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Dear colleagues and friends,
It is our great pleasure and honour to welcome you to the 7th International Polysaccharide Conference
that is held in Nantes, France. The conference is the initiative of the European Polysaccharide Network
of Excellence (EPNOE) Association in collaboration with the Cellulose Society of Japan and the Cellulose
and Renewable Materials Division of the American Chemical Society. The organisers are from five
French laboratories recognized for their research in polysaccharides and their commitments to EPNOE.
In the best traditions of the EPNOE Association, the conference is promoting a wide dissemination of
research results and cross-fertilization of ideas in the field of polysaccharides. The scientific program
is based on the advice of eminent scientists from the scientific committee and proposals of topics from
session organisers. The program covers all fundamental and applied research involving
polysaccharides, and the venue offers a friendly environment and excellent conditions for networking
and exchange of ideas.
We hope that the conference is enjoyable and fruitful, fostering meeting colleagues and friends and
building collaborations.
We wish you a very pleasant stay in Nantes.
On behalf of the organising committee:
Bernard Cathala and Johnny Beaugrand (INRAE, France)
Tatiana Budtova (CEMEF/Mines ParisTech, France)
Nicolas Le Moigne (Mines Ales, France)
From EPNOE Association:
Pedro Fardim (KU Leuven, Leuven, Belgium)
Carmen Freire (university of Aveiro, Portugal)
From ACS:
Kevin Edgar (Virginia Tech, USA)
From Cellulose Society of Japan:
Junji Sugiyama (Kyoto University, Japan)
Our special thanks to sponsors who helped to make this conference possible:
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Plenary lectures

WOOD, A RENEWABLE RESOURCE FOR SUSTAINABLE MATERIALS
Burgert I. *a,b, Panzarasa G. a
a

Wood Materials Science, Institute for Building Materials, ETH Zürich, 8093 Zürich,
Switzerland
b
WoodTec Group, Cellulose & Wood Materials, EMPA, 8600 Dübendorf, Switzerland
* iburgert@ethz.ch
Wood is a renewable CO2-storing material. Substituting conventional, less ecofriendly engineering materials with wood materials will result in great environmental benefits
while helping the transition to circular economy. Enhancing wood’s performance, equipping it
with new functions while retaining its high sustainability and recyclability, is necessary to
ensure the successful implementation of wood in different fields of application.
The development of functional wood materials has recently gained increasing
attention as an alternative to nanocellulose-based biomaterials.1,2 While the work on
nanocellulose is based on a bottom-up approach that assembles the individual units in
advanced manufacturing processes, the top-down approach uses and retains the
hierarchical structure of wood with its beneficial fibre directionality.3 Both approaches have
pros and cons and may be favoured for different kinds of application.
The talk will focus on the opportunities arising from the modification and
functionalization of wood by taking advantage of its hierarchical structure. General concepts
and practical approaches to obtain functional wood materials will be presented, as well as
the various fields of application that could be targeted. Different examples of proposed
solutions to open challenges, such as the upscaling for large-scale production and the
adhesion to green chemistry guidelines, will be discussed highlighting their potentials and
limitations.
An emerging field of special interest is that of cellulose composites, which are
fabricated by a structure-retaining delignification of wood (see Fig. 1a). By removing lignin
partly or completely, the wood can be more easily deformed and shaped. This also facilitates
densification treatments that substantially increase the stiffness and strength of the
material.4,5 Impregnation with resins can result in composites with increased water stability
and even enhanced mechanical properties.6,7 However, these resins should ideally be biobased to preserve the intrinsic sustainability of the cellulose scaffold. Only then, such
cellulose composites have a great potential to substitute glass fibre composites or aluminium
in the medium term.
Delignification may also facilitate the functionalization of wood to enhance or generate
new properties. A relevant example is the delignification of balsa wood, which affects its cell
wall structure and strongly increases the elastic deformability of the resulting wood sponge
(see Fig 1b). This in turn results in a dramatic enhancement of piezoelectric behavior, which
originates from the deformation of crystalline cellulose domains.8 Besides the delignification
step, no further chemical modification is required to utilize the functionality of the wood
material, for instance as a pressure sensor. Currently, a limitation of this approach is the
need of freeze-drying the chemically delignified wood specimens to maintain the porous
structure. Besides this example, a multitude of research activities in recent years aimed to
make wood-derived materials with new performances such as energy-harvesting properties,
electrical conductivity or even supercapacitor properties.9 Although the implementation of
such functional products will still take some time, the current research activities may pave the
way to a new class of bio-based materials, which can combine sustainability with
digitalisation, for instance in terms of smart building applications.
A third example highlights using the natural pores directionality in the wood structure
for membrane applications. Several studies have shown that wood materials can be used for
heavy metals removal or bacteria filtration, as well as for oil-water separation, and that these
applications can be guided by an educated selection of the wood species based on their
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specific porosity patterns.2 A recent study from our group showed that wood can be
functionalized to become a Janus membrane.10 By means of surface modification one side is
made hydrophobic while the other hydrophilic (see Fig 1c), and the wettability gradient that is
established soaks the water through the membrane in one direction, but blocks its
penetration from the other. Such membranes may be suitable for fog harvesting applications
in arid regions with limited water accessibility.
Regardless of the specific functionalization and foreseen application, targeting
sophisticated novel wood materials requires a top-down approach that makes use of the
wood structure as an integral part of the modification treatments. Finally, the adhesion to
green chemistry principles and processes will make wood materials excellent substitutes for
more conventional but less eco-friendly materials already in the near future.
Figure 1: (a) Delignified wood can be
easily deformed to various shapes,
while retaining fibre directionality5; (b)
Delignification of balsa wood results in
a wood sponge that can be elastically
deformed, with enhanced piezoelectric
properties8; (c) From left to right: a
cross-cut native wood membrane; one
side made hydrophobic and another
hydrophilic, for the fabrication of a
Janus wood membrane allowing
controlled directional water transport.10
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CONTROLLING DISPERSION AND ASSEMBLY OF CELLULOSE NANOFIBERS
Tsuguyuki Saito*, Kazuho Daicho, Wataru Sakuma
Department of Biomaterial Sciences, The University of Tokyo, Japan
* saitot@g.ecc.u-tokyo.ac.jp

My research group has focused on understanding the structure and properties of
single cellulose nanofibers (CNFs) and on establishing industrially practicable approaches for
making full use of the CNF potential in structured bulk materials. In the lecture, two of the
recent achievements along these focuses of research will be mainly introduced. One aimed
at understanding the contribution of inter-CNF interactions to the crystallinity of CNFs (Fig.
1a),1 and the other aimed at producing high value-added CNF aerogels combining optical
permeability and thermal insulation via a scalable, non-supercritical drying process (Fig. 1b).2
The key steps to achieve these objectives were in common to control dispersion and
assembly of CNFs.

Figure 1 : (a) The contribution of inter-CNF interaction to the crystallinity of CNFs, and
(b) oven-dried CNF xerogel combining light permeability, thermal insulation, and flame selfextinction.
[1] Daicho, K. et al. preprint in Research Square, DOI: 10.21203/rs.3.rs-518217/v4
[2] Sakuma, W. et al. ACS Nano, 15, 1436, 2021

7

DIETARY FIBRE AND PREBIOTICS FOR HEALTHY FOODS: WHAT DO WE NEED?
Courtin C.M.*a
a

Lab of Food Chemistry and Biochemistry, KU Leuven, Leuven, Belgium
* Email: christophe.courtin@kuleuven.be

In this lecture, the current knowledge on the health effects of dietary fibre and
prebiotics is reviewed. The position of prebiotics within the larger context of dietary fibre is
discussed. Whereas the positive health effects of specific fibres on defecation, reduction of
postprandial glycemic response and maintenance of normal blood cholesterol levels are
generally accepted, other health claims on dietary fibres are still under debate. There is
evidence that specific dietary fibres improve the integrity of the mucosal and epithelial layers,
increase resistance against pathogenic colonization, reduce the risk of developing colorectal
cancer, increase mineral absorption, positively impact the immune system and affect gutbrain communication. However, these effects are not generally acknowledged nor wholly
understood. Many of the latter effects are thought to be particularly elicited by prebiotics,
often regarded as a special class of dietary fibre. Although the prebiotic concept significantly
evolved during the last two decades, a clear-cut distinction between prebiotics and nonprebiotic dietary fibre has not been established yet. Furthermore, it has become clear that the
concept of prebiotics is insufficiently specific with regard to health outcomes. The designation
of several types of oligosaccharides as FODMAPS, complicate the issue even further.
Adverse health effects that affect a part of the global population are attributed to these
components. Food processing as a means to tune the balance between dietary fibre,
prebiotics and possible adverse oligosaccharides is discussed.

Figure 1 : Based on their physicochemical properties, three DF categories can be discerned:
indigestible oligomers, water soluble polymeric DF and insoluble DF forming polymer networks. The
first are rapidly fermented by the colonic microbiota whereas the latter are usually fermented slower
and to a limited extent. Solubility and fermentability are however not always correlated. Because
fermentability and solubility vary continuously among DF, these classes cannot be strictly delineated
and the borderlines are therefore represented by irregular lines. OS stands for oligosaccharides
(taken from [1]).
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RESEARCH STRATEGY TO DEVELOP CELLULOSE-BASED MATERIALS ABLE TO
PROMOTE CIRCULAR ECONOMY.
Nathalie GONTARD, Hélène ANGELLIER, Valérie GUILLARD.
JRU IATE 1208 –INRAE /University of Montpellier, 2 Place Pierre Viala, Bat 31, F-34060
Montpellier 01, France

After revolutionizing our every-day life in all sectors: construction, automotive industry,
electronics and, above all, in the food industry as food packaging sector, providential plastic
has turned into a time bomb, with the revelation of the long-term effects of plastic waste,
contaminating our food and polluting our environment. As concerns about plastic pollution
are rising, multiple questions about plastics’ last life cycles stages are emerging, as plastics
do not reintegrate into one of the biogeochemical cycles of elements of our ecosystem.
Instead, plastics accumulate in the four earth system compartments, jeopardizing their longterm equilibrium. Unfortunately, Life Cycle Analysis (LCA) and environmental indicators
cannot take into account these major micro- and nano-plastic pollution impacts. Considering
such huge knowledge gaps, how cellulose-based materials strategies can be set up to
efficiently mitigate such long term impacts of plastic pollution ? Using waste hierarchy
principle in the frame of three successive European projects: FP7 EcoBioCAP (EcoEfficient
Biodegradable Composite Advanced Packaging), H2020 NoAW (No Agricultural Waste) and
GLOPACK (Granting society with LOw environmental impact innovative PACKaging), a novel
generation of cellulose biocomposite materials were developed from agricultural residues,
i.e. a bacterial polyester (poly(hydroxy-butyrate-co-valerate, noted PHBV) as matrix and
lignocellulosic fillers from vine shoots, straw, olive pomace and others residues. By setting up
a research strategy simultaneously and equally focusing on resources, usage and postusage aspects of alternative packaging materials and technologies, a material able to fully
respect circular economy principles was developed. The characteristics of this material,
which is based on non-food (agricultural residues) raw materials, is recyclable and above all
biodegradable will be detailed in the presentation.

Keywords: Plastic, Circular Economy Biocomposite.
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SESSION 01
3D-4D PRINTING OF POLYSACCHARIDE-BASED SOLUTIONS,
GELS AND COMPOSITES
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KEYNOTE
A REVIEW OF 3D AND 4D PRINTING OF NATURAL FIBRE BIOCOMPOSITES
Le Duigou A. *a, D Correa b, Matsuzaki Rc and Castro M a.
a

Institut De Recherche Dupuy de Lome, University of South Brittany, Lorient, France
b
- School of Architecture, University of Waterloo, Cambridge, Ontario, Canada
b
- MatLab, Tokyo University of Sciences, Tokyo, Japan
* antoine.le-duigou@univ-ubs.fr

Additive manufacturing has been extensively investigated over the past decade due to its
disruptive potential in the design of advanced materials and structures. Among the various
additive manufacturing techniques, Fused Filament Fabrication (FFF) 3D printing is one of the
most applied techniques to polymers and composites in the literature. However, most review
articles on 3D printing deal with synthetic composites and do not mention the current trend of
research on biocomposites while the advent of 3D and 4D printing represents a great
opportunity for biocomposites to develop for the first time on the same time scale as their
synthetic counterparts. A complete state-of-the-art review of the work carried out to date that
also highlights recent trends on 3D and 4D printed biocomposites is thus justified [1].
Polymers reinforced with discontinuous natural fibers exhibit moderate mechanical
properties compared to synthetics composites and biocomposites made by conventional
processes due to factors specific to the 3D printing process, such as high porosity, low
content of fibers and a very low fiber aspect ratio (L / d). An opportunity is to develop
continuous natural fibre reinforced biocomposite to optimize mechanical performance.
Hygromorphic biocomposites (HBCs) are classified into a new class of smart materials that
are used for 4D printing. Fiber content, fiber orientation control and continuity are described
as the key factors for controlling actuation.
[1] Le Duigou A, Correa D, Ueda M, Matsuzaki R, Castro M. A Review of 3D and 4D printing
of natural fibres biocomposites. Mater Des 2020;194:108911.
[2] Correa D, Menges A. Fused filament fabrication for multi kinetic state climate resonsive
aperture. Fabr Chapter 3 Rethink Addit Startegies, UCL Press 2017:190â€“5.
doi:10.2307/j.ctt1n7qkg7
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S01-O-01 - HYGRO-EXPANSION OF 3D-PRINTED BIOCOMPOSITES: STRUCTURAL
WEAKNESSES AND OPPORTUNITY FOR ACTUATION
Fruleux T.a*, Castro M.a, Sauleau P.b, Matsuzaki R.c, Le Duigou A.a
a

Institut de Recherches Dupuy de Lôme, Centre de Recherche Christian Huygens, Rue de
Saint-Maudé, 56100 Lorient, France
b
Laboratoire de Biotechnologie et Chimie Marines, Centre de Recherches Christian
Huygens, Rue de Saint-Maudé, 56100 Lorient, France
c
Tokyo University of Science Noda Campus, 2641 Yamazaki, Noda-shi, Chiba-ken 2788510, Japan
*thomas.fruleux@univ-ubs.fr

The problem of depletion of biotic resources in coastal and littoral zones is now
accepted by the scientific community. To remedy this, artificial reefs supposed to promote
the dynamics of repopulation have been developed in coastal areas. However, the latter are
often made of concrete blocks, ship hulls or used tires. These are by no means sustainable
solutions. Previous work has underlined the potential of natural fibre to be used as actuation
agent in hygromorph biocomposite due to their hygroscopic behavior. Indeed, morphing
ability of hygromorph biocomposite is controlled by the hygroscopic stress state induced by
fibre swelling within the polymer matrix.
The Morph-Reef project, aims to develop a new concept of artificial 4D printed reef
with hygromorph biocomposite while having a controlled lifespan and positive effect on
marine microorganism colonization. This first work focuses on the understanding of the
effect of various biopolymer having different stiffness (PLA, PBS and PBAT) on flax fiber
swelling and consequently on morphing potential. Thus, hygroscopic (sorption and hygroexpansion), tensile hygromechanical properties and colonization properties of continuous
flax fibre biocompositess will be investigated.

Figure 1 : Mauris ac mauris sed pede pellentesque fermentum

Figure 1: A Microstructure of pine cone scale, B Actuation principle with a bilayer microstructure, C
Architectured hygromorph biocomposite made with 4D printing, D Moisture induced bending deployment
of hygromorph biocomposites [1]
[1]

A. le Duigou, J. Merotte, A. Bourmaud, P. Davies, K. Belhouli, et C. Baley, « Hygroscopic expansion: A
key point to describe natural fibre/polymer matrix interface bond strength », Compos. Sci. Technol.,
vol. 151, p. 228-233, oct. 2017, doi: 10.1016/j.compscitech.2017.08.028.
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S01-O-02 - 3D PRINTABLE FULLY BIOMASS-BASED COMPOSITE
Bouzidi K. *a, Chaussy D.a, Gandini A. b, Beneventi D.a
a

Univ. Grenoble Alpes, Grenoble INP, Pagora, LGP2, F-38000, Grenoble, France
b
Univ. São Paulo, Brazil
* Khaoula.bouzidi@grenoble-inp.fr

Nowadays, composite materials are widely used in different sectors owing to their improved
mechanical and functional properties compared to bulk materials and efficient manufacturing
processes. However, the majority of the used materials are still petroleum-based which does
not align with the recent increasing ecological awareness. Accordingly, in the present work, a
fully biomass-based composite material was developed using poly (furfuryl alcohol) (PFA) as
a bio-based matrix filled with up to 30 wt% cellulose powder. The addition of cellulose powder
i) conferred to the uncured composite paste a viscosity and a shear-thinning thixotropic
behavior compatible with injection molding and 3D printing by liquid deposition modeling
(LDM), ii) limited pores formation during atmospheric curing by favoring vapor degassing
through the percolating cellulose network, iii) slightly improved the mechanical properties of
the cured composite.
After curing, the combination of these raw materials yields a renewable and cost-effective
composite with good mechanical performances and outstanding thermomechanical stability
(up to 180°C with 35% drop of the storage modulus). In terms of thermal properties, and costeffectiveness, this composite oversteps thermoplastics used in FDM 3D printing and appears
as a promising fully biobased material for their substitution.

Figure 2: Illustration of production processes of the bio-composite
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S01-O-03 - DIGITAL LIGHT PROCESSING: AN ADDITIVE MANUFACTURING ROUTE
FOR STARCHY BLENDS
Guessasma S.*a, Belhabib S.b, Benmahiddine F.a, Belarbi R.a
a

INRAE, UR 1268 Biopolymères Interactions et Assemblages, France
Université de Nantes, Oniris, CNRS, GEPEA, UMR 6144 F-44000 Nantes, France
c
LaSIE, UMR 7356 CNRS- La Rochelle Université, La Rochelle, France

b

* sofiane.guessasma@inrae.fr
The Digital Light Processing (DLP) is an additive manufacturing route that shares the same
rational as stereolithography but instead of a laser which scans the surface of a resinsensitive photosensitive in the liquid state, it is a digital screen which projects an image of
the layer under construction. The DLP process is often associated with an expensive resin
cost and a limited feedstock material choice [2]. In this work, we explore the modification of
photosensitive resins with starch filler. The manufacturing process is performed using a 3D
printer allowing a build volume of 120 x 68 x 155 mm3 (Fig. 1a). The resolution of the printing
process is related to the pixel size of the LED display, which is 47µm at 2K resolution or
2560 × 1440 pixels. Curing via the LED screen is carried out using a UV light with a
wavelength of 405 nm and exposure times varying between 7 and 20 seconds. Tensile
specimens of dimensions 80 × 10 × 4 mm3 are printed with and without UV post-curing for
different loads of starch granules. The printing time for a tensile test specimen is typically 20
minutes, equivalent to the printing time for an FDM (Fused Deposition Modelling) printer [2]
but with a resolution eight times greater (400/50). Among the printed specimens, some are
subjected to post-curing under a UV lamp for 15 minutes to finalize the polymerization.
Tensile tests are carried up to failure to study the effect of starch filler on the mechanical
properties of the blends (Fig. 1b). The results demonstrate a significant influence of the
exposure time on mechanical properties. In particular, stiffness and mechanical strength
both improve and the elongation at break decreases as the starch content decreases and
the exposure time increases. SEM (Scanning Electron Microscopy) micrographs show minor
evidence of layering with a periodicity comparable to the layer thickness (Fig. 1c). These
also highlight the homogeneity of starch granule distribution thanks to the processing at the
liquid state. This study concludes that starch filler can be considered as an alternative to
obtain resins with an acceptable cost / performance ratio and a low carbon footprint.

(a)
(b)
(c)
Figure 1 : (a) Tensile specimen manufactured using DLP process, (b) Tensile testing result,
(c) SEM micrograph showing starch – photosensitive resin blend arrangement.
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S01-O-04 - A DIFFERENT CROSS-LINKING APPROACH TO FABRICATE STABLE 3D
SCAFFOLDS OF NANOCELLULOSE-ALGINATE
Mohan T.*a,b, Novak Maximillian.a, Lackner F.a, Beaumont M.c, Günther Bochmann.d,

Gregor Franz Tegl.e, Stana Kleinschek K.a

a

Institute of Chemistry and Technology of Biobased System (IBioSys), Graz University of
Technology, Stremayrgasse 9, 8010 Graz, Austria
b
Laboratory for Characterisation and Processing of Polymers, Faculty of Mechanical
Engineering, University of Maribor, Smetanova Ulica 17, 2000 Maribor, Slovenia
c
Department of Chemistry, Institute of Chemistry for Renewable Resources, University of
Natural Resources and Life Sciences Vienna (BOKU), Konrad-Lorenz-Straße 24, A-3430
Tulln, Austria.
d
ACIB GmbH, Konrad Lorenz Straße 20, 3430 Tulln
e
University of Natural Resources and Life Sciences, Konrad Lorenz Straße 20, 3430 Tulln
* tamilslevan.mohan@tugraz.at
Three-dimensional (3D) structures produced from the combination of nanofibrillated cellulose
(NFC) and alginate (Alg) have been demonstrated to be suitable materials for various
applications, including cell culturing1, 2. The mechanical properties and dimensional stability
of such 3D printed structures of NFC/Alg were improved by cross-linking with various
bivalent salts (CaCl2, Cu(NO3)2, FeCl3 )3. In this study, we prepared two types of inks:
NFC/Alg/CaCO3 (Ink 1) or NFC/Alg/CaCO3/photoacid generator (Ink 2). The 3D printed
structures of Ink 1 and Ink 2 were ionically cross-linked with gluconolactone and UV-light.
Besides the rheological properties (viscose and elastic moduli) of the inks, the mechanical
properties and dimensional stability of the printed structures were investigated as a function
of concentration of the gluconolactone and UV irradiation intensity and exposure time. It is
believed that the acidic proton generated by gluconolactone and PAG when dissolved in
water or exposed to UV irradiation allows the dissociation of CaCO3, and consequently the
release of Ca2+. This is capable to bind corresponding carboxyl functional groups of Alg and
NFC. The scaffold materials with different microstructure and tunable properties obtained by
this new, simple and water-based cross-linking approach should be suitable for various
applications, such as cell growth, biocatalysis, etc.

References:
1.
T. Mohan, A. Dobaj Štiglic, M. Beaumont, J. Konnerth, F. Gürer, D. Makuc, U. Maver,
L. Gradišnik, J. Plavec, R. Kargl and K. Stana Kleinschek, ACS Applied Bio
Materials, 2020, 3, 1197-1209.
2.
K. Markstedt, A. Mantas, I. Tournier, H. Martínez Ávila, D. Hägg and P. Gatenholm,
Biomacromolecules, 2015, 16, 1489-1496.
3.
A. K. Higham, C. A. Bonino, S. R. Raghavan and S. A. Khan, Soft Matter, 2014, 10,
4990-5002.
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S01-O-05 - PECTIN-NANOFIBER COMPOSITE BIOINKS FOR 3D-BIOPRINTING
APPLICATIONS
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d
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Within the field of 3D bioprinting, the development of high performance bioinks with
adequate mechanical and rheological properties and high cell viability, is still a major
challenge. Engineered hydrogel bioinks based on natural polymers, such as
polysaccharides, are currently being widely explored.1 Pectin is a biodegradable and
biocompatible polysaccharide, and one of the main structural component of plant cells with a
key role on cell wall flexibility. Pectin also forms ionic hydrogels in the presence of divalent or
multivalent cations with high hydration degree, being a suitable candidate to develop novel
bioinks.2 However, pectin hydrogels has some mechanical and biological limitations that can
be surpassed by blending with nanofibrous materials producing composite bioinks with
improved rheological and mechanical behaviour.3 Furthermore, biobased nanofibers can
also improve the biological performance of these composite bioinks.4
Herein, we explored the combination of pectin with two types of biobased nanofibers
(nanofibrillated cellulose and lysozyme nanofibers) for the development of advanced
composite bioinks with improved rheological, mechanical, and biological performance. These
bioinks were characterized in terms of physicochemical parameters, rheological behaviour
and cytotoxicity. After loading with HaCat cells, the extrusion bioprinting parameters were
optimized for the production of living tissue analogues, and their mechanical performance
and in vitro cell viability was also evaluated.

Figure 1 : Schematic representation of pectin-nanofiber composite bioinks development.
[1] Matai, I. et al. Biomaterials 226, 119536 (2020).
[2] Munarin, F., Tanzi, M. C. & Petrini, P.. Int. J. Biol. Macromol. 51, 681–689 (2012).
[3] Li, J., Wu, C., Chu, P. K. & Gelinsky, M. Mater. Sci. Eng. R Reports 140, 100543 (2020).
[4] Silva, N. H. C. S. et al. Int. J. Biol. Macromol. 165, 1198–1210 (2020).
This work was developed within the scope of projects CICECO-Aveiro Institute of Materials,
UIDB/50011/2020 & UIDP/50011/2020, financed through the FCT/MCTES, and NANOBIOINKSEngineering bio-based nanofibers for the development of high-performance nanostructured bioinks for
3-D bioprinting, CENTRO-01-0145-FEDER-031289, funded by the Operational Program of the Center
Region, in its FEDER/FNR component, and by national funds (OE), through FCT/MCTES.

17

S01-P-01 - 3D PRINTED POLYCAPROLACTONE-STARCH ESTER COMPOSITES AND
THEIR EVALUATION FOR BIOMEDICAL APPLICATION
Gürer, F.*a, Hribernik, S.b, Kargl, R.b,c, Heinze, T.d, Mohan, T.a,c, Stana-Kleinschek, K.b,c
a

Laboratory for Characterisation and Processing of Polymers, Faculty of Mechanical
Engineering, University of Maribor, Smetanova Ulica 17, 2000 Maribor, Slovenia.
b
Institute of Automation, Faculty of Electrical Engineering and Computer Science, University
of Maribor, Koroška cesta 46, 2000 Maribor, Slovenia.
c
Institute of Chemistry and Technology of Biobased System (IBioSys), Graz University of
Technology, Stremayrgasse 9, 8010 Graz, Austria.dInstitute of Organic Chemistry and
Macromolecular Chemistry, Center of Excellence for Polysaccharide Research, Friedrich
Schiller University of Jena, Humboldtstraße 10, D-07743 Jena, Germany
* fazilet.guerer@um.si
Fused deposition modelling (FDM) based 3D printing is widely used in tissue engineering
(TE) because of its feasibility to build complex tissue constructs or scaffolds and control over
fabrication and cell distribution1,2. It can be used to develop scaffolds with desired shape and
size, tunable porosity and with high resolution for various TE applications, including bone,
cartilage, lungs, cardiovascular, etc3. Recently, many natural and synthetic materials have
been studied as potential analogs to the extracellular matrix (ECM) components, while some
of them are naturally present in ECM4. Choosing appropriate biomaterial for the design of
inks for FDM 3D printing is the key parameter for developing scaffold. Among other synthetic
biomaterials used for TE application, thermoplastic polymer polycaprolactone (PCL),
received particular attention as it is beneficial for seeding, adhesion, and proliferation of
cells. It can be melted at a temperature of 59 to 64 oC5 and processed with ease to prepare
3D scaffolds using FDM printing. Despite its additional advantages such as biodegradability,
biocompatibility, and flexibility, neat PCL has low a solidification rate and insufficient melt
strength, also hydrophobic and lacks molecular motifs for cell recognition. This could lead to
uncontrolled protein adsorption and poor cell adhesion5,6. In this context, many studies have
focused on changing and adapting the properties of PCL with thermoplastic starch. In this
study, we developed PCL-thermoplastic starch composites by combining PCL and a long
chain starch ester through solvent casting method for FDM 3D printing. Thermoplastic longchain starch ester was prepared from lauroyl chloride via molten imidazole in a previous
study7. The developed PCL-starch ester composites were investigated for 3D-printability,
rheological properties, tensile strength, crystallization behavior, and biological performance.
References
1.
2.
3.
4.
5.
6.
7.

Budyanto, L., Y. Goh & C. Ooi, Journal of Materials Science: Materials in Medicine,
2009. 20(1): p. 105-111.
Murphy, S.V. & A. Atala, Nature Biotechnology, 2014. 32(8): p. 773.
Jang, J., et al., Biomaterials, 2018. 156: p. 88-106.
Cheng, Q., K. Komvopoulos & S. Li, Journal of Biomedical Materials Research Part
A, 2014. 102(5): p. 1408-1414.
Zhao, Y.-Q., et al., Bioactive Materials, 2020. 5(2): p. 185-191.
Shen, J., et al., The International Journal of Artificial Organs, 2010. 33(3): p. 161-170.
Liebert, T., et al., Macromolecular Rapid Communications, 2011. 32(17): p. 13121318.
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The development of innovative medical devices mainly relies on the use of high
performance multifunctional materials. These materials should display high biocompatibility,
controlled degradability, and advantageously specific biological properties, such as mucoadhesion, antimicrobial features, or bioaffinity. On the other hand, additive manufacturing
technologies are particularly well-suited for the technical specifications of biomedical devices.
Notably, StereoLithography Apparatus (SLA) allows the processing of complex geometries
from UV-light curing of polymer solutions.
In this work, SLA was considered to develop biomedical devices from chemically-modified
cellulosic materials. Carboxymethylcellulose (CMC) was methacrylated with methacrylic
anhydride to obtain a photocrosslinkable polymer. The degree of substitution of hydroxyl
groups by methacrylate groups was controlled by the amount of methacrylic anhydride (Figure
1). A wide range of methacrylated CMCs (mCMC) with degree of substitution up to 50% was
synthesized and UV-cured using an appropriate photoinitiator. The degree of substitution
impacted the mCMC photocrosslinking, on the resolution of UV-cured materials, as well as on
the shrinkage and mechanical properties (under compression and tensile tests) after freezedrying. The incorporation of nano-cellulose as mechanical enhancer was also studied. The
cytotoxicity of these new crosslinked cellulose-based biomaterials is currently under
investigation, and should lead us to the design of 3D-printable biomedical devices such as
biosensors or implantable scaffolds.

Figure 1: a) Scheme of methacrylation reaction of carboxymethylcellulose b) influence of the
methacrylic anhydride (MA) amount on the degree of substitution of methacrylated
carboxymethylcellulose (mCMC) c) images of representative hydrogel and aerogel obtained
through UV-curing of mCMC.
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Three-dimensional (3D) scaffolds are gaining much attention in tissue engineering, as these
scaffolds are widely used in the regeneration of various tissues. In order to successfully
restore or reconstruct the damaged tissue, such scaffolds should enable cells to attach,
proliferate, migrate, transfer the body fluids, etc. At the same time, scaffolds should provide
mechanical support, mimic the hierarchical structure and components of the extracellular
matrix (space between cells in a tissue, etc.). The creation of such scaffolds with desired
properties and structures are possible by combining suitable biodegradable polymers and
3D printing technology, which allows biomaterials to be deposited with micrometer precision.
Furthermore, it is possible to print soft hydrogels for various applications, from bone tissue
engineering to cartilage tissue engineering.
The aim of this work was to produce a self-supporting and mechanically strong and
dimensionally stable 3D structures from polysaccharides (e.g., carboxymethyl cellulose,
nanofibrillated cellulose), collagen (found in the extracellular environments of various
tissues) and citric acid (used as chemical cross-linker). The ink developed from
polysaccharide/collagen mixtures/citric acid was 3D printed and freeze-dried followed by
dehydrothermal treatment in dry state. The freeze-dried scaffolds were investigated in terms
of degradability, mechanical properties and dimensional stability in dry and hydrated state.
Their bio-responsive properties are the content of ongoing studies.

Figure 1: SEM morphology of the freeze-dried and dehydrothermal treated 3D printed
scaffolds. Top row: surface of the scaffolds and bottom row: cross-section view of the
scaffolds.
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Hyaluronan (HA) is a negatively charged polyelectrolyte having a large number of
various biological functions. It is also or consequently a component of many self-assembly
systems for biocompatible or/and biodegradable applications in the field of cosmetics,
personal care, pharmaceutic and much more. The understanding of HA based self-assembly
architectures is necessary to obtain their expected properties, but upstream of any
application the understanding of the relationship between the structures and the subtle
balance between attractive and repulsive forces is the key to fully control their formation.
Scattering X-ray and neutron techniques provide structural information on the atomic
to micron length scale. They are particularly suitable to investigate the multi-scale structure
of multi-component structural organization since, by the way of contrast matching methods,
they can permit to extract separately the structure of one component inside these multicomponent systems.
After a quick introduction of the Small Angle X-ray and neutron scattering techniques,
and how to use contrast variation by SANS and Anomalous Small Angle X-ray Scattering
(ASAXS) in complex media, I will present several studies where the presence of HA modifies
or participates to the self-assembly formation. As expected, mostly due to electrostatic
interactions, with positively charged surfactants or proteins, various complex structures can
be formed.1 Less obviously, hyaluronic chain conformation changes can drive the clustering
or the dispersion in a HA – neutral polymer micelles system (see the effect of electrostatic
screening inducing depletion effect in figure below).2 We will reach, depending on the
techniques used, the full structure of the complexes, the HA conformation inside the
structure, and/or the spatial distribution of the counter-ions in such dispersions.
Finally, I will give you a quick overview of how you can get access to French SAXS
and SANS large instruments via a submission process of a research proposal.

[1] Morfin I., Buhler E, Cousin F., Grillo I. & Boué F., Biomacromolecules, 12, 859-870, 2011
[2] Grillo I., Morfin I., Combet J. - Journal of colloid and interface science, 561, 426-438, 2020
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Nanocrystals of the allomorph II of cellulose (CNC-II, Fig. 1a) can be prepared from the
mercerization followed by sulfuric acid hydrolysis of cellulose. CNC-II are usually shorter than
their cellulose I counterpart (CNC-I) but of equivalent cross-section and surface
characteristics. In sharp contrast with CNC-I, CNC-II have only been discussed in a limited
number of paper and their surface derivatization has received very little attention.
Nevertheless, recent works evidenced that using CNC-II instead of CNC-I results in
significantly different properties, thus expanding the potential use of CNCs in various
applications.1,2 In this work, we considered the chemical derivatization of CNC-II by
separately targeting only the ends of the rods or their lateral surface. We first transposed the
labeling with gold nanoparticles of the reducing end of CNC-I through an in situ growth
strategy to the case of CNC-II and obtained a close to full conversion from rods to dumbbells
particles comprising CNC-II functionalized with one AuNP at each end (Fig. 1b). This result
provides a visual and statistically relevant proof of the antiparallel arrangement of cellulose
chains in CNC-II and confirms the possible regioselective modification of the CNC-II ends
only.3 We secondly functionalized these biosourced rods with thermosensitive polymer
chains on both rod extremities using a simple two-step chemical pathway Thanks to this
derivatization, the colloidal behavior of CNC-II was modified and became temperaturesensitive. Below the LCST of polyetheramine chains, purely repulsive particles are at play,
the derivatized particles are individual and the resulting suspensions exhibit a shear-thinning
behavior. When the temperature is increased above the LCST of the polymer, attractive
interactions between collapsed hydrophobic chains develop, allowing end-to-end
associations to take place and leading to the spectacular formation of a network extending
over tens of micrometers, as observed from TEM images (Fig. 1c&d). Rheological
measurements evidenced the temperature-induced sol-gel transition from a liquid-like (sol) to
a gel-like behavior.4 Thirdly, the lateral surfaces of CNC-II were decorated with the same
thermosensitive polymers, inducing a lateral assembling of CNC-II when the temperature
was increased above the LCST. In the last two situations cases, a full reversibility was
observed upon sample cooling when polymer-polymer interactions are turned to repulsive.

Figure 1 : Cellulose II nanocrystals (a) modified at their ends with gold nanoparticles (b) or
thermosensitive polymer chains at 4°C (c) and 24 °C (d)
[1]
[2]
[3]
[4]

Delepierre G., Eyley S., Thielemans W., Weder C., Cranston E. D. Zoppe J. O. Nanoscale, 12, 1748017493, 2020
Kuang Y., Li X., Luan P., Zhang X., Xu J., Mo L., Gong J., Li J. Cellulose, 27(6), 3167-3179, 2020
Lin F., Putaux J.-L., Jean, B. Carbohydrate Polymers, 257, 117618, 2021
Lin F., Pignon F., Putaux J.-L., Jean, B. Nanoscale, 13, 6447-6460, 2021
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A new type of a polysaccharide (hemicellulose) nanocrystal, bearing the shape of an
anisotropic nanoflake, emerged from a dimethylsulfoxide (DMSO) dispersion of wood-based
xylan through heat-induced crystallization. The dimensions of these xylan nanocrystals were
controlled by the crystallization conditions. Sharp signals in solid state NMR indicated a wellordered crystal structure. The unit cell is constituted of two asymmetric xylose residues and
DMSO molecules resided in a host-guest type of arrangement with more than one local
environment. This corroborates with the identical 1H NMR relaxation time between DMSO
and xylan indicative of intimate mixing of the two at tens of nm length scale. X-ray and
electron diffraction indicated a 2-fold helix along the chain in a monoclinic unit cell with an
antiparallel arrangement, with chains placed on the 2-fold helix axes: at the corner and at the
centre. The 2-fold helical structure is unique for xylan for which only 3-fold helical form has
been reported. The DMSO molecules participated in the crystallization and they were shown
to be vital in stabilizing the crystalline structure. The manipulation of temperature,
concentration and incubation time of xylan/DMSO dispersion provided pathways for the
crystallization to form size-adjustable nanocrystals. As 20-30 % of biomass consists of
hemicellulose, this work will serve as a starting point to understand the controlled assembly
of hemicellulose to discover its full application potential.

3-fold helix

DMSO

2-fold helix

500 nm

DMSO

Figure 1. Scheme illustrating the bottom-up construction of xylan nanocrystals in DMSO.
24

S02-O-03 - THERMODYNAMICS OF ADSORPTION AT NANOCELLULOSE SURFACES
Lombardo S. *a, Thielemans W.a
a

Renewable Materials and Nanotechnology Research Group, KU Leuven, Campus Kulak
Kortrijk, Belgium.
* salvatore.lombardo@kuleuven.be

Understanding the thermodynamic interactions of cellulose nanomaterials with their
environment is important to understand the forces behind their self-organization and coorganisation with other compounds. It is also required to be able to use self-assembly to form
new functional multicomponent materials with the desired structure and properties.
We thus studied the interactions of nanocellulose with salts, small molecules, and proteins.
We used unmodified and chemically modified cellulose nanocrystals to cover different
positive and negative surface charges. Isothermal titration calorimetry measurements
showed that most interactions are entropically driven rather than enthalpically, with binding
the result of the collapse of an ordered water molecule structure around the dispersed
nanocellulose and the adsorbing species. These findings indicate that adsorption at
nanocellulose surfaces in the presence of water is usually governed by the release water
molecules, and to a much lesser extent by preferential interactions between nanocellulose
and the adsorbate.
Comparing our results with the (limited) literature data available on the thermodynamic
parameters of adsorption on cellulosic surfaces, displayed a linear relationship between ΔH
and ΔS with the slope equal to the reference measurement temperature, irrespective of
whether the adsoring compound is a specific cellulose binding protein, a non-specific binding
protein, a polymer, or a small molecule/ion. This indicates that the process of adsorption is
the same for all compounds with a constant change in Gibbs free energy of interaction, ΔG,
where a changes in interaction enthalpy and entropy offset each other.
[1] Lombardo, S., Thielemans, W. Thermodynamics of adsorption on nanocellulose surfaces.
Cellulose 26, 249–279 (2019).
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Over the last decades, interest for biobased polymers have grown due to the need to
replace oil-based ones. α-glucans exhibit high potential as candidates for the elaboration of
innovative materials and surface assembly. Indeed, beyond from their large availability in
nature, α-glucans display a large structural variability: large molar mass variation, various
branching patterns, ramifications and chemical compositions with numerous possibilities of
functional groups. In this context, functionalized α-glucans is of interest for designing news αglucans based materials with innovative properties using manly layer-by-layer technique [1].
Dextrans sulfate are the most used α-glucans layered assemblies elaboration since they
display large panel of structures and attractive biological properties [2][3].
This communication will focus on (i) the understanding of interactions between DexS
with different charge densities and cationic polyelectrolytes through the screening of their
adsorption mechanisms using Quartz Crystal Microbalance with Dissipation (QCM-D) and
Surface Plasmon Resonance (SPR), (ii) the elaboration of multi-layered thin films
preparation. Using DexS low sulfate content (DexS L40) and DexS high sulfate content
(DexS H40),display different behaviour leading to contrasted architecture ; DexS H40
presents linear growth of highly viscoelastic films and hydrated films while DexS L40 shows
exponential growth of more rigid films and less hydrated structure. Our studies offer a simple
method to control the structure of multilayered thin films opening the way to tunable
functional
materials.
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Figure 1 : (a) Changes in frequency and dissipation during (PAH/DexS) multilayer building on
QCM-D. The green curves correspond to the frequency and dissipation shifts of multilayer
with DexS H40 and the blues ones to the shifts of multilayer with DexS L40. (b) Scheme
demonstrative for structural difference between final multilayers built with DexS H40 on the
left and final multilayers built with DexS L40 on the right.
[1]
Decher, G.; Hong, J.-D. Buildup of Ultrathin Multilayer Films by a Self-Assembly
Process, 1 Consecutive Adsorption of Anionic and Cationic Bipolar Amphiphiles on Charged
Surfaces. Makromol. Chem. Macromol. Symp. 1991, 46 (1), 321–327.
[2]
Heinze, T.; Liebert, T.; Heublein, B.; Hornig, S. Functional Polymers Based on
Dextran. In Polysaccharides II; Klemm, D., Ed.; Advances in Polymer Science; Springer
Berlin Heidelberg, 2006; Vol. 205, pp 199–291.
[3]
Naessens, M.; Cerdobbel, A.; Soetaert, W.; Vandamme, E. J. Leuconostoc
Dextransucrase and Dextran: Production, Properties and Applications. J. Chem. Technol.
Biotechnol. 2005, 80 (8), 845–860.
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Acacia seyal gum (Asey) is an edible dried gummy exudate obtained from the trunk and
branches of Acacia seyal trees, widely used in food and non-food applications for its
emulsifying and stabilizing properties. Asey is defined as a continuum of arabinogalactanproteins (AGPs) differing by their biochemical, physicochemical and structural properties1.
AGPs are known to self-assemble and aggregate during the maturation step of Acacia gum2
and its post-harvesting treatments3. In this study, we investigated the aggregation behavior of
AGPs from Asey powder depleted in minerals (Arabic acid) according to their temperature of
storage (25-70°C).
Whatever the temperature studied, the formation of aggregates was observed with
temperature-dependant aggregation kinetics. The soluble AGPs fraction after centrifugation
reached a maximum constant plateau value around 20%. Using fitting parameters of the
solubility curves obtained at each temperature studied, a general predictive model was
established allowing the quantification of pelleted (insoluble) materials for a given storage
condition. At 40°C, AGPs were totally soluble in water until 2 days of storage before the
formation of pelleted aggregates after centrifugation for longer storage time. Microscopic
observations and static light scattering experiments on these pelleted aggregates formed after
2 days of storage showed that these aggregates were characterized by a spherical shape and
heterogeneous surface with sizes ranging from 1 to 100 µm. The structural properties of the
soluble AGPs, determined using SEC and A4F MALS experiments, showed the increase of
the molar mass from 1.3∙106 to 7∙106 g.mol-1, the hydrodynamic radius from 14 to 40 nm and
the gyration radius from 20 to 140 nm during the first 2 days of storage. The analyses of the
conformation plots of soluble aggregates evidenced aggregation mechanism followed a selfsimilar assembly mechanism without changes of the AGPs building blocks conformation. The
AGPs assembly involved sensitive covalent bonds as suggested by moderate activation
energy (95 kJ.mol-1.K-1) and pH-induced aggregate dissolution. In conclusion, this study
evidenced aggregation of Arabic acid upon powder storage, and gave a first physicochemical
and structural characterization of AGPs aggregates. This maturation process could improve
and expand the functional properties of Asey gums.
[1] Lopez-Torrez L., Nigen M., Williams P., Doco T. & Sanchez C., Food Hydrocolloids, 51, 4153, 2015
[2] Idris O.H.M., Williams P.A. & Phillips G.O., Food Hydrocolloids, 12, 379–388, 1998
[3] Al-Assaf S., Phillips G.O., Aoki H. & Sasaki Y., Food Hydrocolloids, 21, 319-328, 2007
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Mixtures of chitosan and phosphate salts have received a lot of attention in recent
years for their peculiar thermosensitive properties.1,2 These mixtures can be held liquid at
neutral pH and room temperature while exhibiting a quick sol/gel transition at 37°C. The
detailed molecular and microscopic mechanisms governing this thermally activated sol/gel
transition are complex and remain unclear. Here, we developed formulations composed of
chitosan and two phosphate salts, namely beta-glycerophosphate and ammonium hydrogen
phosphate (Fig 1a), with which both pH and osmolarity can finely adjusted. We show that the
gelation kinetics is well described by a phase transition process characterized by a critical
temperature Tc, below which the system remains in a liquid state and above which the
gelation time decays as a power law (Fig 1b). Above this critical temperature, we
characterized the formation of the hydrogel using confocal microscopy and small angle light
scattering. These results show how the aggregation of chitosan chains progressively leads to
the formation of macroporous structures (Fig 1c), whose characteristic size depends on
chitosan concentration and molecular weight. Because of their controlled macroporosity,
such thermosensitive hydrogels may be highly valuable encapsulation matrices for 3D cell
culture, bioprinting or cell delivery.

Figure 1. a) Chitosan and phosphate salts used in mixture, b) Gelation time as function of the
difference between the incubation temperature and the critical temperature for different
chitosan concentrations from 0.5 to 0.8 wt% (pH = 7.4, 300 mOsm.L-1), c) Time-resolved
confocal micrographs showing the microstructure of the gel forming at 37°C (fluorescentlylabelled chitosan at a concentration of 0.8 wt%).
(1)

(2)

Chenite, A.; Chaput, C.; Wang, D.; Combes, C.; Buschmann, M. D.; Hoemann, C. D.;
Leroux, J. C.; Atkinson, B. L.; Binette, F.; Selmani, A. Novel Injectable Neutral
Solutions of Chitosan Form Biodegradable Gels in Situ. Biomaterials 2000, 21 (21),
2155–2161. https://doi.org/10.1016/S0142-9612(00)00116-2.
Nair, L. S.; Starnes, T.; Ko, J. W. K.; Laurencin, C. T. Development of Injectable
Thermogelling Chitosan-Inorganic Phosphate Solutions for Biomedical Applications.
Biomacromolecules 2007, 8 (12), 3779–3785. https://doi.org/10.1021/bm7006967.

28

S02-O-07 - ILLUSION OF DEPTH IN SELF-ASSEMBLED CELLULOSE NANOCRYSTAL
FILMS
Frka-Petesic B. *, Parker R. M., Williams C. A., Vignolini, S.
Yusuf Hamied Department of Chemistry, University of Cambridge, Cambridge, UK
* bf284@cam.ac.uk
Cellulose nanocrystals (CNCs) are anisotropic and chiral colloidal nanorods able to
self-assemble spontaneously into a cholesteric phase above a critical concentration. When
the suspension is allowed to dry, it forms a solid film that retains the cholesteric order,
enabling the reflection of specific wavelengths, typically in the visible range.1
In this talk, a simple and robust method is presented to spatially control the angular
response of CNC films, exploiting the negative diamagnetic anisotropy of individual CNCs.2
By casting them in close vicinity to polydomain magnets that can generate moderate
magnetic fields (µ0H ≈ 0.5-1.2 T), we can locally induce a spatially-controlled alignment of the
cholesteric helical axis in the direction of the field.3,4 The orientation of the cholesteric
structure within the film enables the production of various patterns displaying a clear “illusion
of depth” (Figure 1). This optical feature (reminiscent of “hologram” visuals in security
printing) is surprising and unexpected in most common colloidal systems obtained via a
bottom-up self-assembly route.

