concentrated in a liquid fraction. The following data resume 
its chemical and structural characterisation needed for selecting its potential valorisation 
pathways. 
Chemical composition of the fraction was depicted after sulfuric acid hydrolysis as follow: 
around 30 % of lignin (acid soluble lignin measured by UV-spectrophotometer at 205nm and 
acid insoluble lignin by gravimetry) and 60 % of sugars (HPAEC-PAD) corresponding exclusively 
to hemicelluloses and more particularly to galactoglucommanans1. Size exclusion 
chromatography in 10mM NaOH showed that the lignin fragments extracted are relatively light 
with a molecular weight distribution centered around 6 to 8 kDa. Superposition of the signals 
from UV and RID detectors suggests covalent linkages between sugars and lignin. 2D HSQC RMN 
spectrum confirmed the presence of covalent linkages, corresponding mainly to phenyl-
glucoside bonds2. 
Considering the fact that lignin is not soluble in water and that galactoglucomannans can be 
solubilized in water after 4 h at 80 °C3, hot water extraction was performed to quantify the ratio 
of isolated lignin vs lignin-carbohydrate complexes (LCC). This experiment showed that a large 
majority of the TMP lignin, exactly 77.1%, is connected with hemicelluloses and thus referred as 
LLC.  
LCC have been reported in the literature to present interesting biological properties such as anti-
UV and anti-scavenger effects4. This lignin soluble fraction from TMP biorefinery may then have 
a good potential for cosmetic applications with high added values. 

 
[1] Constant S et al., Green Chem., 2016, 18, 2651 

[2] Narron R H et al., ACS Sustainable Chem. Eng., 2017, 5, 10763 

[3] Giummarella N et al., RSC Adv., 2016, 6, 42120 

[4] Sakagami H et al., In vivo, 2016, 30, 331  
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Lignocellulosic biomass (LB) is a renewable resource from plants used as an alternative to fossil 

resources [1]. Bioenergy, biomaterials and biomolecules could be produced based on LB without 

compromising global food security. However, LB is recalcitrant to enzymatic deconstruction due 

to its chemical composition and its structural complexity [2]. The major reason is the cross-

linking between polysaccharides and lignin making a barrier to wall degrading enzymes. 

Different chemical and physical features have been proposed to explain LB recalcitrance and to 

predict its deconstruction [4]. However none of them seems to be universal but rather specific 

to biomass species and pretreatment. One key progress is to achieve a better understanding of 

the evolution of the 3D architecture of LB during the enzymatic hydrolysis through 4D imaging. 

The aim of our project is to propose a novel approach to monitor the dynamics of enzymatic 

deconstruction of LB using fluorescence confocal microscopy, image analysis and to identify 

some structural features which can explain and predict and optimize the process of hydrolysis. 

ώмϐ /ƭŀŀǎǎŜƴ t!aΣ Ǿŀƴ [ƛŜǊ W.Σ [ƻǇŜȊ /ƻƴǘǊŜǊŀǎ !aΣ Ǿŀƴ bƛŜƭ 9²WΣ {ƛƧǘǎƳŀ [Σ {ǘŀƳǎ !WaΣ ά¦ǘƛƭƛǎŀǘƛƻƴ ƻŦ 

ōƛƻƳŀǎǎ ŦƻǊ ǘƘŜ ǎǳǇǇƭȅ ƻŦ ŜƴŜǊƎȅ ŎŀǊǊƛŜǊǎέΣ !ǇǇƭ aƛŎǊƻōƛƻƭ .ƛƻǘŜŎƘƴƻl. 52, 741-755 (1999). 

ώнϐ ½Ƙŀƻ ·.Σ ½ƘŀƴƎ [I ŀƴŘ [ƛǳ 5IΣ ά.ƛƻƳŀǎǎ ǊŜŎŀƭŎƛǘǊŀƴŎŜΦ άtŀǊǘ LΥ ǘƘŜ ŎƘŜƳƛŎŀƭ ŎƻƳǇƻǎƛǘƛƻƴǎ ŀƴŘ ǇƘȅǎƛŎŀƭ 

ǎǘǊǳŎǘǳǊŜǎ ŀŦŦŜŎǘƛƴƎ ǘƘŜ ŜƴȊȅƳŀǘƛŎ ƘȅŘǊƻƭȅǎƛǎ ƻŦ ƭƛƎƴƻŎŜƭƭǳƭƻǎŜέΣ .ƛƻŦǳŜƭǎ .ƛƻǇǊƻŘǳŎǘǎ ϧ .ƛƻǊŜŦƛƴƛƴƎΦ сΣ пср-

482 (2012). 