Figure 1: Two different views of the same CNC film, displaying an illusion of depth.
[1] Parker, R. M., Guidetti, G., Williams, C. A., Zhao, T. H., Narkevicius, A., Vignolini, S. &
Frka-Petesic, B., Adv. Mater. 30, 1704477 (2018).
[2] Frka-Petesic, B, Sugiyama‚ J., Kimura‚ S., Chanzy, H. & Maret, G., Macromolecules, 48,
8844 (2015).
[3] Frka-Petesic, B., Guidetti, G., Kamita, G. & Vignolini, S., Adv. Mater. 29, 1701469 (2017).
[4] Frka-Petesic, B., Kamita, G., Guidetti, G. & Vignolini, S., Phys. Rev. Mater. 3, 045601
(2019).
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Nacre-mimicking hybrid films of one-dimensional (1D) cellulose nanofibers (CNFs) and
two-dimensional (2D) silicate platelets, show great potential as high mechanical performance
and functional materials, has attracting continuously interests. A common way to obtain these
films is to filtration the hydrocolloids in a paper-like fabrication process, followed by drying. This
process is more easily scalable to thicker films and even laminates, compared with layer-bylayer processing or solvent casting. Despite its intensive application, the fundamental
understanding of nanostructure evolution of 1D/2D self-assembly during vacuum filtration and
subsequent wet cake drying is still lacking. For examples, orientation degree change of CNFs
and silicate platelets, the tactoid (stacked platelets) formation during drying are still ambiguous.
In the present study, the system of enzymatic CNF and montmorillonite (MTM) with physical
nature interactions are investigated. Synchrotron SAXS and WAXS were applied with the
beam parallel and perpendicular to the wet cake surface. Exposure spots among the whole
cross section (from skin to the bottom region of the wet cake) were selected. Orientation factor
of CNF (200) and MTM (001) were calculated and found to show “increase-plateau” tendency
respect to drying time. The evolution of MTM tactoid size with drying time were estimated and
the initiation aggregation point were determined. Moreover, the waterborne wet cake were
exchanged in ethanol to explore the solvent effects on nanostructure by using the same
analysis method. Mechanical properties and porosity were measured to further evaluate the
solvent effects. The achievement of this fundamental understanding is helpful to the
nanostructure control of future high-performance nacre-mimetic bioinspired materials based
on renewable CNFs and 2D platelet materials.

Figure 1 : Scheme illustration of X-ray measurements and snapshot of the patterns.
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S02-O-09 - BREAKDOWN AND BUILDUP MECHANISMS OF CELLULOSE
NANOCRYSTAL SUSPENSIONS UNDER SHEAR AND UPON RELAXATION PROBED
BY SAXS AND SALS
Pignon, F.*a, Challamel, M.a, De Geyer, A.a, Elchamaa, M.a, Semeraro, E.F.a, Hengl, N.a,
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The breakdown and buildup mechanisms in concentrated cellulose nanocrystal
(CNC) suspensions under shear and during relaxation upon cessation of shear were
accessed by small-angle X-ray or light scattering (SAXS, SALS) combined with rheometry.
The dynamic structural changes over nanometer to micrometer lengthscales were related to
the well-known three-regime rheological behavior (Figure 1) and permitted updating [1] the
interpretations previously proposed in the literature [2,3]. In the shear-thinning regime I, the
large liquid crystalline domains were progressively fragmented into micrometer-sized
tactoids, with their cholesteric axis aligned perpendicular to the flow direction. The viscosity
plateau of regime II was associated to a further disruption into submicrometer-sized
elongated tactoids oriented along the velocity direction. At high shear rate, regime III
corresponded to the parallel flow of individual CNCs along the velocity direction. Upon
cessation of flow, the relaxation process occurred through a three-step buildup mechanisms:
i) a fast reassembling of the individual CNCs into a nematic-like organization established up
to micrometer lengthscales, ii) a slower formation of oriented large cholesteric domains, and
iii) their isotropic redistribution [1].

Figure 1 : a) Scattered intensity versus q plots from SAXS and SALS data of CNC
suspensions at rest, b) viscosity/shear-rate curve and anisotropy parameter deduced from
SAXS and SALS 2D-scattering patterns, with associated schematic description.
[1] Pignon F. et al., Carbohydrate Polymers, 260, 117751 (2021).
[2] Shafiei-Sabet S. et al., Langmuir,28, 17124–17133 (2012).
[3] Haywood, A.D. et al., Soft Matter, 13, 8451–8462 (2017).
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Lignocellulosic materials are of the most promising renewable feedstocks available for
human exploitation. Its biological conversion with enzymes offers producing a range of sugar
residues in an ecofriendly way (low energy and water consumption). Enzymatic hydrolysis at
high solid loadings (≥15% w/w) would render the conversion process more economically
feasible. However, this remains a challenge given the poor understanding we have of
enzyme activity in a dense medium, limited diffusion of the enzyme and changed mode of
action. We prepared a low volume and highly organized model platform to mimic enzymatic
activity. It is known that highly concentrated suspensions of rod-like cellulose nanocrystals
(CNCs) (200 nm long x 10 nm section) self-assemble to form stable cholesteric liquid
crystalline (LC) phases with pitches of few tens of microns. We thus prepared droplets of
such highly concentrated suspension and added xyloglucan resulting in 100 to 200 µm
diameter droplets in LC form presenting concentric organization. Using deep-UV synchrotron
radiation, the localization of proteins was probed either in organized and disordered areas by
taking advantage of their autofluorescence.

Figure 1: a) polarized optical microscopy of a droplet of organized CNC suspension ; b)
autofluorescence microscopy of the same droplet showing heterogeneous enzyme
distribution
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S02-O-11 - NANOCELLULOSE DERIVED COMPLEX SOFT MATTER: LIQUID CRYSTAL
BUBBLES, EMULSIONS AND COLLOIDAL GLASS
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Nanocellulose colloids are twisted and negatively charged nanorods, most commonly derived
from plant-sourced materials. When nanocellulose particles are dispersed into water or
specific organic solvents, it will form a stable colloidal suspension and self-assemble into a
cholesteric phase at high particle concentration. Unlike other molecular-based lyotropic and
thermotropic liquid crystals, the cholesteric phase of nanocellulose colloids is extremely
stable even with the addition of polymers, nanoparticles, surfactants and inorganic
precursors, acting as a robust liquid crystal matrix for designing functional materials.
Nanocellulose liquid crystals have been widely studied from the perspective of their
chemistry, templating, photonics and chirality, whereas their potential capacities for
fabricating macroscopic colloidal materials still remain unexplored. Herein, we developed a
series of nanocellulose-based materials with hierarchical liquid crystal organization. In
particular, we describe the use of colloidal nanocellulose to generate three different types of
soft matter: liquid crystal bubbles1, liquid crystal emulsions2, 3 and liquid crystal colloidal
glass4. We find that the nanocellulose colloids can be served as a versatile soft matter
platform that sustains both liquid crystal ordering and particular optical, assembly, rheology
or interfacial property.
1. Chu, G.; Vilensky, R.; Vasilyev, G.; Deng, S.; Qu, D.; Xu, Y. and Zussman, E.*, Angew.
Chem. 2017, 129, 8877-8881.
2. Chu, G.*; Vasilyev, G.; Vilensky, R.; Boaz, M.; Zhang, R.; Martin, P.; Dahan, N.; Deng, S.
and Zussman, E.*, Langmuir 2018, 34, 13263-13273.
3. Bai, L.; Huan, S.; Zhao, B.; Zhu, Y.; Esquena, J.; Chen, F.; Gao, G.; Zussman, E.; Chu,
G.* and Rojas, J. O.*, ACS Nano 2020, 14, 13380-13390.
4. Chu, G.*; Vasilyev, G.; Qu, D.; Deng, S.; Bai, L.; Rojas, J. O.* and Zussman, E.*,
Langmuir 2020, 36, 979-985.
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This study exploits the solvatochromic properties of the dye Nile red to study ionic
effects at the oil-water (o/w) interface of Pickering emulsions (PEs), stabilized by cellulose
nanocrystals (CNC). Carboxylated CNCs were obtained from bacterial cellulose by HCl gas
hydrolysis combined with TEMPO-oxidation. Dodecane-in-water PEs were formed with
increasing (0-100 mM) contents of sodium chloride in the water phase affecting the stability
and the size distribution of the emulsion droplets. Moreover, fluorescence spectroscopy
suggested that the ionic strength determines the permeability of the CNC layer at the o/w
interface. Hence, two distinct emission maxima were observed for Nile red-stained PEs
corresponding to 1) dye adsorbed to the CNC surface (630 nm) and 2) the nonpolar droplet
core (570 nm) – the latter decreasing significantly at NaCl concentrations >50 mM. The
correlation between salt concentration and interface permeability was further supported by
fluorescence microscopy. Dynamic microscopy experiments, carried out in a microfluidic
setup and by a step-wise charging of a Nile red solution, revealed a two-step process where
the dye first saturates the CNC surface and then the droplet core. The densely-packed CNC
layer in high-ionic strength PEs, however, restricts the dye penetration. Overall, these results
demonstrate a simple way toward tailorable, biphasic CNC membranes by tuning the ionic
conditions of the water phase with wide application prospects, e.g., in water remediation or
size-selective purification systems.
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“Polysaccharides are an important class of biological polymers. Their function in living
organisms is usually either structure- or storage-related”. This definition explains well why it
is crucial to fully understand the multi-scale structures of these biopolymers in nature to
understand their function. A huge number of derivatives and associated structured functional
materials with potential in fields as various as surface engineering, energy and storage,
water treatment, flexible electronics, construction, physical protection, optical components or
biomedical application like drug delivery, tissue-engineering, bio-sensor, are today designed.
The understanding of the relationship between their structures at different length scales and
the relative subtle balance between hydrophobic, electrostatic, and H-bonding forces in one
hand and their properties in another hand is the key to obtain the smart
biocompatible/biodegradable tomorrow’s materials.
In this context, Scattering techniques are suitable tools since they probe the structural
organization of such complex media on a very large length scale. Small Angle X-ray
Scattering cover length scale from the nanometer up to the micron. Associated with Wide
Angle X-ray Scattering that give information on the atomic scale, X-ray techniques allow a full
structural characterization of any system at equilibrium as well as the determination of time
resolved structural changes for systems under several chemical or physical constraints.
This poster will present SAXS or SAXS-WAXS as well as SANS (Small Angle Neutron
scattering) techniques for both natural complex media and new designed bio-materials, going
from solids to solutions. Structural characterization of wood, starch and cellulose structural
modification over dissolution and the structural modification induced by hyaluronan on
micellar solutions or some others examples will be investigated.
In addition, this poster will
give an overview of the upgraded
SAXS-WAXS setup at BM02 (known
also as D2AM), the french CRG
beamline (ESRF, Grenoble) that
allows simultaneous WAXS-SAXS
measurements over a large q-range.
How you can get access to this
instrument via a submission process
of a research proposal will be
indicated.
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NEUTRAL DIETARY FIBRES AND SMALL MOLECULES
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Dietary fibre (DF) plays an important role in human health through inhibition
or delay of nutrient absorption and increased satiety by its interaction with target molecules.
However, studying interactions of neutral dietary fibres, which form a weak non-covalent
interaction with nutrients or food additives, is challenging for most analytical techniques, as
the interactions are quite weak compared to charged DF, which show strong absorption
through electrostatic binding.
We hereby present a new strategy to detect interaction between neutral
dietary fibres with small molecules by dynamic laser scattering (DLS) technology, which is
widely used in detecting interactions through size change. 1,2 However, due to the intrinsic
chemical and physical properties, neutral DF easily aggregate in aqueous solutions, which
may lead to unrepeatable result or underestimated binding effect. Thus, we constructed a
novel strategy to enable reproduceable DLS measurements that are applicable in detecting
interactions between DF and small molecules. Amphiphilic block co-polymers were
synthesised by connecting a hydrophobic polymer at the tail of the neutral DF (oat β-glucan),
which consequently self-assembles into a vesical nanoparticle (confirmed by TEM) in
aqueous solution. DLS showed very stable and reproduceable size distribution of the
particles in the solution for 15 days at room temperature. The interaction study revealed a
significant size increase with increasing ratio of calcofluor white (positive control) until
saturation. Of the further food related small molecules tested in this system, selected food
dyes showed a significant response, likely due to the hydrogen bond between sulfonate
group and DF. This method may be in the future be applied to study interactions of further
fibres and a range of small molecules.

Figure 1: Illustration the chemical structure of DF based block co-polymer, and its interaction
with small molecules
[1] Karuna G., Khader S., et al., Bioconjugate Chemistry, 25,1078-1090, 2014
[2] Haixin M., Beina W., et al., Analytical Methods, 6, 67-72, 201
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Adsorption of carboxymethyl cellulose (CMC) on cellulose surface is one of
the most studied examples for adsorption of an anionic polyelectrolyte on likely charged
surface. CMC adsorption has been in focus in both academia and industry. It is well known
that divalent cations are more capable to increase the adsorbed amount of CMC compared to
monovalent cations even at same ionic strength. It has been suggested that the divalent ions
can act as a bridge between CMC chains and cellulose surface1. However, the divalent ions
can also change the solution structure of the CMCs, in previous investigations the influence of
cations on solution properties were overlooked. In this investigation, effect of Ca2+ions on
CMC solution in terms of charge, hydrodynamic diameter and surface charge of cellulose
nanofiber (CNF) have been studied using different dynamic light scattering. The presence of
Ca2+ facilitated the multichain association of CMC chains and resulted in increase in
hydrodynamic size. A monotonic relationship was observed between hydrodynamic diameter
of CMCs in different concentrations of CaCl2 and amount of CMC adsorbed on CNF films in
the corresponding CaCl2 concentrations. This suggest that the adsorption of CMCs at high
concentrations of CaCl2 is governed largely by the structural changes in CMC.

1) Liu, Zelin, et al. "Quartz crystal microbalance with dissipation monitoring and surface

plasmon resonance studies of carboxymethyl cellulose adsorption onto regenerated
cellulose surfaces." Langmuir 27.14 (2011): 8718-8728
2) Arumughan et al. "Calcium ion-induced structural changes in carboxymethylcellulose
solutions and their effects on adsorption on cellulose surfaces"
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KEYNOTE
CREATING NOVEL POLYSACCHARIDES FOR THERAPEUTIC
APPLICATIONS WITH MICROBIAL GLYCOSAMINOGLYCAN SYNTHASES
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Glycosaminoglycans (GAGs) are essential polysaccharides in all vertebrates and have
many medical applications ranging from anticoagulants to biomaterials. These linear
polysaccharides are composed of repeating [GlcUA-HexNAc] disaccharide subunits. The
pathogenic microbe Pasteurella multocida produces extracellular capsules composed of
GAGs (hyaluronan, chondroitin, and heparosan depending on the strain serotype) to defeat
host defenses via molecular camouflage. We have harnessed several bacterial GAG
synthases, the bifunctional enzymes that polymerize the GAG chains using UDP-sugar
precursors, for chemoenzymatic synthesis in vitro to make novel GAGs with potential for a
variety of medical applications. Our biotechnology focus is on drug delivery, therapeutic
bioactivities, and biomaterial platforms.
Sugar polymers, especially molecules with chain lengths longer than five
monosaccharides, are difficult to produce by strictly organic synthesis in a defined form as
well as usually generate ~1,000:1 waste to target molecules. 'Green' chemoenzymatic
synthesis offers the potential to harness enzyme catalysts for rapid, efficient reactions. We
previously developed methods to construct GAG polysaccharides of any desired size from 10
to 5,000 kDa in synchronized reactions as well as make short GAG oligosaccharides (0.8 to
5 kDa) in step-wise addition reactions. We have enhanced the GAG synthetic repertoire by
employing novel UDP-sugar derivatives that allow further functionalization of the polymers or
entirely new properties.
Overall, GAG polymers can be customized for medical use in different applications by
varying the synthase enzyme and the UDP-sugar analogs employed as well as altering the
sugar addition strategy.
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Mucopolysaccharidosis (MPS) are rare inherited diseases characterized by accumulation of
lysosomal glycosaminoglycans, including heparan sulfate (HS). Patients exhibit progressive
multi-visceral dysfunction and shortened lifespan mainly due to a severe cardiac/respiratory
decline. Cathepsin V (CatV) is a potent elastolytic protease implicated in extracellular matrix
(ECM) remodeling. Whether CatV is inactivated by HS in lungs from MPS patients remained
unknown. Herein, CatV colocalized with HS in MPS bronchial epithelial cells. HS level
correlated positively with the severity of respiratory symptoms and negatively to the overall
endopeptidase activity of cysteine cathepsins. HS bound tightly to CatV (Figure) and
impaired its activity. Withdrawal of HS by glycosidases preserved exogenous CatV activity,
while addition of Surfen, a HS antagonist, restored elastolytic CatV-like activity in MPS
samples. Our data suggest that the pathophysiological accumulation of HS may be
deleterious for CatV-mediated ECM remodeling and for lung tissue homeostasis, thus
contributing to respiratory disorders associated to MPS diseases.

CatV
(active site cleft)
Figure: Clusters from 50 top-scored docking solutions of tetrameric HS binding to CatV. A
"top view" of CatV is shown. The most populated cluster (blue) is located within the active
cleft of the enzyme, while the second major cluster (red) is on the backside.
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Sanfilippo syndrome or MPSIII (mucopolysaccharidosis type III) is an inherited lysosomal
storage disease caused by deficiency in the enzymes responsible for the catabolism of
heparan sulfate (HS). Accumulation of HS is only the first step of a cascade of events finally
culminating in a multisystem disease. Patients with MPS III present developmental delay,
neurodegeneration, behavioral disturbances, progressive dementia and a lifespan comprised
between the second and third decade1. There is currently no cure to treat neuropathology in
MPSIII conditions, which are debilitating to patients and challenging to parents and
caregivers, the only possible treatment being symptom management and palliative support.
Cleavage by the enzyme heparanase (HPSE) in specific positions along HS chain is
paramount for the production of fragments with free non-reducing end which is the site of
action of all lysosomal exoglycosidases. Inhibition of HPSE could impact all types of MPSIII
by affecting HS turnover so that a reduced number of fragments to be degraded should be
processed by the mutated enzymes. We chose sulfated carbohydrates resembling HS
structure and able to inhibit heparanase and tested them on a spontaneously immortalized
cell line originated from primary fibroblasts from a Sgsh D31N MPS-IIIA mouse model2. In
untreated MPSIIIA cells, intracellular HS exhibits a widely spread out distribution of LMW,
partially degraded, HS fragments. Upon treatment with HPSE inhibitors we observed the
disappearance of intracellular HS fragments and an increase in dimension close to reference
control cells.
One compound has been selected for animal testing on the Sgsh D31N MPS-IIIA mouse model
in order to verify if treatment is able to ameliorate the neurodegeneration observed in these
animals. The project is ongoing and we plan to quantify neuroinflammation markers by
magnetic resonance spectroscopy in vivo, by diffusion imaging ex vivo and
immunofluorescence.

[1] Heon-Roberts R, Nguyen ALA, Pshezhetsky AV. Molecular Bases of Neurodegeneration
and Cognitive Decline, the Major Burden of Sanfilippo Disease. J Clin Med 2020; 9
[2] Crawley AC, Gliddon BL, Auclair D, Brodie SL, Hirte C, King BM, Fuller M, Hemsley KM,
Hopwood JJ. Characterization of a C57BL/6 congenic mouse strain of
mucopolysaccharidosis type IIIA. Brain Res 2006; 1104: 1-17
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S03-O-03 - PRODUCTION OF COLLAGEN AND HYALURONIC ACID BY HUMAN
DERMAL FIBROBLASTS STIMULATED BY EPS FROM MICROALGAE: SOME
STRUCTURAL AND MECHANISTIC ASPECTS
Toucheteau C.a, Deffains V.a, Gaignard C.b, Probert I.c, Pierre G.b, Laroche C.b, Rihouey C.d,
Picton L.d, Le Cerf D.d, Arnaudin-Fruitier I.a, Michaud P.b, Bridiau N.*a, Maugard T.a.
a

LIENSs laboratory (UMR CNRS 7266), Equipe Biotechnologie et Chimie des Bioressources pour la
Santé, La Rochelle Université, France.
b
Pascal Institute (UMR CNRS 6602), Université Clermont Auvergne, France.
c
Roscoff marine station, CNRS/Sorbonne Université, France.
d
PBS laboratory (UMR CNRS 6270), Université de Rouen-Normandie, France.

* nicolas.bridiau@univ-lr.fr
Exopolysaccharides (EPS) are polysaccharides produced and excreted by
microorganisms, such as bacteria and microalgae. Unlike other microorganisms, studies on
EPS from microalgae are scarce. The present work has taken part in the ANR
POLYSALGUE project (figure 1), whose purpose is to increase the current knowledge
regarding microalgae EPS and their valorisation. In this context, we aimed at investigating
biological activities of 6 new EPS from microalgae in the field of cosmetics [1]. The first part
of this work consisted in the development of a supported depolymerization method, in order
to reduce the molecular weight of these polymers. Depolymerized EPS were biochemically
characterized, analysing their molecular weight by SEC-MALS/RID/VD methods, and levels
of sulfate groups, uronic acids and proteins were determined. The second part was the
evaluation of the anti-aging potential of these EPS. For this purpose, in vitro productions of
collagen and hyaluronic acid were quantified on cell models of human dermal fibroblasts
from 20-years and 46-years old female donors. A principal component analysis highlighted a
correlation between the anti-aging activity of EPS and their uronic acid levels. Enzymatic
kinetic analyses of metalloproteases and hyaluronidases were also conducted, indicating that
the inhibition of metalloproteases seemed to be correlated with sulfate groups content of
EPS. Finally, an analysis of transcripts showed that the increase in the collagen produced by
fibroblasts could be due to the activation of the TGF-β1 signalling pathway and the inhibition
of metalloproteases biosynthesis.

Figure 1: organization of the ANR POLYSALGUE project
[1] Gonçalves O., Pruvost J., Massé A., Decamp A., Probert I., Maugard T., Arnaudin I., Bridiau N., Toucheteau
C., Le Cerf D., Picton L., Dulong V. Rihouey C., Gaignard C., Laroche C., Pierre G., Delattre C., Dubessay P. &
Michaud P., Nouveaux exopolysaccharides dépolymérisés, issus de micro-algues, leur procédé de préparation et
leurs utilisations en cosmétique pour retarder les effets du vieillissement cutané. Patent FR2102020, 2021.03.02.
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Glycoproteins and glycolipids found on cell surfaces play a key role in a broad range
of biological events generally proceeding through the oligosaccharide portion of
glycoconjugates. Pharmaceutical oligosaccharides compose a very limited number of
substances due to the complexity of their structures. One of the approaches in overcoming
this limitation for the production of reproducible oligosaccharides with a controlled structure is
the use of specific carbohydrate-active enzymes.
Carrageenans are complex sulfated polysaccharides from marine red algae that have
been described to have a vast range of biological properties granting these substances a
significant potential in pharmaceutical and cosmetic sectors. In particular they have an
interesting potency in assisting wound healing. It is unknown how the fine structure of oligocarrageenans dictates their capacity to affect molecular and cellular responses important to
wound healing, for example, the ability to mitigate oxidative, hemostatic and inflammatory
processes.
By using a unique marine bacterial toolbox of carrageenan-specific enzymes it is
possible to investigate the effect of fine oligosaccharide structure on carrageenan bioactivity.
These marine bacterial enzymes include κ-carrageenases, ι-carrageenases, 3,6-anhydro-Dgalactosidases and several sulfatases with different carrageenan-substrate specificities. Four
carrageenan samples have been chosen for the current study, commercial κ- and ιcarrageenan and natural carrageenans gently extracted from Chondrus crispus and
Furcellaria lumbricalis. The application of these enzymes to successively modify
carrageenans will help understand how the sulfation patterns and the red algal specific 3,6anhydro-D-galactose residue affect in vitro biological properties.
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Antimetastatic properties on both murine and human osteosarcoma cell lines (POS-1
and KHOS) have been evidenced using exopolysaccharide (EPS) derivatives, produced by
Alteromonas infernus bacterium. These derivatives had no significant effect on the cell cycle
neither a pro-apoptotic effect on osteosarcoma cells. Based on this observation, these EPS
could be employed as new drug delivery systems for therapeutic uses. A theranostic
approach, i.e. combination of a predictive biomarker with a therapeutic agent, has been
developed notably by combining with true pair of theranostic radionuclides, such as
Scandium 47Sc/44Sc. However, it is crucial to ensure that, once complexation is done, the
biological properties of the vector remain intact, allowing the molecular tropism of the ligand
to recognize its molecular target. It is important to assess if the biological properties of EPS
evidenced on osteosarcoma cell lines remain when Scandium is complexed to the polymers
and can be extended to other cancer cell types. EPS:Scandium complexes were thus tested
in vitro on human cell lines: MNNG/HOS osteosarcoma, A375 melanoma, A549 lung
adenocarcinoma, U251 glioma, MDA231 breast cancer, and Caco2 colon cancer cells.
EPS derivatives slowdown cell proliferation kinetic, confirming their antiproliferative
effect on human osteosarcoma cells without significant modulation of their viability. Close
results have been found also on human melanoma cells, while human glioblastoma cells
have not been affected by those EPS derivatives. The antiproliferative effect on other cell
lines (i.e. human osteosarcoma, melanoma, breast cancer and lung cancer) is effective with
polysaccharides but even more enhanced when EPS derivatives, and heparin, are
complexed to Scandium. The degree of complexation is represented by the different metalto-ligand ratio. Different behaviors in the decrease of the proliferation kinetic have been
evidenced depending on the metal-to-ligand ratio, that could be related to conformation
changes of the polysaccharide when complexed with Scandium. EPS-DRS:Sc with a 1:2
metal-to-ligand ratio has been shown to be the most effective compound in displaying a
cytostatic effect. Thus, it is assumed that the change in conformation of EPS derivatives and
heparin, could modulate positively or negatively the antiproliferative effect. Concerning the
cause of the antiproliferative or cytostatic effect, a damage in the cellular metabolism does
not seem to be implicated since the cells remain viable, at least in the time frame of our
study. The most probable explanation would be that an inhibition of growth factor-receptor
signaling, as well as an interference of cell-cell adhesion mediated by specific
transmembrane proteins.
These results are very promising and reveal that EPS can be coupled to Scandium
for improving its biological effects and also suggesting that no major structural modification
occurs on the ligand.
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POLYSACCHARIDES WITH POTENTIAL AS FOOD ADDITIVES, NUTRACEUTICALS
AND BIO-BASED MATERIALS
Jiménez-Quero A.*a, Sundewall W.a, Lu Z.a, Martínez-Abad A. a,b, McKee S.L.a, Vilaplana F.a
a

KTH, School of Engineering Sciences in Chemistry, Biotechnology and Health (CBH),
Chemistry Department, Glycoscience Division. AlbaNova University Centre, 114 21
Stockholm, Sweden.
b
Food Safety and Preservation Department, Institute of Agrochemistry and Food Technology
(IATA-CSIC), 46980 Valencia, Spain.
* amparojq@kth.se
Each year, around 90 million tons of food waste are estimated to be produced in Europe,
which incomes almost 200 kg per capita and year. If we focus on the mushroom farming
industry alone, each week more than 60,000 tons of mushroom disregarded outputs are
generated. These are basically treated as an unwanted by-product and used for low value
applications1. However, these fungal by-products contain valuable metabolites (phenolic
compounds), lipids, proteins, and polysaccharides (such as a- and β-glucans, and chitin).
Mushroom-derived polysaccharides (especially β-glucans) are gaining much interest from
researchers and industries recently due to their antioxidant, antitumor, immune-modulating
activities, and other health benefits. Finding high-added value applications for such
mushroom farming by-products constitutes therefore a very attractive possibility from an
economic and environmental perspective2.
The use of Green Chemistry extraction methods to produce these valuable polysaccharides
from mushroom waste preserves the native molecular structure that will directly impact the
bioactivity3. The use of green solvents (pressurized hot water) with enzymatic hydrolysis and
microbial fermentation increases the economic and environmental sustainability compared
with traditional harsh chemical methods for the extraction of biomolecules from biomass.
Moreover, such technologies will allow to tune the specific characteristic of the extracted
polysaccharides as molecular weight, degree of substitution and acetylation degree.
Assuming the significant health benefits of mushroom-derived polysaccharides, there is
much interest in the research and commercial production of these bioactive ingredients. The
valuable biomolecules obtained through the process have great potential for food,
pharmaceutical, cosmetic or biomedical applications, which opens new perspectives for
market claims while upgrading the circular economy of mushroom production.
[1] Liguori R., Antonella A. & Vincenza F. Applied Microbiology and Biotechnology 97-14,
6129-6147 (2013).
[2] Leong, Y. K., Yang, F. C., & Chang, J. S. Carbohydrate Polymers, 117006 (2020).
[3] Ramos, M., Burgos, N., Barnard, A., Evans, G., Preece, J., Graz, M., ... & Jiménez, A.
Food chemistry, 292, 176-187 (2019).
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Galactomannans (GM) and arabinogalactans (AG) are the main polysaccharides
present in coffee brew. These polysaccharides have been shown to affect cholesterol
absorption at the intestine by sequestering bile salts (BS), and thus lowering cholesterol
bioaccessibility.1 Coffee processing parameters such as degree of roasting (DR) and grinding
level (GL) have been shown to affect GM and AG structures, namely their branching and
polymerization degrees.2 These structural changes can potentially influence these
polysaccharides hypocholesterolemic properties. In this work, the soluble high molecular
weight material from coffee was fractionated by ethanolic precipitations (50 and 75% ethanol)
and the sugar composition of each fraction, designated by Et50 and Et75, was determined as
a function of two different DR, light and dark, and GL, fine and coarse. The sugar analysis
showed that Et50 fractions were mainly rich in mannose and galactose, and that the ratio
Man/Gal increased from 6 to 13 with the increase of the DR, similarly as previously shown.2
The degree of branching of GM has been related with the ratio Man/Gal, being higher for
lower ratios.2 Thus, GM obtained from light roasted fractions are expected to be more
branched than the ones from dark roasted ones. Moreover, the increase in the relative
amount of Man residues allows to infer that with an increase of DR, GM becomes more
depolymerized.3 Et75 fractions were mainly composed by galactose, which, in the fine GL,
decreased by approximately 40% with the increase of DR. Furthermore, with an increase in
DR, Ara residues were shown to decrease, suggesting a reduction in the size of AG side
chains, as previously reported.3
Coffee brews were evaluated by quantitative NMR, regarding their effect towards
cholesterol bioaccessibility using an in vitro intestinal model. The results showed a cholesterol
solubility decrease (37%) in the presence of coffee samples when compared with its absence, being
more pronounced in light roasted brew (fine grinding). Since this brew was more effective than the
dark roasted one, it was enriched with similar amounts of GM and AG rich fractions, derived from the
same light roasted coffee. The increase in the amount of both polysaccharides content, led to a further
decrease in cholesterol solubility, when compared to the brew itself, being the incremental effect in the
presence of AG (11%).The results showed that a higher polymerization and branching of GM and AG
seem to enhance their sequestration mechanism towards BS in an intestinal lumen model. This will
allow to discriminate polysaccharide structure-hypocholesterolemic activity relationship, which can aid
on the development of cholesterol-lowering ingredients based in coffee.
1.
Coreta-Gomes, F.M., Lopes, G.R., Passos, C.P., Vaz, I.M., Machado, F., Geraldes, C.F.G.C.,
Moreno, M.J., Nyström, L. & Coimbra, M.A., Nutrients, 12, 1-15, 2020
2.
Nunes, F.M., Coimbra, M.A., Duarte, A.C. & Delgadillo, I., J. Agric. Food Chem., 45, 32383243, 1997

3.

Nunes, F.M. & Coimbra, M.A., J. Agric. Food Chem., 50, 1429–1434, 2002
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Sulfated polysaccharides (PS) from marine algae are known to have valuable anticancer properties1. In particular, they present a promising class of inhibitors against
heparanase (HPSE) activity, a pro-tumoral enzyme implicated in crucial steps of tumor
progression such as angiogenesis, migration and invasion of cancer cells2. However, uses of
the natural sulfated PS for medical applications are strongly limited by their high molecular
weight, complexity and structural heterogeneity, leading to numerous divergent activities that
are difficult to control in vivo3. For instance, anticoagulant and proinflammatory properties are
commonly found and can cause internal bleeding or chronic inflammation, sustaining the
pathological conditions4. One possible answer to increase the specificity of action and in vivo
suitability consists in the generation of oligosaccharides (OS), the low molecular weight
derivatives of PS prepared by depolymerization and adjusted chemical modifications. The
use of these new OS as HPSE inhibitors yet have many challenges to overcome. A better
understanding of the structure/function to control the balance of bioactivities is needed,
especially on the effect of the OS length and their sulfate groups, often keys for the biological
properties. Accordingly, purification and structural elucidation of the OS mixture content
obtained after depolymerization is of first importance and remain difficult. Obtention of such
purified and characterized formulation is also of interest to support the way of druggable OS
synthesized from raw natural extract.
In this presentation, we present the work carried on λ-carrageenan and fucoidan PS,
extracted from red and brown algae, respectively. By the means of a H2O2 radical-based
chemical depolymerization method5, we prepared different OS series of the two species with
different molecular weights and desulfation profile over time. Anti-HPSE and anticoagulant
activities were monitored in vitro to determine the influence of chain length and sulfate
groups. Mass spectrometry analysis also provided first clues about the structure of the main
components found in each OS mixture prepared. Selected OS were then screened on cellbased assays characterizing anti-tumoral activity on two models, B-lymphoma and breast
cancer. We highlighted a promising OS candidate from λ-carrageenan5. Therefore, we next
achieved a benchmarking of different commercial providers of λ-carrageenan and performed
a purification process of the OS to get a pre-clinical grade formulation. For this, a
comparative study of different purification techniques including preparative gel filtration
chromatography, flash chromatography, ion exchange chromatography and capillary
electrophoresis was done and will be discussed in this presentation.
[1] Manlusoc J et al., polymers, 11 (7), 1163, 2019
[2] Rivara S., Ilazzo F & Giannini G., Future Medicial Chemistry, 8(6), 647-680, 2016
[3] Xie L et al., 229, Carbohydrate Polymers, 2020
[4] Laurienzo P & Academic Editor., marine drugs, 13(5), 2770-2784, 2015
[5] Groult H et al., marine drugs, 17(3):140, 2019
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HSV is a major health concern since the number of genital infections by HSV-1 is
raising, HSV-1 may promote neurodegenerative disorders, and HSV-2 increases HIV
acquisition and transmission. Further, the emergence of drug-resistant viruses signifies the
need for new antiviral agents.
In this research, a potential anti-herpetic hybrid polysaccharide (PS) was isolated
after enzyme-assisted extraction (4h at 50°C), from the Mexican red seaweed Halymenia
floresii. The PS yielded an EC50 value of 0.90 µg/ml against HSV-1. During the mechanism of
action, the virucidal assay and the viral adsorption stages showed activity as high as the
control Zovirax (EC50 0,59 vs. 0,56 µg/ml), when PS was added during and after the viral
infection. This PS presented a molecular weight of ~1000kDa; is composed of high amounts
of sulfate (28%), total sugars (30%), and galactose as the main monosaccharide (Figure 1).
The antiviral activity against HSV-1 acyclovir-resistant strain and HSV-2 acyclovir-resistant
strain isolated from HIV-patients is underway. This nontoxic polysaccharide appears as a
potential natural antiviral; moreover, H. floresii has been identified as a valuable resource to
be produced by aquaculture [1]. Financial support: SECTEI-Mexico City (SECTEI/130/2019)
and LBCM-UBS, Vannes France.

Figure 1: Halymenia floresii monosaccharide composition determined by HPAEC.
[1] Robledo D. & Freile-Pelegrín Y., J Appl Phycol., 23, 415-419, 2011
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Chitosan is a linear, semi-crystalline polysaccharide, obtained as a result of partial
deacetylation of the natural polymer- chitin, obtained mainly from the exoskeleton of
crustaceans. Chitosan occupies a high position among other biomaterials mainly due to its
wide range of occurrence and unique properties, including biodegradability, biocompatibility,
non-toxicity, hydrophilicity, and antibacterial and antifungal properties. Due to the high
biological activity and the ability to bind micro and macroparticles, this biopolymer may be a
suitable candidate for use in the process of purifying protein products from endotoxin that is
hazardous to health. Endotoxin (lipopolysaccharide, LPS) is a thermostable molecule that is
found in the outer cell membrane of Gram-negative bacteria and shows a very strong
immune response in the human body, including septic shock. The research issues of the
presented results concern the development of a chitosan-based polymer bed for the
purification of protein products from bacterial endotoxin (lipopolysaccharide; LPS). In the first
stage of the research, various usable forms of chitosan with various levels of microbiological
purity were developed. Chitosan beds in the form of beads and sponges were produced, and
their physical, chemical, and mechanical parameters were assessed. The research results
present the technology of chitosan preparation beds in the form of balls and sponges in the
organic solvent. The produced functional forms of the tested biopolymers were characterized
in terms of physicochemical properties and their ability to bind LPS molecules (LAL test).
This study was supported by research grant SMGR.RN.20.096
Keywords: chitosan, endotoxin, lipopolysaccharide
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Resistant starch type 3 (RS-3) is known to have great potential as a prebiotic by supporting gut
microbiota after intestinal digestion [1]. However the factors influencing the digestibility of RS-3
are largely unknown. This research aims to reveal how crystal type, molecular weight and
molecular weight distribution of the crystallized α-1,4 linked glucans, i.e. RS-3 preparations,
influence its resistance to pancreatic digestion.
Polydisperse α-1,4 glucans were produced by debranching different kinds of waxy starch,
whereas narrow disperse α-1,4 glucans of similar average chain length were produced by
enzymatic synthesis using potato glucan phosphorylase and sucrose phosphorylase. These α-1,4
glucans were crystallized in A- and B-type crystals and subsequently digested. Results showed
that A-type RS-3 preparations were much more resistant to digestion compared to B-type RS-3
preparations (Figure 1) [2]. In addition, RS-3 preparations made of higher chain length α-1,4
glucans were more resistant than RS-3 preparations made of shorter chain length α-1,4 glucans.
Lastly, RS-3 preparations made of narrow disperse α-1,4 glucans were slightly more resistant
than RS-3 preparations made of polydisperse α-1,4 glucans.

Figure 3: Crystal type has the largest influence on resistance to digestion of RS-3, followed
by chain length of the α-1,4 glucans present and polydispersity of these α-1,4 glucans.

Our study revealed that especially medium-chain (DP 22) A-type or narrow disperse long-chain
(DP>32) B-type RS-3 preparations are of interest as RS-3 ingredients, since they are for >90 %
resistant to hydrolysis by pancreatic α-amylase and will thus arrive in the colon. In vitro
fermentation of these RS-3 preparations using adult fecal inoculum will be discussed.
[1] Fuentes-Zaragoza, E., Sanchez-Zapata, E., Sendra, E., Sayas, E., Navarro, C., FernandezLopez, J., & Perez-Alvarez, J. A. (2011). Resistant starch as prebiotic: A review. StarchStarke, 63(7), 406-415.
[2] Klostermann, C. E., Buwalda, P. L., Leemhuis, H., de Vos, P., Schols, H. A., & Bitter, J. H.
(2021). Digestibility of resistant starch type 3 is affected by crystal type, molecular weight
and molecular weight distribution. Carbohydrate polymers, 265, 118069.
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Fucosylated chondroitin sulfate (fCS) is a natural heteropolysaccharide, found up to
now exclusively in sea cucumbers and belonging to the glycosaminoglycan family. It is
attracting more and more interest due to its activity in biological events related to
inflammation, hyperglycemia, atherosclerosis, cellular growth, cancer metastasis,
angiogenesis, and, above all, coagulation and thrombosis.1 In particular, its different
mechanism of action on the blood coagulation cascade with respect to heparin and the
retention of its activity by oral administration make fCS a very promising anticoagulant drug
candidate for heparin replacement.2
From a structural point of view, fCS is composed of a linear backbone consisting of
a →4)-b-GlcA-(1→3)-b-GalNAc-(1→ (GlcA = glucuronic acid; GalNAc = 2-acetamido-2deoxy-glucose) disaccharide repeating unit on which variously sulfated L-fucose (Fuc)
monosaccharides or, much more rarely, oligosaccharide branches are linked through aconfigured glycosidic bonds.3 Such branching is usually found at position 3 of GlcA units, but
in very few cases GalNAc 4 and/or 6 sites are involved too. Noteworthy, Fuc branches seem
to be essential for the observed biological activities.
Regardless the structural details characterizing the fCS from different sea cucumber
species, these polysaccharides seldom display a homogeneous structure, thus hampering
detailed structure–activity relationship studies. Furthermore, together with the anticoagulant
activity, native fCS polysaccharides exhibit some adverse effects, such as in promoting
platelet aggregation, hypotension, and bleeding.4 This can be avoided by a significant
decrease of fCS molecular weight (from 55–70 kDa to 8–12 kDa). To this aim, one approach
is to obtain short, well-defined fCS structures by total synthesis or by selective
depolymerization of natural fCS polysaccharides.5 An alternative strategy developed in our
research group is the semi-synthesis of low molecular weight fCS polysaccharides through
tailored, multi-step sequences of regioselective chemical steps. The semi-syntheses
employed as starting material a microbial sourced polysaccharide sharing the same linear
backbone with fCS but without any sulfate group and Fuc residue. Such approach allowed us
to obtain several different fCS structures,6-8 including some isomers of the native structures,
with sulfate and/or Fuc residues placed at non-natural sites. The most structurally
homogeneous, obtained polysaccharides have been also subjected to conformation studies
through NMR and molecular dynamics techniques.
[1] Pomin V.H. Mar. Drugs 12, 232–254, 2014
[2] Mourão P.A.S. Mar. Drugs 13, 2770–2784, 2015
[3] Myron P., Siddiquee S. & Al Azad S. Carbohydr. Polym. 112, 173–178, 2014
[4] Fonseca R.J.C., Oliveira S.-N.M.C.G., Pomin V.H., Mecawi A.S., Araujo I.G. & Mourão
P.A.S. Thromb. Haemost. 103, 994–1004, 2010
[5] Vessella G, Traboni S, Laezza A, Iadonisi A & Bedini E. Mar. Drugs 18, 293, 2020
[6] Laezza A, Iadonisi A, De Castro C, De Rosa M, Schiraldi C, Parrilli M & Bedini E.
Biomacromolecules 16, 2237−2245, 2015
[7] Laezza A., Iadonisi A., Pirozzi A.V.A., Diana P., De Rosa M., Schiraldi C., Parrilli M. &
Bedini E. Chem. Eur. J. 22, 18215-18226, 2016
[8] Vessella G., Traboni S., Pirozzi A.V.A., Laezza A., Iadonisi A., Schiraldi C. & Bedini E.
Mar. Drugs 17, 655, 2019
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Recent advances in glycobiotechnology show that polysaccharide produced by
selected bacteria can provide an alternative source of cosmeceutical products and
glycosaminoglycan-like drugs. In particular, marine bacteria have been considered as an
attractive source of bio-active polysaccharides for industrial applications; their specific
products can be manufactured under standardized conditions.
The exopolysaccharide (EPS) HE800 is a marine polysaccharide of high-molecular
weight produced by Vibrio diabolicus; it displays original structural characteristics similar to
those of hyaluronic acid 1, 2. It is usually produced by fermentation at 30°C in a Zobell
medium supplemented with glucose.
To optimize production, we studied different factors that have an impact on the growth
of Vibrio diabolicus and the production of the HE800 EPS. The growth and EPS production
were optimized based on pH, temperature, carbon and nitrogen source by the one-factor-ata-time method and an experimental design. First, the miniaturization of experiments provided
an easy way to screen factors and optimize growth. Second, analyses were also carried out
in Erlenmeyer allowing a more in-depth analysis of the molecular properties of the EPS
produced. The optimized parameters were confirmed at the 2L-fermentation scale. The
results showed that not only the growth and EPS yield were influenced by the culture media
and cultivation conditions but also that the molecular weight was affected by the composition
of the medium.

[1]
[2]

Raguenes G., Christen R., Guezennec J., Pignet P. & Barbier G., Int J Syst Bacteriol,
47(4):989-995, 1997
Rougeaux H., Kervarec N., Pichon R. & Guezennec J., Carbohydr Res, 322(1-2):40-45, 1999
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Microalgae represent an excellent source of compounds with biological activities for use in
the fields of medicine, pharmaceuticals and cosmetics. Indeed, many of their metabolites
such as polysaccharides, carotenoids, peptides and polyunsaturated fatty acids (PUFA),
have shown a role in the development of therapies against various human diseases such as
obesity or cancer. Marennine is a non-photosynthetic blue pigment, endowed with a
polysaccharidic skeleton, produced by the microalgae Haslea ostrearia 1. This diatom is
found in oyster ponds in western France (Marennes-Oléron) and is responsible for the
greening of oysters. Few studies have shown that it exhibits antibacterial, antioxidant,
antiviral, and antiproliferative activities on different tumor cell lines 2, 3.
Angiogenesis is a cellular process that forms vessels from endothelial progenitors cells
(EPCs) and mature endothelial cells. The main stages of angiogenesis are proliferation,
migration, adhesion and differentiation into tubular structures. It is a fundamental cellular
process for carcinogenesis. Indeed, it allows the supply of nutrients and oxygen to the cells
of the developing tumor mass. Thus, antiangiogenic activity is highly sought after as a major
anti-tumor therapeutic target.
We therefore examined whether this polysaccharidic pigment, alone or combined with
proangiogenic growth factors such as vascular endothelial growth factor (VEGF), could
increase the EPCs proangiogenic potency in vitro. Freshly expanded EPCs from human cord
blood were incubated from 24 to 72h with different concentrations of marennine with or
without VEGF, then assessed for in vitro proliferation, migration and formation of induced
capillary sprouts on a reconstituted basal membrane (matrigel®). Exposure of these cells to
100 µg/ml of marennine inhibit the EPCs proliferation in the presence of VEGF and their
migration in a wound healing assay. Marennine treatment further inhibit the formation of
growth factor-induced vascular cord-like structures in matrigel®. The mechanism of action is
under investigation using Elisa, western blot and immunocytochemistry techniques. Our
findings suggest that marennine exhibits antiangiogenic properties. Knowing the prominent
role played by endothelial progenitors on tumor growth, these properties could be of great
therapeutic interest.
References
1. Gastineau R, Turcotte F, Pouvreau J-B, Morancais M, Fleurence J, Windarto E, et al.
Marennine, Promising Blue Pigments from a Widespread Haslea Diatom Species
Complex. Mar Drugs. juin 2014;12(6):3161‑89.
2. Pouvreau J-B, Morancais M, Taran F, Rosa P, Dufosse L, Guerard F, et al. Antioxidant
and free radical scavenging properties of marennine, a blue-green polyphenolic pigment
from the diatom Haslea ostrearia (Gaillon/Bory) Simonsen responsible for the natural
greening of cultured oysters. J Agric Food Chem. 13 août 2008;56(15):6278‑86.
3. Berge JP, Bourgougnon N, Alban S, Pojer F, Billaudel S, Chermann JC, et al. Antiviral
and anticoagulant activities of a water-soluble fraction of the marine diatom Haslea
ostrearia. Planta Med. oct 1999;65(7):604‑9.
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Chitin and chitosan are considered among the most abundant biopolymers around
the world. Chitin, the major component of the crustacean shells, such as crab, shrimp and
crawfish, is the second most abundant natural resource after cellulose. Chitosan, the
derivative of chitin, prepared by the removal of the acetyl group from chitin (Deacetylation), is
well-known to display important functional activities [1]. However, its poor solubility in water
limits its applications in food and biomedical fields. Therefore, there is a growing interest
regarding the application of low molecular weight (Mw) chitosan derivatives (CD). CD can be
prepared using physical, chemical or enzymatic depolymerization processes. As compared
to chemical and physical methods, carried out under drastic conditions, enzymatic
depolymerization processes are required thanks to their mild reaction conditions, safety and
ease of control, thus promoting the biological activities of the obtained products.
In this context, our aim was to produce chitosan derivatives-based biomaterials,
especially nanoparticles and biofilms with enhanced functional properties and biological
activities.
First, CD with attractive characteristics, such as low Mw, reduced viscosity and
improved antioxidant and antimicrobial potentials, were produced through enzymatic
depolymerization of chitosan. Then, bioactive silver nanoparticles (AgNPs) assisted by
chitosan and its various Mw derivative were synthesized and characterized, and their
application in the production of biodegradable and bioactive films was also assessed. The
physical, mechanical, and structural properties of the generated films were further studied.
Finally, the biological potential of the produced AgNPs and biofilms was investigated by
evaluating their antioxidant and antibacterial activities.
Interestingly, the enzymatic depolymerization of chitosan may be considered as an
attractive modification process to prepare tailored chitosan derivatives. Such products may
be of great interest as reducing and stabilizing agents, to synthesize and stabilize silver
nanoparticles via a simple, cost-effective and convenient “green” approach. Furthermore, the
produced AgNPs-based biofilms showed strong antioxidant behavior and antibacterial
potential, representing a promising candidate for use in a wide range of food packaging
technology, medical area and various other applications.

Figure 1 : Chitosan/CD-based films preparation
[1] Cavallaro, G., Micciulla, S., Chiappisi, L., & Lazzara, G. (2021). Chitosan-based smart
hybrid materials: a physico-chemical perspective. Journal of Materials Chemistry B.
Acknowledgements: This work has been funded by the PHC-Utique project No. 20G0806.
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Fungi and mushrooms are extremely abundant worldwide with great diversity. Their
production and consumption are growing each year, given their nutritional advantages.
However, in the mushroom production and cultivation processes, a large amount of byproducts and wastes are generated, with a high environmental impact and management cost
for the companies. In this work, a cascade sequential extraction from three different
mushrooms (Grifola frondosa, Pleurotus ostreatus and Lentinula edodes) going from very
mild to more aggressive treatments, was performed to yield different fractions of varying
glucan and protein composition. The information of the compositional features of the different
fractions was used to infer on the potential structural organization of the different
components within the fungal cell wall and discuss on potential strategies for further
valorization of the bioactive compounds for food-related applications and nutraceuticals.
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Marine biodiversity is a natural source of innovative molecules with specific chemical
structures which may be used in several areas of applications. In particular, microorganisms
such as marine bacteria are regarded as sea treasures and their biomolecules aroused great
interest in human health.
In this study we have isolated bacteria from blue crab species that have lately
invaded tunisian coasts. Some of them present a mucoid phenotype on solid medium; this
suggests the production of exopolysaccharide (EPS). A first screening on solid media
supplemented with saccharose using Congo Red staining revealed the production of
polysaccharides. Polyanionic EPS are also screened to obtain new glycosaminoglycan-like
polysaccharides.
Future work will include the identification of the bacteria and the screening of
enzymes involved in the degradation of polysaccharides especially amylases, chitinases, and
chitosanases.
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The COVID-19 pandemic has made it inevitable to explore alternative antiviral
materials, especially for surfaces, as it is known that one of the mechanisms of SARS-CoV-2
transmission is through the surface of various materials 1. Thus, a large amount of synthetic,
inorganic and photocatalytic (nano)coatings have been proposed to efficiently inactivate
SARS-CoV-2 , but several drawbacks such as limited efficacy, environmental pollution,
toxicity problems and harmful side effects when they enter the human body make them not
very attractive and call for other alternative solutions. Biopolymers, especially
polysaccharides, are biodegradable, renewable, biocompatible and some of them show
potential antiviral properties 2,3. Among them, chitosan and its derivatives have shown
antiviral activity against human coronaviruses 4,5, but their use in the form of surface coatings
is not yet understood in detail. In this regard, it is particularly important to understand the
physicochemical properties of chitosan and the specific parameters that influence and
correlate with its antiviral activity. This is important in order to further develop an efficient
coating. In this work, various chitosan-based colloidal formulations were first characterized
and then analysed regarding inactivation of bacteriophage phi6, which is widely accepted as
a model surrogate for SARS-CoV-2 due to the fact that is enveloped by a lipid membrane,
has spike proteins, and has a similar spherical structure and size (~80-100 nm). Chitosanbased polymers as colloidal formulations were evaluated by elemental analysis (ATR-FTIR
and XPS), by charge (potentiometric titration), viscosity and surface tension. To explore their
antiviral activity for further use in the form of coatings, the macromolecular dispersions of the
chitosan were first incubated with the model virus phi6 and the success of virus inactivation
was determined. It was shown that the chitosan-based formulations exhibited excellent
inactivation of the model virus in solution, resulting in 100% inactivation of the model virus for
some. It was also found that the virus infectivity was strongly dependent on the pH and
charge of the macromolecular polysaccharide dispersion. The results allowed us to better
understand the mode of action of chitosan and may contribute to its further promising and
optimal application as an antiviral coating against SARS-CoV-2 on various surfaces.
[1] Sun, Z. & Ostrikov, K., Sustain. Mater. Technol., 25, 2020.
[2] Otto, D. P. & Villiers, M. M. De., Molecules, 25, 3415, 2020.
[3] Mallakpour, S., Azadi, E. & Hussain, M. C., Int. J. Biol. Macromol., 182, 1931–1940, 2021.
[4] Ciejka, J. et al., Antimicrobial Agents and Chemotherapy, 60, 1955–1966, 2016.
[5] Milewska, A. et al., J. Virol., 95, 2021.
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The Laboratory of Civil Engineering and Mechanical Engineering of Rennes
investigates the design and the characterization of multi-physical properties of bio-based
building materials. This research theme has been particularly developed since the year 2000
at LGCGM.
Firstly, the studies focused on hemp-lime concretes and hemp-lime renders. Such
composites are very efficient on hygrothermal point of view. Their thermal conductivity make
them suitable for distributed insulation and they show high moisture buffering ability that
contributes to ensure high indoor comfort. Besides, they are told to be environmentally
friendly, as the use of hemp shiv appears as carbon sink. The life cycle analysis of such
materials underlines without surprise that their main impacting component is the binder. In
order to reduce the environmental impact of composites without reducing their hygrothermal
qualities two ways were investigated: the use of earth-based matrix and the design of fully
agro-based composites.
In this talk, I will present a part of the studies performed within the European ISOBIO
project (http://isobioproject.com/). This project aimed to develop innovative solutions for
building insulation, both for new buildings and retrofit. It included the development of agrobased insulating panels. Five agro-resources, with several particle sizes, were provided and
processed by an industrial partner of the project (CAVAC, France) : hemp, flax, rape, wheat
and corn cob, They were analysed on chemical and multi-physical point of view in order to
identify their best valuation: as binding component or as aggregate [1]. Wheat straw was
used as gluing material while extractions to be used as glue were the most efficient on corn
cob and flax fines [2]. Wheat straw appeared as the most insulating aggregates while corn
cob was the most conductive. Hemp shiv, flax shiv and rape straw showed similar thermal
conductivities, with values suitable to produce thermal insulating panels. According to the
Nordtest classification, wheat straw appeared as good hygric regulator, hemp shiv, flax shiv
and rape straw as excellent and corn cob even better.
Then, composites were designed with the studied agro-resources and others agrobased binder. The feasibility of such composites has been tested. Some binders were not
compatible with all aggregates. Among the produced composites, some were interesting to
be used as insulating core in the multi-layer insulating solution, while others were promising
as indoor facing panels. The hygric characteristics were analysed from composite
formulation and MEB analysis.
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Figure 1 : Examples of composites made with hemp shiv (1 to 6) and with corn cob residue
(7 to 10).
[1] Viel, M., Collet, F., Lanos, C., Chemical and multi-physical characterization of agroresources’ by-product as a possible raw building material. Ind. Crops Prod. 120, 214–237,
2018, https://doi.org/10.1016/j.indcrop.2018.04.025
[2] Viel, M., Collet, F., Prétot, S., Lanos, C., Hemp-Straw Composites: Gluing Study and
Multi-Physical Characterizations. Materials 12, 1199, 2019.
https://doi.org/10.3390/ma12081199
[3] Viel, M., Collet, F., Lanos, C., Development and characterization of thermal insulation
materials from renewable resources. Constr. Build. Mater. 214, 685–697, 2019
https://doi.org/10.1016/j.conbuildmat.2019.04.139
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Certain agricultural wastes, such as maize and sunflower stalks, exhibit physical
characteristics that give them thermal insulation and hygric regulation performances. Unlike
common raw materials for insulating construction materials, made mainly from mineral or
petroleum sources, these bio-based raw materials have many environmental advantages:
they are renewable, locally available and act as carbon sinks.
As part of the SAVASCO project (co-funded by INTERREG POCTEFA) for the
structuration of an innovative and eco-efficient construction sector in the Trans-Pyrenean
territory, this work presents an experimental investigation into the thermo-hygro-mechanical
behaviour of new bio-based insulating building materials containing maize or sunflower stalk
chips.
The first part of this study consisted in processing and treating the sunflower and corn
stalks supplied by the Federació de Cooperatives Agràries de Catalunya (FCAC), partner in
the SAVASCO project. The combination of grinding, dedusting, sieving, separating and
screening steps allowed to obtain different fractions of plant particles compatible with a use
as plant aggregates for construction.
The multiphysical characteristics of these aggregates were then determined to serve
as formulation parameters for the composites and/or to correlate them in a second step to
their thermo-hygro-mechanical performance.
In order to optimize the performances of a sprayed plant-concrete including these
particles, various types of bio-based materials were designed and characterised with
different types of aggregates (maize or sunflower stalk; bark or whole stalk grinded), several
particle sizes, two kinds of binder (clay or lime) and various aggregate/binder ratios. The
measurement of the thermal conductivity, hygric properties and both flexural and
compressive strengths was conducted. The impact of formulation parameters on the drying
kinetics of wall-scale materials was also studied.
When comparing binder types, the main advantage of clay-based formulations is the
absence of the inhibitory effect of aggregate water-soluble components on composite settingtime and hardening mechanisms. Regarding the effect of aggregates, their size and type
mainly impact the macroporosity of the composites.
The presence in large quantity of vegetal particles promote, on the one hand, an
increase in porosity and water vapour permeability of the composite, and, on the other hand,
a reduction in density, thermal conductivity and mechanical strengths.
Concerning insulation properties, the low density of studied materials offers thermal
conductivity perfectly suited for insulating use. The pore structure, highly interconnected,
promote hygric exchange with the ambient environment, enabling relative humidity passive
regulation within buildings.
Carried out on sprayed materials, this study will be completed by a characterisation of
vibrocompacted materials. This phase of characterisation and optimisation constitutes the
first part of developing a full constructive solution, which will be studied at building scale
thanks to the construction of a prototype combining optimised plant-based insulating material
with 100% bio-based insulation panels.
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The construction and building industry, because of the global financial crisis of 20072008 and the Spanish property bubble, has opened alternative building concepts based on
prefabricated homes. This construction can be classified into two main types of building: (i)
modular housing and (ii) panelized housing. This last construction method consists of
producing panels in a controlled environment and used for the construction of the houses.
This has not only been applied in the domestic building sector, but also for the construction
of industrial facilities. These panels can be made of several materials, such as cellular
concrete or wood, depending on the final application and required properties. Fiberboards
are three-dimensional structures made of wood chips or vegetable fibers joined together by
means of synthetic binders and resins. Typical binders are based on formaldehyde resins
such as phenol-formaldehyde or urea-formaldehyde, which are neither safe, as some of
them are considered carcinogenic by the European Regulation 605/2014, the Center for
Disease Control and Prevention (CDC) and the Food and Drug Administration (FDA), nor
environmentally friendly, since they are non-biodegradable nor biobased.
For all the above, the use of bio-based binders such as starch, soybean, lignin or
nanocellulose, as formaldehyde resins has become a topic of great interest. In addition, other
researchers have explored the production of fiberboards by means of wet-processing route,
mimicking paper production process. This allows the production of individualized fibers with
tailored morphological and chemical characteristics, which may bond each other by means of
Van der Waals forces and hydrogen bonding, apart from using their self-lignin as binder. This
is particularly interesting when considering the use of alternative raw materials, such as
agricultural or industrial residues.
The present work shows the feasibility of using a wheat straw semichemical pulp as
raw material to produce high-performance fiberboards by means of three different strategies
based on the modification of the bonding capacity of fibers and the incorporation of
lignocellulosic nanofibers (LCNF). Regarding the first approach, wheat fibers were subjected
to mechanical refining at different intensities, on the one hand, and to enzymatic refining at
different treatment times, on the other. In the case of LCNF incorporation, they were
incorporated into the neat wheat fibers, but also into the enzymatically refined fibers, aiming
at generating a synergistic effect between both treatments. It was found that the developed
fiberboards exhibited significantly superior mechanical properties to commercial medium
density fiberboards (MDF), both in dry and wet conditions, as well as a better dimensional
stability when exposed to moisture.
Overall, the present work shows an environmentally friendly alternative to
formaldehyde-based fiberboards for the construction and building sector, which may have
potential application in other relevant sectors such as furniture.
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The necessity of building materials improvement led to reconsider lignocellulosic biomass as a tool to
upgrade materials characteristics (thermal and acoustical insulation, environmental impact, air quality…).
Thus, current studies are focusing on plant valorization into materials such as biobased mortars and particles
boards. However, the invariability of synthetic building materials submitted to international standards
compared to plant variability unsubmitted to these rules, need to be investigated to upgrade materials
characteristics.
According to literature, molecules like sugars or polyphenols are highly released during processing
methods. These molecules can contribute to delay rigidification in mortar [1;2] or can permit interactions
between plant aggregates in binderless particles boards [3].
Thus, a better understanding of plant biomass and plant released molecules during process are
required to get those mechanisms and by extension better add value products. In this way, this work will be
focused on hemp shiv and split into three main parts;
- Plant cell wall composition has been investigated by Van Soest method [4] and sequential extraction.
- Process parameters simulation focus on pH and temperature have been carried out on hemp shiv
to extract similar compounds released during bio-based materials production [1] (Table 1).
- These extractives, acid and neutral sugars have been measured [5;6] and High-Performance Anion
Exchange Chromatography with Pulsed Amperometric detection (HPAEC-PAD) analysis was performed for
dosing each sugar [7;8].
Process
parameter
s
simulation

Water
RT

Water
50°C

Hemp shiv FEDORA17
Water
pH
pH 12,5
100°C
12,5
NaOH
NaOH
50°C
RT

pH 12,5
Ca(OH)2
RT

pH 12,5
Ca(OH)2
50°C

Table 1: Extraction method of extractives compounds by process parameters simulation
This study proposes an improving materials formulation process by providing a better understanding
of plant released molecules.
Acknowledge: Authors would like to acknowledge funds provided by CABBALR, GoLaSalle project and
Normandie PhD School (NBISE).
[1] Delannoy G., Marceau S., Glé P., Gourlay E., Guéguen-Minerbe M., Diafi D., Nour I., Amziane S. and Farcas F.,
Materials & Design, 160:752-762, 2018.
[2] Wang L., Lenormand H., Zmamou H. and Leblanc N., Journal of renewable materials, 7 (9):903-913, 2019.
[3] Pintiaux T., Viet D., Vandenbossche V., Rigal L. and Rouilly A., BioResources, 10 (1):1915-1963, 2015.
[4] Van Soest P.J. and Robertson J., American Naturalist, 125:640-72, 1985.
[5] Van Den Hoogen B.M., Van Weeren P.R., Lopes-Cardozo M., Van Golde L.M.G., Barneveld A. and Van De Lest
C.H.A., Analytical Biochemistry, 257:107-111, 1998.
[6] Monsigny M., Petit C. and Roche A., Analytical Biochemistry, 175:525-530,1988.
[7] Silva G.B., Ionashiro M., Carrara T.B., Crivellari A.C., Tiné M.A., Prado J., Carpita N.C. and Buckeridge M.S.,
Phytochemistry, 72:2352–2360, 2011.
[8] Roig-Oliver M., Rayon C., Roulard R., Fournet F., Bota J. and Flexa J., Physiologia Plantarum, 0: 0–0,
doi:10.1111/ppl.13186, 2020.
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Representing 7.5% of the dry weight of the amaranth seed, its vegetable oil is a
promising source of squalene with 4.6% (w/w) in oil [1]. This triterpene is highly appreciated
in cosmetology, especially for the formulation of moisturizing creams [2]. Vegetable oil can
be extracted continuously through thermo-mechanical pressing in a twin-screw extruder.
Resulting press cake has the form of a white and fine powder with 2.5% minerals, 5.9%
residual oil, 10.7% fibers, 17.0% proteins, and 63.9% starch (as a proportion of dry weight). It
also contains a non-negligible proportion of vitamins, especially B3, B5, B6 and C.
With regard to such a chemical composition, the amaranth cake could find uses for
food applications, in particular for bread flours as both an original source of starch and a
protein reinforcement [3]. The absence of gluten in amaranth cake is also of obvious interest
to gluten intolerant people. In this study, another use of the amaranth cake, in the field of biosourced materials, is envisaged. Starch is indeed known for its adhesive and thermoplastic
properties. Two types of materials have been developed.
On the one hand, during the oil extraction step, starch was fully plasticized in the twinscrew extruder, simultaneously with the denaturation of proteins. Amaranth cake is thus an
alternative source of thermoplastic starch for injection-molding applications, replacing wheat
and corn starches, which are currently the most used in the agroplasturgy industry. Amaranth
cake was molded with success, in the presence of water (25%) or glycerol (25%). The
specimens were well defined in shape, and slightly lighter in the presence of glycerol (Figure
1a). Once equilibrated, those containing glycerol showed higher flexibility, due to the
plasticizing effect of glycerol on starch: 62 MPa Young’s modulus instead of 1420 MPa, and
0,62% elongation at maximum tensile stress instead of 0.49%. For future work, amaranth
cake could be blended through twin-screw extrusion compounding with bio-based polyesters
(e.g., PLA, PHAs, etc.) and/or vegetable fillers, to produce biocomposites with optimized
properties.
On the other hand, amaranth cake can act as natural binder to produce hardboards
from the stem bark through hot pressing. Made from a bark fraction previously extrusionrefined in the presence of water, optimal board contained 20% (w/w) cake as binder (Figure
1b). With 35.8 MPa flexural strength and 4.2 GPa elastic modulus, such board constitutes a
viable alternative to commercial wood-based panels, e.g., MDF or chipboard.

Figure 1: Injected specimens from amaranth cake (a), and amaranth-based hardboards (b)
[1] León-Camacho M., Garcia-González D.L. & Aparicio R., European Food Research and
Technology, 213, 349-355, 2001
[2] Huang Z.R., Lin Y.K. & Fang J.Y., Molecules, 14, 540-554, 2009
[3] Sayed Ahmad B., Ph.D. Thesis, INPT, Université de Toulouse, France, 2018
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Interest towards cellulose nanofibers obtained from virgin and waste sources has seen a
significant growth, mainly thanks to the increasing sensitivity developed towards the concept
of circular economy and the high levels of paper recycling achieved in recent years.1
Cellulose nanofibers can be easily obtained through several approaches, acting on the
hierarchical structure of cellulose.2 Enzymatic (endoglucanase) and chemical (oxidation with
TEMPO/NaClO/KBr system) pre-treatments, combined with mechanical methods, allow to
obtain cellulose nanofibers reducing the energy demand of the production process.3
The proposed study includes the use of cellulose nanofibers obtained from both virgin (cotton
linters and spruce fibers) and waste sources (recycled paper pulp and paper-mill sludge) and
through different approaches (combination of different pre-treatments and mechanical
methods).
The impact of the proposed processes has been evaluated through an in-depth Life Cycle
Assessment (LCA) investigation.
Taking inspiration from the ideas of the green building industry, experiments have been
carried out by incorporating cellulose nanofibers in sustainable building materials, focusing
on different types of raw earths, to study in detail their behaviour in presence of different
cellulose-based additives.
Several tests have been carried out: adhesion test, conducted to determine the maximum
vertical load sustained and capillary absorption test, to observe the water absorption capacity
of earth, which represents an important parameter since water ingression is a major problem
in earth-based structures.
Nanofibers have shown to be able to modify the behaviour of blends depending on several
factors: the cellulose original source, the process used to obtain nanocellulose and the
oxidation degree of the fibers.
Interesting results have been obtained also with fibers derived from waste sources, opening
new opportunities for the re-use of discharged materials.
[1] “Cepi website,” can be found under https://sustainability.cepi.org/circular-economy/,
visited on 27/03/2021
[2] B. Thomas, M. C. Raj, B. K. Athira, H. M. Rubiyah, J. Joy, A. Moores, G. L. Drisko, C.
Sanchez, Chem. Rev. 2018, 118, 11575–11625.
[3] V. Kumar, P. Pathak, N. K. Bhardwaj, Waste Manag. 2020, 102, 281–303.
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Chemical modification of polysaccharides such as cellulose can be used to adjust
their properties such as solubility, thermo-mechanical behaviour and/or reactivity. 3-Allyloxy2-hydroxypropyl (A) modified cellulosic derivatives with rather low DSA 0.05-0.20 have been
prepared using different types of celluloses or hydroxypropyl celluloses as starting materials.
These reactions were performed in alkaline water-organic solvent mixtures. These allylic
double bonds can be utilized for further modifications, for example, to be used in new fiber
products,1 in hydrogel applications using grafting techniques,2 or for coupling other double
bond containing components with allylated cellulose fibres,3 or for so-called “click” chemistry4
to created novel properties for water-soluble or fibrous cellulose-based materials.
In this study these allylic double bonds were utilized for further modifications using
thiol-ene “click” chemistry using different kind of thiol reagents as starting material to be used
in many applications such as highly elastic films. The films were prepared by combining a
cellulose derivative, protein component, plasticizer, and crosslinker to create novel fibrous or
film-like hybride materials. The elongation of films were improved up to 100 %, with
reasonable high mechanical strength (10-40 MPa).
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Figure 1 : Elongations of some selected films.
[1] Vehviläinen M., Kamppuri T., Setälä H., Grönqvist S., Rissanen M., Honkanen M.,
Nousiainen P., Cellulose, 22, 2271-2282, 2015.
[2] Pohjanlehto H., Setälä H., Kammiovirta K., Harlin A., Carbohydr. Res., 346, 2736-2745,
2011.
[3] Setälä H., Alakomi H.-L., Paananen A., Szilvay G. R., Kellock M., Lievonen M., Liljeström
V., E.-L., Lintinen K., Österberg M., Kostiainen M., Cellulose 2019 DOI 10.1007/s10570-01902771-9.
[4] Nurmi L., Salminen R., Setälä H., Carbohydr. Res. 404, 63–69, 2015.
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Currently, research on paper focus in the reduction of grammages with constant
mechanical characteristics and the functionalization of papers to obtain specific surface
properties. These characteristics can be obtained by coating paper surface with suitable
aqueous coating color. The quality of the coating depends on the triplet: paper/coating
color/coating process.
The present project focused on the use of paper to produce a multi-layer insulation for
the building industry. For this purpose, paper is coated: a starch gel is made by cooking
starch in water. In this gel, microparticles of starch are added: this will be named coating
color. The microparticles are not cooked and will act as spacers between the different sheets
to obtain a multilayer insulation. However, a study of the rheological properties of the coating
sauce used must be carried out. This will allow us to know the behavior of the fluid at
different shear rates, with and without uncooked starch particles, as well as its behavior at
different temperatures. The final objective of this work is to know at what speed and
temperature the coating color should be deposited on the paper, in order to optimize the
process and the quality.
Rheology measurements were performed with an Anton Paar MCR 302 rheometer
with a CP50-1 measuring cone (50 mm diameter, 1° angle). The behaviors of the fluids were
tested at shear rates ranging from 0.1 s-1 to 10000 s-1 and temperatures from 20°C to 50°C.
The used starch was characterized by laser particle size analysis in water with a Cilas-1190
Particle Size Analyzer. Its sedimentation in water was also studied.
The first results obtained show a sedimentation of the uncooked starch particles in
water as well as in starch gel. However, the sedimentation is much faster in the starch gel.
This means that a recirculation of the coating color must be implemented to avoid
sedimentation. Furthermore, starch gel has a shear thinning behavior according to the
Ostwald-de-Waele’s law. It was also found that the flow behavior index n and the consistency
index of the fluid K are dependent on the temperature and the starch concentration (Table 1).
Table 1: Flow behavior and consistency index of starch gel
Temperature [°C] Starch weight concentration [%]
20,00
15%
35,00
15%
50,00
15%
20,00
20%
35,00
20%
50,00
20%

n
0,10
0,13
0,27
0,04
0,09
0,23

K
42394
32115
4960
187412
103826
17688

R²
0,991
0,998
0,980
0,992
0,950
0,996

Concerning the evolution of the starch gel viscosity as a function of temperature, it
was found that the viscosity decreases with increasing temperature. Using Eyring's theory
[1], it was possible to obtain an activation energy of Ea= 16.11 kJ.mol-1 (at 10,000 s-1) for a 20
wt% starch gel. However, the hypothesis of a gradient-dependent activation energy has been
put forward and is still under investigation as the precise behavior of the coating color.
[1]
M. Dolz, M. J. Hernández, C. Cabeza, A. Casanovas, and J. Delegido, J. Appl.
Polym. Sci., vol. 92, no. 4, pp. 2653–2657, May 2004
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Plastic industry uses filling materials for improving the materials mechanical performance
while decreasing their final production cost. Calcium carbonate (CaCO3) is one of the most
popular mineral filler used in plastics production due to its low cost, low toxicity, and good
stability 1. However, its high density (2.73 g/cm3) compromises the amount allowed to be
incorporated into the plastic formulations. Therefore, alternative lightweight fillers for plastic
formulations are
required. In this work it is hypothesized that porous CaCO3 conjugated with polysaccharides
allow to develop lightweight fillers. As case study, eggshells-derived CaCO3 (ESCaCO3)/alginate-based conjugates were prepared, characterized, and incorporated into
polypropylene (PP) formulations. As control, commercial CaCO3 used by Isolago, a
Portuguese plastic industry, was used. ES-CaCO3/alginate-based conjugates showed an
averaged particle size and density of 2.4 µm and 2.49 g/cm3, respectively. When
incorporated into PP formulations, ES-CaCO3/alginate-based fillers conferred a light
brownish coloration to PP materials, increasing in 40% their rigidity and decreasing in 5% the
plastics density, when compared to the commercial PP/CaCO3. Therefore, ESCaCO3/alginate-based conjugates offer a new renewable generation of fillers suitable to
develop lightweight plastic materials.
Aknowledgements: Thanks are due to University of Aveiro and FCT/MCTES for the financial
support of CICECO-Aveiro Institute of Materials (FCT ref. UIDB/50011/2020 &
UIDP/50011/2020) and LAQV-REQUIMTE research Unit (FCT ref. UIDB/50006/2020)
through national funds. The authors acknowledge to PLASTICOLIGHT project (POCI-010247-FEDER-33848), financed by FEDER through POCI, to Isolago – Indústria de Plásticos,
S. A., the project leader, and to Derovo group for providing eggshells. FCT is also thanked
for the Investigator FCT program (PF), Scientific Employment Stimulus program (IG,
CEECIND/00430/2017), PhD grant SFRH/BD/145660/2019 (JDCS), and by national funds
(OE) in the scope of the framework contract foreseen in the numbers 4, 5, and 6 of the article
23, of the Decree-Law 57/2016, of August 29, changed by Law 57/2017, of July 19.
[1] Thenepalli T., Jun A., Han C., Ramakrishna C., Ahn J., Korean J. Chem. Eng., A strategy
of precipitated calcium carbonate (CaCO3) fillers for enhancing the mechanical properties of
polypropylene polymers, 32, p. 1009–1022, 2015
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Aerogels derived from nature nanomaterials have attracted widely interest due to the
advantages of wide availability, low cost, renewability and nontoxicity. Especially, cellulose
nanomaterials can be harnessed to design multifunctional aerogel structures with advanced
performance in various purposes. Herein, we demonstrate how cellulose nanofibers can be
used to prepare very low density (0.005 g/cm3), highly porous (up to 99.65%), cost-effective,
reusable and functionalized sponges1 and spherical aerogels, i.e., aerobeads2-3. By crosslinking with silylation agents1 and incorporation of Fe3O4 nanoparticles2 or metal organic
frameworks (MOFs)3, ultra-low density and three-dimensional (3D) hybrid aerogels were
created. The sponges exhibited excellent oil/water absorption selectivity and ultra-high oil
(marine diesel oil, kerosene, gasoline, motor oil, castor oil, or linseed oil), organic solvent
(dimethyl sulfoxide, chloroform, n-hexane, toluene, acetone, or ethanol) and persistent
micropollutants (diclofenac and methyl orange) absorption capacity. Additionally the
absorbed pollutants could be readily recovered by means of simple mechanical squeezing,
and the superabsorbent could be reused at least 30 cycles1. Nano-structured and porous
foams of crosslinked cellulose nanofibers (CNF) were also demonstrated as highly efficient
aerosol filters4. Very high filtration efficiency (>99.5%) was achieved for particles smaller than
360 nm and the aerosols filters possessed the quality factor (QF) value that met the N95
standard requirements of respirator face masks. Moreover, we introduce a combination of
nuclear magnetic resonance (NMR) spectroscopy techniques for comprehensive
characterization of pore sizes and connectivity in the nanocellulose aerogels5.

Figure 1 : Magnetic and hydrophobic aerobeads derived cellulose nanofibers [2].
[1] Laitinen O, Suopajärvi T, Österberg M & Liimatainen H. ACS Applied Materials and Interfaces 9,
25029-25037, 2017.
[2] KarzarJeddi M, Laitinen O & Liimatainen H. Materials & Design 183, 108115, 2019.
[3] KarzarJeddy M, Laitinen O, Mahkam M & Liimatainen H. Materials and Design 196, 109106, 2020.
[4] Kharbanda Y, Urbańczyk M, Laitinen O, Kling K, Pallaspuro S, Komulainen S, Liimatainen H, &
Telkki V-V. Journal of Physical Chemistry C 123, 30986-30995, 2019.
[5] Ukkola J, Lampimäki M, Laitinen O, Vainio T, Kangasluoma J, Siivola E, Petäjä T & Liimatainen H.
Accepted in Journal of Cleaner Production, 2021.
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Among all natural polysaccharides exploited for bio-aerogels elaboration, nanocelluloses,
cellulose nanofibrils (CNF) and cellulose nanocrystals (CNC), are particularly attractive
materials as they are biodegradable, non-toxic, and can be produced from sustainable and
renewable sources. They also exhibit unique properties including relatively high specific
surface area, excellent mechanical properties and numerous hydroxyl groups allowing
chemical modification to produce nanocellulose with carboxyl/amino groups on their surface.
Another interesting property of nanocelluloses is their hydrophilic functional groups so that
cellulose-based aerogels can absorb water and swell making them interesting materials such
as drug release system or water reservoirs for biomedical and agricultural applications.
Nevertheless, solvent exchange procedure or chemical cross-linking is usually required to
compensate the inherent fragility of the CNF and CNC aerogels in terms of mechanical and
solvent-resistant properties. Recently, we showed that CNC and CNF-based aerogels could
be promising biomaterials with tunable properties by changing their microstructure or their
composition [1, 2].
With the aim of designing cellulose-based aerogels displaying high water absorption
capacity and shape recovery properties (Figure 1), we used modified CNF to prepare
ultralight aerogels using freeze-casting procedure. Morphology of CNF aerogels was
characterized by scanning electron microscopy for different freezing conditions. Absorption
capacity of CNF aerogels in water and acidic solution were determined and cyclic
compression tests were performed on swelled aerogels to assess their mechanical and
shape recovery properties. Mechanism of pH-sensitive swelled aerogels was explored by
characterizing water dynamics using low-field nuclear magnetic resonance (LF-NMR).

Figure 1: Manual compression of CNF aerogel swelled in HCl aqueous solution.
[1] Jaafar Z., Quelennec B., Moreau C., Lourdin D., Maigret J.-E., Pontoire B., D’Orlando A.,
Coradin T., Duchemin B., Fernandes F.M., and Cathala B. Carbohydrate Polymers, 247,

116642, 2020
[2] Mandin S., Moreau S., Talantikite M., Novalès B., Maigret J.-E., Cathala B. and Moreau
C., Gels, 7, 1-13, 2021
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Low-temperature supercritical drying (SCD) with CO2 remains the golden standard for
processing of wet gels into corresponding aerogels1. In a typical protocol, a gel is first
prepared from nano-scaled building blocks in an organic medium or water followed by a
solvent exchange with a light organic solvent, usually ethanol. At the final step the solvent is
extracted in a dynamic process with the process conditions above the critical point for the
binary CO2/solvent mixture, typically at 100 – 150 bar and 40 – 60 °C.
The described pathway preserves a considerable amount of the space between the
building blocks created at the gelation step and results in highly porous materials (aerogels).
Such a pathway is however fundamentally limited as the starting material must have ability to
form a gel2. The aim of this work to pave the way for the processing of any kind of starting
materials into aerogels.
The core idea of the novel approach is to dissolve or disperse the starting material in
a pure or mixed solvent with a moderate melting point (0 – 25 °C). The mixture is then frozen
and subjected to cryoextraction with an organic solvent as extracting agent (e.g., acetone) or
directly with liquid/sc-CO2. The cryoextraction temperature is determined from corresponding
solid-liquid equilibrium data. Finally, the extracting agent recovered in the SCD process
leaving behind a highly porous matrix (Figure 1).
We exemplify the suggested approach by processing industrial polymers and some
low-molecular weight compounds into novel nanoporous materials. In many cases such
materials can be processed in a fully water-free manner what remain a challenge in
conventional approaches. We discuss how the pore size and morphology can be controlled
by the solvent composition and how the process parameters can be deduced from phase
equilibria data.

Figure 1 : Porous structure of porous materials from the hybrid cryoextraction/sc-drying
process (scale bar: 100 nm)
[1] Smirnova I., Gurikov P., Annual Review of Chemical and Biomolecular Engineering, 8,
307 – 334, 2017.
[2] Gurikov P., Smirnova I., Gels, 4, 1 – 14, 2018.
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All-cellulose composites are single-polymer composites in which both the matrix and
the fibers are based on cellulose. In this work we combined two approaches: all-cellulose
composites and porous materials, aerogels and cryogels. Aerogels are low-density high
specific surface materials usually obtained by drying a precursor with supercritical CO2; by
“cryogels” we call the same precursors but freeze-dried.
Porous all-cellulose composites were prepared from pulps dissolved in 8 wt% NaOHwater and dispersed softwood kraft fibers.1 Pulp degree of polymerization was varied to
obtain different amounts of non-dissolved fractions in solution. Both types of drying resulted
in cellulose materials of low-density (0.08 – 0.23 g/cm3) with open porosity. However, specific
surface area was very different: for cryogels it was much lower than for aerogels, 5–50 m2/g
vs. 140–340 m2/g, respectively, the latter being typical for cellulose II aerogels2. The
compressive modulus of cryogels was higher than that of aerogels at the same material
density. Overall, the results show that complete dissolution of cellulose is not needed for
producing strong porous materials with high specific surface area. Non-toxic low-cost
solvent, 8 wt% NaOH-water, can be used for making versatile porous cellulose materials.
Acknowledgements
Authors wish to acknowledge the funding from Business Finland (project number 211599),
Stora Enso Oyj and UPM Kymmene Oyj and collaboration with Separation Research Oy Ab
and Fibertus in the frame of ALL-CELL project. Authors wish to thank Pierre Ilbizian
(PERSEE, Mines ParisTech) for sc CO2 drying, Suzanne Jacomet (CEMEF, MINES
ParisTech) for SEM imaging, Gilbert Fiorucci and Christophe Pradille (CEMEF, MINES
ParisTech) for the guidance in compression experiments and Leena Nolvi (Aalto university)
for the help with specific surface area measurements.
[1] Korhonen O., Budtova T., Composites Part A, 137, 106027, 2020
[2] Budtova T. Cellulose, 26, 81, 2019
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Cellulose aerogels exhibit a fibrillar network made up of three-dimensionally (3-d)
interconnected fibres at the nanoscale. Mechanically strong aerogels with varying cellulose
content are synthesised from aqueous salt hydrate melts [1]. Their superior mechanical
properties are investigated via compression and tensile tests. Additionally, bulk and skeletal
densities along with the pore-size distributions are characterised. These distributions are
then used to generate a 3-d sphere-packed simulation box based on the disciplined convexconcave programming, where the sphere-volume distribution adheres to the pore-volume
distribution of the real aerogels. The sphere-packed simulation box serves as a template to
generate a 3-d radical Voronoi diagram, which then represents the 3-d fibrillar nanostructure
of the aerogels. Representative volume elements (RVEs) corresponding to the synthesised
cellulose aerogels are then designed. These RVEs are then imported in a finite element
program to simulate their structure-property relationships. The influence of several
morphological parameters on the material’s properties are further investigated. Finally, some
new ideas for upscaling the synthesis process to produce large-sized thin aerogel-sheets are
highlighted at the end.
[1] Rege A., Schestakow M., Karadagli I., Ratke L., & Itskov M., Soft Matter, 12, 7079-7088,
2016
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Aerogels of cellulose are one of the classes open porous lightweight materials. We
have acquired good experience in preparing cellulose aerogels in various dimensions such
as monoliths, fibres, beads, sheets and scaffolds.1-6 With our expertise, we are developing
simple and convenient methodologies to prepare cellulose aerogels from agricultural
residues. The preliminary data will be presented in this conference. The raw materials of
hemp and flax fibres have been converted to high grade cellulose powder by alkali/acid
hydrolysis and then followed by treatment with oxidizing medium (bleaching). Cellulose wet
gels have been prepared by dissolution method using molten-salt hydrate or NaOH-UreaWater as solvent medium. The physical properties of classical cellulose aerogels will be
compared with the aerogels produced from the agricultural residues. In addition, the
influence of regeneration bath on physical properties of cellulose aerogels have been
studied. Strong hydrochloric acid and various simple organic acids such as acetic acid, lactic
acid, gluconic acid and citric acid have been employed. In comparison with the aerogels
prepared from strong hydrochloric acid, homogeneous distribution of nanofibers has been
observed for the samples from organic acids. All samples have been characterized by
nitrogen adsorption-desorption isotherm, BJH pore data analyses, density analyses, Powder
X-ray diffraction, FTIR and scanning electron microscopy.

Figure 1 : Scanning electron microscope image showing the microstructure of cellulose
aerogel
[1] Hoepfner S., Ratke L. & Milow B., Cellulose, 15, 121-129, 2008.
[2] Karadagli I., Schulz B., Schestakow M., Milow B., Gries T. & Ratke L., J. Supercrit. Fluids,
106, 105-114, 2015.
[3] Schestakow M., Karadagli I. & Ratke L., Carbohydr. Polym., 137, 642-649, 2016.
[4] Ganesan K., Dennstedt A., Barowski A. & Ratke L., Mater. Design, 92, 345-355, 2016.
[5] Ganesan K., Barowski A., Ratke L. & Milow B., J. Sol-Gel Sci. Technol., 89, 156-165,
2019.
[6] Ganesan K., Barowski A. & Ratke L., Molecules, 24, 2688, 2019.
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A huge amount of waste textile is produced every year, and the majority is either burned,
or buried in landfills, or downcycled. We propose making high added-value materials,
aerogels1, from textile waste. Aerogels are light-weight and nanostructured porous materials
with high specific surface area. We used both cellulose-based textile (rayon or viscose) and
mixed textiles (cellulose/polyester, cellulose/wool) to make cellulose aerogels via dissolution,
coagulation and drying with supercritical CO2. The solvent was 1-ethyl-3-methylimidazolium
acetate ([EMIM][Ac]) mixed with dimethyl sulfoxide (DMSO). Reference cellulose aerogels
were made from microcrystalline cellulose (MCC) to compare with textile-based aerogels.
Cryogels and xerogels were also made from the same precursors but dried by lyophilization
and vacuum drying, respectively.
The rheological behaviour of solutions based on cellulose extracted from textile was
studied as a function of cellulose concentration and solution temperature in the steady state
mode and compared to that of MCC-[EMIM][Ac]/DMSO. The flow curves of solutions based
on dissolved
viscose or rayon followed the typical behaviour of the MCC-[EMIM][Ac]/DMSO solutions.
Higher concentration, higher cellulose degree of polymerization and lower temperature led to
higher viscosity and the beginning of shear thinning.
The influence of textile composition and drying path on the specific surface area, density,
porosity and morphology of the porous materials was investigated. Textile-based aerogels
showed main characteristics similar to those of standard MCC aerogels. Monolithic cellulose
aerogels had high specific surface areas comprised between 350 and 420 m²/g and densities
of 0.06 – 0.08 g/cm3.
[1] Budtova, T. Cellulose II aerogels: a review. Cellulose, 26, 81–121, 2019.
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Huge amounts of fruit and vegetable waste (FVW) are generated by vegetable
processing industries. FVW poses environmental problems due to its high water content
which make it easy degradable, leading to a loss of valuable biomass and an economic cost
for companies. Different drying strategies have been proposed to tackle FVW by turning it
into value-added derivatives such as packaging materials, absorbents with enhanced solvent
loading capacity, fibre and polyphenol rich food ingredients, and carriers for lipophilic
compounds [1]. Air-drying (AD) has limited investment costs but induces material shrinkage,
browning, reduced rehydration ability and bioactive loss. By contrast, FD produces highquality dried products, due to the low process temperature and the limited tissue collapse [2].
More recently, supercritical-CO2-drying (SCD) has been proposed as a sustainable
technology to preserve material structure due to the absence of capillary tensions [3]. SCD
has been largely applied in the production of bio-aerogels [4]. FVW tissues can be actually
regarded as starting material for aerogel production being complex polymeric networks,
structured by cell wall cellulosic fibres, embedding water within intra- and inter-cellular
spaces. It can be thus inferred that the SCD of these biological tissues would result in
bioaerogel-like materials.
Based on these considerations, the aim of this work was to explore the potential of
different drying techniques to turn vegetable waste into novel materials. To this aim, leaves
that are wasted during fresh-cut processing of lettuce were subjected to AD, FD and SCD,
with or without preliminary lettuce grinding. Samples were compared in terms of structural
properties and oil uptake ability.
As compared to AD and FD samples, SCD lettuce leaves showed a peculiar white
colour and an expanded cellular microstructure, which led to a significantly higher oil uptake
ability (16 g oil/g dried sample). Based on the high internal surface (>100 m2/g), the low
density (<0.5 g/cm3) and the high porosity (>80%), SCD lettuce leaves can be regarded as a
bioaerogel-like material. Drying of ground leaves led to flour samples. Differently from AD
and FD flours, SCD one was resistant to post-drying grinding, resulting in larger particle size
and thus a lower absorptive surface. Despite this, it showed a 10-fold higher oil uptake ability
(35 g oil/g flour). By contrast, the SCD process accounted for a significant depletion of
phenolic compounds, which resulted higher in AD and FD flour.
The selection of the drying technique significantly affects physical properties,
chemical composition and solvent affinity of the materials obtained from vegetable waste,
representing a key factor to achieve value-added products to be used for multiple industrial
applications in both food and non-food sectors.
[1] Plazzotta, S., Manzocco, L., Nicoli, M.C., Trends in Food Science and Technology, 63,
51-59, 2017.
[2] Ratti, C., Journal of Food Engineering, 4, 311-319, 2001.
[3] Brown, Z.K., Fryerl, P.J., Norton, I.T., Bakalis, S., Bridson, R.H., Innovative Food Science
& Emerging Technologies, 3, 280-289, 2008.
[4] García-González, C.A., Alnaief, M., Smirnova, I., Carbohydrate Polymers, 4, 1425-1438,
2011.
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Regioselective oxidation of cellulose and subsequent nanofibrillation has recently
emerged as a facile approach towards the design of a wide spectrum of intriguing materials.
Their properties benefit from the unique self-alignment capabilities of cellulose nanofibrils
(CNF) in dilute aqueous dispersions. Variation of degree of cellulose oxidation and, hence, of
negative CNF surface charge density is a great tool for controlling electrophoretic mobility,
zeta potential and colloidal stability in such systems. Since depletion of surface charge by
acidification and concomitant extensive hydrogen bonding is capable to set the specific
arrangement of (oriented) nanofibrils, the architecture and properties of the resulting
materials can be controlled by a set of parameters including fibril size, aspect ratio, surface
charge density and electrolyte concentration.
At the example of layered CNF membranes for transdermal drug release and the
nonsteroidal anti-inflammatory drug piroxicam, this paper discusses how the extent of
cellulose oxidation (periodate/chlorite) and nanofibrillation effects electrophoretic mobility and
zeta potential in dilute CNF dispersions of different electrolyte content and what
characteristics of the porous network structure can be obtained after converting the
hydrogels into aerogel membranes using supercritical carbon dioxide.1

Figure 1 : Preparation of anisotropic CNF membranes for transdermal drug release.1

[1] Plappert S., Konnerth J., Liebner, F. & Nedelec J.-M., Carbohydrate Polymers, 225,
115306, 2019.
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Cryogels prepared with carboxymethyl cellulose (CMC) and hydroxypropyl
methylcellulose (HPMC) were modified with surfactants, cyclodextrin, lignocellulose particles
or polydopamine to provide surfaces with adsorptive capacitive towards multiple water
pollutants. The cryogels were molded in columns for the dynamic adsorption studies. The
synthetic media comprised complex mixtures of organic and inorganic pollutants in order to
mimic effluents from industrial and research/academic laboratories. The breakthrough curves
were analysed with Thomas model and the fitting parameters were discussed in the light of
chemical composition and amount of the adsorbent in the column, flow rate and pollutant
concentration1. The column adsorption studies revealed that the adsorption behavior of
isolated pollutants might be different from that when they are in binary and ternary mixtures,
due to co-adsorption and competitive adsorption effects. The adsorbents could be recycled
five times, using small volumes of solvents. The results achieved sofar are promissing and
point at a future challenge of scaling up to enable the tretament of large volumes (1000
L/year) of wastewater.

Figure 1 : Breakthrough curves of MB (solid blue square) and Cr(VI) (solid red circle) in the
binary mixture, and pure Cr(VI) (open red circle) on CMCBG0-CTAB (top) and CMCBG25CTAB (bottom), C0MB = 3.75 mg/L, C0Cr(VI) = 66 mg/L, ν = 0.8 mL/min, mads = 0.170 g.
Photographs were taken at the beginning, after 5 min, 12 min, 33 min and 90 min adsorption
of the binary mixture.
[1] Patel, H. Applied Water Science 9, 45, 2019.
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Water contamination by molecules resulting from human activities, such as endocrinedisrupting compounds (EDCs) and heavy metals, that are potentially harmful to human
health and aquatic organisms, demands new adsorbents based on sustainable materials,
with low cost and high efficiency. Lignocellulosic materials such as sugarcane bagasse (BG)
have been applied in the development of porous materials such as sponges, filters and
membranes for the removal of heavy metals from effluents due to their great availability, low
cost and low environmental impact 1. Carboxymethylcellulose (CMC) is a cellulose ether
widely used in food, cosmetic and pharmaceutical industry due to their biocompatibility and
nontoxicity, acts as a rheological modifier, and behaves as polyanion at pH > 4.5.
Polydopamine (PDA) has emerged as an important coating, due to its simplicity, low cost and
interesting adhesive properties. PDA coatings occur due to the oxidation of dopamine under alkaline
medium2. In this study, the biomimetic filter was obtained by a combination of BG microparticles with
CMC, providing processing conditions, and PDA, to confer chemical adherence between the
components, chemical and mechanical stability for the material to be applied for adsorption of

organic and inorganic pollutants in wastewater. The CMC/BG/PDA biomimetic filter was
stable for more than 30 days in aqueous medium at pH 5.5 and 25 ± 1 °C, without loss of
material or shape. In the absence of PDA the filters dissolved after 30 min in water. After 6h
in aqueous medium, CMC/BG/PDA biomimetic filter presented swelling degree amounted of
10.21 ± 0.40 gwater/g. SEM images showed that the filter has a porous, cohesive structure.
The filters showed high efficiency for removal of bisphenol-A (BPA), an EDC, and for Pb2+,
with removal capacity of 88.6% and 100% (at pH 8), respectively. Fixed-bed column
adsorption experiments are under progress.

Figure 1 : Schematic representation of biomimetic filter composition, SEM image of
CMC/BG/PDA filter and photographs of the materials prepared with PDA (after 30 days) and
without PDA (after 30 min) in aqueous medium pH 5.5.
[1] Ewulonu C. M., Liu X.,
2019.