[3] Suƴ {Σ {ǳƴ {Σ /ŀƻ ·Σ {ǳƴ wΣ ά¢ƘŜ ǊƻƭŜ ƻŦ ǇǊŜǘǊŜŀǘƳŜƴǘ ƛƴ ƛƳǇǊƻǾƛƴƎ ǘƘŜ ŜƴȊȅƳŀǘƛŎ ƘȅŘǊƻƭȅǎƛǎ ƻŦ 

ƭƛƎƴƻŎŜƭƭǳƭƻǎƛŎ ƳŀǘŜǊƛŀƭǎέΣ .ƛƻǊŜǎƻǳǊŎŜ ¢ŜŎƘƴƻƭƻƎȅΦ мффΣ пф-58 (2016). 

ώпϐ tŜǊŜƛǊŀ {/Σ aŀŜƘŀǊŀ [Σ aŀŎƘŀŘƻ /aaΣ CŀǊƛƴŀǎ /{Σ άtƘȅǎƛŎŀƭ-chemical-morphological characterization 

of the whole sugarcane lignocellulosic biomass used for 2G ethanol production by spectroscopy and 

ƳƛŎǊƻǎŎƻǇȅ ǘŜŎƘƴƛǉǳŜǎέΣ wŜƴŜǿŀōƭŜ 9ƴŜǊƎȅΦ 87, 607-617 (2016). 
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Over the last 10 years, research efforts have been dedicated to identifying the factors that 
influence lignocellulose enzymatic deconstruction. No consensus has been reached except for 
the detrimental role of lignins. This may be ascribed to the heterogeneity of plant biomass. To 
take into account this parameter, dry fractionation was applied to maize biomass. Separation 
process was first based on particle size by air classification, and then on sample composition by 
electrostatic separation. Six fractions were obtained and characterized, for their 
physicochemical characteristics, and saccharification capacity. Saccharification was carried out 
using a torus reactor allowing the analysis of the saccharification yield coupled to the real time 
monitoring of changes in particle size [1]. 
Fine, medium and coarse fractions accounted for 43%, 22% and 35% of the initial biomass and 
showed a median particle size around to 60, 170, and 310-µm, respectively. Electrostatic 
separation did not lead to further separation according to particle size. Fractions mainly differed 
by their amount of minor sugars and by the ratio syringyl to guaiacyl lignin units. Saccharification 
was evaluated by combining the hydrolysis yield and particle size reduction. In general, the 
release of sugars was correlated with particle size decrease. Interestingly, one of the medium 
size particle fractions behaved differently: high sugar release was observed without any 
significant change in particle size. This specific behavior was not associated with specific 
physicochemical properties. Looking at specific surface, a global negative correlation between 
particle size and specific surface suggested that the surface accessible to enzyme is highly 
related to geometrical parameters of maize stem particles with few impact of open porosity at 
mesoscale.  
The present work demonstrates that different enzymatic degradation pattern can be revealed 
within a plant, following both changes in particle size and sugar release. Further work is needed 
to interpret the differences observed between maize sub-fractions.  
 

[1] Devaux MF et al. J Food Eng, 2006, 77, 1096  
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The valorization of lignin is a key element of the economic sustainability of 2nd generation 
biorefinery as it is the main renewable raw material composed of aromatic patterns that is 
present in the lignocellulosic biomass. Currently, this natural polymer is mainly valorized by 
combustion for energy production. A new promising way is the controlled depolymerization to 
obtain aromatic monomers or oligomers. 

The aromatic compounds known as BTX (benzene, toluene, xylene) are the basis of today 
petrochemistry. Their substitution with lignin-derived monomers would open up a high value 
valorization for lignin. In addition to the physical and chemical methods reported in literature, 
the enzymatic approach has several advantages: mild conditions, reduced energy consumption, 
limited waste production and higher molecular purity. 

In order to design a biological depolymerization process, we sought to create a screening 
method to elaborate an enzymatic cocktail to promote the depolymerization of lignin, the latter 
aiming at reducing the size of lignin oligomers and at releasing phenolic monomers. 

To do so, a set of enzymes with commercial lignolytic activities and derived from fungal 
secretomes (produced in situ) has been selected. In addition, we have developed different 
analytic methods to monitor the depolymerization of lignin and the production of phenolic 
monomers during this lysis: chromatographic methods (HPLC, GPC and GC-MS) and a 
spectrophotometric method based on the method Folin-Ciocalteu. Conventional methods of 
enzyme assays (laccase, peroxidase, oxidase, etc.) have also been used. 

The combination of these enzymes with chemical mediators show interesting results in lignin 
depolymerization.  