Wu M., Yong H., Journal of Bioresources and Bioproducts., 4, p. 3-10,

[2] Lee H.,Dellatore S. M., Miller W. M., Messersmith P. B., Science, 318, p. 426–430,
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Amino acids (AA) compounds are fundamental organic molecules used as cell signalling,
gene expression, proteins phosphorylation balance, and other biological molecules
synthesis1. For cell adhesion, the tripeptide RGD (arginine-glycine-aspartate) localized in
fibronectin, collagen, and extra cellular matrix is a well-known intermediary for integrin
binding on biomaterials2. In this work, we proposed a facile (fig. 1) coating strategy for the
decoration of xanthan gum (XG), a natural polysaccharide, with L-glutamic acid (Glu), Lhistidine (His), L-cysteine (Cys) or L-tryptophan (Trp). Citric acid (CA) mediated not only the
crosslinking among the XG chains, but also the decoration with the amino acids.
XG, XG-Glu, XG-His, XG-Cys, and XG-Trp ~60 nm thick coatings presented high
hydrophilicity and AA functional groups on the surface, as evidenced by ellipsometry, contact
angle, and XPS measurements. AFM topographic images evidenced porous structures on
the XG-AA coatings. The ordered structure of XG chains in the swollen coatings was not
affected by the esterification with citric acid or by the decoration with AA, as revealed by
circular dichroism measurements. The XG-AA coatings presented high chemical and
mechanical stability, allowing their use as 2D matrices for cell attachment. In vitro test by
MTT assay showed no overall cytotoxic effect against SH-SY5Y neuroblastoma cells and
AFM topographical images showed single cells attachment and spreading over the coatings
surface. Currently, we are focusing on the nanomechanical properties of each coating and on
the correlation with cell growth.

Figure 1 : Preparation of xanthan/amino acid coatings for cell adhesion.
[1] Guoyao Wu, Amino Acids, vol. 37, pag. 1-17, 2009.
[2] Tobias G. Kapp. et al, Scientific Reports, vol. 7, article number: 39805, 2017.
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The main goal of the present work was the investigation of the acid hydrolysis of corn
starch under an external electric field. We proposed the designations of free acid hydrolysis
(FAH) and oriented acid hydrolysis (OAH) for the experiments in the absence and in the
presence of an external field, respectively. For the OAH experiments, solutions (5% (w/v)) of
regular corn starch with 18% amylose were prepared by dispersion of the powder starch in
HCl 1.0 mol L-1, followed by the electric field application (500 V m-1) in a 2 V fixed voltage.
For this, a capacitor consisting of two semicircular gold electrodes parallel attached to a
PTFE support was used. The electrodes have a fixed separation of 4 mm. A quartz cuvette
was used as sample holder. Different electric field application times and number of cycles
were evaluated. After, the samples were centrifuged and washed several times until neutral
pH, then dried at 40 °C for 48 h. Finally, they were manually ground to powder for further
analysis. The results were compared to those of the FAH experiments.

Figure 1. SEM images of (A) regular corn starch and (B) OAH treated corn starch
The results indicate that the best reaction conditions are related to the application
of an electric field with a larger number of cycles in a minimum time. The characteristics of
the FAH treated starches are mainly related to the loss of amylose. X-ray diffraction indicates
the crystallinity degree on the granules and small angle X-ray scattering (SAXS) shows those
surface fractality. Interesting enough, a relatively higher crystallinity together with a higher
gelatinization temperature range of the treated starches were achieved for the samples
under an electric field.
[1] Silveira, N., Zucatti, R., Vailatti A.& Leite D. J. Braz. Chem. Soc., 30 (12), 1-8, 2019
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Highly porous aerogels with structural anisotropy are highly sought for in many
applications, ranging from absorbers for water remediation, heat insulators in buildings to
electronics. Cellulosic aerogels are highly solicited due to excellent mechanical properties as
well as renewable and biodegradable resources. Bottom-up synthesis methods has shown
success in cellulosic aerogel fabrication, while the processing energy is intensive in cellulose
extraction and reassembly.
In this work, a top-down approach was revealed to prepare a structurally anisotropic
cellulosic aerogel (wood aerogel) by utilizing the natural wood hierarchical and anisotropic
structure through wood nanostructural control. The processing includes lignin removal, partial
cell wall dissolution (using DMAc/LiCl), and regeneration, resulting in enhanced cell wall
porosity with nanofibrillated networks generated in the cell lumen. The aerogel maintains the
highly anisotropic structures of native wood, while featuring a high specific surface area of
247 m2/g. The mixed characteristics lead to a unique aerogel that exhibits both large surface
area and excellent strength. The wood aerogel is a platform for multi-functionalization.
Demonstrations include functional particles decoration with Ag and TiO2 nanoparticles,
conductive polymer (PEDOT:PSS) coating, and carbonization to yield conductive aerogels.
This approach is found to be a novel and universal method for porous materials fabrication
with advanced structural design.

Figure 1 : DMAc/LiCl-treated wood at different stages. (a, b, and c) Native wood, delignified
wood, and DMAc/LiCl-treated wood aerogel, respectively. (d and e) SEM images of native
and delignified wood from a cross-section, respectively. (f) Generation of nanofiber networks
inside the lumen structure of the wood after DMAc/LiCl treatment. (g and h) Empty cells
along the fiber direction for wood and delignified wood and (i) lumen of the regenerated wood
[1] Garemark J., Yang X., Sheng X., Cheung O., Sun L., Berglund L. & Li Y., ACS Nano,
7111–7120, 2020
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Aerogels are highly porous materials of extremely low density with pore and particle
sizes in the nanometer range. Thanks to their unique structure, they have properties that can
be used in many fields of science and industry. In the last decade, the interest in aerogels
and hybrid materials with high porosity has increased significantly1,2, including application of
these ultra-light materials in filtration systems3,4. Particularly interesting materials in this
context are bio-aerogels, which are based on biopolymers, mainly polysaccharides and
proteins5,6.
In this studies, we developed a new biocompatible aerogel based on linear polyvinyl
alcohol (PVA) and cationic derivative of chitosan (CCh)7. This hybrid aerogel is based on
supramolecular interactions and covalent crosslinking. Thanks to introduction of linear PVA
chains, which can adequately interpenetrate the crosslinked CCh chains, the strong
intermolecular network architecture was formed. The aim of this project was to create a new
filtering material with potential antiviral application. In the previous studies, we have shown
that selected chitosan derivatives are potential inhibitors of HCoV-NL638 coronavirus
replication. Moreover, both compounds showed significant activity against murine hepatitis
virus, suggesting broader anti-viral activity8,9. The morphology of the obtained structures was
examined using scanning electron microscopy (SEM) and atomic force microscopy (AFM).
The elemental composition (including the chemical environment) of the aerogels and
modified polymers was determined using X-ray photoelectron spectroscopy (XPS). The
resulting systems were tested for mechanical properties. In addition, the cytotoxicity of the
prepared materials has been determined using appropriate cell lines.
[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]

Guo, F. et al. Nat. Commun. 9, 1 -9 (2018).
Druel, L., Kenkel, A., Baudron, V., Buwalda, S. & Budtova, T. Biomacromolecules 21,
1824 -1831 (2020).
Zhang, Y. G., Zhu, Y. J., Xiong, Z. C., Wu, J. & Chen, F. ACS Appl. Mater. Interfaces
10, 13019 -13027 (2018).
Zeng, Z. et al. ACS Sustain. Chem. Eng. 7, 6959 -6968 (2019).
Preibisch, I. et al. Materials (Basel). 11, 1287 (2018).
Maleki, H. et al. Adv. Colloid Interface Sci. 236, 1 -27 (2016).
M. Bulwan, S. Zapotoczny, M. Nowakowska, Soft Matter. 5, 4726–4732 (2009).
Milewska, A. et al. Antiviral Res. 97, 112 -121 (2013).
Milewska, A. et al. bioRxiv 2020.03.29.014183 (2020)
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Aerogels have an enormous potential for a variety of applications due to their special
properties such as high pore volumes (> 90% v/v), high specific surface areas (up to 1200
m2/g) and low densities (< 0.2 g/cm3). In particular, their high specific surface areas in
combination with the possibility to tailor the pore structures make them suitable as matrices
for catalysts, pharmaceuticals or flavors, possibly allowing a targeted and controllable
release of the active components. In this work, aerogels are produced from alginate and
cellulose in various shapes (particles and monoliths) and afterwards post-modified via spray
coating in a spouted bed or via cold plasma coating (Figure 1).

Figure 1 : Overall scheme of this work
Both techniques enhance the stability of the intrinsically highly hydrophilic aerogels against
moisture and polar liquids. In the spray coating, moving aerogel particles are brought in
contact with dispersed coating solutions, which form homogeneous films on the top of the
particles surfaces. We could show that the porous structure of the aerogels remains intact
during the process and that it is possible to control the coating layer thickness precisely. The
coating serves as protective barrier on the one hand, and allows controlled release of
encapsulated ingredients on the other hand. Cold plasma coating allows the nanometerprecise application of hydrophobic and superhydrophobic polymer layers on aerogels
surfaces. In our work, we demonstrate the possibility to achieve water repellent surfaces on
intrinsically hydrophilic and open porous aerogels with high surface areas, by deposition of
fluorocarbon layers. In addition, an increase of the overall specific surface area is detected
as a result of the plasma treatment.
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Engineer TEMPO-oxidised cellulose nanofibrils (TOCNs) into a water-stable hydrogel can
significantly broaden their applications particularly in drug delivery and tissue engineering.
Although a TOCN-in-water suspension exhibits a “gel-like” character at concentration as low
as 0.1%, it is not robust and water-stable. Here, we report the TEMPO-mediated oxidation of
bacterial cellulose (BC) nanopaper as a route to produce robust and water stable TOCN
hydrogel without the need for additional additives or crosslinking steps. Pristine BC pellicle
was first press-dried into a dried and well-consolidated BC nanopaper, followed by TEMPOoxidation at various NaClO concentrations (see Fig. 1). The oxidation reaction introduced
sodium carboxylate moieties onto the exposed segment of the BC nanofibrils within the
nanopaper network structure. This then led to the swelling of the nanopaper into a hydrogel.
A swelling ratio of up to 100 times the original thickness of BC nanopaper was observed
upon TEMPO-oxidation. These TEMPO-oxidised BC hydrogels were found to be robust and
water-stable, even under prolonged (>1 month) magnetic stirring in water. We found that this
observation is unique only to nanopaper press-dried from pristine BC pellicle. The direct
TEMPO-mediated oxidation of BC nanopaper produced from disintegrated BC pellicle,
however, leads to the destruction of the nanopaper, forming homogenous TEMPO-oxidised
BC nanofibril-in-water suspension. In this presentation, we will further show that high
grammage self-standing TOCN films (100 g m-2) can be fabricated as simple as press-drying
a water stable TEMPO-oxidised BC hydrogels without the need of vacuum-assisted filtration
or slow-drying, which is typically the rate-limiting step in the manufacturing of self-standing
TOCN films. The tensile properties of TEMPO-oxidised BC films are discussed with respect
to carboxylate content.
a

c

b

Press-drying
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55ºC, 100 N
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TEMPO (0.09 g/g)
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Figure 1: (a) BC pellicle containing ca. 99 wt.-% water content and the press-drying of a BC pellicle produces (b)
a dried and well-consolidated BC nanopaper. (c) BC nanopaper after immersion in water at room temperature for
two weeks, showing that a BC nanopaper cannot be rehydrated into its original pellicle form. The visual
appearance of TEMPO-oxidised BC hydrogels produced from oxidation of BC nanopaper using (d) 10 mmol/g of
NaClO, (e) 20 mmol/g of NaClO and (f) 30 mmol/g of NaClO, respectively.
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Many types of wounds require moist healing conditions, e.g. burns, leg or pressure
ulcers. Furthermore, hemostatic wound dressings are relevant for treatment of uncontrolled
bleeding.1 Adapted hemostatic wound dressings were investigated for carboxymethylated
cellulose fabrics2, or in situ forming hydrogels.3 These approaches try to combine hemostatic
properties, soaking capability as mechanical strength.
In a merged approach, the combination of a cellulose fabric with an imprinted
hydrophilic biopolymer matrix is investigated on. Alginate and Xanthan solutions were stencil
printed on both, untreated and carboxymethylated, cellulose fabrics and cross-linked using
glyoxal. Cross-linking was undertaken in heat (140 °C) acid-catalysed conditions. Changes in
glyoxal- as biopolymer concentration, and the addition of anti-hornification agents
(magnesium chloride) were considered. Gravimetric swelling, optical and FTIR analysis were
used to characterise the cellulose-polymer combinations. Gel structure were characterized
visco-elastically using rheometry.
Alginate glyoxal cross-linking was relatively weak to non-existing, accordingly
biopolymeric gel structures mostly result from acid percipitation of alginic acid, and structures
dissolve in fluids. Physical cross-linking of alginate, based on divalent ions, results in more
elastic imprinted gel structures. Xanthan gel structures are fluid-stable, and become more
elastic with increasing glyoxal content. However, hornification during xanthan gel production
leads to xanthan cross-linking even in glyoxal-free conditions. Carboxymethylation of the
cellulose fabric is an additive contribution to the soaking and swelling capability.
[1] Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboyans V, Abraham J, Adair T,
Aggarwal R, Ahn SY, et al. The Lancet, 380, 2095–128, 2012
[2] Wang Y, Xiao D, Zhong Y, Liu Y, Zhang L, Chen Z, Sui X, Wang B, Feng X, Xu H, Mao
Z., International Journal of Biological Macromolecules, 160, 18–25, 2020
[3] Bu Y, Zhang L, Liu J, Zhang L, Li T, Shen H, Wang X, Yang F, Tang P, Wu D., ACS
Applied Materials & Interfaces, 8, 12674–83, 2016
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Polysaccharide gels are of high demand in applications covering enzyme
immobilization, tissue and design of absorbents. Of the polysaccharides, in particular
cellulose is of great interest for its abundance and ease of functionalization. Cellulose can be
engineered in highly porous, versatile beads. At the polymer-water interface of
polysaccharide beads exist a strong interaction based on hydrogen bonding between water
and cellulose. Yet, the interaction of water with the polymer matrix is not well-understood.
NMR relaxometric experiments were conducted to study changes between water and a
cellulose-carboxymethyl cellulose (CMC) hydrogel. Incorporating CMC during the gel
synthesis improved the swelling degree from 1.99 to 17.49 for aerogel beads, with a solid
content of 70% cellulose and 30% CMC. The relaxometry reveals two critical contributions to
water mobility in the sample. The incorporation of CMC in the beads aids in providing a
tighter interaction with water. On the other hand, it increases the swelling meaning the
fraction of bound water decreases. Therefor the water mobility inside the particle is
enhanced. These findings suggest the water-bead interaction can be tailored by finetuning
the CMC content. 1

[1] De Wever, P.; de Oliveira-Silva, R.; Marreiros, J.; Ameloot, R.; Sakellariou, D.; Fardim, P.
, Molecules, 26 (1), 14, 2021
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Autonomous and directional transport of liquids is crucial for many applications, ranging from
microreactors to water harvesting. Particularly, Janus membranes, with asymmetric
wettability on two sides, represent enticing opportunities to address this challenge. With the
inner driving force arising from the asymmetric wettability, Janus membranes can promote
the desired transport without external energy input [1]. However, elaborate bottom-up
fabrication processes and poor mechanical performance of commonly employed membrane
substrates often restrict their utilization, especially for engineering applications. Here we
report a wood-based Janus membrane demonstrating directional, spontaneous, fast
transport of water [2]. Profiting of woods unique intrinsic porous structure, wood serves as an
ideal substrate for liquid transport [3]. Native wood membranes were first hydrophobized by
fluoro oxysilane/TiO2 nanoparticles, and then UV-irradiated on one side to create the needed
wettability gradient through the thickness of Janus wood membrane. Mechanically robust biobased and renewable Janus wood membranes represent a crucial milestone towards largerscale application of Janus membranes, for example in bilayer structures with excellent fogcapturing efficiency implemented in future smart building applications.

Figure 1: (a) Anti-gravity directional water transport by Janus wood membrane and (b) its
application in fog collection.
[1] Yang, Hao-Cheng, Yunsong Xie, Jingwei Hou, Anthony K. Cheetham, Vicki Chen, and
Seth B. Darling. "Janus membranes: creating asymmetry for energy efficiency." Advanced
Materials 30, no. 43 (2018): 1801495.
[2] Ding, Yong, Kunkun Tu, Ingo Burgert, and Tobias Keplinger. "Janus wood membranes for
autonomous water transport and fog collection." Journal of Materials Chemistry A 8, no. 42
(2020): 22001-22008.
[3] Keplinger, Tobias, Falk K. Wittel, Markus Rüggeberg, and Ingo Burgert. "Wood Derived
Cellulose Scaffolds—Processing and Mechanics." Advanced Materials (2020): 2001375.

89

S05-O-20 - CRYOTROPIC GEL-FORMING CAPACITY OF ALFALFA AND FENUGREEK
SEED GALACTOMANNANS
Hellebois T. *a,b, Gaiani C.b, Soukoulis C.a
a

Environmental Research and Innovation (ERIN) Department, Luxembourg Institute of
Science and Technology (LIST), Luxembourg
b
Laboratoire d'ingénierie des biomolécules (LIBio), Université de Lorraine, France
* Thierry.hellebois@list.lu

Cryotropic gelation is one of the most common approaches to design novel hydrogels with
multifaceted technological and biological functionalities1. In the present work, was studied the
ability of highly galactosyl-substituted galactomannans, i.e. fenugreek and alfalfa gum, to
form physically crosslinked hydrogels via cryogenic processing. Cycling of the
galactomannan solutions (0.25 to 4% wt) from 25 to -20 to 25 °C induced the physical
crosslinking of the galactomannan chains leading to the formation of different cryogel
structures, i.e. filamentous aggregates (c* < c < 1%), cellular-like gel networks (1
c < 4%)
or a homogeneously swollen gel (c
4%), depending on the total biopolymer content.
Alfalfa gum-based cryogels exhibited higher elasticity and stiffness, better uniformity of the
structure and a lower macropore size than their fenugreek counterparts. The physical
blending of alfalfa or fenugreek gum with locust bean gum (2% total biopolymer) led to the
reinforcement of the mechanical properties of the cryogels without significantly altering their
microstructural aspects

Figure 1 : Effect of fenugreek (A) and alfalfa (B) galactomannan concentration (% wt) on the
mechanical properties of the initial aqueous solutions (sol) and the cryogels (gel) obtained
after five freeze-thaw cycles (25 to -20 to 25 °C at 5 °C min-1, 15 min isothermal hold at -20
°C) and CLSM-assisted assessment of their microstructural characteristics (1, 2 and 4% wt)
at 25 °C
[1] Lozinsky V.I., Gels, 6(3), 29, 2020
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Several types of biological networks show strain stiffening, unlike most synthetic gels and
networks. This is ascribed to the semirigid conformation of the biological macromolecules.1,2
The strain stiffening has attracted considerable recent interest in the context of culturing
biological tissues and to mimick extracellular matrices. Herein, we show strain stiffening and
negative normal force in agarose hydrogels.3,4 We use both pre-strain and strain amplitude
sweep protocols in dynamic rheological measurements where the gel slip was suppressed by
the in situ gelation in the cross-hatched parallel plate rheometer geometry. Within the
stiffening region, we show the scaling relation for the differential modulus K ∝ σ1, where σ is
stress. The strain at the onset of stiffening is almost constant throughout the concentration
range. The gels show negative apparent normal stress difference when sheared as a result
of the gel contraction. The pore size of the hydrogel is large enough to allow water to move
with respect to the network to balance the pressure difference caused by the hoop stress.
The rheological analysis together with scanning electron microscopy suggests that the
agarose gels can be described using subisostatic athermal network models where the
connectivity dictates the stiffening behavior. Therefore, the simple agarose gels appear to
capture several of the viscoelastic properties, which were previously thought to be
characteristic to biological protein macromolecules.

Figure 1: Dynamic rheology using plate-plate geometry allows to reveal the strain stiffening
of agarose, taken that the plate surfaces are cross-hatched and the gelation is formed in situ
in the rheometer to prevent slipping.3,4
[1] Storm, C., Pastore, J. J., MacKintosh, F. C., Lubensky, T. C. & Janmey, P. A. Nature,
435, 191-194, 2005.
[2] Broedersz, C. P. & MacKintosh, F. C., Rev. Mod. Phys., 86, 995−1036, 2014.
[3] Bertula, K., Martikainen, L., Munne, P., Hietala, S., Klefström, J., Ikkala, O. & Nonappa,
ACS Macro Lett., 8, 670−675, 2019.
[4] Martikainen, L., Bertula, K., Turunen, M. & Ikkala, O., Macromolecules, 53, 9983–9992,
2020.
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Water-in-water (W/W) emulsions are formed by mixing incompatible polymer solutions
that have important applications in the food and cosmetics industry as well as for
regenerative medicine. Here I will show a model system formed by poly (ethylene oxide)
(PEO) and dextran (Dex) that adding small quantities of xanthan can stabilize W/W
emulsions. Xanthan creates a physical network and strongly increases the Newtonian
viscosity inhibiting coalesce and sedimentation or creaming. The microstructure of the
emulsions before and after applying shear was visualized using confocal laser scanning
microscopy. Interestingly, for emulsions with an equal volume of each phase, an
interconnected bicontinuous structure was observed in the presence of xanthan, and 0.2 wt%
of xanthan was enough to stabilize these emulsions for at least one week. Despite the high
viscosity, these emulsions flow easily under applied stress as they show strong shear
thinning. These properties allow the control of the morphology and adapt these porous
materials to specific applications.

Figure 1: Confocal laser scanning microscopy images of W/W emulsions with different
morphologies stabilized by the addition of xanthan. (a) Emulsion Dex in PEO (25/75 v/v) (b)
emulsion Dex in PEO (50/50 v/v) (c) emulsion Dex in PEO (75/25 v/v)
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Natural polysaccharides such as xanthan and seed galactomannans particularly like guar
gum are used in food and cosmetic industries due to their functional properties such as
thickening, gelling and emulsifying abilities. Cassia tora (CTG) gum, a 1:5 galactomannan
does not exhibit strong rheological properties, whereas Xanthan gum (XG) and guar gum
(GG) are well known to exhibit strong rheological properties alone and also enhancement in
the rheological properties when mixed as a result of synergistic interactions between both
gums.
The present work is focused on the study of synergistic behavior of the CTG with XG and GG
depending on the temperature conditions. The results reveal that synergistic behavior was
found in case of CTG: XG mixture whereas it was absent in case of CTG: GG mixture. A very
high viscous product with 8371.9 cps viscosity at room temperature and gelling property on
higher temperature was noticed in case of CTG: XG with a very low percentage of xanthan
gum ratio in the mixture. Additionally, carboxymethyl derivative of CTG: XG mixture was
synthesized using water as solvent medium and the reaction conditions were optimized using
Taguchi’s L’9 statistical design. The effect of solvent medium on DS and gelling property was
also studied. An optimized product with 0.16DS was characterized by 1H NMR, FTIR
spectroscopy and FESEM analysis.

Fig. 1. Schematic representation of synergistic viscosity behavior analysis and
carboxymethylation and its characterization of CMXCTG
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Residues from agro-food related industries in Europe represent a clear opportunity for
the production of novel polysaccharide-based natural and sustainable food ingredients,
nutraceuticals or biodegradable packaging materials. In the context of several on-going
H2020 European, national, regional and privately funded projects, our research group is
developing new valorisation strategies to transform diverse biomass resources, such as the
effluents generated in the agar and alginate producing industries, pruning waste from
vineyards or fruit discards from persimmon fruits, into valuable food ingredients and
biopolymeric materials. A holistic approach for the integral valorisation of biomass involves
the use of non-aggressive processes, such as ultrasound, enzyme-assisted or high pressure
treatments, which preserve functional groups or polyphenol-polysaccharide complexes to
produce interesting bioactive gel fractions with antioxidant/antimicrobial, prebiotic or
inmunomodulating properties, nutritional value which add up to their technological
(gelling/emulsifying) interest. This allows for further coupling with conventional chemical
reactor treatments without interfering common industrial processes or further
depolymerisation of the more recalcitrant lignocellulosic biomass through more aggressive
treatments. This cellulose-based residue can be turned into aerogels through either
conventional or supercritical CO2 drying, which can be then coated or modified to modify
water sensitivity or uptake capacity. Film forming fractions from the residues can also be
used as coatings or blended with the more recalcitrant residues to yield new, low cost, less
purified packaging materials, combining the good mechanical resistance of cellulose-based
fractions with the ductility and compatibility of pectin or the phycocolloids. Integral
valorisation strategies offer thus the opportunity of expanding the product portfolio of the
relevant industries with new “green label” products, while reducing waste management and
contributing towards a more eco-sustainable economy.
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The potential therapeutic applications of biopolymer-based cryogels as extracellular matrices
(ECM) are of great interest due to their three-dimensional structure, composition, and the
potential optimization of the physical, mechanical, and electrical properties, which are used
to generate diverse biological responses [1], [2]. In this work, a porous scaffold based on
starch/κ-carrageenan/poly(vinylalcohol)-g-N-methyl-4(4’-formylstyryl) pyridinium methosulfate
acetal (St/κC/PVA-SbQ) in combination with the conductive polymer poly(3,4ethylendioxythiophene) was synthetized. κ-carrageenan, was incorporated to the formulation
in order to enhance the biocompatibility and the electrical response of the conductive
scaffold, and the PVA-SbQ was included to improve the chemical crosslinking among the
polymers.Mechanical and thermal responses of the different porous materials at macroscale
were determined along with their electrical behavior. Mass loss measurement of the porous
materials after immersion on phosphate buffer was evaluated to study the solubility of the
scaffolds and thus the most suitable formulation for cell culture. Finally, the immobilization of
an anionic biomolecule into the conductive cryogel was promoted during the polymerization
process to influence specific biological responses, since it may act as a carrier and delivery
system for the biomolecules. The biocompatibility, the attractive combination of mesoporosity
and macroporosity, the mechanical and electrical properties and the potential as carriers of
drugs, are of high relevance in the biomedical field, turning St/κC/PVA-SbQ cryogels into in
appropriate ECM for muscle cells culture stimulation.
(c) Mechanical
stimulus
(c) Biomolecule
release
(a) Electrical
stimulus

3D porous scaffold

Skeletal muscle
Figure 1: Multi-stimulus system scheme for porous materials used as cells
ECM for skeletal muscle cells.
References [1]Gaharwar A. K., Singh I., & Khademhosseini A., Nat. Rev. Mater., vol. 1, pp. 1–20, 2020. [2]Alvarado-Hidalgo F.,
Ramírez-Sánchez K., & Starbird-Pérez R., Molecules, vol. 25(22), pp. 5286, 2020.
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Arabinoxylans (AX) represent the major hemicellulose of cereal grains and one of the most
abundant biopolymer in agricultural processing by-products and residues. AX are composed
of a linear xylan backbone in which arabinose substituents are attached. Some of arabinose
units are grafted by ferulic acid (FA) which remained attached to AX after their water extraction
(WEAX). The enzymatic oxidation of FA on WEAX solutions leads to covalent cross-links
between AX chains resulting in a macroporous hydrogel. WEAX gels found many applications
thanks to their high swelling capacity and macroporous structure which make them excellent
encapsulation matrix for therapeutic i or food applications ii. Even if the covalent cross-links
between arabinoxylan chains make AX gel stable and resistant over time, they remain
mechanically brittle because of their very low polymer content as they are composed of 94 to
99% water (w/v). Indeed, the high viscosity of AX polymers that limits either their dissolution in
water and the diffusion of oxidative enzymes doesn’t permit to exceed 6 % of polymer content
on gels (w/v). In addition, the increase in polymer fraction of WEAX solutions imply a higher
FA content and subsequently an increase of di-FA content on WEAX gels which affect the gel
swelling propertiesiii.
The current study adopts a new strategy that consist to increase the polymer fraction of 1 %
WEAX gels by removing water in a controlled and homogeneous way after gelation. For this
purpose, the osmotic compression technic was used to reach a targeted 10 and 20 % WEAX
content on gelsiv.
G’ and G” of both concentrated WEAX gels are two order magnitude higher than 1 % WEAX
gels (79 and more than 4000 Pa for G’ and 12 and more than 2000 Pa for G” for 1, 10 and 20
% WEAX gels respectively). Even if controlled environmental conditions were applied to
prevent gel structure, the polymer concentration caused also an important extension of the
covalent network. Surprisingly, the G', G” values and crosslinking contents were not
significantly different among the 10 and 20 % WEAX gels, suggesting that above 10 %, WEAX
content no longer influences either the mechanical properties or the extent of the covalent
network. Concentrated WEAX gels maintain an important swelling capacity, (q was around 90
g H2O. g-1 WEAX) with a ten and twenty times higher swelling volume ratio than 1 % WAX gels,
and remained mechanically reinforced at the swollen state. In addition, calculated structural
parameters demonstrated that concentrated gels keep a macroporous structure.
1

Morales-Ortega, A., Carvajal-Millan, E., Brown-Bojorquez, F., Rascón-Chu, A., Torres-Chavez, P., López-Franco, Y. L., Lizardi-Mendoza,
J., Martínez-López, A. L., Campa-Mada, A. C. Entrapment of Probiotics in Water Extractable Arabinoxylan Gels: Rheological and
Microstructural Characterization. Molecules, 2014, 19, 3628-3637.
1
Yadav, M. P., Kale, M. S., Hicks, K. B., Hanah, K. Isolation, characterization and the functional properties of cellulosic arabinoxylan fiber
isolated from agricultural processing by-products, agricultural residues and energy crops. Food Hydrocolloids, 2017, 63, 545-551.
1
Bagdia, A., Tömösközi, S., Nyström, L. Structural and functional characterization of oxidized feruloylatedarabinoxylan from wheat. Food
Hydrocolloids, 2017, 63, 219-225.
1 Cohen, J. A., Podgornik, Hansen, P. L., Parsegian, V. A. A Phenomenological One-Parameter Equation of State for Osmotic Pressures of
PEG and Other Neutral Flexible Polymers in Good Solvents. J. Phys. Chem. B, 2009, 113, 3709–3714.
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Nature is a source of inspiration for many material scientists to develop high-performance
and functional materials and composites. Lignocellulose is one of the most common and
prolific materials that attract scientists because of its properties and accessibility.
Lignocellulose materials have significant advantages, such as renewability, biodegradability,
excellent rigidity, and new functionality. The preparation of wood imitating material based on
lignocellulose gels has attracted high interest in scientific research over the last decade [1].
Current work includes approaches and development of sustainable materials and agriculture
waste processing. Here we report the production and characterization of nanofibrilated
lignocellulose composite cryogels derived from Hemp stalk waste. Nanofibrils were obtained
using the microfluidization process and freeze-drying technology. The dispersions of 1%
lignocellulose concentration have been processed for cryogel samples. Beechwood xylan
and kraft lignin were applied as additional glue and reinforcement of the cryogel material.
The structure of the nanofibrils alone and the obtained cryogel materials were evaluated by
STEM analysis. A mechanical compression test validated the reinforcing effect of xylan and
lignin at 1-30% loadings. Thermal conductivity, sorption, contact angle, and BET properties
of the obtained cryogels were also evaluated. Finally, fully biobased and sustainable,
lightweight, and porous cryogels with improved mechanical properties were obtained. The
received results are highly promising for cryogel foams flexible insulation applications.

[1]

A. Zaman, F. Huang, M. Jiang, W. Wei, and Z. Zhou, "Preparation, Properties, and
Applications of Natural Cellulosic Aerogels: A Review," Energy and Built
Environment, vol. 1, no. 1, pp. 60-76, 2020.
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The development of tough and elastic hydrogels for biomedical applications such as tissue
regeneration, scaffolding and synthetic implants has been imperative in recent years.
Cellulose is a wildly available biocompatible biopolymer and the development of Cellulose
Nano Fibrils (CNFs) with a high anisotropy and crystallinity has created a very interesting
base material for these applications. Nevertheless, hydrogels based on CNFs display a
rather soft and brittle behavior when subjected to a repeated mechanical stress. To create
more durable CNF-based hydrogels we have chemically modified the surface of CNFs to
contain acrylate groups that can further on be crosslinked through an in-situ polymerization
technique using a monomer of choice and for example a UV-initiation. Poly N-Isopropyl
Acrylamide (NIPAM) was selected as the crosslinker for this project as a proof of concept
due to the abundant studies on its properties and the relatively low toxicity of its monomer.
Poly NIPAM crosslinked cellulose networks showed excellent reswelling capabilities after
drying and good shape fidelity. We characterized and compared the mechanical properties of
these covalently crosslinked networks with those of cellulose networks crosslinked by using a
simple divalent salt (CaCl2). Rheological studies showed that the covalently crosslinked
network has a similar structure to that of the un-crosslinked gel but with higher storage
modulus. It is also softer but far more elastic that hydrogels that were only ionically
crosslinked. Compressive loading profiles showed higher stress at break for covalently
crosslinked networks compared to those ionically crosslinked and, both higher stress and
strain at break were observed when both covalent and ionic crosslinking were used. Overall,
our studies show how crosslinking of the cellulose nanofibrils through this method results in a
network whose properties can be tuned based on the polymer of choice, the composition and
the ionic strength of the environment.
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Bio-aerogels are low-density open pores polysaccharide networks with high specific
surface area which makes these materials very promising for various applications:
biomedical (scaffolds, delivery matrices), engineering (thermal and acoustic insulation), for
adsorption and absorption, etc. Pectin aerogels with highly tunable morphology and
properties can be obtained when controlling polymer concentration, pH, and the
concentration of cross-linking calcium ions1. These aerogels reaching specific surface areas
of 600 m2/g have shown promise in applications such as thermal insulation2 and drug
delivery3. The goal of this work was to systematically expand the earlier studies of the
parameters affecting pectin aerogel morphology by investigating how the nature of the crosslinking metal influence the pectin aerogels properties.
Metal cations of calcium, barium, strontium and iron with various concentrations were
used for pectin cross-linking. It was observed that the type of metal has a strong impact on
the aerogel morphology and properties. The cross-linking prevents the shrinkage during
solvent exchange and supercritical drying, which leads to the lower density and higher
specific surface area when compared with non-crosslinked pectin aerogels. Within the same
metal salt, its higher cation concentration provides the quicker gelation of pectin solution,
which results in the lower aerogel density, however, the influence on the specific surface
area is not significant. Comparing the cross-linking within the divalent metal ions, at the low
concentration of the salts, the specific surface area increases with the increasing of the
cation radius. FTIR, final aerogel morphology through SEM imaging and ridge detection
algorithms are used to elucidate the influence of metal type on the properties of aerogel.
These delicate differences are expected to have significant impact for tuning the mechanical
properties and thus the applicability of these highly porous biomaterials.
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was carried out in the framework of the COST Action "Advanced Engineering and Research
on aeroGels for Environment and Life Sciences" (AERoGELS, ref. CA18125) funded by the
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[1] Groult S. & Budtova T., European Polymer Journal, 108, 250-261, 2018.
[2] Groult S. & Budtova T., Carbohydrate Polymers, 196, 73–81, 2018.
[3] Groult S., Buwalda S. & Budtova T., European Polymer Journal, 149, 110386, 2021.
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The stability of gels can be determined thermodynamically by the equilibrium of its
constituent in their solvent phase and kinetically by their elasticity. In this study, the
thermodynamic stability of the kappa-Carrageenan (kC) polysaccharide in solution was
determined as a function of the lower critical concentration temperature (LCCT) of the polymer.
A minimum critical concentration C* ≈ 0.44 g/L was found at T* ≈ 30 °C which show a decrease
in hydrodynamic volume for T ≠ T*. A maximum intrinsic viscosity [η] ≈ 1.23 L/g was found at
T ≈ 20 °C. The dimensionless quantity C*[η], which reciprocally reflects the hydrodynamic
permeability of the polymer, was shown to decrease smoothly by a slop of 2,6×10-3 /°C with
the increase in temperature from 0 °C to 45 °C, then strongly by a slope of 22,5×10-3 /°C after
60 °C. Thus, if the gelation temperature Tg ≠ T*, the decrease of the polymer size interferes
with the elastic forces acting in the bulk to determine thereafter the serum holding capacity of
the gels (syneresis).

Figure 1: Illustration of the gel syneresis.

100

S05-P-06 - ACCESS TO WATER DYNAMICS INTO THE FIBERS OF
POLYGALACTURONATE GELS BY NMR RELAXOMETRY
Fouilloux P.a*, Lerbret A.a, Rachocki A.b, Assifaoui A.a*, Bodart P. R. a*
a

b

UMR PAM A02.102, Univ. Bourgogne Franche-Comté,France, Dijon
IFM PAN, Institute of Molecular Physics, Polish Academy of Sciences, Poland
* pierre.fouilloux@agrosupdijon.fr
* ali.assifaoui@u-bourgogne.fr
*philippe.bodart@u-bourgogne.fr

Polysaccharide-based hydrogels with high water content, low toxicity and good
biocompatibility have found applications in medicine, food, and pharmaceutic fields [1]. The
diffusions that occur in gels are of primary importance, but most studies focus on the
diffusion in the pore or through the mesh of the gels. In this work, we perform an in-depth
analysis of the water dynamics in two heterogeneous polygalacturonic (polyGalA) hydrogels
formed by Ca and Zn ions by using proton Fast Field Cycling Nuclear Magnetic Resonance
(FFC-NMR) relaxometry, in conjunction with molecular dynamic simulations.
The two hydrogels were made by external gelation, which consists in the diffusion of
divalent cations (Ca2+ or Zn2+) from a large outer reservoir through a dialysis membrane into
the polyGalA solution [2]. The NMRD profiles recorded in-situ by FFC relaxometry allows us
to measure the rotational and translational mobilities of water in the polymer forming the
fiber. A diffusion coefficient close to 8 x10-13 m2/s for both gels is measured, in agreement
with typically measured coefficients in polymers [3].
Results shows that the rotational and translational dynamics observed in NMRD
profiles are driven by the dynamics of hindered protons. Besides bulk water situated between
the polyGalA crosslinked chains, two proton pools are observed: water from the hydration
shell of reticulating cations and protons from the polysaccharides chain. A rough estimation
of the number of protons confirms the hypothesis which is surprising as those reservoirs only
contain a small percentage of the total proton population.

Figure 1 : Formulation of a polyGalA gel by diffusion of divalent cations through a dialysis
membrane. Resulting gels show a great heterogeneity along the Z-axis.
Authors are grateful to COST Action CA15209 European Network on NMR Relaxometry
(EURELAX). This work is part of the project Probio+ 2019-2022, supported by the regional
council of Bourgogne Franche Comté and the “Fonds Européen de Développement Régional
(FEDER)
[1] Maire du Poset A et al., Biomacromolecules, 21(4), 1417-1426, 2020
[2] Maire du Poset A. et al., Carbohydrate Polymers, 188, 276-283, 2018
[3] Yang C., Xing X., Li Z., and Zhang S., Polymers, 12(1), 138, 2020
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Per- and polyfluroalkyl substances (PFAS) has gained great attention in the recent years,
due to their toxic effect on human health and ecosystem. They are highly persistent, and
resist against natural degradation process such as hydrolysis, photolysis and microbial
degradation [1]. PFAS are bio-accumulative in human body with a half-life up to 5.4 years [2].
They are responsible of several health conditions as kidney and testicular cancer, endocrine
outcomes, hypertension etc. Their structure mainly consists of carbon and fluorine atoms,
which provide them with long lasting and stable physical and chemical properties. This is why
they are heavily used in several fields, such as fire retardants, insecticides, surfactants,
demolding agents, etc. This extensive use has led to wide contamination of water resources,
a problem that can not be solved easily. The high-energy of carbon–fluorine bond (~300–500
kJ·mol−1) and the low concentration of PFAS in water, render them extremely hard to
remove by using conventional treatment processes [2]. However, adsorption remains an
effective technique to remove this pollutant. In this context, we aim to develop composite
membranes based on nano-cellulose with high affinity to adsorb PFAS. Cellulose was
chosen regarding its various advantages, it is the most abundant biopolymer on earth, with
good mechanical and physical properties, able to form porous and strong film. The presence
of hydroxyl groups in cellulose render it very reactive, allowing its interaction with a variety of
other functionalities. To enhance its adsorption efficiency towards PFAS, we design a
functional polymer by using reversible addition-fragmentation chain transfer (RAFT)
polymerization approach. The developed polymer will be connected to cellulose via physical
interaction which will play the role of binding sites to PFAS. Contaminants will then be
desorbed and concentrated to be afterward mineralized to less harmful products by electrooxydation.

[1] F. Liu, L. Hua, and W. Zhang, “Influences of microwave irradiation on performances of
membrane filtration and catalytic degradation of perfluorooctanoic acid (PFOA),” Environ.
Int., vol. 143, no. July, 2020.
[2] E. Gagliano, M. Sgroi, P. P. Falciglia, F. G. A. Vagliasindi, and P. Roccaro, “Removal of
poly- and per fl uoroalkyl substances ( PFAS ) from water by adsorption : Role of PFAS chain
length , effect of organic matter and challenges in adsorbent regeneration,” Water Res., vol.
171, p. 115381, 2020.
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Hydrogels are materials consisting in three-dimensional hydrophilic polymer network
swollen by large amount of water. They have been studied for decades as they found
applications in various fields including medicine, pharmaceutics, cosmetics, domestic uses
and personal care. Thanks to their inherent high-water affinity, renewability, biodegradability
and low toxicity, bio-based nanoparticles and polymers are relevant candidates for the
fabrication of hydrogels with low environmental impacts.
Cellulose nanocrystals (CNC) are cellulose derived nanoparticles displaying amazing
mechanical properties and large specific surface together with various surface chemical
functions such as hydroxyl and sulphate groups. All these characteristics provide
opportunities for complex interplay to establish double polymer networks in order to achieve
high strengthening effect associated with other properties such as transparency or tailored
swelling capacities. In the present study, we prepare CNC based hydrogels with double
network architecture based on our recent results on CNC/hemicelluloses hydrogels. 1-3 The
first network is formed by CNC and xyloglucan (XG) and take advantage of entropic
adsorption of XG on CNC surface mediated by H bonds and van der Walls interactions while
the second one relies on electrostatic interactions between cationic Chitosan (Chi) and
anionic CNC.
Hydrogels with different compositions were successfully prepared. Their rheological
properties, their stability and swelling capacities in acidic and alkaline solution were
evaluated. Internal organizations of hydrogels were investigated by confocal microscopy after
polymers labelling. Finally, hydrogels demontrate excellent mechanical properties and
tuneable swelling capacities that can be leveraged for the implementation of actuated
bilayers.

Figure 1: a) CNC/XG/Chi hydrogels with different XG/CNC ratio. In all the cases, Chi amount
is identical. b) Rheological properties of hydrogels
References
1.
Talantikite, M.; Stimpson, T. C.; Gourlay, A.; Le-Gall, S.; Moreau, C.; Cranston, E. D.; Moran-Mirabal, J.
M.; Cathala, B., Bioinspired Thermoresponsive Xyloglucan-Cellulose Nanocrystal Hydrogels. Biomacromolecules
2021, 22, (2), 743-753.
2.
Talantikite, M.; Gourlay, A.; Le Gall, S.; Cathala, B., Influence of Xyloglucan Molar Mass on Rheological
Properties of Cellulose Nanocrystal/Xyloglucan Hydrogels. Journal of Renewable Materials 2019, 7, (12), 13811390.
3.
Talantikite, M.; Beury, N.; Moreau, C.; Cathala, B., Arabinoxylan/Cellulose Nanocrystal Hydrogels with
Tunable Mechanical Properties. Langmuir 2019, 35, (41), 13427-13434.
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Nanocellulose hydrogels and aerogels are emerging materials with a great promise
in a wide range of applications, including the biomedical, energy storage, construction,
separations, cosmetic, and food. To prepare nanocellulose hydrogels or aerogels, lignin is
usually removed from the starting plant material using chemical pretreatments, typically
chemical cooking followed by bleaching steps, to facilitate the separation and nanofibrillation
of fibres. This, however, will result in the decrease of thermal stability of nanocellulose
materials. Additionally, increased cost and formation of some environmentally hazardous
compounds are associated with the complete removal of lignin from biomass during the
bleaching sequence.1,2 Herein, we envisioned that partial preservation of lignin in
nanofibrillated cellulose could not only be used to adjust the polarity and hydrophilicity of
aerogels but also improve thermal stability due to the higher thermal stability of residual
lignin.
In this work, the impact of different raw materials (hardwood vs softwood) and the
effect of different pretreatments on the nanofibrillation process and properties of LCNF
obtained will be evaluated to reveal the correlation between the properties of lignin-contaning
NFC and their performances in practical applications. Softwood(Scandinavian Pine), SWP,
and hardwood (Eucalyptus(70%)+Acacia(30%)), HWP, pulps with high lignin content and
with dry contents of 25.5% and 27.1%, respectively, were thoroughly characterized (see
Table 1) and used for the fabrication of LCNF.

ISO brightness,
%

Table 1 : Kappa number, viscosity, Total Charge and Chemical Composition of chemical pulps used
for the fabrication of the LCNF
Cooking parameters
Kappa
Total
Chemical composition
Sample
number
charge
(by Py-GC/MS-FID)
(uekv/g)
Alkali
HYield,
Carbohy
Lignin
consumpti
factor %
drates
derivatives
on, kg/odt
wood
wood
SWP

139.2

357.0

56.2

21.7

84.5

129.7

52.6

7.2

HWP

155.3

530.0

54.6

N/A

78.3

135.4

55.3

5.7

LCNF were manufactured by using supermasscolloider grinder (Masuko Sangyo
co., JP) and homogenizer (M-110EH, Microfluidics Corp., USA) without and with mechanical
and chemical pre-treatments. The transmittance of LCNF suspensions was used to follow a
nanofibrillation process and to distinguish between different LCNF’s qualities. The properties
of LCNF were characterized by using the following methods: conductometric titration, FTIR
analysis, XRD analysis, N2 sorption, SEM, TGA and DSC methods.
Results obtained here will be an important contribution to the development of the
production and application of lignin-containing CNF materials, expanding the spectrum of
potential raw materials and the field of their applications.
[1] Solala, I., Iglesias, M. C. & Peresin, M. S., Cellulose, 27(4), 1853-1877, 2020
[2] De France, K. J., Hoare, T. & Cranston, E. D., Chemistry of Materials, 29(11), 4609-4631, 2017
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The interest in aerogels has greatly increased in the last few decades due to the versatility of
applications, related to their porous network-like nanostructure. The integration of
environmental sustainability by the development of bio-based aerogels produced by
“greener” processes is essential in future technologies to decrease environmental footprints.
Pectin is a very attractive polysaccharide to produce bio-aerogels with many advantages:
widely available and commonly used for food & feed (“human friendly”), renewable, nontoxic, biocompatible and suitable for a wide range of life science applications such as
biomedical, pharmaceutical, biotechnological, cosmetic and food applications. Despite the
importance of aerogel structure control during processing, little information has been
reported about the relationship between the processing conditions and the resulting aerogel
microstructure and properties. In this work, watermelon rind pectin (WRP) aerogels with
different internal structure and morphological properties were produced and tested for drug
delivery. An enzymatically modified WRP was used to produce pectin aerogels by means of
either freeze-drying or supercritical drying with CO2. The mechanisms of network formation
and the final structure and properties of pectin aerogels were investigated by means of their
water sorption/desorption capacity, scanning electron microscopy (SEM), energy dispersive
spectroscopy (EDS) and mechanical testing. Furthermore, the suitability of the developed
aerogels for biomedical applications was assessed after loading aerogel beads with a model
drug compound and measuring the stability and release under different conditions of interest.
The results open a first insight into developing biomaterials from waste sources, such as
watermelon rind, and the suitability of different aerogel production processes for this kind of
materials.
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Porous acetate cellulose (CA) beads were tested as carriers for thymol, eugenol and
carvacrol, natural compounds well known for their biological activity. For this purpose,
selected compounds were impregnated into CA using the environmentally friendly medium,
supercritical carbon dioxide (scCO2). Firstly, impregnation of CA with thymol was tested in
the pressure range of 10, 15, and 20 MPa for 2 and 24 h at a temperature of 50 °C. The
pressure increase resulted in only slight increase in thymol loading. On the other hand, an
increase in operating time at 10 MPa resulted in increase in thymol loading from 4.6 to
66.2%. Following the obtained results, subsequent experiments of CA beads impregnation
with eugenol and carvacrol were performed at 10 MPa during 2 h, achieving amounts of
loaded eugenol and carvacrol of 1.33 and 4.6%, respectively. The presence of thymol,
eugenol and carvacrol on/in CA beads as well as its interaction with polymer was confirmed
by the FTIR analysis. SEM images revealed that the porous structure of CA beads remained
unchanged after its exposure to neat scCO2. However, loading of CA with thymol, eugenol
and carvacrol at selected conditions led to the slight change in material texture and
morphology. This observation was further examined using mercury intrusion porosimetry.
While neat CA had an average pore diameter of 286 nm and porosity of 58%, loaded CA
beds expressed an overall reduction in these values. The results were in line with the
amounts of loaded active compounds. Namely, for the higher amount of loaded active
substance, the higher decrease of specific surface area was observed. These results gave
the guidelines for an effective functionalization of neat CA with compounds that have
pronounced antimicrobial and antioxidant activity.

Acknowledgements This work was supported by the Ministry of Education, Science and
Technological Development of the Republic of Serbia (Contract No.
451-03-9/2021-14/200287 and 451-03-9/2021-14/200135)). Work was carried out in the
frame of the COST-Action "Advanced Engineering of aeroGels for Environment and Life
Sciences" (AERoGELS, Ref. CA18125) funded by the European Commission.
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Chronic wounds significantly impair the quality of life of over 40 million patients worldwide.
This interruption in the wound healing can be prevented with a suitable treatment which have
to be effective, accurate and adequate in time and space.1 Aerogels are nanostructured dry
porous materials with promising properties for wound treatments such as high and rapid
exudate absorption capacity, high gas permeability and transpiration and highly shapeable
ability. Aerogels in the form of microparticles can also act as carriers for local delivery of
bioactive compounds at the wound site given their high surface area and the drug
amorphization capacity. However, aerogels usually have limited drug loading yield and
particle size reproducibility.2
Aerogels from polysaccharides are in the spotlight in biomedical applications given
their compatibility with cells and tissues. Namely, alginate aerogels are especially attractive
due to their biodegradability, super absorbency and hemostaticity.1
In this work, drug-loaded alginate aerogel microparticles with high reproducibility and
improved drug loading yields were obtained through aerogel technology combined with gel
inkjet printing and solvent-repellent surfaces3. Aerogels were loaded with vancomycin, an
antibiotic agent used for the treatment of Staphylococcus aureus, the most frequent bacteria
in chronic wound infections.2 Aerogel diameters were measured by optical microscope,
textural properties were characterized by nitrogen adsorption-desorption analysis and
surface structure was studied by SEM. Vancomycin loading and release in PBS pH 7.4
medium were monitored by UV/Vis spectroscopy.
Alginate aerogel microparticles showed high porosity, large surface area and a welldefined spherical shape. Gel inkjet printing allowed the production of alginate gel
nanodroplets with narrow size distribution, whereas the use of solvent-repellent surfaces
minimized the drug leaching during the process. The shapeable microparticles lead to
targeted administration of vancomycin with a controlled drug release during 15 days. Overall,
this novel green aerogel processing strategy allowed to obtain nanostructured biomaterials
that could improve the current antibacterial treatments for chronic wounds and address the
possible bacteria resistances.
Acknowledgements Work supported by MCIUN [RTI2018-094131-A-I00], Xunta de Galicia
[ED431C 2020/17] and Agencia Estatal de Investigación [AEI]. Work carried out in the
framework of COST Action CA18125 “Advanced Engineering and Research of aeroGels for
Environment and Life Sciences” (AERoGELS), funded by the European Commission. R-H
acknowledges Xunta de Galicia for her Postdoctoral contract [ED481B 2018/009].
References [1] Heras K. L., et al. Journal of Controlled Release, 328, 532-550, 2020. [2]
López-Iglesias C., et al., Carbohydrate Polymers, 204, 223-231, 2018. [3] Rial-Hermida M. I.,
et al., Acta Biomaterialia, 10, 4314-4322, 2014.

107

SESSION 06
POLYSACCHARIDES IN FOOD PROCESSING AND DIGESTION

108

KEYNOTE
FUNCTIONALITY OF FOOD POLYSACCHARIDES: THE CHEMICAL FINE STRUCTURE
MATTERS !
Henk Schols
Laboratory of Food Chemistry, Wageningen University and Research
Wageningen, the Netherlands

henk.schols@wur.nl

Food polysaccharides are important biopolymers from e.g. plant, marine, yeast and
bacterial origin. In their natural habitat, a huge structural variation of molecules belonging to
the same class of polysaccharides may exist, all having their own contribution to their technoand bio-functionality. After industrial extraction of specific groups of polymers, such structural
variation may even become larger.
During the last years, strategies have been developed to characterise different classes of
complex polysaccharides in great detail. Firstly, the sugar composition and the presence of
non-glycosidic substituents will be measured. In addition, enzymatic fingerprinting methods
using pure and well defined enzymes have been developed to split the polymer in diagnostic
oligosaccharidic fragments which can be separated, identified and quantified using LC and LCMS approaches.
During the presentation, the chemical structure of two complex polysaccharides, pectin and
arabinoxylan will be discussed in detail and the distribution of methyl esters in pectin as well
as the distribution of arabinose side chains over the xylan backbone will be discussed.
The use of pure and well characterised enzymes to produce diagnostic oligosaccharides
which still contain structural information of the parental polysaccharides will be illustrated.
Identification and quantification of these (novel) diagnostic oligomers using Maldi Tof (Tof) MS,
HILIC-Iontrap-MS and Ion Mobility MS lead to new descriptive parameters representing
structural features of the parental polymers. This approach enabled us to distinguish between
different pectin populations as extracted from various apple varieties. In addition, commercial
pectins having similar characteristics as sugar composition and methyl esterification levels but
different immune responses in in vitro and in vivo models will be described in detail.
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Due to an increasing demand for plant-based and regional products, alternatives to
established emulsifiers such as modified starches, whey proteins, or gum arabic are needed.
Pectins are a promising option because of their, in some cases, excellent emulsifying
properties. Furthermore, they can be obtained from various domestic industrial by-products
such as grape pomace and sugar beet pulp. These raw materials accumulate in large
quantities in winemaking and sugar production but, so far, have hardly been used for largescale pectin extraction. Among other things, the utilization of these materials is hindered
because the relationships between extraction conditions and molecular structure as well as
emulsifying properties of the extracted pectins have not been sufficiently clarified.
To investigate the process-structure relationships, a large number of structurally
different pectins were extracted from sugar beet pulp and grape pomace by variation of the
extraction conditions. The structure of the pectins was characterized in detail, including
analysis of the monosaccharide composition (HPAEC-PAD after acid hydrolysis), protein
content, molecular weight distribution (HPSEC-RI/MALLS), ferulic acid content (HPLC-DAD),
and degree of methylation and acetylation (1H NMR). Preparation and analysis of model
emulsions allowed to draw conclusions about the relationship between structure and
emulsifying properties. It was demonstrated that, different from expected, the emulsifying
properties of the extracted pectins are less dependent on protein content and degree of
methylation/acetylation. Instead, the preservation of the neutral side chains of type I
rhamnogalacturonan (arabinans, galactans) during extraction clearly correlated with improved
emulsifying properties.
This information was used to further investigate the influence of selected structural
elements on the emulsifying properties by targeted enzymatic degradation. The results indicate
that, in case of acid-extracted sugar beet pectins, the portions of arabinose-containing side
chains are crucial for the emulsifying properties. In contrast, other structural modifications such
as reduction of the molecular weight appear to be of secondary importance for the emulsifying
properties. By adjusting the extraction parameters, it is thus possible to obtain pectins with
excellent emulsifying properties suitable for use in various emulsion-based foods and
beverages.
Acknowledgement:
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(IGF) of the German Ministry of Economic Affairs and Energy (BMWi) for the financial
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Texture is an important quality attribute of fruit purees. It highly depends on the cell wall
(CW) structure of the raw material and can be modulated by process variables. Although the
relationship between fruit and puree’s characteristics is still poorly understood, pectin
degradation appears to play a key role. The design of innovative naturally textured food
products by applying targeted processing conditions thus needs a better understanding of
the impact of CW, and especially of the mechanisms of pectin solubilization and modification,
on tissue fragmentation and texture. In this context, our approach was to compare the
cellular and molecular structure of raw and processed apple products on the one hand1,2 and
the molecular structure of model systems based on purified CW heated at different pHs on
the other hand to explore the impact of acid hydrolysis and β-elimination3. Apple purees with
contrasted structural and textural characteristics were prepared using raw apples with
different tissue structures (obtained by modulated post-harvest storage), further processed
using systematic combinations of thermal and mechanical treatments (three different
temperatures and grinding speeds). Puree’s texture (viscosity, yield stress, G' and G'') was
then compared to puree’s structure (particle size, pulp wet mass (PWM) and serum
viscosity). CWs were isolated from fruits and purees using the alcohol-insoluble solids
procedure; the composition of insoluble CW materials and solubilized pectins was
determined. Furthermore, macromolecular size and molar mass distributions of soluble
pectins were analyzed by high performance size-exclusion chromatography coupled to multiangle laser light scattering, viscometry and diode array detections. Tissue fragmentation,
determining particle size during processing, was mainly affected by shear intensity and was
favoured by temperature increase and raw apple maturation. Pectins were clearly the
polysaccharides the most impacted by native apple CW heating, highlighted either from
sugar loss in the modified CW or the composition of solubilized polysaccharides. Both
elevated temperature (95 °C) and post-harvest maturation led to higher pectin solubilization
and degradation, and induced modifications in pectin molar mass and structure, resulting in
reduced cell adhesion and favouring cell separation during processing. This treatment
affected particle size, the most important determinant of puree’s texture, as well as PWM and
serum viscosity. Although temperature had a limited impact on texture, it strongly affected
PWM and serum viscosity, which counteracted the effect of smaller particles produced by
grinding. Process parameters thus interacted with maturation level to induce differences in
puree’s structure and texture. This could be explained by pectin hydrolysis, and notably loss
of side chains, caused either mainly by acid hydrolysis (heat) or biological evolution
(maturation). This study highlighted the importance of pectin analysis in explaining the impact
of thermomechanical processes on puree's texture and deepened the understanding of
tissue fragmentation and textural changes during processing, thus providing guidelines for
industry to manage heterogeneity of raw fruits.
[1] Buergy A., Rolland-Sabaté A., Leca A. & Renard C.M.G.C. Food Hydrocolloids, 107, 105962,
2020.
[2] Buergy A. PhD thesis, Avignon University, France, 2021.
[3] Liu X., Renard C.M.G.C., Rolland-Sabaté A., Bureau S. & Le Bourvellec C. Food Hydrocolloids,
112, 106266, 2021.
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Introduction
The cell wall material (CWM) of fruits and vegetables consists mainly of
polysaccharides, namely pectin, hemicellulose and cellulose and a small amount of protein.
Nowadays, the interest in the use of CWM in food products to obtain desired texture is
growing. In this research, performed on tomato, specific attention is paid to the role of the
pectin content of the CWM in these texturizing properties. Additionally, the potential of high
pressure homogenization (HPH) to unlock the structure of the CWM and its pectin depleted
fractions to improve these texturizing properties is addressed.
Material and methods
Two pectin extraction approaches were performed on the alcohol insoluble residue
(AIR) of processing tomato in order to generate CWM fractions with different levels of
residual pectin content, obtained as unextractable fraction (UF). On the one hand, pectin was
extracted in a stepwise manner using hot water, a chelating compound and a low-alkaline
medium, resulting in a chelator UF (CUF) and low-alkaline UF (lAUF). On the other hand, a
one-step nitric acid pectin extraction (pH 1.6) was performed resulting in an acid UF (AcUF).
On this AcUF, HPH at 20 MPa was performed. To assess whether this mechanical disruptive
technique could facilitate further pectin extraction, the HPH step was followed by a second
nitric acid extraction, resulting in AcUF-HPH-AcUF. Both the AIR and UFs were chemically
characterized.
Suspensions (2% w/w) of AIR, CUF, lAUF, AcUF and AcUF-HPH-AcUF in
demineralized water were prepared. Viscoelastic properties of these suspensions and the
water binding capacity of the CWM were determined. Besides, a microstructural
characterization was performed including microscopic visualization and analysis of the
particle size distribution. In addition, part of each suspension was subjected to HPH at 20
MPa to assess the impact of HPH on these functional and microstructural properties.
Results and discussion
Different levels of pectin depletion were reached by the applied extraction
approaches. Regarding the composition of the UFs, the pectin content of CUF and AcUF
was slightly more than half of the initial amount of pectin in AIR, whereas a low residual
pectin content was observed for lAUF and AcUF-HPH-AcUF. Based on this result, it is clear
that the extractability of pectin from a partially pectin depleted CWM, in this case AcUF of
tomato, could substantially be improved by HPH.
Substantial differences in the texturizing potential of AIR and the different UFs, as
assessed by the storage modulus (G’) of the respective suspensions, were observed. In
addition, the impact and the effect of HPH on G’ of the suspensions was also dependent on
the CWM fraction studied. It was thus proven that the extent of pectin depletion had not only
an effect on the functional properties of the CWM, but also on the impact of HPH. In this
context, these results can largely contribute to the construction of a relation between the
functionality (texturizing potential and water binding), composition and microstructure of
tomato CWM and how this can be altered by HPH.
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Dietary fibre intake is associated with many health benefits such as prevention of colorectal
cancer. Despite the availability of fibre rich products, the average European citizen
consumes only 18 g dietary fibre/day whereas EFSA recommends at least 25 g/day. This
difference between recommended and actual fibre intake is often referred to as the ‘fibre
gap’. One strategy to reduce this ‘fibre gap’ is to increase the fibre content of white flour
through wheat breeding. White flour is an important ingredient of many food products and
thus part of our daily diet. The most abundant dietary fibre in white flour is arabinoxylan (AX).
AX consists of a linear xylose (X) backbone that is substituted with arabinose (A) residues
some of which, in turn, carry an ester-linked phenolic acid residue. AX comprise a very
heterogeneous population differing in extractability in water, degree of substitution (A/X
ratio), substitution pattern, degree of polymerisation, molecular weight distribution and
phenolic acid content. The relationship between these structural characteristics and AX
functionality in food product making is still not completely understood. In addition, little is
known about the AX present in high dietary fibre wheats. To provide a basis for the use of
white flour from high dietary fibre wheats as ingredients for healthier food products, the
structural and viscosifying properties of their water-extractable (WE) AX were analysed.
White flour of high dietary fibre wheats1 Yumai 34 (Y), Valoris (V), Ukrainka (U) and five lines
from the cross YxV or YxU (YxV 007, YxV 010, YxV 038, YxU 128 and YxU 159) were
selected based on their extremely diverse WE-AX characteristics. Flour of two reference
wheats, Evina and Claire, was also included. The WE-AX levels in the white flours ranged
from 0.35% to 1.23% on dry matter base (dm). To isolate WE-AX, the procedure of De Man
et al.2 was upscaled to 700 g of wheat flour which resulted in 3.15-8.56 g isolate (dm). WEAX levels of the isolates ranged between 54.9% and 74.7% dm and their A/X ratios between
0.42 and 0.58. The molecular weight distributions were studied with high performance size
exclusion chromatography. Furthermore, 1H diffusion ordered nuclear magnetic resonance
(1H DOSY NMR) spectroscopy was performed. With this novel tool, the self-diffusion of the
isolated WE-AX in relation to substitution patterns allowed to identify different subpopulations
of WE-AX in each isolate. On top of that, the viscosifying properties of WE-AX isolates were
determined as function of shear rate with a stress-controlled rheometer equipped with double
wall Couette geometry. The combination of high-end techniques and a unique sample set led
to detailed insights in the structural characteristics of WE-AX in flour from high fibre wheats.
Relating those to their functionality is a first step towards using such flours to produce more
nutritious foods.
[1] Lovegrove, A., Wingen, L. U., Plummer, A., Wood, A., Passmore, D., Kosik, O., ... & Griffiths, S.,
PloS one, 15(2), 2020
[2] De Man, W. L., Vaneeckhaute, E., De Brier, N., Wouters, A. G., Martens, J. A., Breynaert, E., &
Delcour, J. A., Journal of Agricultural and Food Chemistry, 69(13), 3912-3922, 2021
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Agricultural residues can be implemented as biorefinery feedstocks for the development of
value-added products. In this study, different cereal brans (wheat, barley and rye) were
explored as sources of functional polysaccharides and oligosaccharides, with focus mainly on
arabinoxylans (AX). AX is composed of a β(1,4)-linked-D-xylopyranosyl backbone with
substitutions of α-L-arabinofuranose at the C(O)-3 and/or the C(O)-2 positions. The arabinose
can additionally be esterified to ferulic acid at the C(O)-5 position. Molecular structure
(substitution pattern and molar mass) of the AX, which differs among species, plant tissue and
method of extraction used, greatly affects its intended application. For example, AX can be
implemented for the development of bio-based materials, prebiotics and food additives. To
obtain the AXs, a cascade biorefinery process was optimised involving pretreatment,
subcritical water extraction (SWE) and treatment with xylanolytic enzymes. Both SWE and
enzymes are considered as greener approaches for the extraction of AX, as down-stream
processing of the extract is minimised and chemicals are avoided. The use of different
parameters in the SWE (pH, temperature, time) and xylanolytic enzymes (xylanases,
arabinofuranosidases, feruloyl-esterases) has shown not only to impact the yields of
extraction, but also the molecular structure of the extracted AX. Results from the xylanases
tested, i.e. from GH family 11, 10, 8 and 5, revealed distinct hydrolysate profiles as well as
differences in the activity on residual cereal brans. The GH10 xylanase exhibited the broadest
specificity, cleaving unsubstituted and substituted regions in the AX, while the GH11 and 8
were more restricted by the substitutions. Interestingly, the GH5 xylanases much preferred AX
with high substitution. Thus, optimisation of the process provided valuable insight into the
relationship of the process steps, i.e. SWE and enzymatic treatments, with the complex
structure of the lignocellulosic cereal substrate. It is hoped that this study can enrich the current
knowledge on the recalcitrance of cereal biomass as well as the characterisation of selected
xylanolytic enzymes.

Keywords: biorefinery, cereal bran, subcritical water extraction (SWE), arabinoxylan (AX),
xylanolytic enzymes
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Roots, tubers and bananas (RTB) products such as yam are staple food in Africa.
Developers and breeders have worked for years to improve their yield and/or composition.
However, they did not take into account consumer preferences such as cooking ability. Thus,
many new varieties of yams, although resistant to diseases and pests or with higher
nutritional quality, have serious problems of acceptability and adoption by the targeted
consumers. It is therefore important to provide breeders and developers with tools for the
creation and selection of hybrids based on the expected sensory quality. Among the sensory
criteria, texture is a primary quality factor for yam products, and it depends on both the initial
characteristics of raw material and processing techniques 1, 2. In highly amylaceous products
such as yam, the impact of starch on textural properties has been heavily explored.
However, it cannot fully explain the texture and the cooking behaviour of these crops. Nonstarch polysaccharides are known to be involved in the texture of non-starchy products such
as apples3. Yam tuber hardness or mealiness after boiling has been hypothesized to be due
to cell wall (CW) thickening, permeability changes and cell adhesion 1, 2. However there is
little knowledge on the link between the texture of raw and boiled yam, and the relationship
with cell wall structure and composition still remains to be detailed.
The aim of this work was to determine the CW polysaccharides (CWP) composition of yam
tubers to evaluate the relationship between CWP, cooking ability and textural properties. To
do so, cultivars and pedoclimatic conditions were varied to obtain yams with different tissue
structure. Their cooking ability was evaluated (cooking time, texture). CWP were then
extracted from five cultivars of Dioscorea spp. raw and steamed tubers, chosen for their
highly-contrasted cooking behavior. A specific CW extraction procedure, involving an alcohol
insoluble solids (AIS) extraction followed by an enzymatic starch removal procedure, was
developed. Starch, lignin, CWP and pectin composition, acetylation and methylation degree
were then determined by means of chromatographic and spectroscopic techniques (GC-FID,
GC-MS).
AIS content in fresh tubers varies from 24% to 33%. The AIS contains 66% to 85% starch,
representing 50 to 70% of the dry matter whereas cell walls weigh about 2%. Raw yam CWP
contain 15 to 20% galacturonic acid and 20 to 25% galactose, which correlates with data
reported previously for cassava roots4. Composition varies according to genotype, soil and
cooking process. Steamed yam CWP show a decrease in galacturonic acid content (8 to
12%), which is consistent with β-elimination induced by the cooking process. This
characterization of yam CWP in regard to cooking ability is the first of its kind. It gives an
overview of West Indies yam composition and opens the way to a better understanding of
yam quality traits for the development of new hybrids.
[1] Otegbayo B., Aina J., Sakyi-Dawson E., Bokanga M. & Asiedu R. Journal of Texture
Studies, 36, 324-332, 2005.
[2] Akissoe N., Mestres C., Handschin S., Gibert O., Hounhouigan J. & Nago M., LWT - Food
Science and Technology, 44, 321-329, 2011.
[3] Buergy A., Rolland-Sabaté A., Leca A. & Renard C.M.G.C. Food Hydrocolloids, 107,
105962, 2020.
[4] Ngea G. L. N., Guillon F., Ngang J. J. E., Bonnin E., Bouchet B. & Saulnier L., Food
Chemistry, 213, 402.409, 2016.
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In recent years, the market of functional foods is still growing. Foods are enriched with different
bioactive substances, such as vitamins, minerals or antioxidants, to obtain products with
positive effects on human health. Another compound that can be used in food enrichment is
dietary fibre. Dietary fibre exhibits many beneficial properties – it lowers body weight, reduces
postprandial glycaemia, prevents metabolic diseases such as diabetes mellitus, obesity or
cardiovascular diseases and reduces the risk of cancers. It has also been proven that dietary
fibre has a prebiotic effect. One way of obtaining dietary fibre preparations for food enrichment
is starch dextrinization. It was previously shown that heating of starch acidified with catalytic
amounts of volatile inorganic acids led to significant changes in the structure of the obtained
product. Easily digestible (1,4) and (1,6) glycosidic bonds have been converted into enzymeresistant (1,2) and (1,3) glycosidic bonds. The final products of heating were resistant dextrins,
which came to be considered as a soluble dietary fibre. Previously it has been proposed to
obtain soluble dextrin fibre (SDexF) on a laboratory scale by heating potato starch with
hydrochloric and citric acids. SDexF has been comprehensively characterized and proposed
as a source of dietary fibre [1]. Recently, it has been proposed to enrich vegetable and fruit
mousses with SDexF [2]. The main aim of the present study was to obtain SDexF on semiindustrial scale with the use of a specially designed prototype dextriniser. An ethanol washing
step was added to the production process, which was intended to remove compounds that
caused yellow colour and specific odour, and thus to improve the sensory properties of SDexF.
As it is planned to add SDexF to vegetable and fruit mousses intended for children and
adolescents, it became necessary to re-characterize it. Thus, total dietary fibre content,
solubility in water, dextrose equivalent, retrogradation tendency, pasting properties, colour
parameters, residual citric acid, residual ethanol, protein, fat and chlorides contents have been
determined. Furthermore, the structure of SDexF was analysed with the use of FTIR. Total
dietary fibre content in SDexF reached about 34%. It has been shown that SDexF was almost
fully soluble in water (above 90%), had low viscosity and turbidity after storage and low content
of residual citric acid and ethanol. The SDexF contained small amounts of reducing sugars,
proteins and fats. It was practically chloride-free. Tests performed with FTIR spectroscopy
showed that the heating of the acidified starch was not accompanied by any chemical
modifications. The obtained results clearly confirm that the physicochemical properties of
SDexF allow them to be added to vegetable and fruit mousses without causing any negative
impact on the sensory properties, texture and energy value of the product.
[1] Jochym K., Kapusniak J., Barczynska R. & Slizewska K, Journal of the Science of Food
and Agriculture, 92, 886–891, 2012
[2] Kapusniak (Jochym) K., Wojcik M., Wrobel K., Rosicka-Kaczmarek J. & Kapusniak J.,
Journal of the Science of Food and Agriculture, DOI 10.1002/jsfa.11048
Acknowledgements: The study was financed by the National Center for Research and
Development (Poland) under Measure 4.1 of the Smart Growth Operational Program 20142020, grant no. POIR.04.01.02-00-0102/17-00
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Starch degradation is an important feature of starch processing both on nutritional or
industrial aspects. Starch degradability can be impacted by starch structure and composition
that is in turn influenced by genetic and environmental conditions. The common challenges
faced by studies investigating the “structure-degradability” interaction include the
experimental condition limiting the number of samples and the interdependency between the
various structural features of native starch. This study aimed to tackle these two challenges
by (1) developing a method allowing enzymatic accurate and reproduceable hydrolysis
screening of large sample sets and (2) combining this method to a multivariate analysis to
untangle the “structure-degradability” complexity.
From a 4-way MAGIC (Multi-Allelic-Genetic-InterCross) population (CSIRO, Australia), 224
wheat starches from 156 cultivars were accessed for their structural attributes and
degradation profiles, followed by a hierarchical clustering on principal components (HCPC) to
explore the role of structural features in degradation. The results suggested that the
enzymatic hydrolysis of MAGIC wheat starch was biphasic with degradability varied from
63.6% to 79.9%. The HCPC highlighted the impact of the combination between granule size
distribution and amylopectin chain length distribution on degradation kinetics (Figure 1), as
well as a negative correlation between amylose content and hydrolysis rate, which may
therefore provide important information to improve starch selection for specific end-uses.

Figure1: Group of starches where the final hydrolysis extent (Xinf), particle size distribution (A
granule, B granule, AB ratio) and chain length distribution (DP6-12, DP 13-24, DP25-36,
DP37-47) were significantly presented. * and ** indicate significance at the p < 0.05 and p <
0.01 levels, respectively. Dv10, Dv50, Dv90, maximum particle diameter below which 10%,
50% or 90% of the sample volume exists; FV, final viscosity; PT, pasting temperature; PV,
peak viscosity; Residual, residuals of the regression model of h and k; SSA, specific surface
area; SWM, surface weighted mean; TV, trough viscosity; VWM, volume weighted mean.
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During oral processing, food bolus experiences a large range of shear rate and
extensional flow. The study of FOP is essential for food design, for instance to enrich foods
with legume proteins. The aim of this work is to determine the rheological properties of artificial
boluses of cereal foods. In this purpose, the properties of artificial food bolus are studied by
dynamic oscillatory and capillary rheometries as function of bolus water content, in the usual
range of saliva hydration, for four cereal products: sponge cake, extruded flat bread and their
counterpart enriched in legume proteins.
All boluses followed the same rheological behaviour characterised by (1) solid -like in
the linear viscoelastic domain and (2) Herschel-Bulkley model for large shear strain. Hence,
four characteristic rheological properties are determined: modulus at viscoelastic plateau,
characteristic stress at transition to flow, yield stress and consistency in the flow regime (Fig.1).
Water content considerably decreased these properties according to an exponential decay,
which allowed determining interactions coefficients. Their values, in the interval [5, 30], are of
the same order of magnitude as the plasticization coefficient of starch by water. They were
larger than 15 for the extruded pea based and lower than 15 for the sponge cake. The
variations for the different rheological properties are discussed in terms of matter state,
envisioning bolus as a suspension of swellable particles, and their values were compared to
those encountered for real boluses from same foods. These results open prospects to define
a coefficient of interaction of food with saliva.
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Figure 1 : measuring rheological properties of artificial boluses of cereal foods and
determining interaction coefficient.
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Brewer’s Spent Yeast (BSY), the second major by-product of brewing industry, is a
rich source of polysaccharides, mainly of mannoproteins and glucans. Efforts are being
made to solubilise these cell wall polysaccharides, using different methodologies for different
applications, such as food ingredients and biomaterials. Nevertheless, after solubilising these
polysaccharides an insoluble material (BSYIM) still remains accounting for up to 20% of the
initial BSY. This BSYIM is composed mainly of glucans and preserves the three-dimensional
capsule-shaped structure of the initial BSY cell, as seen in Figure 1a. Thus, this work intends
to evaluate (1) the resistance of these microcapsules to in vitro digestion (IVD) and (2) the
recognition and internalisation by immune-receptors (Dectin-1), and consequently the
viability of these microcapsules to work as oral carriers.
After IVD, 45-62% material of BSYIM was solubilised, mostly mannoproteins and 1,4glucans, and the residue left was enriched in 1,3-glucans. The BSYIM from microwave
assisted extractions were the ones with less solubilised material but also, the ones that
solubilised 1,3-glucans, being the residues left after IVD the most balanced in 1,3 and 1,4glucans. Nevertheless, despite some visible agglutination and deformation of the
microcapsules they still keep their spherical shape (Figure 1b). The microcapsules before
and after IVD were tested in HEK-Blue™ hDectin-1b cell lines (β1,3-glucans receptor) and
they were all recognised with a similar Dectin-1 activity to the positive control (zymosan).
These are promising results for considering BSY microcapsules as possible carriers for drug
oral delivery systems.

b

a

Figure 1 : Scanning electron microscopy (SEM) images of BSYIM from microwave assisted
extraction (a) before and (b) after IVD.
Acknowledgements to FCT/MEC for the financial support of the project “Yeast4FoodMed” (POCI-01-045-FEDER-030936),
LAQV/REQUIMTE (UIDB/50006/2020), and CICECO (UIDB/50011/2020 & UIDP/50011/2020) through national funds and,
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Arabinoxylan (AX) is the main fibre fraction of wheat grains and an important feed
component in poultry nutrition [1]. Dietary supplementation with xylanase of wheat-based
diets has been shown to improve broiler performance and nutrient digestibility [2]. In addition,
the expected release of oligosaccharides (AXOS) with prebiotic potential by xylanase in the
small intestine is believed to improve AX fermentability in the hindgut (ceca) [2]. The aim of
this research was to determine whether xylanase supplementation in a wheat-based diet led
to in vivo AXOS formation and to fully elucidate the structure of such potentially released
oligosaccharides.
During this research, 48 male broilers were reared together for 20 days. Next, they were
randomly assigned to two treatments (Control (Con), Enzyme (Enz)), each consisting of 6
pens with 4 birds. The following 8 days, Con broilers received a wheat-soy based diet as
such, and Enz broilers received the same diet supplemented with a xylanase-glucanase
preparation. The birds were euthanized on day 28 and digesta samples were collected.
Digesta samples from the gizzard, ileum, ceca and excreta were subjected to aqueous
extraction and the dry matter, carbohydrate composition and yield of extracts and residues
were determined. Feed enzyme addition did not influence the extractability of total solids, but
it did impact AX extractability. For example, Enz showed higher AX extractability in the ileum
compared to Con (27 vs 18%; P<0.05). The enzymatically solubilized AX was less
substituted by arabinosyl residues (A/X ratio) in Enz when compared to Con (A/X ratio of
0.78 vs 0.88; P<0.05). The pronounced AX extractability due to xylanase action in the upper
gastrointestinal tract could be linked to the release of AXOS (DP5-25), based on MALDITOF-MS. Next to AX and AXOS, ascendant levels of hexose oligosaccharides were found in
the extracts which could be degraded by a combination of amyloglucosidase and inulinase.
AX and AXOS were further purified with reversed-phase (C18) solid-phase extraction (SPE).
Polymeric and oligomeric AX accounted for more than 55% of the total carbohydrates
recovered during SPE in both Con and Enz, except for ceca soluble material (17-22%). The
AX-enriched fractions obtained from the gizzard and ileum belonging to Enz presented a
lower molecular weight distribution compared to Con, as determined by HPSEC-RI. HPAECPAD analysis of the AX/AXOS fraction from the ileum revealed the presence of differently
substituted AXOS formed in vivo. The obtained AXOS profile matched the profile of AXOS
generated in vitro by hydrolysing wheat AX with a GH11 xylanase. Elucidation of the precise
structure of the in vivo released AXOS using HILIC-MS/MS is currently ongoing and will be
discussed in detail.
References
[1]
K. E. Bach Knudsen, “Fiber and nonstarch polysaccharide content and variation in
common crops used in broiler diets,” Poult. Sci., vol. 93, no. 9, pp. 2380–2393, 2014.
[2]
M. R. Bedford, “The evolution and application of enzymes in the animal feed industry:
the role of data interpretation,” Br. Poult. Sci., vol. 59, no. 5, pp. 486–493, 2018.
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Cellulose is getting attraction in the food and pharmaceutical industry due to its
biocompatibility, degradability, hydrophobicity, chirality, and easy functionalization1. There is
evidence that celluloses modify gut motility and nutrients absorption2. Cellulose´s water
holding capacity is ideal for drug delivery systems based on it but, it is necessary a better
knowledge of cellulose's effects on organisms. Here we proposed Caenorhabditis elegans
(C. elegans) as a simple animal model to study the biointeraction of cellulose, in specific,
bacterial nanocellulose (BC). BC is purer than vegetal cellulose and has a different
nanostructure, which increases its chance in the biomedical and food field.
Firstly, we biosynthesize BC fibers1 and characterized them physiochemically. In the
biological characterization, we expose BC to C. elegans and we localize it inside the worms'
intestine; then survival rate, growth, and reproduction were evaluated as the principal
toxicological endpoints. Moreover, we performed a RNAseq analysis and observed which
routes were up or downregulated by BC uptake. Finally, we assessed the impact of BC
ingestion in the lipid metabolism of C. elegans using two complementary methodologies: Oilred-O (ORO) staining and µFourier-transform infrared spectroscopy (µFTIR).
This work confirmed the low toxicity of BC, revealed for the first time which routes are
affected by the BNC’s uptake and shown a reduction of lipid oxidation due to the presence of
BNC in the diet. Altogether, these results validated the use of BC as a food additive and its
potential as drug delivery carrier. C. elegans is a proper animal model for the evaluation of
polysaccharides' biointeraction and pave the way for the evaluation of cellulose derivatives
and drug delivery systems economically and efficiently.

Figure 1 : Graphical abstract of the project
[1] Roig-Sanchez, S. et al. Nanoscale Horizons, 3, 634-641, 2019.
[2] Li, Y. O. & Komarek, A. R. Food Quality and Safety, 1, 47-59, 2017.
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Wine clarity is a critical aspect in the commercialization of white wines. The formation
of wine haze is primarily attributed to aggregation and precipitation of heat-unstable wine
proteins. Although bentonite fining is commonly used for the removal of haze-forming
proteins, this method is responsible for loss of wine volume and quality. Therefore, there is
an increasing interest for alternative protein fining materials and methods.1
Water-insoluble dicarboxymethyl cellulose (DCMC), a polymer developed by our
research group,2,3 was prepared via catalysed heterogeneous etherification using sodium
chloromalonate and potassium iodide, with a DS of 0.03. DCMC was tested for protein
adsorption, namely as an adsorbent of unstable wine proteins. Adsorption isotherms were
obtained for thaumathin used as a model solution and the adsorption capacity was also
tested in real wine (Figure 1). The application of DCMC in the wine sector shows potential
due to its ability to stabilize white wines while overcoming problems associated with
bentonite, such as lees production and loss of wine, contributing to a more sustainable
process.

Figure 1 : White wine stability after protein adsorption varying dicarboxymethyl cellulose
dosages
Acknowledgements: We thank the Fundação para a Ciência e Tecnologia for financial support through
the PhD grant DFA/BD/5529/2020 and Associate Laboratory for Green Chemistry - LAQV which is
financed by national funds from FCT/MCTES (UIDB/50006/2020 and UIDP/50006/2020).
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Dietary fibre, including resistant starch and resistant dextrins, are not hydrolyzed and
absorbed in the upper part of the gastrointestinal tract, and so they reach the colon in
unaltered form, where they provide nutrients for beneficial bacteria. They constitute a
promising means of modulating the intestinal microbiota and may possess prebiotic
properties. Also soluble dextrin fibre (SDexF) from potato starch, obtained on a laboratory
scale, has been proposed as a source of dietary fibre [1]. Further studies have confirmed its
prebiotic effect [2-4], prophylactic action in preventing obesity in children [3]. Recently, it has
been proposed to enrich vegetable and fruit mousses with SDexF [5]. Therefore, it has
become necessary to produce SDexF on a semi-industrial scale, to perform recharacterization and to test prebiotic properties. The objective of the present study was to
assess the prebiotic properties of SDexF. Probiotic bacteria: Lactobacillus casei DN-114 001,
Lactobacillus casei Shirota, Lactobacillus rhamnosus Lakcid, Bifidobacterium animalis DN173 010 and Bifidobacterium bifidum Bb12 were isolated from food and pharmaceutical
products. Bacteroides, Clostridium, E. coli and Enterococcus strains were isolated from
faeces of healthy children. Probiotic and intestinal bacteria were cultured in media according
to Wynne et al. [6], with the addition of SDexF at a concentration of 10% as a source of
carbon. The controls consisted of cultures of the same bacteria in media without SDexF. Cocultures were conducted under anaerobic conditions at pH 6.8 and 37 °C. The strains were
cultured up to 168 h. Growth of the bacteria was estimated by the plate method after 4, 8, 12,
24, 48, 72, 96, and 168 h. The numbers of probiotic and intestinal bacteria were determined
using different media. Prebiotic index (PI) was calculated using quantitative equation: PI =
(Bif/Total) – (Bac/Total) + (Lac/Total) – (Clos/Total). The results obtained so far have
confirmed the ability of probiotic bacteria to dominate the environment in the mixture with
isolated intestinal bacteria, in the presence of SDexF. It was confirmed that in culture with
SDexF the number of Lactobacillus and Bifidobacterium bacteria was 20 to 40% higher than
the number of Clostridium, Bacteroides, E. coli and Enterococcus strains. The prebiotic index
was positive and increased with the time of incubation.
[1] Jochym K., Kapusniak J., Barczynska R. & Slizewska K, Journal of the Science of
Food and Agriculture, 92, 886–891, 2012
[2] Kapusniak J., Kapusniak K., Ptak S., Barczynska R. & Zarski A., Quality Assurance
and Safety of Crops & Foods, 6, 347–356, 2014
[3] Barczynska R., Slizewska K., Litwin M., Szalecki M., Zarski A. & Kapusniak J.,
Journal of Functional Foods, 19, 661–668, 2015
[4] Jochym K., Kapusniak J., Barczynska R., Libudzisz Z. & Slizewska K. PL 220965,
2015 (Polish patent)
[5] Kapusniak (Jochym) K., Wojcik M., Wrobel K., Rosicka-Kaczmarek J. & Kapusniak J.,
Journal of the Science of Food and Agriculture, DOI 10.1002/jsfa.11048
[6] Wynne A.G., McCartney A.L., Brostoff J., Hudspith B.N. & Gibson G.R., Anaerobe,
10, 165-169, 2004
Acknowledgements: The study was financed by the National Center for Research and
Development (Poland) under Measure 4.1 of the Smart Growth Operational Program 20142020, grant no. POIR.04.01.02-00-0102/17-00
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In many developed countries changes in dietary habits are necessary, e.g. the
reduction in the amount of consumed easily absorbed starch and, at the same time, the
increase in the amount of fiber consumed are strongly advisable. It is possible to achieve by
designing innovative starch preparations with the desired rate and degree of hydrolysis for
their proper digestion in the large intestine. The dextrinization of potato starch in the
presence of acids, under controlled heating conditions in a single-mode microwave reactor,
can be a one of the methods leading to products with increased dietary fiber content.
Dextrins were obtained by controlled microwave heating of acidified potato starch.
They were characterized by water solubility, dextrose equivalent and color parameters
(L*a*b*). Total dietary fiber content was measured according to AOAC 2009.01 method.
Structural and morphology changes were determined by means of SEM, XRD, DSC and GCMS analyses.

Figure 1 : Appearance of dextrins obtained by microwave-assisted heating

The work was supported by The National Science Centre (NCN, Poland), Grant No.
2017/25/N/NZ9/02564
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S06-P-04 - SPECIFIC RESISTANT STARCH TYPE 3: A BIOACTIVE INGREDIENT
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Resistant starch type 3 (RS-3) is known to have great potential as a prebiotic by supporting
gut microbiota after intestinal digestion [1]. Previously, it was found that especially specific RS3 made of α-glucans of DPn = 18-22, crystallized in an A-type morphology and RS-3 made of
α-glucans of DPn = 32, crystallized in a B-type morphology were > 80 % resistant to pancreatic
digestion [2].
Here we show that these specific RS-3 preparations are degradable by gut microbiota from
adults and which short-chain fatty acids are formed during in vitro fermentation.

A

B

Figure 4: Scanning Electron Microscopy images of medium-chain A-type RS-3 (A) and longchain B-type RS-3 (B) after 48 h of in vitro fermentation using pooled adult fecal inoculum.
[1] Fuentes-Zaragoza, E., Sanchez-Zapata, E., Sendra, E., Sayas, E., Navarro, C.,
Fernandez-Lopez, J., & Perez-Alvarez, J. A. (2011). Resistant starch as prebiotic: A
review. Starch-Starke, 63(7), 406-415.
[2] Klostermann, C. E., Buwalda, P. L., Leemhuis, H., de Vos, P., Schols, H. A., & Bitter, J. H.
(2021). Digestibility of resistant starch type 3 is affected by crystal type, molecular
weight and molecular weight distribution. Carbohydrate polymers, 265, 118069.
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Complete aqueous dissolution of starch is notoriously difficult. A high-temperature
autoclaving process is necessary, followed by cooling the solution below its boiling point. The
cooled solution is inherently unstable over time. Gelation and retrogradation processes,
along with aggregation induced by undissolved starch remnants, result in starch precipitation.
We recently observed the spontaneous gelatinization of native maize starch (MS) in aqueous
sodium salicylate (NaSal) solutions at room temperature. A hydrotropic mode of solubilization
is hypothesized.
Differential scanning calorimetry (DSC) and polarized optical microscopy (POM) of
starch dispersions in NaSal solution were used to demonstrate the room temperature
gelatinization of MS at different concentrations of MS and NaSal. The DSC gelatinization
peak shifts to lower temperatures and the gelatinization enthalpy decreases with increasing
NaSal concentration. POM images confirm the same trend through the disappearance of the
‘Maltese cross’ interference pattern of starch granules.
The minimal NaSal concentration to induce complete room temperature dissolution of
MS was found to be around 15-20 wt%. The MS content of the dispersion has little influence
on the amount of NaSal needed to dissolve it. The effect of the NaSal solution on the MS
molecular weight was checked with HPSEC. It is speculated that, because of its amphiphilic
character, NaSal enhances the solubility of MS in water by association with the more
hydrophobic MS moieties, much like urea, which has also been used to enhance starch
dissolution in alkaline aqueous media. As such small molecules do not tend to form micelles
in water, they are called hydrotropes, rather than surfactants. A minimal hydrotrope
concentration (MHC) is necessary for the hydrotropes to structure themselves in water,
resulting in a higher solubility of MS. This is the case for the system MS/NaSal/H2O. Further
investigations into the putative hydrotropic dissolution mechanism are necessary.
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CLOUDY JUICE QUALITY
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The abundant amount of pectin within the apple cell wall will be a major factor affecting
the processability of the apple and, even more important, the sensory and nutritional
characteristics of the fruit and derived products. Following the trend of cloudy apple juices, it
is important to obtain a stable colloidal network in the juice. Although quite some research
relate juice quality to the pectin present in juice, the correlation between apple cultivars,
apple pectin fine structure and juice stability is still not clear.
In this project, the aim is to characterize the apple pectin fine structure and the
relationship with apple juice quality for a number of selected apple varieties. Apples from
thirteen different varieties were processed to juice, and juice physiochemical properties like
turbidity, particle size distribution and zeta-potential were analyzed. Cell wall polysaccharides
were isolated from each variety as alcohol-insoluble solids (AIS) and subsequently extracted
to yield water-soluble solids (WSS) and chelating-soluble solids (ChSS). Structural
information like sugar composition and content, degree of methyl esterification (DM) was
collected for all fractions. Next to the DM, also the methyl ester distribution may influence the
functional properties of pectin and was determined by enzymatic fingerprinting. Here, we
report on descriptive parameters such as degree of DM and Degree of Blockiness for two
apple varieties describing distinct pectin populations.
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SOLUTION-STATE NMR ANALYSIS OF CRYSTALLINE CELLULOSES AND BEYOND
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Recently we demonstrated the use of the tetrabutylphosphonium acetate
([P4444][OAc]):DMSO-d6 electrolyte, in the analysis of chemically modified crystalline
celluloses (King et al. 2018; Koso et al., 2020). This has led to a huge increase in resolution
of signals (Figure 1), compared to the current complementary solid-state NMR methods,
allowing us to resolve chemical species, even at reducing end groups of cellulose
nanocrystals (Heise et al. 2019).

Figure 1. Comparison of solution (top) vs solid (bottom)-state NMR analysis of two common
cellulose samples.
The aim of this abstract is to validate this approach to the non-expert, demonstrate how it
can be adopted into common analytical workflows and also to detail recent progress for
different modified substrates.
Heise K, Koso T, Pitkänen L, et al (2019) Knoevenagel Condensation for Modifying the
Reducing End Groups of Cellulose Nanocrystals. ACS Macro Letters 8:1642–1647. doi:
10.1021/acsmacrolett.9b00838
Koso T, Rico del Cerro D, Heikkinen S, et al (2020) 2D Assignment and quantitative analysis
of cellulose and oxidized celluloses using solution-state NMR spectroscopy. Cellulose
27:7929–7953. doi: 10.1007/s10570-020-03317-0
King AWT, Mäkelä V, Kedzior SA, et al (2018) Liquid-State NMR Analysis of Nanocelluloses.
Biomacromolecules 19:2708–2720. doi: 10.1021/acs.biomac.8b00295
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Chitosan is heavily researched for regenerative medicine as well as drug delivery,
being bacteriostatic and pH-responsive. Chitosan is however affected by a great variability,
and is a very complex polymer at the macromolecular level, thus warranting the need for
advanced characterisation techniques. Solid-state NMR spectroscopy is a valuable
technique to probe structure and dynamics at the molecular level in polysaccharides.1,2,3,4
Chitosan forms films with various flexibilities depending on the acid used to suspend
the chitosan and cast the film. Solid-state NMR reveals the role of the counter-ion in
obtaining brittle or flexible films.3 These bacteriostatic films have a good potential for cell
culture. Peptide need however to be grafted to improve cell adhesion onto the film. The
peptide grafting was evidenced by solid-state NMR spectroscopy.4
Chitosan can also encapsulate drugs by spray-drying. Capsules were produced with
and without ibuprofen and characterised by FT-IR and solid-state NMR spectroscopies.