Laccase/mediator systems: Their reactivity towards phenolic lignin structures, Roelant J. Hilgers and al., 
ACS Sustainable Chem. Eng., 2018, 6 (2), 2037-2046 

Lignin valorization: improving lignin processing in the biorefinery, Ragauskas AJ and al., Science, 2014, 344 
(6185) 

On the Mechanism of the Laccase - Mediator System in the Oxidation of Lignin, Claudia Crestini and al., 
Chem. Eur. J., 2003, 9, 5371-5378 

Fundamental delignification chemistry of laccase-mediator systems on high-lignin content kraft pulps, 
Fadi S. Chakar and al., Can. J. Chem., 2004, 82, 344ς352 

Importance of mediators for lignin degradation by fungal enzymes, Lionel Longé and al., submitted  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Ragauskas%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=24833396
https://www.ncbi.nlm.nih.gov/pubmed/24833396
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My abstract deals with the bioconversion of the olive cake (OC) generated by the olive oil 
industries in Morocco using selected filamentous fungi in solid state fermentation to upgrade its 
nutritional values for its subsequent valorization as ruminants feed. Four fungi were cultured on 
OC for 15 days. Chemical composition as well as enzymes activities were determined. The results 
obtained showed (i) an increase in the protein content for treated OC and (ii) significant (P < 
0.05) decreases in the values of phenolic compounds. Moreover, the RP-HPLC analysis of OC 
confirmed the degradation of individual phenolic components by the strains. The present 
findings revealed 2 strains to be efficient organisms for their enzymes production and 
simultaneous enhancement in nutritive value of this by-product. 
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The phyllosphere, which is defined as the aerial parts of plants, is one of the most prevalent 

microbial habitats on earth (up to 1026 bacterial cells for the global phyllosphere) [1]. The 

microorganisms present on the phyllosphere can have several interactions with the plant. 

Indeed, plants will provide the habitat and several carbon sources (in low concentrations) to the 

microorganisms; on the other hand, microorganisms can promote the growth of plants [2]. 

Other neutral or pathogenic interactions could exist between the two biota [3]. The 

phyllosphere represents then a unique niche where microorganisms have evolved through time 

in that stressful environment and may have acquired the ability to degrade lignocellulose in 

order to survive to oligotrophic conditions. 

In order to confirm this hypothesis, the dynamic lignocellulolytic potential of two phyllospheric 

microbial consortia (wheat straw and wheat bran) has been studied. These both agricultural co-

products were harvested, ground (0.5-2 mm) and stored with % humidity < 10%. Growth of 

microorganisms was initiated by incubating the wheat straw and bran with minimal culture 

media at 30°C. The results showed a superior growth of the microbial community from the 

wheat bran than the straw and exhibited through their growth lignolytic (up to 116 mUI/mL) 

and hemicellulolytic activities (up to 220 mUI/mL) after 48h of growth.  The microbial community 

at the end of the experiment was dominated by bacterial strains which some of them were 

isolated. Based on their morphological properties, 8 strains were isolated from each bran and 

straw consortia; all of the isolated strains which exhibited lignocellulolytic activities had a higher 

production of extracellular activities rather than intracellular; moreover, their hemicellulolytic 

potential was always higher than the lignolytic one.  The microbial diversity of the bran and 

straw phyllospheres will be investigated by further omic approach in order to describe which 

microorganisms developed preferentially on bran or straw and characterize their potential 

lignocellulotyic function. 

[1] Vorholt. Nat Rev Microbiol ., 2012, 10, 828 

[2] Delmotte et al., PNAS., 2009, 106, 16428 

[3] Kutschera. Plant Signal Behav ., 2007, 2, 74-78 
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The production of ROS (reactive oxygen species) can be an important step during the microbial 
degradation of lignocelluloses, since it promotes the effect of deconstruction enzymes on the 
plant cell walls [1]. ROS can also be used to functionalize the nanocelluloses by lignin-type 
compounds, or by their derivatives, thus opening an interesting way to obtain high added value 
nanostructured [2] objects as: emulsifiers, films and coatings with specific properties, resins for 
3D printing ... ROS can be formed either directly by ferrous salts and/or hydrogen peroxide 
(Fenton reactions), or by the indirect action of the metalloenzymes, like Cellobiose 
DeHydrogenase (CDH) [3], involved in the biodegradation process.  

The Lignoxyl project aims at identifying the active oxygen species involved in the oxidation of 
lignified plant walls, and to model the stages of their formation and of their reactions with 
lignocelluloses, by using polymer mixtures of increasing complexity (cellobiose, monomer 
(coniferyl alcohol) and oligomer of lignin, cellulose). The mathematical modelling of these 
reaction kinetics enables both: (1) to test the relevance of the proposed reaction schemes, and 
(2) to optimize the formation of the high added value compounds. A stoichiokinetic model has 
been used to predict the effects, either of the Fenton reactions, or of the CDH, on the formation 
of the products issued from the cellulose degradation. The first results prove that the model is 
able to predict the chemical kinetics observed experimentally, providing that the constant rate 
of the key reaction steps are identified, and that the variation of the iron reactivity in the 
medium is taken into account. Further work is needed to predict the effect of ROS on the 
formation of the high added value compounds from a simple lignocellulosic mixture composed 
of both cellobiose and coniferyl alcohol.  

[1] Arantes, V., et al., J. Ind. Microbiol. Biotech., 2011. 38, 541 

[2] Hambardzumyan, A., et al., Chem. Eng. J., 2015, 264, 780 

[3] J.C. Sigoillot et al, Fungal Strategies for Lignin Degradation, Elsevier, Lignins: Biosynthesis, 

Biodegradation and Bioengineering, San Diego, 2012, 263 

  