Figure 1: Interplay of structure and dynamics in chitosan films
probed by solid-state NMR3
[1] Mangiante G., Alcouffe P., Gaborieau M., Zeno E., Petit-Conil M., Bernard J., Charlot A. &
Fleury E., Carbohydrate Polymers, 193, 353-361, 2018
[2] Pintiaux T., Heuls M., Vandenbossche V., Murphy T., Wuhrer R., Castignolles P.,
Gaborieau M. & Rouilly A., Cellulose, 26, 2941-2954, 2019
[3] Gartner C., Lopez B.L., Sierra L., Graf R., Spiess H.W. & Gaborieau M.,
Biomacromolecules, 12, 1380-1386, 2011
[4] Taylor D.L., Thevarajah J.J., Narayan D.K., Murphy P., Mangala M., Lim S., Wuhrer R.,
Lefay C., O'Connor M.D., Gaborieau M. & Castignolles P., Analytical and Bioanalytical
Chemistry, 407, 2543-2555, 2015
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The supramolecular structure of cellulose is of great interest for the pulp, paper and fibre
industry for decades but more recently for renewable fuel production. The organisation of the
cellulose chains, as well as their integrity within the investigated biomass significantly
influences its physical and chemical properties.
At least two models are proposed for cellulose organisation at the molecular scale (core-shell
and mesomorphs). For example, cotton nanofibrils (CNF) are associated with mesomorphs
and wood nanocrystals (CNC) are associated with core-shell [2].
Solid-state (ss) Nuclear Magnetic Resonance (NMR) provides structural and dynamic
information on samples for which native structure and interactions are preserved.
"Classical" ss NMR methods can access structural and dynamic information at various
scales. The study of polarisation transfers from 1H to 13C, provides the characteristic proton
relaxation in the rotating frame, T1ρH, and the proton-proton spin diffusion time through space,
THH, which are very useful measures probing the 50 nm scale. In another hand, the proton
spin-lattice proton relaxation, T1H, probes a larger scale, around micrometers [5].
In order to determine the structural heterogeneity of cellulose at different scales, T1ρH, THH
and T1H were determined using Variable Contact Time (VCT-CP) and the Inversion Recovery
with Cross Polarization (IR-CP) sequences, respectively. Tunicate, microcrystalline (Avicel®
PH-101), CNC, CNF celluloses known to have different structures [6] were taken as models
to assess if the aforementioned NMR parameters were able to distinguish their fine structural
differences. To further exacerbate these differences, measures were also performed on
Avicel® PH-101 after grinding. The results showed that relaxometry and polarization transfers
measured in ss NMR, combined with microscopy and granulometric analyses could reveal
different fine cellulose structures at the nm scale underlying grinding effects.
Thus, assessment of cellulose dynamics by ss NMR spectroscopy represents an essential
mean to access fine structural differences involved in the polysaccharide's functional
properties.
[1] Rajala S., Siponkoski T., Sarlin E., Mettänen M., Vuoriluoto M., Pammo A., Juuti J., Rojas
O.J., Franssila S. & Tuukkanen S., Applied Materials & Interfaces, 15607-15614, 2016.
[2] Zhaol W., Kitui A., Deligey F., Mentink-Vigier F., Zhou Y., Zhang B. & Wang T.,
Biotechnology for biofuels, 14-28, 2021.
[3] Paris M., Bizot H., Emery J., Buzaré J.Y. & Buléon A., International Journal of Biological
Macromolecules, 137-143, 2001.
[4] Bardet M., Gerbaud G., Doan C., Giffard M., Hediger S., De Paëpe G. & Trân Q-K.,
Cellulose, 1537-1545, 2012.
[5] Yuris A., Hindmarsh J., Hardacre A.K., Tha Goh K. K. & Matia-Merino L., Food Chemistry,
67-72, 2019.
[6] Trache D., Hussin M.H., Tan Hui Chuin C., Sabar S., Nurul Fazita M.R., Taiwo O.F.A.,
Hassan T.M. & Mohamad Haafiz M.K., International Journal of Biological Macromolecules,
789-804, 2016.
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Hemicelluloses are polysaccharides that function as a connective network around the
cellulosic microfibrils and within the lignin matrix. This network must support the growing tree
while securing the transport of water and nutrients. At least in angiosperms, the interaction
between crystalline cellulose and glucuronoxylan is required to maintain the integrity of the
secondary cell walls [1]. One aspect of the interaction is the change in xylan conformation
from a 3-fold screw in water to a 2-fold screw on the cellulose surfaces [2,3], i.e., a
conformation more similar to that of cellulose. However, the mechanisms of xylan assembly
onto the fibrils are not fully clear.
Here we have used molecular dynamics simulations to study the mechanisms of
xylan adsorption onto cellulose surfaces at hydrated states. We allowed the xylan chains to
adsorb spontaneously onto the cellulose fibril and to settle for 1 microsecond at ambient
temperature and pressure (Figure 1). We investigated the resulting xylan aggregates by the
alignment and the orientation with respect to the cellulose fibril, as well as by the chain
conformation and the hydrogen bonding pattern. We studied the possible preference for
either parallel or anti-parallel orientation by repetitive adsorptions. We also calculated 13C
NMR T1-relaxation times and analyzed the variations in the local dynamics of the free
glucose residues and of those next to the adsorbed xylans. Ultimately, we aim to correlate
the molecular level understanding with experimentally determined properties. This study
contributes to the fundamental understanding of the biological assembly of lignocellulose on
the molecular level and its recalcitrance, which will pave the way for an improved utilization
of the lignocellulosic components in advanced materials.

Figure 1 : Xylans adsorbing and aligning on cellulose fibril
[1] Ha M.A., MacKinnon I.M., Sturcová A., Apperley D.C., McCann M.C., Turner S.R., Jarvis
M.C., Phytochemistry, 61(1), 7-14, 2002
[2] Busse-Wicher M., Li A., Silveira R.L., Pereira C.S., Tryfona T., Gomes T.C., Skaf M.S.,
Dupree P., Plant Physiology, 171(4), 2418-2431, 2016
[3] Martínez-Abad A., Berglund J., Toriz G., Gatenholm P., Henriksson G., Lindström M.,
Wohlert J., Vilaplana F., Plant Physiology, 175(4), 1579-1592, 2017
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We report small-angle neutron scattering (SANS) measurements of aqueous solutions of
neutral arabinoxylan (AX) polysaccharide extracted from wheat flour and prepared at
increasing concentrations. To maximize the hydration of the chains, the solutions are first
prepared at C=1g/L, i.e. below the overlap concentration C*»2-3g/L, and then slowly
concentrated using osmotic stress until max. ~200g/L, i.e. well above C*. The SANS data
obtained at various concentrations are similar to the one of figure 1, with three distinct qregions that inform on the structure of the samples at different length-scales: region ❶ that
originates from clusters of associated AX chains,1 region ❷ where the chains are in good
solvent conditions and form an entangled network of correlation length ξ,2 and the high-q
region ❸ where the local conformation and size of the chains are probed (eg. persistence
length).3
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Figure 1: SANS from a semidilute AX solution (~200 g/L) in H2O
The purpose of the talk is to give a full analysis of these SANS results using appropriate
models and complementary data of SEC-MALS and rheology. Special focus will be given to
the correlation length ξ and its changes with AX concentration. Our group is indeed
conducting studies about the diffusion of objects like enzymes in such concentrated AX
systems. Knowing ξ is this context is of outmost importance as the mobility of a colloidal
species in a polymer liquid is directly linked to ξ and its associated 'tube' or pore size.4
[1] Muller F., Manet S., Jean B., Chambat G., Boué F., Heux L., Cousin F., Biomacromolecules, 12,
3330-3336, 2011
[2] Falcao A.N., Pedersen J.S., Mortensen K., Macromolecules, 26, 5350-5364, 1993
[3] Picout D.R., Ross-Murphy S. B., Carbohydrate Research, 337, 1781-1784, 2002
[4] Cai L.H., Panyukov S., Rubinstein M., Biomacromolecules, 44, 7853-7863, 2011
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Brown algal fucose-containing sulfated polysaccharides (FCSPs) are biologically active
molecules with industrial and pharmaceutical potential. Alongside with the growing interest in
studying and potentially exploiting brown algal FCSPs, they are poorly characterized in terms
of structure due to their high heterogeneity and complexity. Therefore, the attempts to
establish relationships between their biological activities and structures have been
challenging [1].
This study is part of the ANR project Breaking Alg (ANR-18-CE43-0003) and mainly focuses
on: (I) developing an efficient and cost-effective method for obtaining high quality brown algal
FCSPs, (II) optimizing controlled and reproducible production of FCSOs, and (III)
characterizing FCSOs and FCSPs in terms of their structure and biological activities.
A common brown alga Pelvetia canaliculata (Linnaeus) was used for testing eight different
FCSP preparation methods. Extractions were performed in neutral and acidic conditions.
Purification strategies were based on usage of activated charcoal (AC),
polyvinylpolypyrrolidone (PVPP), or cationic detergent cetylpyridinium chloride (CPC). Final
products were compared in terms of yield, purity, sulfation degrees, size, monosaccharide
composition, and in enzymatic digestion profiles introduced by fucanase denoted as FcnA
from fucanolytic marine bacterium Mariniflexille fucanivorans [2,3].
)))))) (5.2*105 - 8.8*105 g/mol),
Obtained FCSPs contained high average molecular weights (𝑀𝑤
and high degrees of sulfation (≥36 %, w/w). Samples were rich in fucose (76 - 84 %), while
xylose, mannose, galactose and glucose were detected as less represented monosaccharide
components. Alginate and β-1,4-glucans were not detected. β-1,3-glucans and proteins were
detected in some samples (<1 % and <0.3 %, w/w, respectively), and phenolic content was
under 1 %, w/w. Acidic extractions provided higher yields compared to the neutral ones (up
to 14.4 %, w/w), and employment of AC provided FCSP products with the highest purity.
Reproducible production of salt-free FCSOs using FcnA was optimized. Mass spectrometry
(MS) analysis of the most abundant FCSOs showed the presence of repeating units
containing two fucose residues and three sulfate groups. In-depth structural analysis of
obtained FCSOs is ongoing. In terms of bioactivity, produced FCSOs were shown to induce
the release of interleukin-8 (IL-8) and tumor necrosis factor alpha (TNFα) in
lipopolysaccharide (LPS) activated macrophages. According to the obtained results, P.
canaliculata might be considered a valuable renewable source of FCSPs, which could be
used for the controlled production of high purity bioactive FCSOs.
[1]
[2]
[3]

Deniaud-Bouët E., Hardouin K., Potin P., Kloareg B., Hervé C. Carbohydr. Polym. 175,
395–408, 2017
Barbeyron T., L’Haridon S., Michel G., Czjzek M. Int. J. Syst. Evol. Microbiol. 58,
2107–2113, 2008
Colin S., Deniaud E., Jam M., Descamps V., Chevolot Y., Kervarec N., Yvin J.C.,
Barbeyron T., Michel G., Kloareg B. Glycobiology. 16, 1021–1032, 2006
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To date, analysts are still challenged by the inherent complexity of carbohydrates. No
single method is currently able to fully resolve the various levels of isomerism present among
the nature of the subunits and the glycosidic bonds, although these are determining
structural features of carbohydrates. A popular approach in bioanalytical chemistry is to
measure the mass of an unknown molecule using mass spectrometry (MS), then fragment it
in the gas-phase and measure its fragments’ masses, giving a fingerprint of the molecule.
Yet, MS alone is blind to many cases of isomerism, and thus gives incomplete information for
carbohydrates. Over the last ten years, the coupling of ion mobility spectrometry (IM) with
MS has kept gaining momentum—IM is sensitive to the gas-phase conformations of
molecules and thus to (stereo)isomerisms. Notably, IM-MS is able to discriminate between
branching isomers,1 and even anomers2 of oligosaccharides. Interestingly, glycosidic
fragments also retain the properties of their parent structures, after one or several rounds of
fragmentation.3,4 These findings bring new prospects for carbohydrate analysis, suggesting
that IM-MS may help extend the present knowledge in glycosciences.
In this presentation, we will introduce the state-of-the-art technology of IM-MS that is
cyclic ion mobility, as well as several examples of promising uses for the structural
characterization of oligosaccharides. We will discuss how IM-MS is able, using the mobility of
oligosaccharide ions and/or of their fragments: (i) to unambiguously identify the presence of
isomers in complex biological media, with or without additional chromatographic separation;
(ii) to characterize the intrachain α/β anomerism of atypical oligosaccharides; (iii) to provide
unique spectral fingerprints that can be used for molecular networking of glycomics datasets.

Figure 1: How can cyclic ion mobility solve the structure of oligosaccharides?
[1] Ropartz D., Fanuel M., Ujma J., Palmer M., Giles K., Rogniaux H., Anal. Chem. 91 (18),
12030–12037, 2019
[2] Ujma J., Ropart, D., Giles K., Richardson K., Langridge D., Wildgoose J., Green M.,
Pringle S., J. Am. Soc. Mass Spectrom. 30 (6), 1028–1037, 2019
[3] Pellegrinelli R. P., Yue L., Carrascosa E., Warnke S., Ben Faleh A., Rizzo T. R., J. Am.
Chem. Soc. 142 (13), 5948–5951, 2020
[4] Ollivier S., Tarquis L., Fanuel M., Li A., Durand J., Laville E., Potocki-Veronese G.,
Ropartz D., Rogniaux H., Anal. Chem. (Just accepted), 2021
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Polysaccharides (PS) have been explored as food additives to modulate the physical
properties of foods and to provide health benefits due to potential bioactivity 1. These
functional properties are highly determined by the polysaccharide chemical structures, which
are often studied from their enzymatically derived oligosaccharides (OS) 2. Unfortunately, to
our knowledge, a generic method to depolymerize PS to characteristic OS still does not exist,
which complicates revealing the structure of these highly complex and diverse
polysaccharide structures. Periodate oxidation of PS has been used to introduce dialdehydes
in the polysaccharide structure to create materials with new/improved functionalities and is
accompanied by partial degradation of the polysaccharide 3,4.
The aim of our study is to investigate if periodate oxidation of various PS generically
will lead to polysaccharide degradation and a desired formation of characteristic OS is
achieved for PS identification. Various PS (arabinoxylan - AX, xylan - BWX, galactomannan GM, xyloglucan - XG, highly methyl-esterified homogalacturonan - HG) were subjected to
several periodate oxidation conditions. All periodate oxidation conditions tested gave
oxidized products with an average Mw lower than the respective native polysaccharide, and
OS were obtained under conditions which differed per PS structure. The OS obtained upon
periodate oxidation of AX, BWX, GM, XG, and HG were analyzed by MALDI-TOF MS and
ESI-MS. These analyses showed that each oxidized sample had a characteristic MS profile
comprising independent oligosaccharide clusters arranged around the m/z of the
corresponding oligomer degree of polymerization. These oligosaccharide clusters were
composed of various oligosaccharide-based series that were distinguished from each other
by 14, 16 or 18 Da, due to a variable level of dialdehydes present. The potential of periodate
oxidation for characterization of structurally different PS on basis of these oligomer clusters
that are polysaccharide structure dependent will be discussed.

[1] Harris P. J., & Smith B. G., International Journal of Food Science and Technology, 41,
129-143, 2006.
[2] Leijdekkers A.G.M., et al., Carbohydrate Research, 404, 1-8, 2015.
[3] Chemim M., et al., Holzforschung, 69, 713-720, 2015.
[4] Chetouani A., et al., International Journal of Biological Macromolecules, 97, 348-356,
2017.
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Chondroitin sulfate is a glycosaminoglycan extracted from animal cartilaginous tissues and
widely used as active principle of anti-osteoarthritis drugs and food supplements. Its
biological and pharmacological activity depends on its structural homogeneity, by its purity
grade, by its sulfation pattern and averaged molecular weight. But the chondroitin sulfate
activity could be altered by the presence of other glycosaminoglycans, like the keratan
sulfate that might be contemporary extracted from the animal tissues. Or it could be
enhanced by addition of glucosamine and hyaluronic acid frequently mixed on purpose in
food supplements. As quality control analyses of food supplements are generally less strict
than pharmaceutical grade samples, heterogeneous chondroitin sulfate compositions could
be found in these preparations and that might arise doubts on their biological efficacy. In this
work a multi-analytical approach based on new developed methods have been used to
screen a total of 28 European and USA food supplements in comparison with two pharmagrade products. High performance anion-exchange chromatography with pulsed
amperometric detection and high performance capillary electrophoresis have resulted able to
determine the chondroitin sulfate and the glucosamine titres and to detect the eventual
keratan sulfate and hyaluronic acid presence, on the base of their monosaccharide
composition or as intact chains, with a sensitivity up to 0.1% and with an accurancy of 96.098.0%. Size-exclusion chromatography analyses with triple detector array were employed to
determine the chondroitin sulfate averaged molecular weight and the polidispersity, while
enzymatic digestion and high performance capillary electrophoresis analyses were used to
investigate the chondroitin sulfation pattern and its animal origin. This systematic multianalytical approach revealed that the pharma grade products were more structurally
homogeneous than the food supplements. More of the 78.0% of the screened food
supplements had a chondroitin sulfate and glucosamine contents lower than the declared
ones, up to the -60.0%, and high titres of keratan sulfate. Mixed animal origin chondroitin
sulfate and multiple molecular weight species were determined in more than 36.0% of the
samples. Profiling chondroitin sulfate was useful to correlate structural features of the food
supplement samples with their biological activity that resulted to be less effective than the
pharmaceutical grade samples in reducing anti-inflammatory response in chondrocyte and
synoviocyte cells, isolated from osteoarthritis affected patients.
Key words : chondroitin sulfate ; food supplements ; glucosamine ; hyaluronic acid ; keratan
sulfate ; pharmaceutical grade.
[1] Restaino O.F., Finamore R., Stellavato A., Diana P., Bedini E., Trifuoggi M., De Rosa M.,
Schiraldi C. Carbohydr. Polym., 222 : 114984, 2019.
[2] Stellavato A., Restaino O.F., Vassallo V., Finamore R., Ruosi C., Cassese E., De Rosa
M., Schiraldi C. Adv. Ther., 36 (11) : 3221-3237, 2019.
[3] Restaino O.F., De Rosa M., Schiraldi C. Electrophoresis, 41(20) : 1740-1748, 2020.
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Alginates are industrially relevant polysaccharides widely used in the food, pharma, or
cosmetic industries for their excellent gelling properties. A growing focus towards a “blue
bioeconomy” and the valorization of the marine resources has further prompted research and
industrial efforts to deeper study brown algae and develop alternative valorization strategies
for alginates, evidencing the lack of straightforward methods for the rapid determination of
both alginate content and M/G ratio. This study describes a robust and accurate method for
the determination of the M/G ratio and the quantitative estimation of guluronic and
mannuronic acid using High-Performance Anion-exchange Chromatography with Pulsed
Amperometric Detection (HPAEC-PAD). A two-step mild acid hydrolysis using anhydrous
methanol-HCl followed by trifluoracetic acid was used and the treated alginates were
analyzed by HPAEC-PAD. The results showed chromatograms with good separation peaks
between the uronic acids, with similar accuracy and precision as the reference method (1H
liquid-state Nuclear Magnetic Resonance (NMR) of depolymerized sodium alginate polymers
after partial hydrolysis), enabling alginate analysis in a relevant application range. Other
conventionally used spectrometric and chemometric analyses for the determination of either
total alginate or M/G ratio are also compared and critically discussed.

Keywords Alginate, Chemometrics, HPAEC-PAD, NMR, Spectroscopy
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Before synthetic plastics became available at large scale, cellulosic paper was the standard
insulating material in all kinds of electrical devices. In oil-filled electrical power transformers
and high voltage power cables cellulosic paper is still the insulation material of choice. Paper
features high availability, excellent insulation properties in dry state, and satisfying mechanical
properties at elevated temperatures in comparison to synthetic materials. Under normal
working conditions temperatures prevailing in power transformers stay in the range of 60 to 90
°C but in case of heavy loads applied, these temperatures are surpassed easily. Despite these
harsh conditions, if handled well, oil-immersed paper insulation systems assure our societies’
electrical energy supply for up to 40 years without replacement. Nonetheless, the complex
degradation behaviour of cellulosic materials exposed to high temperatures poses a challenge
to electrical engineers as well as to analytical chemists. On the one hand, the life span of the
insulation material must be reliably predicted, and on the other hand, sampling of insulation
paper in operating power transformers is not possible.
In this work, we conducted a model experiment and characterized a series of aged softwood
Kraft paper samples immersed in transformer oil by means of gel permeation chromatography
(GPC) combined with fluorescence labelling, acidic methanolysis followed by gas
chromatography – mass spectrometry (GC-MS), and solid state 13C nuclear magnetic
resonance spectroscopy (NMR). GPC in combination with fluorescence labelling permits to
precisely determine the molecular weight distribution of a paper sample and at the same time,
to obtain comprehensive information about the distribution of oxidised functionalities along the
cellulose or hemicellulose backbone. Acidic methanolysis followed by GC-MS allowed to
quantify the extent of decomposition of hemicelluloses present in insulation paper. By means
of solid-state 13C NMR spectroscopy and deconvolution of the C4 signal, it was possible to
gain an impression of the supramolecular sample structure and of the respective changes
throughout our experiment. This combination of methods revealed in unprecedented detail how
the interactions of different degradation processes affect the integrity of insulation paper.
Subsequently, these results were compared to those of a laboratory aged paper pressboard
prepared from the same pulp to assess the validity of our findings.
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The arrangement of cellulose macromolecules in the solid state is an important topic
for the design of new functional materials. Although known for nearly 100 years, the detailed
structures of cellulose I, II and III have been resolved only in the past two decades,
highlighting differences in long range order of cellulose materials. Short-range order of
cellulose molecules in solid materials are still not fully understood. Here, we investigate
cellulose thin films obtained by regeneration of trimethylsilyl cellulose toward their
arrangement of cellulose molecules in the solid state. The main result was that the thin films
contain domains with short-range order that appear as side-on and flat-on conformations with
respect to the substrate (a silicon wafer, Figure 1). The domains have a size of several
nanometers are most probably induced by surface induced effects.

Figure 1 : 2D-order of cellulose molecules in a cellulose thin film
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The production of paper-based products is typically accompanied by controlled
inclusion of different types of additives. In paper industry optical brightening agents (OBAs)
are commonly used to adjust product brightness and whiteness. However, the interaction
mechanisms of OBAs with cellulose based products are hardly understood and challenging to
establish. At this, the adsorption of the additive compound on cellulose depends on various
parameters such as e.g. pH, presence of ions (ion species and concentration) and properties
of the cellulose material and the OBA compound like charge, polarity and surface morphology.
In this study cellulose thin films derived from trimethylsilyl cellulose (TMSC) and cellulose
xanthate (CX) were used to gather a valuable insight into the interaction potential with the small
OBA molecules. Surface plasmon resonance spectroscopy (SPR) measurements were
performed to investigate the adsorption behaviour of different industrially relevant optical
brightening agents on cellulose based thin films in real-time. As complementary surface
sensitive techniques atomic force microscopy (AFM) and x-ray photoelectron spectroscopy
(XPS) were employed to investigate the surfaces before and after the in-situ adsorption
experiments.
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The dissolving pulp quality designed for chemical applications is related to its
reactivity, in the solvent system used. The Fock test, reproducing the viscose process, is
widely used for estimating the pulp reactivity. However, this test has shown some drawbacks
such as poor repeatability (variations higher than 50% have been observed) as well as the
use of an expensive and toxic chemical, the carbon disulfide (CS2).
The present study investigated the dissolving ability with a standard derivatization
reaction, cellulose tricarbanilation using phenylisocyanate and DMSO (known as good
solvent for the tricarbanilation reaction, its swelling properties, and its capacity to dissolve
hemicelluloses at high temperatures). The reaction was monitored by Dynamic Light
Scattering (DLS), i.e. via particle size measurement. Cellulose heterogeneous tricarbanilation
in DMSO has a good reproducibility, and according to this study, it does not affect the molar
mass of the samples. The values ‘z’ and ‘Polydispersity Index’ used in this study were
obtained from the DLS’s Cumulant Method, and are recommended by the ISO 22412:2017
for Particle Size Analysis.
Six fully-bleached pulp samples from different origins were used: cotton linters, a
bisulfite dissolving pulp (softwood), and several bleached Kraft pulps (softwoods and
hardwoods). During the first hours of reaction, DLS results were highly dispersed but after 8
hours, all the pulps achieved a particle size lower than 100 nm, whatever the substrate
origin. However, different kinetic behaviours were observed, each typically related to the
cellulosic pulp grade. From these results, a ranking of the dissolving ability was defined.
Additionally, the cellulosic substrates were submitted to other characterizations in the attempt
to explain their dissolution behaviour (viscosity-average degree of polymerization DPv, molar
mass distribution by SEC, hemicelluloses content, cellulose crystallinity). The Fock test has
also been tested on the samples, in order to present a comparison with the developed
method.
Results showed that the derivatization reaction monitored by DLS exhibited a good
repeatability and enabled to differentiate the dissolution ability of the studied substrates,
while the Fock test did not seem to provide a clear differentiation between the cellulosic
substrates, except for the cotton linters. To increase the understanding, cotton linters were
submitted to acid hydrolyses to obtain different DPv values while not affecting the global fibre
wall structure (no swelling). Also, cellulose dissolving ability in DMSO was compared with
dissolution tests carried out in concentrated aqueous sodium hydroxide solutions. Contrary to
the DMSO system, the NaOH dissolution testing method was found under the strong
dependence of the cellulose DPv of the samples. Therefore, it can be assumed that the
capacity of DMSO to dissolve hemicelluloses could play a strong role in the dissolving
method proposed.
Keywords: Cellulose dissolution, DLS, tricarbanilation, Fock Test.
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Fabrication of nanocomposite biofilms with enhanced mechanical and antibacterial
properties was successfully achieved from hyaluronan (HA) and partially deacetylated chitin
nanowhiskers (ChNWs) by a casting-evaporation method. The hydrolysis process of chitin
showed an important role in the dimensions, stability, and the crystallinity of extracted ChNWs
in a time-dependent manner (Fig.1). The volume fraction of ChNWs nanofiller varying from
(0.001 to 0.5) exhibited a great influence on the mechanical properties of the biofilms (young
modulus, strength) was enhanced by the high load-bearing capacity of NWs compared with
net HA film. The antibacterial activity of the nanocomposite biofilms exhibited significant
bactericidal activity against different types of bacteria (-/+ gram). HA/ChNWs Nanocomposite
biofilms did not show any toxicity against normal human dermal fibroblasts (NHDF) and human
primary osteogenic sarcoma (Saos-2) cell lines. The new biofilms with unique properties like
edibleness, environmental friendliness, high mechanical properties, antibacterial performance,
and non-cytotoxicity that could be used in skin/bone tissue regenerations, and drug delivery
applications.

Fig. 1. Representative mechanism of extraction of partially deacetylated chitin
nanowhiskers and interactions between hyaluronan (HA) and partially deacetylated chitin
nanowhiskers (ChNWs).
Acknowledgments:This research was carried out under the project CEITEC 2020
(LQ1601) with financial support from the Ministry of Education, Youth and Sports of the
Czechia under the National Sustainability Programme and Czech Science Foundation (Grant
No19-06065S).
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The VCT-CPMAS (Variable contact time- Cross Polarization Magic Angle Spinning)
sequence (Figure 1) allows studying the kinetics of polarization transfers 1H-> 13C and thus,
gaining information on structural organization and interactions of polysaccharides and their
assemblies [1].
This sequence belongs to a family of pseudo-2D sequences, which have two major
drawbacks limiting their use, especially on series of samples:
• The long acquisition time which may be incompatible with the availability of the
equipment.
• The length and the tedious aspect of the signal processing which requires a significant
investment in human resources.
In order to reduce these constraints and thus allow a wider use of this experiment, the
objective was to improve two aspects :
• The optimization of acquisition parameters (number of scans, recycling time, number
of points in the time dimension) to speed up the experiment while yielding acceptable
results.
• The automation of repetitive, tedious and time-consuming steps inherent to pseudo-2D
solid-state NMR sequences.
The acquisition time using VCT-CPMAS for cellulose samples using 20 contact times has
been reduced from 23 hours to 4 hours, making it possible to consider a larger number of
contact times useful to model the polarization transfer kinetics. This time reduction can be
very helpful also in case of a larger number of samples in order to take better account of their
biological variability.
Homemade Python scripts available on a Galaxy bioinformatic intern platform made it
possible to speed up the processing of data batches, notably by formatting files and
optimizing data modelling. This pipeline allowed saving almost 50% in time in the processing
of a collection of 5 celluloses samples. This pipeline will be inserted in an executable file to
further disseminate its use and the all approach will be evaluated on more complex samples
(i.e. lignocellulosic material) with others complex NMR sequences.
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Figure 1 : (a) The VCT-CPMAS sequence (b) Example of results
[1] Lahaye M., Falourd, X., Laillet, B., Le Gall., S. (2020) Cellulose, pectin and water in cell
walls determine apple flesh viscoelastic mechanical properties. Carbohydrate Polymers, 232,
115768.
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As Size Exclusion Chromatography (SEC), Flow Field Flow (FFF) Fractionation is a
separation technique that assesses the size distribution of the molecules via theoretical
equations or representative standards. In FFF technique, high-resolution separation is
achieved within a very thin flow against which a perpendicular force field is applied. It takes
place in an asymmetrical flat channel (A4F) or in a hollow fiber (HF5). Separation depends
on the Brownian diffusion coefficient of the molecule/particle, and thus on its size. Multi Angle
Light Scattering detector (MALS) is used for the determination of the absolute molar mass
and size determination of macromolecules/nanoparticles. In FFF separation, no stationary
phase is required that avoids interferences with the samples. Consequently, for very high
molar weight polymers, shearing forces do not apply. The entire separation is smooth, fast,
and non-destructive without a stationary phase that may interact, degrade, or alter the
sample.
Field-Flow Fractionation-based techniques are powerful tools for characterizing
polysaccharides and for monitoring the potential polydispersity and/or polymodality. They are
powerful tools especially in the case of drug delivery. In a Pharmacopeia approach, these
techniques must be coupled to complementary techniques for a full characterization of
products. Viscosity measurements have been conducted together with A4F-UV-MALS and to
study the size and size distribution of exopolysaccharides potentially able to be used in
nuclear medicine.
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The potential of microfibrillated cellulose (MFC) as an interesting biobased material
has been demonstrated in a large number of research studies and commercial applications
(e.g., Borregaard and Stora Enso) in recent decades. The industrial production of this
material, however, has a number of issues including a high specific energy demand during
production and very low consistency of the end product (< 3%). Due to the low consistency of
the end product, a significant amount of water needs to be removed to widen the commercial
attractiveness of MFC.
Conventional drying techniques, apart from being energy intensive, may also
negatively affect the final properties of MFC. Thus, it becomes important to explore suitable
methods to remove as much water as possible prior to the drying, e.g., in a preceding
dewatering operation. Filtration is an energy efficient method of dewatering, however, the
small particle size of MFC give rise to an extended filtration resistance.
As a means to improve the dewatering of challenging materials, it is suggested to
apply an electric field across the filter chamber, so called electrofiltration. This introduces
additional driving forces e.g., electrophoretic movement of charged particles and
electroosmotic flow of water. Still electric power is needed, but compared to thermal drying, it
is an energy efficient method.
In the present study, electrofiltration was used to dewater MFC produced by 2,2,6,6tetramethylpiperidinyl-1-oxyl (TEMPO) mediated oxidation of dissolving pulp. An applied
pressure of 3 bar was used and three different voltages were evaluated: 15, 30 and 60 V.
A clear improvement of the dewatering rate was observed when an electric field and
mechanical pressure was combined: applying an electric field of 60 V resulted in a filtration
time of under one hour and removal of approx. 90% of water, whereas the application of
pressure alone caused formation of a highly resistant skin and negligible dewatering. The
dewatering rate was proportional to the applied potential, but the final solids content did not
improve significantly between 30 and 60 V. The findings from this study stress the effect of
combined electric field and mechanical pressure and suggest that electrofiltration is a
possible option to explore for improving the dewatering of MFC.

Figure 1 : Electrofiltration as a means to dewater suspension of MFC
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It's the little things that matter - this also applies to cellulose products of various kinds.
In addition to the main constituents in pulp, paper or cellulose fibers, tiny amounts of
chromophores, extractives or residual chemicals can still influence the properties in an often
non-negligible way. Therefore, analysis relies on methods capable of extracting and separating
these compounds, followed by a strong characterization technique. We have investigated ESIqTof MS (electron spray ionization quadrupole time of flight mass spectrometry) in combination
with Ultra Performance Convergence Chromatography (UPC2) using supercritical carbon
dioxide with an organic modifier as eluent. Chromatography allows the separation of different
classes of compounds with short run times. In particular, but not exclusively, less polar
compounds with higher molar masses can be easily separated. Several examples will be given,
e.g. for the analysis of residual extractives in pulp samples after different pulp bleaching
stages[1] or for the investigation of residual ionic liquids in cellulose fibers after regeneration.
[1] España Orozco, S., Bischof, R.H., Barbini, S., Sriranganadane, D., Fackler, K., Potthast, A.
The fate of lipophilic wood extractives in oxygen-based cellulose bleaching. ACS Sust. Chem.
2021, in press
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Low amylose starches or starches from roots like cassava show dramatically different
gelatinization behaviour when compared to wheat starch (1). The investigation of these
starches' hydrothermal properties and their characteristics is crucial due to their broad
application in food industry and, more specifically cereal industry (2).
TD-NMR is the unique technique allowing investigation in a quantitative way and in real time
of the gelatinization sub mechanisms of starch, such as amylose leaching, starch water
absorption, and crystal melting (3). To our knowledge, this is the first NMR report on tapioca
starch upon heating which elucidates these subtle gelatinization sub mechanisms. The
evolution of solid-phase components (1st and 2nd components; Figure 1), which are attributed
to non-exchangeable protons rising from amylopectin and amylose (4) put evidence on the
loss of crystallinity and organization of starch as a result of solubilizing (before 60°C) and
releasing the solid material and starch granule disintegration due to gelatinization (after
60°C). The evolution of the liquid phase components ( 3rd and 4th components; Figure 1),
which are attributed to intra and extra granular water, respectively, put evidence on the
granule water absorption and amylose leaching to the extra granular phase before 60°C and
the gelatinization phenomenon after 60°C by adjunction of the extra granular and intra
granular proton pools. In order to validate the assignments proposed by 1D measurements
on hydrated tapioca starch (T2 and T1 separately), 2D (T1-T2) measurements have been
performed using the novel IR-FID-CPMG sequence developed in our team (5).
In contrary to the solid phase results, which were entirely consistent with results obtained on
wheat starch, the evolution of the liquid phase components of tapioca starch did not follow
the same trend as for wheat starch, which is consistent with different gelatinization properties
of tapioca starch measured in parallel (Swelling factor, RVA, DSC). Hence, new assumptions
and attributions are proposed for tapioca regarding its higher swelling capacity and
cohesiveness.
References :
1.
Eliasson A-C, Larsson K. Cereals in breadmaking : a molecular colloidal approach.
New York: Marcel Dekker; 1993.
2.
Wei M, Andersson R, Xie G, Salehi S, Boström D, Xiong S. Properties of Cassava
Stem Starch Being a New Starch Resource. Starch - Stärke. mai 2018;70(5-6):1700125.
3.
Kovrlija R, Rondeau-Mouro C. Multi-scale NMR and MRI approaches to characterize
starchy products. Food Chem. déc 2017;236:2-14.
4.
Rondeau-Mouro C, Cambert M, Kovrlija R, Musse M, Lucas T, Mariette F.
Temperature-Associated Proton Dynamics in Wheat Starch-Based Model Systems and
Wheat Flour Dough Evaluated by NMR. Food Bioprocess Technol. avr 2015;8(4):777-90.
5.
Rondeau-Mouro C, Kovrlija R, Van Steenberge E, Moussaoui S. Two dimensional IRFID-CPMG acquisition and adaptation of a maximum entropy reconstruction. J Magn Reson.
avr 2016;265:16-24.
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Periodate oxidation of cellulose to produce dialdehyde cellulose (DAC) has received
increasing attention in recent years due to the need for bio-based materials. The properties
of the generated DAC are highly dependent on its aldehyde content, i.e. its degree of
oxidation. However, the measurement of the degree of oxidation of DAC is not
straightforward and requires time and resource-consuming methods like oxime reaction
followed by nitrogen determination or titration1, solid-state NMR spectroscopy2, or indirect
methods based on UV/VIS spectroscopy3.
Here, we present a new quick and simple method to measure the degree of oxidation
after periodate-oxidation of cellulose by least square regression (PLS-R) models based on
ATR-FTIR spectra. In this study, more than 60 DAC samples were analyzed, providing a
reliable basis to estimate the oxidation degree of a given DAC sample very quickly.
Additionally, pulp and cellulose samples of different origins were applied to the model. Taken
together, the new chemometric approach provides a simple way to reliably determine the
degree of oxidation after periodate oxidation of pulp and is an excellent choice in daily
research to save time and resources.
[1]

H. Zhao, N. D. Heindel, Pharm. Res. 8, 400–402, 1991

[2]
J. Leguy, Y. Nishiyama, B. Jean, L. Heux, ACS Sustain. Chem. Eng. 7, 412–420,
2019
[3]

E. Maekawa, T. Koshijima, J. Appl. Polym. Sci. 29, 2289–2297, 1984
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Nanocellulose-based films and coating that display selective light reflection and
broadband, multi-colored reflections arise from particle structuring by evaporation-induced
self-assembly (EISA). Although this effect has been thoroughly studied in the context of
axisymmetric patterns, complex geometries remain challenging for large-scale
implementation. This is central to the present efforts that demonstrate the causality between
increased capillary fluxes and deposition with the help of modelling via energy minimization
of the suspension volume onto a given surface and using the diffusion formalism. We study
the effect of background reflections as well as light and temperature resistance of CNCbased reflectors in a multidisciplinary effort, involving applied design, art and colloid
chemistry.1,2 We further expand on these results to explore other self-assembled structures
that form in confined spaces, for instance, to develop strong anisotropic adhesion.3 These are
only two of the many practical examples that exploit the functional properties of
nanocelluloses (mechanical, thermal and fluidic, among others), which highlight opportunities
with technological appeal, for instance, in the fabrication of materials ranging from
composites and macrofibres, to thin films and porous membranes.4,5 We end our discussion
by highlighting some of the challenges in the adoption of nanocelluloses, which include the
need for green processing, for instance, in solid state and, motivate consideration of a
diverse feedstock base to draw us closer to the circular bioeconomy in the context of
cellulosic-based materials.6,7
1. Klockars K.W., Yau N.E., Tardy B.S., Majoinen J., Kämäräinen T., Miettunen K., Boutonnet E., Borghei M.,
Beidler J., Rojas O.J., Asymmetrical coffee rings from cellulose nanocrystals and prospects in art and design,
Cellulose, 26, 491–506 (2019). DOI: 10.1007/s10570-018-2167-7
2. Greca L.G., De France K.J., Majoinen J., Kummer N., Luotonen O.I.V., Campioni S., Rojas O.J., Nyström G.,
Tardy B.L., Chitin–amyloid synergism and their use as sustainable structural adhesives, Journal of Materials
Chemistry A, (2021). DOI: 10.1039/D1TA03215A
3. Tardy B.L., Richardson J.J., Greca L.G., Guo J., Ejima H., Rojas O.J., Exploiting supramolecular interactions
from polymeric colloids for strong anisotropic adhesion between solid surfaces, Advanced Materials, 1906886
(2020). DOI: 10.1002/adma.201906886
4. Li T., Chen C., Brozena A.H., Zhu J.Y., Xu L., Driemeier C., Dai J., Rojas O.J., Isogai A., Wågberg L., Hu L.,
Developing fibrillated cellulose as a sustainable technological material, Nature, 590, 47–56 (2021). DOI:
10.1038/s41586-020-03167-7
5. Tardy B.L., Mattos B.D., Otoni C.G., Beaumont M., Majoinen J., Kämäräinen T., Rojas O.J., Deconstruction and
Reassembly of Renewable Polymers and Biocolloids into Next Generation Structured Materials, Chemical
Reviews, Accepted (2021). DOI: 10.1021/acs.chemrev.0c01333
6. Beaumont M., Jusner P., Gierlinger N., King A.W.T., Potthast A., Rojas O.J., Rosenau T., Unique Reactivity of
Nanoporous Cellulosic Materials Mediated by Surface-Confined Water, Nature Communications, 12, 2513
(2021). DOI: 10.1038/s41467-021-22682-3
7. Otoni C.G., Azeredo H.M.C., Mattos B.D., Beaumont M., Correa D.S., Rojas O.J., The Food-Materials Nexus:
Next Generation Bioplastics and Advanced Materials from Agri-Food Residues, Advanced Materials, Accepted
(2021). DOI: 10.1002/adma.202102520
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Cellulose nanofiber production has been the focus of significant investigations due to
their natural origin, biodegradation capacity and multitude of potential applications1. The
TEMPO-mediated oxidation of bleached Jute, Sisal, and Hemp fibers was studied. The
effects of oxidation degrees and the influence of high-pressure homogenization intensity on
cellulose nanofibers characteristics were evaluated. The change in constitution and
characteristics of the 30 different types of nanofibers obtained from non-woody raw materials
were compared. The results obtained allow us to determine the influence of the degree of
oxidation and mechanical treatment on the main characteristics of the resulting nanofibers,
as well as on their morphology. The influence of the chemical composition and degree of
crystallinity of the fibers in cellulose nanofibers production from anual plants was determined.
It has been observed that the use of bleached non-wood fibers allows produce high quality
nanofibers with specific surface areas above 300 m2/g, diameters below 15 nm and
nanofibrillation yields above 90%. Has been fount the possible to correlate the degree of
oxidation with the energy required to obtain the desired characteristics of cellulose
nanofibers for the three-annual plant fibers studied. And the gel point and net cationic
demand analysis of the cellulose nanofibers are presented as a viable option to estimate its
average length.

Figure 1 : Optical micrographs of nontreated jute fibers (a), sisal fibers (b), hemp fibers (c)
and TEM micrographs of jute nanofibers (d), sisal nanofibers (e) and hemp nanofibers (f)
[1] Sharma A. et al., Biotechnol Reports, 21, 300-316, 2019
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Micro and Nano-Fibrillated Cellulose (M/NFCs) have gained an increasing attention due to
their remarkable properties. However, their production generally requires an intensive and
energy consuming process which constitutes one of the main limitations of their utilization.
Steam explosion (SteamEx) is known as one of the more efficient and cost-effective
pretreatments of lignocellulosic materials and has essentially been described for pre-treatment
before hydrolysis or biomass densification. A few publications report the generation of M/NFCs
by SteamEx but the impact on the fibre morphology and composition and the global energy
consumption have not been investigated in detail. The objective of NanoSteamEx is then to
propose an innovative and effective low-energy and environmentally friendly process
involving SteamEx pretreatment for the production of M/NFCs from Beech wood and/or
Eucalyptus bark. The originality of this study is two-fold: (1) M/NFCs with different lignin content
are produced from wood and barks, (2) pulping was performed in a SteamEx apparatus
combining the effects of alkali delignification and explosive defibration. Pulping was followed
by PFI mill refining before a grinding step (Masuko) until the formation of M/NFCs gels. M/NFCs
were characterized to study the chemical composition (ionic chromatography), morphology
(MORFI, AFM, optical microscopy) and mechanical properties (Young’s modulus of
nanopapers).

Figure 5: Schematic of the production process.
It was concluded that SteamEx produced short fibers and fibrils (≈ 26-31 µm compared to 3338 µm for a process without the explosive decompression step) containing lignin nanoparticles
expelled from lignocellulosic fibrils. Applications of this work in the fields of packaging and
adhesives have been considered.
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Currently, less energetic and more ecological methods and raw materials are increasingly
studied for the production of micro/nanofibrillated cellulose which is a very attractive biobased and renewable nanomaterial. In this approach, the valorisation of Posidonia oceanica,
a dominant sea grass in the Mediterranean Sea, is carried out by preparing nano/microfibrils
with high lignin content (LCNF).
The aim of this study is to evaluate the effect of lignin sulfonation conditions (reagents,
impregnation conditions, time and temperature of the reaction) as a pre-treatment1 of the raw
material (Posidonia oceanica). This reaction is done in-situ by using a steam explosion
process as energy efficient process. The main objective is to evaluate how the combination
of the sulfonation and a steam explosion reactor facilitates the further step of mechanical
fibrillation. LCNF are produced by combining twin screw extrusion and a conventional
grinding by a friction grinder.
As a result, the obtained suspensions of LCNF reveal a rapid drainage rate (during film
formation by filtration) and a low viscosity. Furthermore, sulfonation, with sulfonic group
content between 90 and 130 µmol/g, leads to nanopapers with high Young’s modulus values
between 5 and 6GPa. To better investigate the quality of the produced LCNF, several
additional techniques are used such as optical microscopy, atomic force microscopy,
transmission electron microscopy, X-ray photoelectron spectroscopy and Fourier transform
infrared spectroscopy. The suspensions are also characterised by a MorFi analyser and
turbidity measurements. Finally, a quality index2 is calculated to identify the most efficient
experimental conditions for the combination of these treatments.

(1)
Ämmälä, A.; Laitinen, O.; Sirviö, J. A.; Liimatainen, H. Key Role of Mild Sulfonation of Pine
Sawdust in the Production of Lignin Containing Microfibrillated Cellulose by Ultrafine Wet Grinding.
Ind. Crops Prod. 2019, 140, 111664.
(2)
Desmaisons, J.; Boutonnet, E.; Rueff, M.; et al. A New Quality Index For Benchmarking of
Different Cellulose Nanofibrils. Carbohydr Polym. 2017, pp 318–329.
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In addition to enzymatic hydrolysis, cellulose pretreatments involving chemical grafting were
developed in the middle of the 2000s. TEMPO-oxidation, notably, was one of the first
chemical modifications used for CNF production1. This method, which leads to the grafting of
carboxylic groups on the C6 of the AGU, results in well individualized CNF with small
dimensions (3-4 nm widths and aspect ratios > 150) and high colloidal stability. The
efficiency of this pretreatment is notably due to the electrostatic repulsions between the
charged groups, swelling the fiber and facilitating its deconstruction. However, such chemical
pretreatment involve toxic reactants and time-consuming protocols.
Only few pretreatments use the similar electrostatic repulsions between charged groups for
fiber deconstruction, but without chemical grafting. This effect can notably be achieved by the
adsorption of carboxymethyl cellulose (CMC) on cellulose fibers prior to their mechanical
fibrillation. This method considerably simplifies the pretreatment, with a possibility of upscaling. The complete study by Laine et al.2 suggested optimal conditions for CMC
adsorption, i.e. high electrolyte concentration, high temperature, low degree of substitution
(DS) and high molecular weight (Mw), in order to avoid the penetration of CMC in the fiber
walls. This strategy was used by Ankerfors and Lindström3 and more recently Naderi et al.4,
before fibrillation into a homogenizer. The adsorption of CMC was found to reduce the
process energy consumption, while enhancing fiber destructuration. However, the reported
energy consumptions still remain very high in comparison with conventional pretreatments.
Poorly fibrillated fibers were present in the suspensions, with a low solid content only (< 1
wt%). Only one CMC grade was used, and this adsorption strategy was not used with an
ultra-fine grinding process.
This study has investigated the efficiency of CMC adsorption as a pretreatment for CNF
production, with a continuous adsorption during the ultra-fine grinding process. The addition
of CMC in excess and the increase of specific surface area during fibrillation has lead to an
increasing quantity of adsorbed CMC. This continuous adsorption has a positive effect on the
fibrillation efficiency and energy consumption. Several Mw (250 and 700 kg.mol-1) and DS
(0.7, 0.9 and 1.2) were used, to assess the influence of CMC structure and chemical
properties on the fibrillation efficiency. The cellulose fibers and nanofibrils morphologies were
studied by optical microscopy and transmission electron microscopy (TEM), and the
mechanical and optical properties by tensile tests and multi-scale quality index analysis. The
adsorbed CMC was quantified by conductometric titration, and the rheological properties of
each suspensions were determined.
All treatments yielded nanoscale elements of relatively high dimensions, with widths between
10 and 250 nm and lengths of several μm. This efficient, simple, and relatively cheap
treatment could therefore be relevant for several applications. The nanopapers mechanical
properties, notably, were substantially improved by the large amount of adsorbed CMC. This
is an encouraging result for the use of these materials for packaging applications, or
technical applications where transparency and mechanical robustness are required.
[1] Isogai, A., Saito, T. & Fukuzumi, Nanoscale 3, 71–85 (2011).
[2] Laine, J., et al. Nordic Pulp & Paper Research Journal 17, 50–56 (2002).
[3]. Ankerfors, M. & Lindström, T. pat. WO2009126106A1 (2009).
[4]. Naderi, A. et al. Cellulose 22, 1159–1173 (2015).
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Cellulose nanofibers offer unique intrinsic properties and huge potential to be
assembled into outstanding high-performance materials. However, current limitations in
chemical surface engineering of celluloses still hamper the advancement in this field. These
challenges are closely related to the hygroscopicity of the cellulose nanostructure and the
moderate reactivity of the cellulosic hydroxyl groups.[1-2] In this contribution, we introduce new
concepts for covalent modification of wet celluloses. We demonstrate that diffusion-limited
reactions at high consistency can increase considerably the resource-efficiency,
sustainability and kinetics of surface reactions, and elaborate the role of the confined
hydration layer in such reactions.[1] Based on this, we show how confined chemical can be
controlled by the state of hydration, among others to enable selective chemical surface
esterifications. Finally, we propose new straight-forward avenues to functional
(nano)celluloses,[2-4] which allow precise tuning of their surface chemistry, under mild,
sustainable and aqueous conditions. We expect that these new methods will support in
advancing currently used (nano)cellulose modification protocols, and the development of
future high-performance materials.

Figure 1 : Surface-confined and water promoted acetylation of the nanofibre surface.[1]

References
[1] Beaumont M, Jusner P, Gierlinger N, W. T. King A, Potthast A, Rojas OJ,
Rosenau T, Nature Communications 12, 2513, 2021.
[2] Beaumont M, Winklehner S, Veigel S, Mundigler N, Gindl-Altmutter W, Potthast A,
Rosenau T, Green Chemistry, 22, 5605–9, 2020.
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[4] Beaumont M, Tardy BL, Reyes G, Koso TV, Schaubmayr E, Jusner P, King AWT,
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Nanocelluloses and their nanocomposites are gathering increased interest due the enhances
properties arising from the combination of the nanocellulose with the functionalities characteristic of
inorganic nanoparticles. In our group, we exploit bacterial cellulose (BC) exceptional features –
sustainability, purity, nanoscale fibres – to create advanced bio-based materials. I will describe some
strategies to control BC topography [1] and microstructuration during the microbial biosynthetic
process (Figure 1A) and then show routes to attain multi-nanoparticle millefeuilles [2] or patterning a
BC film with nanoparticles (Figure 1B).

A

B

30 µm

Figure 1. Bacterial cellulose films: A) bio-lithographed with pillars and B) patterned with iron oxide
magnetic nanoparticles (non-published results).
Acknowledgements
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Cellulose nanocrystals (CNCs) have gained much more attention because they are
biocompatible and biodegradable. Moreover, they have high elastic modulus and low density
and they are based on the most abundant resources in the environment. They are now
commercially available and used for many applications: adhesives, paper, paints and
coatings, cosmetics and health care, electronics. As shown by Pr Carreau and Pr Heuzey’s
teams it is possible to disperse CNCs into biodegradable matrices while using solvents 1.
The selective dispersion of nanoparticles (NPs) into polymer blends, allows reaching peculiar
morphologies and improving the final properties 2. This has been demonstrated by Taguet et
al. for different nanoparticles (silica, kaolin, halloysite, magnesium dihydroxide) into a large
number of polymer blends 3–5. It is proposed here to present first some previous work on the
effect of localization of NPs into polymer blends on final properties. Then, the dispersion of
CNCs into a blend based on biodegradable polymers (poly(lactic acid) and poly(butylene
adipate-co-terephthalate), PLA/PBAT) will be discussed. 1wt% of freeze dried CNCs
(supplied by FPInnovations) were added to 75/25 PLA/PBAT blends based on an amorphous
and a semi-crystalline PLA (a-PLA and sc-PLA) using solution casting (in
dimethylformamide, DMF) followed by melt mixing (under internal mixer). Figure 1 shows the
complex viscosity data of CNC based PLA/PBAT blend nanocomposites.

Figure 1 : Complex viscosity versus angular frequency for (a and sc)-PLA/PBAT/CNC
nanocomposites
[1]
[2]
[3]
[4]
[5]

Mohammadi, M., Bruel, C., Heuzey, M.-C. & Carreau, P. J. Cellulose 27, 9877–9892
(2020).
Taguet, A., Cassagnau, P. & Lopez-Cuesta, J.-M. Prog. Polym. Sci. 39, 1526–1563
(2014).
Parpaite, T. et al. Polymer (Guildf). 55, 2704–2715 (2014).
Viretto, A., Taguet, A. & Sonnier, R. Polym. Degrad. Stab. 126, 107–116 (2016).
Taguet, A., Otazaghine, B. & Batistella, M. Polymer (Guildf). 191, 122277 (2020).
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The self-interactions of cellulose when in the form of its supramolecular constructs,
i.e. nanocellulose, has resulted in materials with remarkable mechanical properties. This
infers its potential to adhere to other interfaces and act as an adhesive thereof. We have
recently explored such phenomena, as little as 550 µg of CNCs could withstand up to 90 kgs
of load. The performance was highly associated with the self-assembly behavior within the
bond, which really reframed the thought process for the design of adhesives and highlighted
the potential of nanocelluloses in this context. Herein, we report on the adhesive properties
of a range of nanocelluloses, nanochitins, and their composites with proteins and other
polysaccharides. We note that the gelation point of the mixtures, as well as the affinity
between the building blocks largely impacts the adhesive performance. The self-assembly
formation was evaluated by scanning electron microscopy, dark/bright field microscopy, and
polarized microscopy. We report lap-shear tests for such adhesives and propose a simple
structure-function relationship towards the optimization of such green adhesive formulations.
Additionally, due to the supramolecular bonds being at the origin of the adhesion, an
interesting anisotropy of adhesion, where the bonds could be designed to break with a force
that is more than fifty times lower when applying stress normal to the bond rather than in
shear were observed. This out of plane adhesion was also studied for the range of
formulations evaluated herein and associated with the interfacial viscoelastic behavior of the
polymers acting at the failing interface. With the growing need for green adhesive solutions,
we expect that the wide spectrum of formulations explored herein will pave the way towards
such environmentally conscientious adhesives.
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In this study we have investigated the coating of plywood with enzymatically manufactured
nanocellulose (NFC) to improve the mechanical and functional properties of wood materials.
Veneer wood products are surface treated to protect them against ambient conditions,
decaying, and improve visual appearance.[1] Since NFC is produced from wood fibers, there
is a structural similarity leading to improved compatibility with wood products. The NFC
coating can be used to smoothen veneer surfaces and improve mechanical strength.
Moreover, it can be used to attach functional components to wood surface. In this study, the
NFC was prepared with the enzymatic method where enzymatic hydrolysis with cellulases
are combined with a gentle mechanical mixing.[2] The used nanocellulose has a broad
particle size distribution that is beneficial to fill pores on surfaces of wood products. In this
study, the wood coating trials were carried out with a spray coating system developed to coat
thin coating layers. The effect of the coating layer properties on the mechanical strength and
durability of veneers were studied. The influence of the coating on the visual appearance and
the ability to immobilize functional components were examined. The study shown that the
coated nanocellulose layer improves the mechanical strength of plywood and increase
surface whiteness. Nanocellulose fills pores on wood surface improving the visual
appearance also after varnishing. The nanocellulose matrix binds active components that
maintained their activities in the matrix. This study presents a practical approach to surface
treat wood materials with NFC for improving wood mechanical and functional properties.

Figure 1 : SEM image of the NFC coated wood surface
[1] Fengel D, Wegener G (2011) Wood: chemistry, ultrastructure, reactions. Walter de
Gruyter Pere J,
[2] Tammelin T, Niemi P, et al (2020) Production of High Solid Nanocellulose by EnzymeAided Fibrillation Coupled with Mild Mechanical Treatment. ACS Sustain Chem Eng
8:18853–18863.
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Antioxidant and antimicrobial films composed of nanofibrillated cellulose (NFC) and a
polyphenolic-rich extract, viz. mango leaf extract (MLE), were manufactured via supercritical
solvent impregnation (SSI) and conventional solvent casting film-processing methodologies
(Figure 1). The CO2-assisted impregnation of NFC with MLE originated robust films with
thermal stability up to 250 °C, good mechanical performance, UV-light barrier properties,
antioxidant capacity, and antimicrobial activity against Staphylococcus aureus and
Escherichia coli. The comparison of the NFC/MLE films prepared by SSI with those
fabricated via solvent casting shows a clear advantage of the SSI methodology. Mostly, the
antioxidant and antimicrobial activities of the films fabricated by the CO2-assisted
impregnation of MLE of NFC are visibly higher that those obtained by solvent casting. In fact,
for the SSI films, the MLE components are mainly adsorbed at the surface and not in the bulk
of the biopolymeric matrix, which translates into faster migrations and, hence, higher active
properties. All these findings evinced the potential performance of the NFC/MLE films,
prepared by the eco-friendly SSI, as UV-blocking, antioxidant, and antimicrobial bio-based
materials for application as sustainable active food packaging.1

Figure 1: Graphical abstract of the paper: Biobased films of nanocellulose and mango leaf
extract for active food packaging: supercritical impregnation versus solvent casting.1
[1] Bastante C.C., Silva N.H.C.S., Cardoso L.C., Serrano C.M., Martínez de la Ossa E.J., Freire
C.S.R. & Vilela C., Food Hydrocolloids, 117, 106709, 2021
Acknowledgments: This work was developed within the scope of the project CICECO – Aveiro Institute
of Materials, UIDB/50011/2020 & UIDP/50011/2020, financed by national funds through the
Portuguese Foundation for Science and Technology (FCT)/MCTES. FCT is also acknowledged for the
research contract under Scientific Employment Stimulus to C.V. (CEECIND/00263/2018). The
NANOBIOINKS (CENTRO-01-0145- FEDER-031289) project is acknowledged for the research
contract of N.H.C.S.S. The University of Cadiz is acknowledged for supporting the internship abroad of
the researcher C.C.B. by the project P18-RT-3272 of the Junta de Andalucía – FEDER funds 20142020.
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Cellulose I can undergo an irreversible transition into a more thermodynamically stable
crystalline form, cellulose II. During that transition, cellulose chains change their orientation
from original parallel into antiparallel chains of cellulose II. This transition induces internal
structure as well as surface modification.
In that work, native microfibrils MFC-I are mercerized into MFC-II. They are both
hydrolyzed using sulfuric acid hydrolysis leading to CNC-I and CNC-II. A combination of
several technics is used to characterize precisely their structure (XRD, NMR) and morphology
(TEM, AFM and small angle neutron scattering (SANS)). Chromatographic fractionation of
chains solubilized in DMAc-LiCl (SEC-MALLS) or in water (A4F-MALLS) show that the
treatment with NaOH doesn’t induce chain length variation, whereas noticeable decreasing
CNC dimensions are observed, notably in thickness from 6 nm to 3.5 nm. The affinity of the
surface of CNCs for oil is also investigated resulting in highly stable oil-in-water Pickering
emulsions in both cases. However, the interface thickness measured by SANS is increased
for CNCs-II, whereas their dimensions are much lower, which reveals a change in orientation
at the interface. This adsorption phenomenon investigated by modelisation reveals respective
wetting behavior at the interface.
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Bacterial nanocellulose (BNC) is produced by strains like K. xylinus and consists of randomly
disposed nanofibers. It is a highly pure cellulose and its properties, such as high water holding
capacity and porosity, tunable morphology, mechanical strength, and biocompatibility, make it
a unique material. As a result, BNC has attracted interest in the paper and food industry,
biotechnology, photonics, and optoelectronics. we have aligned BNC fibers during the
biosynthesis, inspired by other ordered structures found in nature, as the Reed leaf, and
motivated by the properties potentially appearing upon aligning polymers fibers such as
piezoelectricity, conductivity and specific optical and mechanical responses, or better cell
adhesion to name a few;. We report a novel, and easy biofabrication method to obtain highly
aligned BNC in a repetitive and controlled manner.
We will show the biosynthesis production of aligned BNC fibers benefiting from the natural
biosynthesis and without chemical additives or physical stretching. We will also present the
main changes of properties arising from this alignment.

Figure 1: Aligned bacterial cellulose films showing the flexibility of its material and light
polarization properties.
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An actuator consists of an anisotropic material that shows a motion response in a bior tri-dimensional space to external stimuli as pH, light and chemicals. Nanofibrillated
cellulose (NFC) is a great candidate for the elaboration of a versatile platform of innovative
actuator materials thanks to their alcohol groups allowing the introduction of new
functionalities and their great properties such as strengthening effect, and good mechanical
and barrier properties1,2.
In this work, we fabricated nanopapers of NFC showing reversible bending actuation
under solvent changes. Anisotropy was designed by the assembly of graded films containing
layers with different degrees of functionality, herein, the surface charge.
Carboxymethylation is carried out on cellulose fibres to facilitate the fibre disruption
by means of the repulsion between negative charges from the carboxylic groups3. In our
study, it was directly performed on NFC and turned out to be a very effective reaction for
tuning precisely the surface charge. We studied the mechanism of actuation of bilayer films
made from one pure uncharged NFC layer and another carboxymethylated.
Reversible mechanism is achieved in water and alcohols due to the asymmetrical
swelling of layers in the different solvents. Once immersed in water, films curled towards the
opposite side of the swollen carboxymethylated layer and reached their maximum curvature
within 30s. Then, when dipped in ethanol or isopropanol, films returned to their initial shape
and even bent towards the other direction. Layer behaviour was investigated by several
techniques including TEM and QCM-D. Therefore, this work demonstrates possible routes
for the design of programmable materials from NFC.
H2O, 30s

IPA, 0 min

IPA, 5 min

H2O, 30s

Figure 1: Photographs showing the change in bending of the bilayer films in water and isopropanol (IPA)

References
1.
2.
3.

Haldorai Y, Shim JJ. Chemo-responsive bilayer actuator film: Fabrication,
characterization and actuator response. New J Chem. 2014;38(6):2653-2659.
Chemin M, Beaumal B, Cathala B, Villares A. Ph-responsive properties of asymmetric
nanopapers of nanofibrillated cellulose. Nanomaterials. 2020;10(7):1-14.
Im W, Lee S, Rajabi Abhari A, Youn HJ, Lee HL. Optimization of carboxymethylation
reaction as a pretreatment for production of cellulose nanofibrils. Cellulose.
2018;25(7):3873-3883.
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Cellulose nanocrystals (CNCs), extracted from cotton via a standard H2SO4 acid hydrolysis,
were chemically modified with methyl-imidazolium (MIM) and pyridinium (PYR) grafts at
various degrees of substitutions (DS). The extent of grafting was determined by elemental
analysis and FTIR and EXPS spectroscopy, while retention of crystallinity and morphology
were confirmed by WAXS and AFM respectively.
When testing Chlorella Vulgaris (freshwater microalgae) flocculation, it was found that the
flocculation efficiency did not vary significantly with surface graft or with DS. However, the
required dose varied virtually linearly with DS and remained independent of graft type (Fig
1(a)). Applying these flocculants to marine microalgae Nannochloropsis oculata, flocculation
remained effective and flocs could readily be removed using a large pore filter (Fig 1 (b)).

Figure 1: (a) Minimum dose to induce flocculation of Chlorella vulgaris for
cationically-modified CNCs, and (b) Harvesting efficiency by filtering flocs
created by flocculation of Nannochloropsis oculata with cationicallymodified CNC
Adhesion force histograms and rupture distance measurements by securing (1) a microalgal
cell on the AFM tip and probing a film of modified CNCs or (2) modified CNCs on the AFM tip
and probing microalgal cells in solution, both showed that the interaction is governed by
electrostatic interactions. This explains the linear relation between DS and required dose for
flocculation. The interaction force for PYR-CNCs with Chlorella vulgaris was only a third of
that for MIM-CNCs but that did not seem to affect its flocculation efficacy. Therefore, the
strength of interaction does not seem to be a very important parameter so that our results
show that increasing DS is more important than optimizing the type of cationic charge.
Our work shows that CNCs offer great potential as biobased flocculants, even in high-ionic
strength conditions. Extending this work to the removal of particulate matter in waste water is
currently in progress and shows similar excellent flocculation performance, showing the wide
applicability of cationic CNCs as flocculants.
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There has been a high demand in personal protective equipment given the increased exposure
to hazardous chemicals and the onset of the recent pandemic. Herein, a chemical-free and
energy-efficient route is demonstrated to fabricate a nanocellulose - incorporated fabrics,
aiming to enhance the filtration properties without compromising their intrinsic breathability and
water vapour permeability.
In this work, a layer deposition method was used to prepare a series of nanocellulose coated
fabric by vacuum filtration of an aqueous nanocellulose dispersion on a woven cotton cloth.
Two sources of nanocellulose, namely bacterial cellulose (BC) and nano-fibrillated cellulose
(NFC), were employed and nonwoven films of varying structures and grammages were
achieved. Morphologies were revealed by scanning electron microscopy and the air-and water
vapour- permeabilities of these coated fabrics were characterised. Filtration efficiencies were
also evaluated under a sodium chloride aerosol challenge. In particular, a 0.25gsm NFC –
coated prototype had exhibited an increased filtration efficiency while sustaining an air
permeability of 350mm s-1. Besides, it was found that additional filtration of nanocelluloses
would alter the porous nonwoven structures and this compensating behaviour varied with the
sources of nanocelluloses. This inspired the deposition of nanocellulose nonwovens with
adjustable porous properties, making it a potent material as a gas-permeable protective
equipment.
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Nature’s light manipulation strategies, especially those at the origin of bright iridescent
colours, have fascinated humans for centuries. Many arthropods display polarization sensitive
iridescent colours for communication and aid its camouflage against predators. This
phenomenon is due to the hierarchical Bouligand-type structures that exhibit helical
organization and periodic surface structure. Knowledge about the interplay between the
morphology, composition and optical appearance of biological photonic systems can provide
inspiration for novel artificial photonic devices. Inspired by the beetle of Chalcothea
smaragdina, here we demonstrate a scalable route for the manufacture of custom-tailored
photonic cellulose paper with hierarchical architectures. We combine the nanoscale selfassembly of cellulose nanocrystal with microscale imprinted surface grating-like structure,
exhibiting dual structural colour that derived from the helical matrix and circularly polarized light
diffraction.1, 2 Besides, we further extended cellulose nanocrystal as ink for transfer imprinting
lithography to present a micropatterned photonic
cellulose paper for retroreflection.3 We
disentangle the hierarchical cellulose printing in
different steps: the microscale surface structure
of the patterned template, the drying dynamics
of the nanoscale cellulose self-assembly and,
finally, the coupled optical properties of bulk
films. The resulting photonic cellulose paper is
particularly important to understand how
hierarchy affects the properties of chiral lightmatter interactions in living organism, not only
provides inspiration for designing of bio-mimetic
artificial counterparts, but also allows to further
understand their biological significance in
nature.
Figure 1: Cholesteric self-assembly of cellulose
nanocrystals with 1D diffraction grating line and 2D microlens array, showing custom-tailored
surface topography.
1. Chu, G.*; Camposeo, A.; Vilensky, R.; Vasilyev, G.; Martin, P.; Pisignano, D. and
Zussman, E.*, Matter 2019, 1, 988-1000.
2. Chu, G.; Qu, D.; Camposeo, A.*; Pisignano, D.* and Zussman, E.*, Mater. Horiz. 2020,
7, 511-519.
3. Chu, G.*; Chen, F.; Zhao, B.; Zhang, X., Zussman, E. and Rojas, J. O.*, Adv. Opt.
Mater. 2021, 9, 2002258.
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Circularly polarized light is central to photonic technology. A key challenge lies on
developing a versatile and scalable strategy using sustainable materials that produces
circularly polarized light with tailorable chiroptical activity. We show that left-handed chiral
nematic cellulose nanocrystal-based films have intrinsic ability to transform spontaneous
emission within the photonic bandgaps to high dissymmetry right-handed circularly polarized
fluorescence.1 We present that the circular polarization ability of chiral nematic cellulose
nanocrystal films can be extended to produce ambidextrous reflection and fluorescence
through synergistic self-assembly and kinetic intercalation of nematic phases.2 We
demonstrate that self-emissive chiral nematic mesoporous inorganic films, which are the
reverse replica of chiral nematic cellulose nanocrystals, enable room-temperature righthanded circularly polarized phosphorescence with several-second afterglow in the visible
regime.3 The potential of cellulose nanocrystal-based films for optical encryption and anticounterfeiting optical labels is illustrated. Our work provides a step towards rational
organization of sustainable and scalable chirophotonic materials with complex circular
polarization properties that can be imporant to diverse technological applications.

Figure 1: Cellulose nanocrystal for circularly polarized light materials

[1] Zheng Z., Li R., Li W., Wang J., Tang Y., Zhang A. & Yan X., Adv Mater, 30, 1705948,
2018.
[2] Tao W., Zou C., Jiang J., Li M., Lu D., Mann S. & Xu Y., CCS Chem, 2, 932, 2020.
[3] Zhang D., Zheng H. Ma T., Su N. Tang Y. & Xu Y., in preparation, 2021.
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To meet the increasing demand for sustainable colourful materials, one can look at
nature, not only to mimic assembly strategies optimized over millennia by the rigorous process
of evolution, but also for scouting new functional materials1.
The most brilliant and striking colours in nature are obtained without the use of
colourants but instead from physical interference of light with photonic structures, which ones
can be replicated with biodegradable materials such as cellulose nanocrystals. Indeed,
cellulose nanocrystals can self-assemble into periodic helical microstructures that reflect vivid
and durable structural colours.2 So far, the self-assembly process has only been studied at
small scale3,4, neglecting the limitations and challenges posed by continuous processes that
must be addressed to fully exploit this sustainable material in industrial contexts.
Here5 we demonstrate how to overcome the intrinsic limitations of cellulose nanocrystal
self-assembly at large scale. Moreover, we show how large scale self-assembly can be further
used to manufacture photonic microparticles. These microparticles are compatible with a wide
range of formulation, making them ideal to replace controversial mineral pigments based on
mica and titanium dioxide as well as non-biodegradable glitter which is a known source of
microplastic pollution.
1.
2.
3.
4.
5.

S. Vignolini et al. Pointillist structural color in Pollia fruit. Proc. Natl. Acad. Sci. 109,
15712–15715 (2012).
Parker, R. M. et al. The self-assembly of cellulose nanocrystals: hierarchical design
of visual appearance. Adv. Mater. 30, 1–13 (2018).
Parker, R. M. et al. Hierarchical self-assembly of cellulose nanocrystals in a
confined geometry. ACS Nano 10, 8443–8449 (2016).
Zhao, T. H. et al. Printing of responsive photonic cellulose nanocrystal microfilm
arrays. Adv. Funct. Mater. 29, 1–8 (2019).
Droguet, B. E. et al. Under Revision (2021).
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In recent years, there is a relentless pursuit for new types of materials that could replace
the conventional examples. Quantum dots (QDs) are fluorescent semiconductors and have
attracted much attention because of their wide span of application in nanophotonics, nonlinear
optical devices, fluorescence probes, UV-protective materials, immobilization matrices in
biosensors, etc. Achieving better material performance in many applications require combining
QDs with other materials. For the purpose, the most abundant natural biopolymer; cellulose
might stand out. Here we browse through new ideas for creating QD-containing cellulose
materials that repose on non-polluting and simple methods. Specifically, we aim to develop a
method for preparing well-defined hybrid nanocellulose-QD foams with tuneable optical
properties. In the bulk configuration, such nanocellulose-QDs foams display applicability for
fluoroimmunoassay as well as for monitoring of drug delivery and wound healing.1 Synthetic
procedures depend on the species of QD capping ligands and temperature in particular, as the
key parameters for controlling the ligand dynamics. In this work, the prepared highly
luminescent QDs-nanocellulose foams are characterised by UV-VIS, SEM, N2 A/D isotherms,
XRD and contact angle measurements. XRD confirms composition; broad amorphous
cellulose signal is observed while several wide peaks are attributed to CdSe QDs. Moreover,
microscopy and surface energy by contact angle measurements provided insight into
connectivity and miscibility of QDs and cellulose. Obtained results enable improvements of the
course of the QDs preparation. The desire is to gain control over the synthesis procedures
necessary to prepare this composite in a thin-film configuration, which will be suitable for
charge transfer layer application in solar cells.

Figure 1. SEM image of hybrid nanocellulose-QDs foam.
[1] Chano Ch., Peng J., Zhang L., Pang D. W., Journal of Materials Chemistry, 19, 7771–
7776, 2019.
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Cellulose is the main component of plant cell walls, which makes it the most abundant
natural material on Earth.1 As bio-synthesized, cellulose consists of crystalline and amorphous
domains. Dissolving part of the amorphous regions and decreasing the degree of
polymerization through acid hydrolysis, generally with sulfuric acid, highly crystalline spindlelike nanoparticles, called cellulose nanocrystals (CNCs), can be extracted.2 CNCs are
mechanically more performant than macroscopic cellulose fibers, making them suitable
reinforcement of composite materials.3 Nevertheless, hydrolysis has the effect of introducing
acid surface groups on CNCs and increasing the specific area, both of which negatively affect
thermal stability.4 This technical challenge prevents the full implementation of CNCs in
composite materials, foams, and emulsions.
Here we present three different approaches with high potential for scalabilty to enhance
the thermal stability of CNCs: ion exchange, physical adsorption, and click chemistry. The
acidic pH of as-prepared CNC suspensions can be neutralized through ion exchange with mild
alkali and alkaline-earth hydroxyl solutions.5 Physical adsorption of molecules on CNC surface,
such as acrylamide, can be achieved by mixing the compound solution and CNC suspension.6
Click chemistry can be used to replace a fraction of surface hydroxyl groups for covalentlybonded moieties, such as hydrophobic alkyl chains.7 Our goal consists in showing the thermal
improvement of three types of modified CNCs, one for each method (Figure 1), and explaining
the reasons behind the enhancement.

Figure 1: TGA curves of as-prepared CNCs (CNC-H), CNCs neutralized with potassium
counterions (CNC-K), CNCs neutralized with strontium counterions (CNC-Sr), CNCs coated
with acrylamide (CNC@acrylamide), and CNCs modified with alkyl chains (CNC-alkyl).
[1] French A. D., Bertoniere N. R., Brown R. M., Chanzy H., Gray D. G., Hattori K. & Glasser
W., 5th ed. (Ed.: A. Seidel), John Wiley & Sons, New York, 2004.
[2] B. G. Rånby, Acta Chem. Scand., 3, 649-650, 1949.
[3] Habibi Y., Lucia L. A. & Rojas O. J., Chem. Rev., 110, 3479-3500, 2010.
[4] D’Acierno F., Hamad W. Y., Michal C. A. & Maclachlan, M. J., Biomacromolecules, 21,
3374–3386, 2020.
[5] Chauve G., Mauran D., Fraschini C. & Bouchard J., TAPPI J., 15, 383-391, 2016.
[6] Yang J., Zhao J.-J., Han C.-R., Duan J.-F., Xu F. & Sun R.-C., Cellulose, 21, 541−551,
2014.
[7] Aalbers G. J., Boott C. E., D’Acierno F., Lewis L., Ho J., Michal C. A., Hamad W. Y. &
MacLachlan M. J., Biomacromolecules, 20, 2779-2785, 2019.
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The interest for waterborne polymer dispersions is increasing due to its broad industrial
applications in paint and coating, adhesives or organic surface treatment. One of the most
employed methods for the synthesis of polymer dispersions is emulsion polymerization, due
to its advantages including low viscosity while keeping a high molecular weight, relatively high
reaction rate and environmental friendliness (water as reaction media). One of the drawbacks
of these emulsions is the use of harmful chemicals as emulsion stabilisers, therefore in the last
period there is an increse trend in using different environmentally friendly nanocompounds (i.e.
nanoclays or cellulose nanocrystals) as stabilisers.
In this study, for preparing the nanocomposite formulation, we used an acrylic monomer
(butyl methacrylate), CNC (cellulose nanocrystals) and initiator (potassium persulfate) in
various concentrations. The obtained solutions were morphological and structurally evaluated
to assess their properties and their suitability to be used as organic surface treatments (i.e.
paper or wood and wood based products).
The addition of CNCs to polymer dispersion results in an enhancement of its properties,
also it is contributing to the stabilization of the polymer dispersion through Pickering effect, in
which CNC adsorbed on the surface of the polymer particle forms a physical barrier blocking
the particle from aggregation1.
[1] Mabrouk A. B., Dufresne A. & Boufi S., Carbohydrate Polymers, 229, 115504, 2020

Acknowledgements
This work was supported by the project PN-III-P1-1.1-TE-2019-1375 – Sustainable high
performance coating nano-materials for bio-based substrates – NANO4BIO

172

S08-P-04 - HIERARCHICAL MATERIALS BASED ON NANOCELLULOSE AND
POLY(LACTIC ACID)
Guivier M.*a, Chevigny C.a, Almeida G.a, Domenek S.a
a

Université Paris-Saclay, INRAE, AgroParisTech, UMR SayFood, 91300 Massy, France
*manon.guivier@agroparistech.fr

Nanocelluloses, i.e. cellulose nanocrystals and cellulose nanofibrils, have shown excellent gas
barrier properties which makes them of high interest for the food packaging industry1.
However, the nanocelluloses moisture sensitivity thwarts their good gas barrier properties;
indeed, at high relative humidity, the water will start disturbing the nanocelluloses structure and
facilitate the gas diffusion2. Consequently, the use of nanocellulose in food packaging while
extremely promising because it is a renewable, biodegradable and biosourced material, is still
a challenge. A solution for this could be to protect nanocelluloses from water using a
hydrophobic coating of poly(lactic acid) (PLA).
There have been many studies on the use of nanocelluloses as fillers in a PLA matrix3.
However, the improvement of gas barrier properties was minimal and other architecture could
give much better results. Hence, a “sandwiching” structure, with PLA as external water barrier
layers, and nanocelluloses as internal gas barrier layers, was developed. The lack of adhesion
between PLA and cellulose was resolved through the combined use of an intermediate polymer
and a plasma treatment. The films structure was analyzed through microscopy (Fig. 1). First
assessments of the O2 barrier properties are also very promising, several orders of magnitude
higher than bulk cellulose/PLA nanocomposites.

Figure 1: Sandwiching structure of PLA/nanocellulose/PLA film observed through MEB
[1] Belbekhouche, S.; Bras, J.; Siqueira, G.; Chappey, C.; Lebrun, L.; Khelifi, B.; Marais, S.;
Dufresne, A. Water Sorption Behavior and Gas Barrier Properties of Cellulose Whiskers and
Microfibrils Films. Carbohydrate Polymers 2011, 83 (4), 1740–1748.
[2] Liu, A.; Walther, A.; Ikkala, O.; Belova, L.; Berglund, L. A. Clay Nanopaper with Tough
Cellulose Nanofiber Matrix for Fire Retardancy and Gas Barrier Functions. 2011, 9.
[3] Vatansever, E.; Arslan, D.; Nofar, M. Polylactide Cellulose-Based Nanocomposites.
International Journal of Biological Macromolecules 2019, 137, 912–938.
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Wet-spinning of aqueous solutions of methylcellulose allows the preparation of
cellulose-derived transparent optical fibers that show low attenuation losses (~1.5 dB/cm),
comparable to the current state-of-the-art biopolymeric optical fibers, such as silk.[1] By adding
nanocomponents, e.g., cellulose nanocrystals and gold nanoclusters, the appearance and the
properties of the spinning dope and the resulting fibers can be further tuned depending on the
nanoparticle characteristics (Figure 1).[2] For instance, fiber color, transparency, mechanical
properties, photoluminescence, and sensory capabilities can be adjusted or added via the
selection of proper nano objects. Methylcellulose-based nanocomposite optical fibers are
promising candidates for short distance (sub-meter scale) applications, including sensors and
medical devices. Furthermore, the methylcellulose-based fibers offer a range of beneficial
characteristics, including renewability, degradability, softness and ductility, energy-efficient
preparation, and feasible modifiability, that remain unattainable or challenging for the
traditional glass optical fibers, but which are often essential for biophotonic applications.[3] The
results encourage exploration of the technological potential towards new applications based
on cellulosic and nanocellulosic optical fibers.

Figure 1: Aqueous mixtures of methylcellulose and nanoscale additives, such as cellulose
nanocrystals and gold nanoclusters, can be wet-spun into nanocomposite optical fibers with
diverse and tunable appearances and properties.
[1]

Qiao X, Qian Z, Li J, Sun H, Han Y, Xia X, Zhou J, Wang C, Wang Y, Wang C, ACS Applied
Materials & Interfaces, 9, 14665-14676, 2017.

[2]

Hynninen V, Chandra S, Das S, Amini M, Dai Y, Lepikko S, Mohammadi P, Hietala S, Ras
RHA, Sun Z, Ikkala O, Nonappa, Small, 2005205, 2021.

[3]

Shan D, Gerhard E, Zhang C, Tierney JW, Xie D, Liu Z, Yang J, Bioactive Materials, 3, 434445, 2018.
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Assembling noble metal nanoparticles in a chiral geometry offers novel strategies to
tailor the optical properties of materials in response to circularly polarized light. It is still
challenging to harness the chiral plasmon resonance of metal nanoparticles in a solid-state
material with a genuine 3-dimensional architecture, let alone a scalable, cost-efficient
fabrication method. The past efforts often exploit the templates provided by the chiral nematic
self-assembly of cellulose nanocrystals (CNCs). However, the strong chiroptical signals
generated by the birefringence of CNCs overlap with the plasmonic regime of interest, which
obstacles the observation of genuine chiral plasmonic signals. Here, we present a facile and
low-cost bottom-up synthetic method by silver mirror reaction to preparing chiral plasmonic film
composed of chitin nanocrystals (ChNCs) and silver nanoparticles (AgNPs). More importantly
the composite films fabricated by this method exhibit well defined circular dichroism (CD)
effects with a characteristic bisignate peak-and-dip shape centered around the plasmon
resonance frequency of AgNPs. This is owing to the insignificant birefringence of ChNCs as
well as the left-handed chiral nematic self-assembly. The strength of CD signals can be easily
tuned by changing the number density and the size distribution of AgNPs, which was realized
by altering the chemical reaction conditions. Our results not only explicitly demonstrate chiral
nematic self-assembly of ChNCs as a template for arranging plasmonic nanoparticles into
chiral assemblies with desired chiroptical properties, but also provide a feasible bottom-up
chemical approach to do so.
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Therapeutic drugs have been recognized widely as emerging contaminants around the
world and their high persistence in the environmental is an issue to be addressed even at low
concentrations. Water treatment by photochemical degradation using UVB using catalyst is a
strategy to treat them at the most relevant environmental conditions at lower cost and energy
[1], [2]. The goal of this study was to investigate the removal drugs using cellulose-PEDOT (iCell-PEDOT) composite under UV light. The i-Cell-PEDOT composite was synthesized in
order to catalyze the degradation of two highly persistent compounds (i.e. sulindac and
carbamazepine). The gamma radiation was applied to modify the cellulose functional groups
and size, increasing the stability in dispersion. The irradiated cellulose was used as template
to deposit a conductive polymer. The process showed to be a feasible technique to obtain
stable particles in dispersion, confirmed by its ζ-potential. Finally, a significative effect of the
novel composite on the degradation of sulindac and carbamazepine under UVB conditions has
been observed, proving the potential for water treatment.

Figure 1 : Photocatalytic removal scheme of therapeutic drugs using gamma irradiated cellulosePEDOT composite.
References
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of emerged threat and future challenges for marine organisms,” Marine Environmental
Research, vol. 140, no. January, pp. 41–60, 2018.
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Aroma compounds are small and volatile organics, often hydrocarbons, lactones,
aldehydes, or esters. They are of great industrial importance, as the consumer acceptance of
a product, and consequently its value, is strongly influenced by its odor. Nowadays, a high
share of the flavor agents is produced biotechnologically by microbes, allowing them to be
labelled as “natural flavors”. However, there is a lack of rapid screening methods to access the
microbial productivity due to the complexity of the cell suspensions.
We present a rapid screening method for the quantitative determination of volatiles
produced by microorganisms. Therefore, a transparent support is spin coated with trimethylsilyl
cellulose (TMSC, form Avicel) containing low amount of a fluorescent dye. Upon contact of
volatiles with the TMSC matrix, an irreversible adsorption occurs, inducing a change of the
optical properties of the dye. Consequent fluorescence analysis of the plates allows for the
quantitative analysis of the microbial productivity. The response times and/or maximum analyte
loading of the films can be fine‒tuned by varying the thickness and the polymer:dye ratio. We
demonstrate that a sensor plate of 7.3 × 10 cm² area coated with a 150 nm layer of TMSC and
a dye can be used for the simultaneous analysis of up to 96 microbial strains.
A rapid screening method for the unspecific analysis of volatile organic compounds is
presented. It is suitable for applications, where a defined volatile compound or compound class
is generated. No direct contact between a liquid or solid sample is required due to the
adsorption of the analyte via the gas phase. Thus, this method can readily be modified for a
variety of industrial applications, ranging from process development to monitoring.
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Contact electrification (CE) (or usually called “triboelectrification”) effect, the most
fundamental effect for electricity, has been known for over 2600 years since ancient
Greek time, but its scientific mechanism remains unclear. The study of
triboelectrification is recently revived due to the invention of the triboelectric
nanogenerators (TENGs) by using the coupling of triboelectrification and electrostatic
induction effects, which is the most effective approach for converting mechanical
energy into electricity for powering small sensors. TENG is playing a vitally important
role in the distributed energy and self-powered systems, with applications in internet
of things, environmental/infrastructural monitoring, medical science, environmental
science and security. In this talk, we first present the physics mechanism of
triboelectrification for general materials. Secondly, the fundamental theory of the
TENGs is explored based on a group of expanded Maxwell equations. We will present
the applications of the TENGs for harvesting all kind mechanical energy that is
available but wasted in our daily life, such as human motion, walking, vibration,
mechanical triggering, rotating tire, wind, flowing water and more. Then, we will
illustrate the networks based on triboelectric TENGs for harvesting ocean water wave
energy, for exploring its possibility as a sustainable large-scale blue energy. Lastly, we
will show that TENGs as self-powered sensors for actively detecting the static and
dynamic processes arising from mechanical agitation using the voltage and current
output signals.
[1] Z.L. Wang and A.C. Wang “On the origin of contact electrification“ (Review), Materials
Today, 30 (2019) 34-51; https://doi.org/10.1016/j.mattod.2019.05.016
[2] Z.L. Wang, “On the first principle theory of nanaogenerators from Maxwell’s equations“,
Nano Energy, https://doi.org/10.1016/j.nanoen.2019.104272
[3] S. Lin#, X. Chen#, and Zhong Lin Wang* “Contact-electrification at liquid-solid interface”
(Review), Chemical Review; https://doi.org/10.1021/acs.chemrev.1c00176
[4] Z.L. Wang “From conctact electrication to triboelectric nanogenerators“ (Review), Report on
Progress in Physics; https://doi.org/10.1088/1361-6633/ac0a50
[5] Z.L. Wang, L. Lin, J. Chen. S.M. Niu, Y.L. Zi “Triboelectric Nanogenerators”, Springer, 2016.
http://www.springer.com/us/book/9783319400389
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Li-ion batteries using silicon (Si) as electroactive anode material are promising devices that
are currently widely investigated. The major disadvantage of silicon is a large volume variation
(about 300%) associated with the formation of the Li-Si alloy, this expansion leading to a rapid
cell capacity loss.1,2 The usual solution is the use of a polymer binder to maintain the cohesion
of the composite electrode during electrochemical cycling.
Various macromolecular parameters (function, substitution degree, molar mass …) can here
control composite electrode structure and hence help to obtain of a stable electrode with good
electrochemical performance. If the reference polymer remains carboxymethylcellulose,
nevertheless other polysaccharides have since been investigated and can show in some
examples very attractive binding properties.3,4
Our study purpose is to modulate polysaccharides physicochemical properties, mainly the
hydrophilic / hydrophobic properties, and therefore interactions with the surface oxides of
electrochemically active Si. Various oxidized celluloses obtained by TEMPO oxydation5 were
here tested as polymer binders and compared with the standard CMC. We noticed that
discharge capacity retention is directly proportional with cellulose oxidation rate, an oxidation
degree about 34% allowing to maintain 1162 mAh/g compared to 756 mAh/g obtained with
CMC (250000 g/mol). This parameter isn’t though the only one affecting Si based anode
performances.
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Figure 6 : SiOx discharge capacity curve in the presence of celCOONa at 13, 22, 34% and
CMC250 (DS = 0.7)
1.
2.
3.
4.
5.

Simon, B. et al. J. Power Sources 81–82, 312–316 (1999).
Wu, H. & Cui, Y. Nano Today 7, 414–429 (2012).
Bresser, D., et al. Energy Environ. Sci. 11, 3096–3127 (2018).
Chartrel, T. et al. Mater. Chem. Front. 3, 881–891 (2019).
Isogai, A., Hänninen, T., Fujisawa, S. & Saito, T. Prog. Polym. Sci. 86, 122–148 (2018).
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Activated carbons produced from biomass exhibit excellent conductivity as well as high specific
surface area due to the natural hierarchical porous structure of the precursor material.
Therefore, they are ideal candidates for electrode materials in supercapacitors, featuring high
power densities and outstanding cyclability. However, the low energy densities achieved with
supercapacitors are still the main problems for commercialization. Here we demonstrate the
chemical activation of composite Ioncell® fibers containing 25 wt% chitosan to obtain nitrogendoped activated carbons for supercapacitor electrode application. Activation temperatures and
impregnation ratios were optimized using the design of experiment (DoE) methodology with a
central composite design (CCD). Maximum values of 3019 m2·g-1 for the specific surface area
and 1.61 cm3·g-1 for the mesopore volume were obtained for the activated carbons prepared.
Elemental analysis showed that the nitrogen content in the activated carbons ranged from 0.22
to 0.91 %. Promising specific capacitances of 243 F·g-1 were obtained with 1 M H2SO4 as
electrolyte at a current density of 1 A·g-1. A maximum power density of 15.1 kW·kg-1 was
achieved at an energy density of 20.1 Wh·kg-1. The results show distinct correlations between
activation conditions, activated carbon morphology and supercapacitor performance.
Moreover, specific tailoring of the activation parameters is essential to obtain highly porous
activated carbons with high ion accessibility and thus high specific capacitances.
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Porous three-dimensional (3D) structures generally improve the performance of electrodes
by increasing the active surface area and the diffusion speed of electrolyte ions during
charging/discharging. In past work, we created thick 3D electrode materials by
electropolymerizing pyrrole (Py) in the presence of carboxylated cellulose nanocrystals.1,2 To
investigate the effect of supporting electrolyte and ions on the preparation of these electrode
materials, we electrodepositied polypyrrole in the presence of varying amounts of chloride
anions (Cl-) and carboxylated cellulose nanocrystals (CNC-COO-). The deposited structure is
formed by a combined effect of different nucleation and growth mechanisms induced by
CNC-COO- and by Cl- during electropolymerization. The result is that the 3D porous structure
of the PPY supported on the CNC-COO- scaffold can be modulated by controlling the Cl- to
CNC-COO- ratio, with a direct effect on its performance as supercapacitor electrode material.
The highest area capacitance reached was 1.34 F cm-2 (142.9 F g-1) at a current density of
2 mA cm-2 (0.2 A g-1). More importantly, at a high current density of 20 mA cm-2 (2.2 A g-1),
thick (ca.130 μm), 3D, and high mass loading (9.2 mg cm-2) Cl-:CNC-COO-/PPy films
exhibited a high areal capacitance of 0.85 F cm-2 (70.8 F g-1), increasing about 16 % over
CNC-COO-/PPy films prepared in the absence of Cl- present during electrodeposition. In
addition, an aqueous Cl-:CNC-COO-/PPy (with Cl-:CNC-COO- = 2.0) symmetric
supercapacitor had a high areal capacitance of 0.60 F cm-2 (55.02 F g-1) at 1 mA cm-2 (0.10 A
g-1), an energy density of 83.38 μWh cm-2 (7.64 Wh Kg-1) and good cycling stability,
indicating their potential in energy storage devices. In my presentation, I will go into detail
into the mechanisms, characterisation, and performance of electrode materials made with
different Cl-:CNC-COO- ratios.

Figure 1 : SEM images of electrodes with different composition (a) CNC-COO-/PPy and (b)
Cl-:CNC-COO-/PPy (2:1) films, the insert images in (a) and (b) are the cross section images

[1] Liew, S.Y, Thielemans W. & Walsh, D.A J. Phys. Chem. C, 114, 17926–17933, 2010
[2] Liew, S.Y, Walsh, D.A & Thielemans W. RSc Advances, 3, 9158-9162, 2013
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Besides its intrinsic renewability and biodegradability, nanocellulose shows distinct
advantages compared to plastics used as substrates for optoelectronics. Nanocellulose films
can be designed to present tailorable mesoporous structures to provide good printability,
high optical transmittance and light-scattering, among others such as desirable mechanical
and thermal properties.1,2 Moreover, the possible integration of nanoparticles with
nanocellulose furthers its promise in related applications. In addition, optical properties such
as UV-blocking3 and down conversion4 can be obtained. Here, we introduce cellulose
nanofibrils (CNF) to endow films for solar cells with multiple optical functionalities and light
management capabilities.
The engineering of the optical properties of neat CNF films is dependent on the
physicochemical characteristics of the initial CNF suspension as well as on the porosity and
roughness of the films. By tuning the fabrication parameters, the light management of the
solar cells can be improved. A high light scattering results in an increase in the path length of
light in the active layer, consequently generating an increase in solar cell efficiency. When
low reflectance is obtained, CNF films can be used as anti-reflective substrates. Both the
light scattering and reflectance of the films were evaluated for application as solar cell cover
layers, and the crucial parameters for the applicability of these materials were determined.
By adding nanoparticles, in this case, carbon quantum dots (CD), the performance of
solar cells was altered to avoid harmful UV-light, which is one of the detrimental factors for
the stability and performance of solar cells. Here, the CDs were synthesized from biobased
sources through a hydrothermal reaction, and the effectiveness of the integrity of the CDs in
the cellulosic matrix was studied.
To summarize, CNF-CD hybrid materials with multiple optical properties were tested
as substrates of solar cells to achieve improved efficiency and stability. The great advantage
of these substrates revolves around the possibility of building flexible solar cells with a high
potential for recycling, and further increasing the sustainable prospects of solar energy
generation.
[1] Li T., Chen C., Brozena A.H., Zhu J.Y., Xu L., Driemeier C., Dai J., Rojas O.J., Isogai A., Wågberg L., Hu L.,
Nature 590, 47–56, 2021 [2] Jiang Y., Wang Z., Liu X., Yang Q., Huang Q., Wang L. Dai Y. Qin C., Wang S. ACS
Sustainable Chem. Eng. 8,47, 17508–17519, 2020 [3] Zhang Z., Song F., Zhang M., Chang H., Zhang X., Li X.,
Zhu X., Lü X., Wang Y., Li K., Cellulose, 26, 2201–2208, 2019
[4] Zhang Z., Ma N., Kang X., Li X., Yao S., Han W., Chang H., Carbohydrate Polymers, 252, 117134, 2021
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Cellulose and chitin are are biosynthesized in the form of crystalline microfibrils having a non
centrosymmetric and polar structure which makes them attractive building blocks for electroactive devices. Yet, little is known about the intrinsic electro-mechanical features of such
materials, [1] mostly because the hierarchical architecture of most of the biological materials
is unadequate to observe a large macroscopic polarization.
We investigated the piezoelectric properties of a model biological tissue constituted of β
chitin microfibrils whose unique feature is to have an uniaxial in plane orientation with a
common polarity of those crystals, i.e. all the reducing-end of the chitin chains lie at the same
extremity of the tissue. [2] Such tissue is biosynthesized in the form of a tube made of conical
sections whose typical dimensions are 10 mm long, 5 mm wide, and 0,5 mm thick. Through
purification, a pure β chitin tissue can be obtained and further assembled into a centimetric
parallelepiped sample after cutting, stacking and including it into a resin. The microstructure
of the constitutive β chitin network is unaffected by such process, yet, although polar and
uniaxial, a significant angular distribution of the microfibril is evidenced in the tube tangential
plane by SEM and WAXS.
Direct piezoelectric measurements have been performed on cylinders and lamella
respectively truncated and peeled from the tube, and on parallelepiped samples. Coefficients
close to 1 pC/N directly related to the three tensile and one shear piezoelectric coefficients of
the β chitin crystal have been measured. Thanks to its unique texture, the tube tissue
provides for the first time the proof that a significant tensile piezoelectricity can be obtained in
materials made of crystalline polysaccharides, and paves the way for the development of
high performance piezoelectric materials out of abundant biomass.

Figure 1 : Tubeworm tube and piezoelectric tensor for the β chitin crystal
[1] Chae, I., Jeong, C. K., Ounaies, Z., & Kim, S. H. (2018). Review on electromechanical
coupling properties of biomaterials. ACS Applied Bio Materials, 1(4), 936-953.
[2] Ogawa, Y., Kobayashi, K., Kimura, S., Nishiyama, Y., Wada, M., & Kuga, S. (2013). X-ray
texture analysis indicates downward spinning of chitin microfibrils in tubeworm tube. Journal
of structural biology, 184(2), 212.
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The environmental impacts of human activity have pushed the attractiveness of renewable
resources and low energy processes. In addition, the regulatory constraints of cold
production encourage the use of secondary refrigerant, to limit the intensive use of primary
refrigerants while maintaining a high level of performance of the refrigeration unit.
Here we are developing two-phase slurries where phase-change materials (PCM) such as
tetradecane (Tm = 5.8°C) or hexadecane (Tm=18.1°C) is dispersed under droplets forms
with controlled volume fraction and size. The PCMs dispersed in water will be encapsulated
by bio-based nanoparticles issued from cellulose, thus forming highly stable Pickering
emulsions. Unlike conventional emulsions stabilized with surfactants, Pickering emulsions
are very stable because the solid particles of CNC are irreversibly adsorbed at the interface
of the drops. These fluids dispersed in water and with low viscosity whatever the PCM state
(liquid/solid) require a simple heat exchanger to ensure the phase change of the PCMs. They
show high thermal capacity and stable properties after multiple phase change cycles. In this
presentation, we present their favorable thermal and rheological properties to refrigeration
applications.
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Flexible Radio-Frequency (RF) circuits have gained a lot of attention in recent years
due to their characteristics (flexibly, lightweight, and low cost).1 The mostly used materials to
fabricate flexible RF circuits are polymers, and among them, one can mention polyimide
(Kapton)2 and polydimethylsiloxane (PDMS).3 However, due to the desire to significantly
reduce dependence on petroleum-based materials, there is a growing interest in the
development of bio-based materials for different kinds of applications. In particular, there is a
lot of interest in a greener electronics to reduce e-waste. To that end different biopolymers
have been investigated. As examples, dielectric characterization of different types of
biopolymers are depicted in literature.4We propose here to use a bio-based flexible polymer,
i.e. cellulose laurate, for the fabrication of passive microwave devices. We give as an
illustration in Figure 1, an antenna that could be used for the 2.45 GHz band for wireless
communication.5 The design and simulation of the devices are conducted on ANSYS HFSS,
prior to fabrication. The realization is based on a copper adhesive tape and laser structuring.
This process does not require chemicals or high temperatures that could damage the
biopolymer. Other advantages are that Cu has a very high electrical conductivity and that we
have the possibility to solder standard electronic components on it. The characterization of
these flexible devices demonstrates that the simulation and measurement data are in good
agreement.

(a)
(b)
Figure 1 : Fabrication (a) and characterization (b) of a flexible antenna on cellulose
laurate.
[1] Huang S. , Liu Y. , Zhao Y., Ren Z., Guo C. F., Advanced Functional Materials, 29(6),
1805924, 2019. [2] Chang K., Kim Y., Kim Y., Yoon Y., in European Conference on Wireless
Technologies, Manchester, UK, 83, 2006 [3] Hage-Ali S., Tiercelin N., Coquet P., Sauleau
R., Fujita H., Preobrazhensky V., Pernod P. IEEE Antennas and Wireless Propagation
Letters, 8, 1306, 2009 [4] Cresson P.-Y., Boussatour G., Li S., Genestie B., Joly N., Lasri T.
IEEE Transactions on Microwave Theory and Techniques, 68(6), 2144, 2020 [5] Alimenti F.,
Mariotti C., Palazzi V., Virili M., Orrecchini G., Mezzanotte P., Roselli L. Journal of Low
Power Electronics and Applications, 5, 151, 2015
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As one of the most traded resources world-wide, coffee generates more than 2 billion
tons of by-products every year. The largest share of it accounts for the polysaccharide-rich
spent coffee grounds (SCG) and coffee silver skins (CSS), as side streams from instant
coffee production and roasting, respectively. However, there is a lack of solutions for broad
applications that add value to these precious biogenic wastes. Herein, we present a solution
to use SCG and CSS as precursor material for high performance supercapacitors. Therefore,
pre-carbonized SCG and CSS were activated with potassium hydroxide at elevated
temperatures, leading to activated carbon (AC). The AC was characterized by means of
scanning electron microscopy, transmission electron microscopy, Raman spectroscopy, Xray diffraction and gas sorption with N2, Ar and CO2. The highly porous materials expose a
surface area of more than 2500 m² g⁻¹. Electrodes were formed with AC, assembled in a
supercapacitor, and electrochemically characterized by galvanostatic cycling and cyclic
voltammetry. With 1M sulfuric acid as electrolyte, a capacitance of 220 F g⁻¹ (at 2 mV s⁻¹)
could be achieved. In addition, the electrolyte was mixed with various quinones. It was
shown that the contribution of the with it implemented faradaic reactions could improve the
capacitance up to 100%. Thus, it could be demonstrated that industrial side streams from the
coffee processing industry are a valuable source for high performance energy storage
materials and beyond.
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In this work, we developed a simple, facile, environmentally friendly and effective
strategy for fabricating a CB-based 3D hierarchical conductive structure in natural rubber
(NR) using the latex blending method. In this proposed strategy, CB particles are hybridized
with CNF-SH to form CNF-SH/CB nanohybrids, which significantly facilitate the construction
of conductive structures. During the subsequent co-coagulation, the CNF-SH/CB
nanohybrids selectively located at the interface between the NR microspheres and further
cross-linked with NR based on the thiol-ene click reaction. These novel hierarchical NR/CNFSH/CB nanocomposites exhibit lower percolation threshold and higher mechanical strength
compared to NR/CB nanocomposites with randomly dispersed CB prepared by a
conventional processing method. On the basis of this design, both 3D hierarchical conductive
network structure and strong interfacial adhesion between filler and matrix (NR) can be
achieved, with the enhancement of strength and modulus while retaining high conductivity of
the rubber material. This facile but effective method for fabricating such 3D hierarchical
conductive networks by incorporation of cheap, renewable and biodegradable CNF opens up
new opportunities for the large-scale fabrication and application of CB based conductive
polymer composites with low cost and high performance.1

Figure 1 : Schematic illustration for the preparation of NR/CNF-SH/CB nanocomposites

[1] Xiong, R., Hu, K., Grant, A. M., Ma, R., Xu, W., Lu, C., ... & Tsukruk, V. V. (2016).
Ultrarobust transparent cellulose nanocrystal-graphene membranes with high electrical
conductivity. Advanced Materials, 28(7), 1501-1509.
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POLYSACCHARIDE HYDROGELS FOR PROTEIN DELIVERY AND 3D-BIOPRINTING
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Introduction
Hydrogels based on derivatized polysaccharides have high potential for local delivery of
protein therapeutics and use in tissue engineering. Hyaluronic acid is a highly negatively
charged polysaccharide abundantly present in the vitreous of the eye. Hydrogels based on
hyaluronic acid can be prepared by derivatization with functional groups that react to form a
crosslinked 3D-polymer network. The crosslinking strategy can be based on covalent bond
formation or dynamic reversible bonds. In this study, we investigated 1) Diels-Alder chemistry
for the preparation of an injectable formulation to deliver bevacizumab to the eye and 2)
photopolymerization for the preparation of 3D-printed scaffolds of high resolution.
Results and Discussion
The Diels-Alder chemistry based hydrogels were prepared by mixing Furan-modified
Hyaluronic acid (HAFU) with 4 arm-PEG10kDa-maleimide (4APM) yielding stable hydrogels
as depicted schematically in the figure 1. The potential of this system for the treatment of
age-related macular degeneration and diabetic retinopathy[1] was shown by testing the
injectability and sustained release of bevacizumab.

Figure 1: Schematic overview of injectable hydrogel formulation for sustained therapeutic
protein delivery to the eye.
Rheological analysis showed that gelation time and hydrogel stiffness are strongly
dependent on temperature and polymer ratios. Swelling and degradation analysis showed
that the system is degradable at physiological conditions and the degradation time was
dependent on the polymer concentration. Formulations could be injected into the vitreous
body of an ex vivo porcine eye through a 29G needle and stabile hydrogels were obtained
with approximately 5-6nm mesh size. Importantly, 4APM-HAFU hydrogels were able to
sustain delivery of bevacizumab for more than 90 days.
Micron-sized hydrogels were prepared by photopolymerization of methacrylated hyaluronic
acid (HAMA). Their negative charge was used for the loading of a positively charged model
protein, lysozyme.[2] Sustained release of this protein was observed up to 45 days.
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Remarkably, the loading procedure resulted in significant shrinking of the microgels due to
the interactions between the oppositely charged network and protein. The use of opposite
charges to shrink hydrogels is broadly applicable, as we showed that several polycations
were able to shrink HAMA based hydrogels. This shrinking effect was further exploited to
shrink 3D printed materials to enhance the resolution.[3]
Conclusion
Hyaluronic acid based hydrogels were modified with functional groups suitable for both DielsAlder chemistry and photopolymerization. The resulting hydrogels showed high potential as
injectable formulation in ocular protein delivery and high resolution bioprinting.
References
[1] B. C. Ilochonwu, A. Urtti, W. E. Hennink, T. Vermonden, J. Controlled Release, 326, 419,
2020
[2] C.C.L. Schuurmans, A. Abbadessa, M.A. Bengtson, G. Pletikapic, H.B. Eral, G.
Koenderink, R. Masereeuw, W.E. Hennink, T. Vermonden. Soft Matter 14, 6327, 2018
[3] J. Gong, C. C. L. Schuurmans, A. M. van Genderen, W. Li, X. Cao, F. Cheng, J. Jialu He,
A. López, V. Huerta, J. Manríquez, R. Li, H. Li, C. Delavaux, S. Sebastian, P. Capendale, H.
Wang, J. Xie, M. Yu, R. Masereeuw, T. Vermonden, Y.S. Zhang, Nature Communications,
11:1267, 2020.
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Biopolymeric microneedles (MNs) are arrays of small needle-like projections of
micron-sized dimensions that had gained increasing attention in the last decade (Figure 1A).
MNs are particularly promising for pain-free drug delivery (DD) and interstitial fluid
extraction.1 Several biopolymers have been exploited in the preparation of MNs, with
polysaccharides (e.g., pullulan, cellulose, hyaluronic acid) and proteins (e.g., gelatin), being
the most widely studied.
In this communication, carboxymethylcellulose (CMC) based MNs were developed,
through a simple and greener fabrication methodology (micromoulding) and investigated for
two distinct dermal applications, viz. rapid pain relief and treatment of skin cancer
(melanoma). For these purposes, CMC-based MNs were loaded with sodium diclofenac
(Figure 1B) and gold nanoparticles (AuNPs, Figure 1B), respectively. Sodium diclofenac is a
well-known anti-inflammatory drug, and AuNPs are promising in thermotherapy for cancer
treatment. The characterization of the two MNs systems, in terms of morphology, mechanical
properties, skin penetration, dissolution kinetics, in vitro cytotoxicity and drug release profile
or thermal therapy ability, will be presented and discussed.

Figure 1: Schematic representation of (A) skin model with insertion of MNs, and (B)
CMC/DCF MNs and CMC/AuNPs MNs.
[1] Fonseca, Vilela, Silvestre, Freire, Int. J. Biol. Macromol. 2019, 136, 704–728.
Acknowledgments This work was developed within the scope of the project CICECO-Aveiro
Institute of Materials, UIDB/50011/2020 & UIDP/50011/2020, financed by national funds
through the Portuguese Foundation for Science and Technology (FCT)/MCTES. FCT is also
acknowledged for the research contract under Scientific Employment Stimulus to C.V.
(CEECIND/00263/2018).
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Polyelectrolyte complexes (PECs) are formed by complexation between polyanions
and polycations in aqueous media through electrostatic interactions [1]. Specifically,
polysaccharides-based PECs have attracted increasing interest in biomedicine and drug
delivery owing to their remarkable biocompatibility [2].
In this study, we investigated the complexation between hyaluronic acid (HA) and
diethylaminoethyl dextran (DEAE-D), respectively an anionic and cationic polysaccharide,
and characterized the resulting PECs. The complexation was studied with varying intrinsic
(molecular weight, concentration…) and extrinsic (method of addition…) factors to
understand their influences on the formation and the properties of the PECs. Our results
showed that depending on the studied factors, such PECs can be spontaneously formed as
large precipitates or as nanogels. The hydrodynamic diameters of the nanogels as well as
their stability over time were also evaluated. In addition, pyrene fluorescence studies
confirmed the presence of hydrophobic nanodomains in such PECs. These results not only
shed more light on the formation and properties of polysaccharides-based PECs but also
contribute to optimizing the elaboration of HA/DEAE-D nanogels as potential nanocarriers for
drug delivery applications.

Figure 1 : Polyelectrolyte complexation between HA and DEAE-D
[1] Le Cerf D., Pepin A. S., Niang P. M., Cristea M., Karakasyan-Dia C. & Picton L.,
Carbohydrate Polymers, 113, 217-224, 2014.
[2] Barclay T. G., Day C. M., Petrovsky N. & Garg S., Carbohydrate Polymers, 221, 94-112,
2019.

193

S10-O-04 - SYNTHESIS OF AMPHIPHILIC POLYSACCHARIDE-BASED COPOLYMERS.
DRUG BIODEGRADABLE NANO-CARRIERS FOR SELECTIVE CANCER CELLS UPTAKE
Delorme V.a, Andrin B.a, Lichon L.a, Gary-Bobo M.a, Coudane J.a, Van Den Berghe H.*a
a

Institute of Biomolecules Max Mousseron (IBMM), UMR 5247, CNRS, University of
Montpellier, ENSCM, France
* helene.van-den-berghe@umontpellier.fr

These last few years, numerous controlled drug delivery systems have been
developed, especially for anti-cancer drug release. Among these systems, polymeric nanocarriers, such as micelles or nanoparticles, have been largely described. In this context, this
project aims at synthesizing a new graft amphiphilic and totally biodegradable copolymeric
structure based on a polysaccharide and a polyester. Self-assembling of this copolymer
allows to prepare biodegradable nano-micelles loaded with a chemotherapeutic drug. After
endocytosis of these nano-systems by cancer cells, the drug can be intracellularly released.
(Figure 1) Thanks to the numerous hydroxy functions onto the polysaccharide chains,
biomolecules such as fluorescent probe, can be covalently coupled for an easy detection of
the resulting fluorescent nano-carriers.
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Figure 1 : Synthesis of a biodegradable polysaccharide-based copolymer ; self-assembling
and encapsulation of a chemotherapeutic drug ; cancer cells uptake and intracellular drug
release
A new poly( -caprolactone)-g-dextran (PCL-g-Dex) copolymer was synthesized.
Micelles based on these copolymer structure were prepared by self-assembling and loaded
with Doxorubicin (Dox), a chemotherapeutic agent. Physico-chemical properties of the drugloaded nano-carriers (i.e. size, drug loading, encapsulation efficiency) were determined and
Dox release kinetics were studied. Cytotoxicity tests and cell internalization experiments, by
fluorescent imaging and flow cytometry, were also realized on colon cancer cells (HCT-116)
and healthy cells (fibroblasts). Results of these studies showed a high selectivity of the PCLg-dextran nano-carriers towards cancer cells without affecting healthy cells.1
[1] Delorme V., Lichon L., Mahindad H., Hunger S., Laroui N., Daurat M., Godefroy A.,
Coudane J., Gary-Bobo M. & Van Den Berghe H., Carbohydrate Polymers, 232, 115764,
2020
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The development of bio-based nanoparticles (NPs) as drug containers is of
increasing interest to circumvent common treatment disadvantages such as rapid drug
metabolization, short serum half-life, and side-effects. The histone deacetylase inhibitor
valproic acid (VPA) is known for its anti-inflammatory as well as anti-cancer activity. Here,
recently developed VPA-loaded NPs based on cellulose- and dextran VPA esters were
modified with sulfuric acid half ester moieties to improve intracellular drug release. The NPs
show rapid cellular uptake, are non-toxic, highly biocompatible and are able to induce histone
H3 hyperacetylation. Thus, they represent a potent drug delivery system for the application in
a variety of treatment issues, such as inflammation, sepsis and defined cancer types. In
addition, the flexible NP-system offers a broad range of further options of modification, e.g.
for targeting strategies and multi-drug approaches [1,2]:

[1] Lindemann, H., Kühne, M., Grune, C., Warncke, P., Hofmann, S., Koschella, A.,
Godmann, M., Fischer, D., Heinzel, T., Heinze, T., Macromolecular Bioscience 20, 2000039,
2020.
[2] Kühne, M., Lindemann, H., Grune, C., Schröder, D., Cseresnyés, Z., Godmann, M.,
Koschella, A., Figge, M. T., Eggeling, C. Fischer, D., Heinze, T., Heinzel, T., Journal of
Controlled Release 329, 717-730, 2021
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It is widely appreciated that development of multifunctional nanoparticles (NP) is
highly promising for targeted drug delivery and diagnostic applications. [1] Heparin, a linear
polysaccharide known as anticoagulant in clinic, has been extensively used in the surface
chemistry of theranostic NP. [2] In these formulations, it is mostly applied as a biocompatible
scaffold to be functionalized with drug conjugates and targeting ligands, or as a suitable
template for self-assembly. However, the high molecular weight and complex structure of
native heparin afford NP of uncertain in vivo behaviour with possible adverse effects, or with
unsuitable pharmacokinetics properties (short blood lifetime, hepatic clearance leading
toxicity issues). [3] In this work, we showed that by fine tailoring of the heparin length, a real
functional coating for NP could be obtained, fulfilling various advanced functions, and
allowing a better control in vivo. [4] Extremely small iron oxide nanoparticles (ESIONP)
recognised for their contrast properties in magnetic resonance imaging (MRI) were selected
as the NP model. [5]
Heparin oligosaccharides (HO) of different lengths were prepared by
depolymerisation of the native species and used for the one-pot preparation of HO-ESIONP.
We demonstrated that the HO length could control the core size and polymer conformation
during the synthesis to achieve optimal MRI contrast, and that HEP-ESIONP were endowed
directly with anticoagulant properties and/or discriminated specific antitumor activity,
according to the HO used. Relevantly, in vivo biodistribution study revealed drastic changes
in the probe behaviours, the shortening of HO promoting a shift from hepatic to renal
clearance. Overall, we were able to identify a probe showing prolonged vascular lifetime and
accumulation in a tumor xenograft, balanced with a low uptake by non-specific organs and
favourable urinary clearance. This probe met all prerequisites for advanced theranostic
medical applications with a dual MRI/PET hot spot capability and potential antitumor activity.

Figure 1 : Effect of the HO molecular weight on the ESIONP biodistribution 1h after i.v.a
[1] Doane T et al., Chemical Society Reviews, 41 (7), 2885, 2012 [2] Yang X et al.,
Biomacromolecules, 16 (2), 423, 2015 [3] Liu Z. et al., Advanced Drug Delivery Reviews, 60 (15),
1650, 2008 [4] Groult H et al., Nanoscale, 13 (2), 842, 2021 [5] Shen Z et al., Molecular
Pharmaceutics, 14 (5), 1352, 2017
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Ischemic heart disease is the largest cause of death in developed countries and one of the
leading causes of disease burden in developing countries. A therapeutic treatment for such a
high mortality disease would require the regeneration of the heart by inducing controlled
cardiomyocyte proliferation in the infarcted region. Non-coding RNA molecules seem well
suited for this ground-breaking class of therapeutics as they are long-lasting, endogenous
nucleic acids with highly localized effects. To achieve efficient delivery of these therapeutics,
nanodelivery systems are required to protect them from fast metabolic degradation and
ensure delivery to cardiomyocytes. These vehicles should be formulated with safe
components via green processes and feature a long shelf life to ensure easy storing and
distribution to hospitals. We developed such a process based on chitosan (a biodegradable
biocompatible positively charged polysaccharide) formulated by polyelectrolyte complexation,
a simple process carried out at room temperature using no chemicals, no organic solvent,
and no high shear.1 We report below results on our formulations’ size, zeta potential,
polydispersity index, and stability over more than 6 months at room temperature. Finally, the
incorporation yield of a model nucleic acid was up to 75% for chitosan/dextran sulfate
nanoparticles and up to 40% in chitosan/nucleic acid nanoplexes. The next step will be the
incorporation of microRNA.

Figure 1: Chitosan polyelectrolyte complexes stability over more than 6 months at room
temperature. All formulae were made in triplicate and all measurements were done at least 3
times in ultrapure Versol water. First set of formulae from 1à3, polyelectrolyte complexation
was achieved using Chitosan of 37% degree of acetylation and a molar mass of 80 Kg/mol
against Dextran sulfate of different molar masses (6,20 and 500kg/mol). For formulae 4à6,
PEC was realized using Chitosan of 47% degree of acetylation and Mw of 120 Kg/mol
against Dextran sulfate in the same manner.
[1] Delair T. Eur J Pharm Biopharm, 78(1), 10-18, 2011.
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Interactions between proteins and polysaccharides lead to the formation of complexes that
can improve the functionalities of proteins in the design of carrier vehicles for the protection
and targeted delivery of active compounds, improving their bioavailability [1]. Indeed,
controlled protein-polysaccharide interactions through complex coacervation improve this
functional protective role, without chemical modification [2]. Currently, one of the most used
couple is gelatin associated with gum arabic. However, due to safety concerns, alternative
plant-based biopolymers are under investigated. In this work, the ability of pea protein
isolates (PPI) to form complex coacervates with tragacanth gum was investigated [3]. The
coacervate formation was structurally compared to three others PPI-polysaccharide
interaction models: gum arabic and sodium alginate (known to form coacervates with PPI),
and tara gum, a non-ionic galactomannan. The effects of the pH and protein/polysaccharide
ratio on the optimal formation of complex coacervates were investigated using turbidity, zeta
potential and protein solubility measurements. From these coacervates, we revealed with
scanning electron microscopy observations, the possibility to form spherical particles of pea
protein-polysaccharide complexes by the spray-drying process. The specificity of the
microparticle surface was protein-dependent and could modulate the release of
encapsulated compounds. Overall, the results showed that tragacanth gum was promising to
be used as an alternative to gum arabic to form complex coacervates with PPI. Therefore,
these microparticles have been applied for the protective encapsulation of a hydrophobic
active ingredient (sunflower oil / α-tocopherol mixture) with pH-dependent release properties.
The release of encapsulated α-tocopherol in simulated digestion media was dependent on
the protein/polysaccharide ratio composing the microspheres. Remarkably, valuable
gastroprotective behavior was highlighted for a 1:1 pea protein/tragacanth gum combination.
Overall, the results obtained showed the ability of pea proteins associated with
polysaccharides to form a protective coating with pH-dependent release behavior, which is
highly promising in the gastroprotective microencapsulation field.
[1] Jain, A., Thakur, D., Ghoshal, G., Katare, O.P., Shivhare, U.S., Characterization of
microcapsulated β-carotene formed by complex coacervation using casein and gum
tragacanth. Int. J. Biol. Macromol. 87, 101–113, 2016. [2] Nesterenko, A., Alric, I., Silvestre,
F., Durrieu, V., Influence of soy protein’s structural modifications on their microencapsulation
properties: α-Tocopherol microparticle preparation. Food Res. Int. 48, 387–396, 2012. [3]
Carpentier, J., Conforto, E., Chaigneau, C., Vendeville, J.-E., Maugard, T., 2021. Complex
coacervation of pea protein isolate and tragacanth gum: Comparative study with commercial
polysaccharides. Innov. Food Sci. Emerg. Technol. 69, 102641.
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Brewers spent yeast Saccharomyces pastorianus (BSY) cell wall glucans are composed of
(β1→3), (β1→6)- β glucans and glycogen. Due to the brewing process, BSY cell wall glucans
have higher content of cell wall glycogen and polysaccharides with (β1→4)-Glc linkages [1].
In the present work, electron microscopy images revealed that BSY unique glucans occur as
a hollow microparticles that can be exploited as cell-targeted delivery system and immune
system adjuvants.
The incubation of BSY microparticles with an anti-β-1,3-glucan monoclonal antibody
confirmed that (β1→3)-glucans are exposed on the surface of the microparticles and are
therefore accessible for receptor-mediated cell uptake by phagocytic cells, such as dendritic
cells (DCs) and macrophages. The activation of Dectin-1, (β1→3)-glucans immune cell
surface receptor, by BSY microparticles was confirmed in a human reporter cell line (HEKBlue Dectin-1). Moreover, the BSY microparticles were effectively recognized and
internalized by DCs, inducing the expression of maturation markers and the production of
pro-inflammatory cytokines, namely TNF-α, IL-6 and IL-8.
Overall, BSY microparticles showed an effectively ability to target and activate the innate
immune system and are therefore a promising approach for development of cancer
immunotherapy delivery systems.
[1] Bastos, R., Coelho, E., & Coimbra, M. A. (2015). Modifications of Saccharomyces
pastorianus cell wall polysaccharides with brewing process. Carbohydrate Polymers, 124,
322-330.
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UIDP/50011/2020) through national funds and, where applicable, co-financed by the FEDER - Fundo
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Brewer Spent Yeast (BSY) is a by-product from brewery industry. Its cell wall
polysaccharides are modified by the brewing process allowing to obtain a more resistant
polysaccharide structure. The (β1→3)-glucans decreased in the cell wall polysaccharides
with an increase of (α1→4)-linked glucans along with (β1→4)-linked glucans.1 These
modifications may represent an opportunity to use this brewing industry by-product to obtain
BSY microcapsules for applications in bone regeneration field. After an induced autolysis to
remove the cytoplasmatic content and preserve the yeast cell wall structure is obtained
porous microcapsules with a diameter of 3 - 7.5 µm, and zeta potential of -13.9 mV,
characteristics suitable for drug delivery. Their inclusion into a 3D hydrogel, through a
photocrosslinking process were performed. BSY microcapsules were chemically modified
with methacrylate groups (BSYMA), with a chemically modified surface the microcapsules
were covalently crosslinked to methacrylated gelatin (GelMA), forming a 3D multiBSYMA/GelMA platform with 1% and 5% (w/v) of microcapsules acting as
structural/functional units, and with gelatin acting as a 3D structure for cell adhesion.
Glycosidic analysis, FTIR and NMR spectroscopic confirmed the successful synthesis of
functionalized BSYMA.
The fabricated hybrid hydrogel was then laden with human adipose stem cells. In vitro
viability studies revealed the biocompatibility of BSY microcapsules when directly
administered or included within the 3D matrix containing stem cells. Moreover, the potential
of this hybrid hydrogel/BSY microcapsules platform was exploited to act as drug delivery
system. BSY microcapsules demonstrated to be an effective system for hydrophobic drugs
encapsulation, as observed for Nile red (Ko/w: 5.0; 91% of encapsulation efficiency).
Carvacrol (Ko/w: 3.64), anti-osteoclastogenic monoterpenoid, was used as a medium of
encapsulation of dexamethasone (Ko/w: 1.83), which has recognized osteogenic properties.
Dexamethasone was not effectively loaded in BSY microcapsules alone, however using
carvacrol as vehicle 39% of encapsulation efficiency was attained.
Overall, the results highlight the possible use of this hybrid platform as a stem cell
bioinstructive system of stem cells and controlled release platform of bioinstructive molecules
for bone regeneration application.

Figure 1: Schematic representation of GelMA-c-BSYMA hybrid platform generation.
[1] Bastos R., Coelho E. & Coimbra M.A., Carbohydrate Polymers, 124, 322–330, 2015.
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applicable, co-financed by the FEDER - Fundo Europeu de Desenvolvimento Regional, within the PT2020 Partnership
Agreement. Rita Bastos was supported with individual grant by FCT (PD/BD/114579/2016), I Marin-Montesinos is supported by
the project PTDC/QUI-QFI/28747/2017 (GAS2MAT-DNPSENS - POCI-01-0145-FEDER-028), and Elisabete Coelho thanks the
research contract (CDL-CTTRI-88-ARH/2018 - REF. 049-88-ARH/2018) funded by national funds (OE), through FCT, in the
scope of the framework contract foreseen in the numbers 4, 5 and 6 of the article 23, of the Decree-Law 57/2016, of August 29,
changed by Law 57/2017, of July 19. The NMR spectrometers are part of the National NMR Network (PTNMR) and are partially
supported by Infrastructure Project 022161 (co-financed by FEDER through COMPETE 2020, POCI and PORL and FCT
through PIDDAC).

200

S10-O-11 - GALACTOMANNAN-BASED MICROPARTICLES DESIGN FOR
PULMONARY DELIVERY USING INSULIN AS MODEL
Valente S.A.a, Silva L.M.a, Lopes G.R.a,b, Galrinho M.F.a, Manuel Limac, Almeida M.c,
Ferreira P.c, Coimbra M.A.a, Passos C.P.*a
a

LAQV_REQUIMTE, Department of Chemistry, University of Aveiro, Aveiro, Portugal
b
CICECO, Department of Chemistry, University of Aveiro, Aveiro, Portugal
c
CICECO, Department of Materials and Ceramic Engineering, University of Aveiro, Aveiro, Portugal

* cpassos@ua.pt
Galactomannans (GMs) are naturally occurring biocompatible and biodegradable neutral
polysaccharides containing (1-4)-linked β-D-mannopyranose backbone with single 1–6-linked
α-D-galactopyranose branches. Their application as carriers in design of various drug
delivery systems has been a matter of interest. 1 GMs are commonly found as endosperm
cell wall storage polysaccharides in seeds of the Leguminosae family, with varying
manose:galactose ratios (M/G), depending on the source. The applications and effects are
intrinsically linked to the polymer structural features. While Locust Bean Gum (LBG) is a
commonly used GM source (M/G, 3:1), coffee is another GM-rich source that has been
neglected (M/G, 13:1) 2, despite the interest in GMs biological applications.
In this study, LBG and coffee GM-based microparticles were investigated as carriers for deep
lung insulin delivery. Insulin is a protein highly susceptible to degradation at high
temperatures during powder preparation, thus requiring carrier molecules to maintain stability
during processing and storage. Pulmonary insulin delivery has been presented as a noninvasive alternative to subcutaneous administration.
Due to the high viscosity of the LBG, GM were solubilized and partially hydrolyzed using a
microwave treatment. The GM were extracted from coffee using hot water. The high
molecular weight (HMW) fraction from the coffee hot water extraction was separated by
ultrafiltration and dialysis, followed by a 50% (v/v) ethanol precipitation to recover the GMrich fraction. All extracts were assessed for their sugar content and spray-dried with insulin.
Microparticles’ size and morphology were assessed using scanning electron microscopy.
Insulin-loaded content was determined by HPLC and used to build an FTIR-based calibration
curve for insulin quantification. Insulin release kinetics were also evaluated by HPLC. Sugar
analysis confirmed GM-rich content of tested samples. GMs from coffee and LBG formed
microparticles with insulin that exhibited a size distribution between 1-5 µm, a prerequirement to efficiently achieve alveolar deposition. At physiological pH, all insulin content
was continuously and gradually released from the microparticles independently of origin. Our
results demonstrate that GM can be used to form microparticles able to carry insulin and
show promising features for its efficient delivery via the pulmonary route.
Keywords: Galactomannans; insulin; drug delivery; Pulmonary; Microparticles.
References [1] Yadav H. & Maiti S., Int. J. Biol. Macromol., 163, 2113-2126, 2020. [2]
Simões J., et al., Mol. Nutr. Food Res., 53, 1036-1043, 2009.
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The biocompatibility, the antibacterial and antifungal properties of chitosan combined
with the high specific surface area and the controlled porosity of aerogels1 are very attractive
in biomedical applications such as wound healing, tissue engineering and controlled drug
release2. In this work, we investigate the influence of processing conditions on the properties
of chitosan aerogels and cryogels and on drug release.
Highly porous and nanostructured chitosan aerogels were prepared via dissolution,
non-solvent induced phase separation, solvent exchange and drying with supercritical CO2.
Cryogels obtained by freeze drying were prepared from the same precursor for comparison.
No crosslinker was used in both processes. Chitosan concentration, composition of
coagulation bath and time of aging were varied. The results showed that chitosan
concentration in solution and the composition of the coagulation bath are the main
parameters to tune samples’ shrinking, density and specific surface area, the latter varied for
aerogels from 250 to 450 m²/g. Cryogels possess large macropores and lower specific
surface area, around 50 m²/g. Bulk density of aerogels and cryogels varied from 0.03 to 0.26
g/cm3 and absorption of simulated wound exudate from 200 to 1600%. The kinetics of drug
release were studied as a function of chitosan concentration, type of drying and pH of the
release medium. Cytotoxicity tests were performed in view of the potential use of the
chitosan aerogels and cryogels in biomedical applications.
Acknowledgements The project is performed within the CNRS “Thèse transverse” program.
We thank Pierre Ilbizian (PERSEE, Mines ParisTech) for supercritical drying with CO2,
Gabriel Monge for XRD measurements and Suzanne Jacomet (CEMEF, Mines ParisTech)
for SEM imaging.
[1] Budtova, T. et al. Biorefinery Approach for Aerogels. Polymers 12, 2779 (2020).
[2] López-Iglesias, C. et al. Vancomycin-loaded chitosan aerogel particles for chronic wound
applications. Carbohydr. Polym. 204, 223–231 (2019).
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Two exopolysaccharides (EPS), a slightly sulfated named EPS-DR and a highly
sulfated named –DRS obtained after chemical modifications of the EPS produced by
Alteromonas infernus bacterium, showed anti-metastatic properties. They may represent a
new class of ligands to be combined with theranostic radionuclides, such as Scandium (Sc)
47
Sc/44Sc. The goal of this work was to investigate the feasibility of such coupling with EPS
as well as heparin, used as a drug reference. EPS were characterized in terms of molar
mass and dispersity using Asymmetrical Flow Field-Flow Fractionation coupled to MultiAngle Light Scattering (AF4-MALS). Their respective ∂n/∂c values were determined for being
used with AF4-MALS for reaching their ))))
Mw values. Both EPS were monodisperse and
exhibited nanometric sizes, making them suitable as targeting chelates for their further use in
Nuclear Medicine.
The intrinsic viscosity of EPS at different ionic strengths were measured in order to
establish the conformation. We confirmed the ability of these polysaccharides to respond to
changes in salt concentration by altering their hydrodynamic volume in agreement with a
polyelectrolyte’s behavior.
To determine the stability constants of Sc with EPS and heparin, a Free-ion selective
radiotracer extraction (FISRE) method has been used. The complexation properties of these
EPS with Sc indicated that Sc-EPS-DR and -DRS stability constants were higher than those
on glucuronic and galacturonic acids, thus suggesting the presence of hydroxo-complexes of
Sc for both of them. Sc-EPS complexes appear to be thermodynamically less stable (KScEPSDR = 9.14; KScEPS-DRS = 7.69) than Sc complexes with DOTA and DTPA, classically used in
radiopharmaceutical drugs, even if the complexation is quantitative. However, this will not
consist in a limitation of further use of these EPS since they exhibit biological properties, and
especially antiproliferative properties in cancer cells.
EPS are suitable for therapeutic use as drug delivery system and are very promising
to be coupled with the theranostic pair of Sc for Nuclear Medicine. Another work will present
the biological assays results confirming the synergetic effect of Sc-EPS complexes on
different cancer cell lines, compared to the EPS and Sc alone.
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Nowadays, many products for the treatment of acute and chronic wounds are available on
the market [1]. Among them, polysaccharides as alginate and chitosan are widely used for
their biocompatibility, their ability to absorb wound exudate through gel formation,
maintaining adequate moisture of wound bed, and ability to promote wound reparation.
Hyaluronic acid (HA), a natural polysaccharide constituent of the extracellular matrix (ECM),
can play an important role during the wound healing processes, depending on its molecular
weight. High molecular weight (HMW) HA, due to decomposition in low molecular weight
oligomers by hyaluronidase has anti-angiogenic and anti-inflammatory properties, whereas
lower molecular weight (LMW) HA stimulates angiogenesis, inflammation, and the production
of keratinocytes and fibroblasts [2].
In this study, the influence of polysaccharide blend (namely alginate, pectin, and chitosan)
and hyaluronic acid, with different molecular weight, on an in situ gelling powder
manufactured by mini spray drying has been investigated.
Polysaccharide blend particles loaded with HA were studied in terms of process yield,
particle size, morphology (see Figure 1), and encapsulation efficiency (e.e.). Fluid uptake
studies demonstrated that all the powders absorbed a great amount of simulated wound fluid
in less than 5 minutes, enabling protection of the wound bed from an excess of exudate.
However, it was possible to observe that the formulations with a high concentration of
chitosan were able to absorb a greater quantity of fluid.

Figure 1: SEM images show the same formulation but in figure a are represented particles
loaded with HMW hyaluronic acid whereas figure b particles loaded with LMW hyaluronic
acid
In vitro biodegradability test highlighted an enzymatic degradation of hyaluronic acid
contained in the formulations, by hyaluronidase, but not a complete degradation of the
powders. Therefore these formulations could be used for an extended period, reducing
replacement frequency and releasing the hyaluronate in the wound bed. Moreover, powders
showed a pro-inflammatory activity at the concentration of 1 µg /mL, inducing the release of
IL-8 that increases the rate of migration of keratinocytes, a cytokine involved in the wound
healing process [3].
References [1] M. Climov, E. et al., Bioengineered self-assembled skin as an alternative to skin
grafts, Plast. Reconstr. Surg. Glob. Open 4 (6) (2016). [2] Tavianatou, A.G.; et al., Hyaluronan:
Molecular size-dependent signaling and biological functions in inflammation and cancer. 286, 2883–
2908 FEBS J. 2019. [3] Jiang, W. G., et al., Influence of interleukin-8 (IL-8) and IL-8 receptors on the
migration of human keratinocytes, the role of PLC-γ and potential clinical (2012).
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The reversible reloading of microparticles brings not only economic advantages but also the
possibility of using active ingredients much more efficiently. A prerequisite for the reloading
of microparticles is their fixation to a carrier, for example fibers. 1
The development of a reloadable microcontainer with a core-shell structure will be
presented. Specially prepared cellulose microspheres characterized by a large surface area
are used as core material. The cores are loaded and then encapsulated with polyurethane.
For this purpose, some of the isocyanate groups are reversibly protected so that these
groups can be thermally reactivated at a later stage. The particles are applied to a textile in
the form of dispersions, thermally activated and thus bound to the fibers. The release
behavior of the immobilized microcontainers is investigated as a function of time. In addition,
the influence of different fragrance components on the release behavior is presented.
Statements follow this on the reloading of the microparticles with selected fragrance
components.

Figure 1 : Immobilization of reactive microcontainers to a carrier
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Recently, attention has been focused on films preparation using non-toxic,
biocompatible and biodegradable materials for pharmaceutical applications, particularly
biopolymers-based films such as chitosan [1]. This biopolymer is composed of glucosamine
and N-acetyl-glucosamine units and obtained from chitin deacetylation.
In this study, chitin derived from shrimp shells was deacetylated to chitosan (Ch).
Further, varying molecular weight (Mw) and acetylation degree (AD) chitosan
depolymerization products (CDP) were prepared. The obtained chitosan and CDP were then
applied to develop Ch/CDP-based films, to be applied as drug delivery systems. Blend films
physicochemical properties were assessed in terms of color, light barrier behavior,
microstructure, functional, mechanical and thermal behaviors. Furthermore, biological
activities of the films and in vitro drug release of ciprofloxacin (CFX), as a model, from these
films, were also studied. As compared to Ch-film, most physicochemical and biological
properties of Ch/CDP-based films were enhanced, depending on CDP-Mw and AD. SEM
micrographs revealed a homogenous and smooth surface. Further, to assess their in
vitro release behavior, loaded-CFX Ch/CDP-based films were prepared and crosslinked with
glutaraldehyde. Expect of elongation at break, crosslinked CFX-loaded films showed
increased optical, water resistance, tensile strength and thermal properties, as compared to
unloaded films. FTIR spectra of crosslinked films proved interactions by hydrogen bound
between chitosan, CDP and CFX, and rough crosslinked film surfaces were observed in
SEM micrographs. The CFX-release profiles were consistent with swelling studies showing
that Ch/CDP-based films can release CFX for up to 54% in 6 and 24 h, at pH 1.2 and 7.4,
respectively.
The obtained results displayed that crosslinked Ch/CDP-based films could be applied
as a future suitable and promising pH-sensitive carrier for drug controlled-release for further
biomedical applications.

Figure 1 : SEM micrographs of chitosan and chitosan/CDP-based films (A),
SEM micrographs of loaded-CFX films F0 and F5 before and after crosslinking (B)
[1] Bakshi, P. S., Selvakumar, D., Kadirvelu, K., & Kumar, N. S. (2020). Chitosan as an
environment friendly biomaterial–a review on recent modifications and
applications. International journal of biological macromolecules, 150, 1072-1083.
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In the case of difficult-to-heal pressure ulcers, which are currently a huge clinical
problem and are an additional source of pain for immobilized and seriously ill patients,
preventive measures are of great importance. Improving the quality of life of patients
struggling with limited mobility, including striving to reduce the number of care and hygiene
procedures, as well as reducing the time devoted to help from third parties is the main goal of
activities leading to the creation of a number of solutions preventing the formation of
pressure ulcer wounds.
The aim of the preliminary research as part of the basic statutory activity of Ł-IBWCh
was to develop a method of producing polymer (alginate) capsules that are a carrier of active
substances with moisturizing, lubricating or improving blood microcirculation. The method
was based on the principle of ionic gelation in a coagulating bath (containing divalent calcium
ions). The research selected 3 active substances (green tea extract, horse chestnut flower
extract and aloe gel). These capsules, under the influence of various factors (mechanical,
physicochemical), will release selected active substances in a controlled manner. The study
of the degree of release of active substances from alginate capsules was carried out under
dynamic conditions (using a shaker) at room temperature in a saline environment using the
UV-VIS spectrophotometry technique.
The characteristic peak for green tea extract (λ = 272 nm) was used in the research,
and the concentration of the released compounds was determined on the basis of the
determined calibration curve for pure green tea extract.
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Chronic wounds significantly impair the quality of life of over 40 million patients worldwide.
This interruption in the wound healing can be prevented with a suitable treatment which have
to be effective, accurate and adequate in time and space.1 Aerogels are nanostructured dry
porous materials with promising properties for wound treatments such as high and rapid
exudate absorption capacity, high gas permeability and transpiration and highly shapeable
ability. Aerogels in the form of microparticles can also act as carriers for local delivery of
bioactive compounds at the wound site given their high surface area and the drug
amorphization capacity. However, aerogels usually have limited drug loading yield and
particle size reproducibility.2
Aerogels from polysaccharides are in the spotlight in biomedical applications given
their compatibility with cells and tissues. Namely, alginate aerogels are especially attractive
due to their biodegradability, super absorbency and hemostaticity.1
In this work, drug-loaded alginate aerogel microparticles with high reproducibility and
improved drug loading yields were obtained through aerogel technology combined with gel
inkjet printing and solvent-repellent surfaces3. Aerogels were loaded with vancomycin, an
antibiotic agent used for the treatment of Staphylococcus aureus, the most frequent bacteria
in chronic wound infections.2 Aerogel diameters were measured by optical microscope,
textural properties were characterized by nitrogen adsorption-desorption analysis and
surface structure was studied by SEM. Vancomycin loading and release in PBS pH 7.4
medium were monitored by UV/Vis spectroscopy.
Alginate aerogel microparticles showed high porosity, large surface area and a welldefined spherical shape. Gel inkjet printing allowed the production of alginate gel
nanodroplets with narrow size distribution, whereas the use of solvent-repellent surfaces
minimized the drug leaching during the process. The shapeable microparticles lead to
targeted administration of vancomycin with a controlled drug release during 15 days. Overall,
this novel green aerogel processing strategy allowed to obtain nanostructured biomaterials
that could improve the current antibacterial treatments for chronic wounds and address the
possible bacteria resistances.
Acknowledgements Work supported by MCIUN [RTI2018-094131-A-I00], Xunta de Galicia
[ED431C 2020/17] and Agencia Estatal de Investigación [AEI]. Work carried out in the
framework of COST Action CA18125 “Advanced Engineering and Research of aeroGels for
Environment and Life Sciences” (AERoGELS), funded by the European Commission. R-H
acknowledges Xunta de Galicia for her Postdoctoral contract [ED481B 2018/009].
References [1] Heras K. L., et al. Journal of Controlled Release, 328, 532-550, 2020. [2]
López-Iglesias C., et al., Carbohydrate Polymers, 204, 223-231, 2018. [3] Rial-Hermida M. I.,
et al., Acta Biomaterialia, 10, 4314-4322, 2014.
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Over the past years, the self-assembled polymeric systems designed for nanomedicine
applications have attracted interest of a large number of scientists as a consequence of the
highly effective encapsulation of pharmaceutical compounds and control over their
biodistribution.1 Thus, amphiphilic graft-copolymers, composed of hydrophobic and
hydrophilic segments which are able to self-assemble into core–shell nanostructured
systems with tunable size were synthesized.2
Due to their 3D structure resembling to natural proteins and biocompatibility, polypeptides
have become one of the most promising classes of polymeric materials for drug delivery
applications compared to conventional synthetic polymers. In addition, the combination of
polypeptides with natural polymers like chitosan3 which lacks biosignaling properties and
cannot assembly in higher order structures, could lead to the formation of nanostructures
with new properties and functionalities. Consequently, polypeptide-grafted polymers have
been widely used over the last decades to obtain self-assembled systems for drug delivery
applications.3
The scope of this study included the synthesis of a series of chitosan-graft-polypeptides by
ring-opening polymerization of two N-carboxyanhydrides (NCAs) - leucine-Ncarboxyanhydride (Leu-NCA) and lysine-NCA (Lys-NCA) - using N-substituted chitosan like
N-maleoyl-chitosan as an initiator and their self-assembly into polymeric nanostructures
employing the solvent shift method.
The copolymers were thoroughly characterized by 1H-NMR and Fourier transform infrared
(FT-IR) spectroscopy. The particle size of the complexes formed from copolymer selfassembly was measured by dynamic light scattering (DLS). To prove the feasibility of such
nanocarriers to be used as drug delivery systems preliminary in vitro drug loading
experiments were also performed.

Acknowledgements
This work was supported by a grant of the Ministry of Research, Innovation and Digitization
CNCS/CCCDI-UEFISCDI, project number No. PD149/2020, code project PN-III-P1-1.1-PD2019-0271 “Engineered glycopeptide-based micro/nanomotors for anti-tumoral co-drug
release”, within PNCDI III.
References
[1] Yadav S., Sharma A.K., Kumar P., Frontiers in Bioengineering and Biotechnology, 8, 127,
2020.
[2] Zhang X.-Y., Zhang P.-Y., Current Medicinal Chemistry, 13(2), 124–129, 2017.
[3] Bourgat Y., Tiersch B., Koetz J., Menzel H., Macromolecular Bioscience, 21(1), 2000259,
2021.

209

SESSION 11
SUSTAINABILITY AND END-OF-LIFE ASSESSMENT OF BIOBASED MATERIALS

210

KEYNOTE
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Environmental awareness is increasing exponentially in society, generating the need
to obtain more sustainable products. One of the alternatives within the framework of Circular
Economy is the development and use of bioplastics. Now, there is a wide range of
biodegradable and/or compostable products1. These terms so used nowadays, may cause
confusion; that is why we must dive into every definition. Moreover, it is necessary to
consider the analysis of the product’s life cycle. That is the reason why they are used in short
shelf-life applications.
In order to achieve a global knowledge of the state of biopolymers in different areas it
is essential to know the appropriate terminology, the types of bioplastics, the required lab
research, the diverse elements intervening in biodegradation speed and rate, the legislation
applicable to compostable packaging as well as the recommended use for this type of
products.
When they are recycled by composting, the compostable applications can go back to
the soil as compost, a valuable soil improver, closing naturally the life cycle without
producing any waste, generating microplastics, adding heavy metals or toxic effects to the
compost. The use of high quality compost in agriculture can play a fundamental role in the
increase of the amount of organic material in the soil and in the expanding capacity of the
soil to absorb CO2, by reducing the environmental emission of greenhouse effect gases2.

Figure 1 : Requirements for packaging recoverable through composting and biodegradation.
Test scheme and evaluation criteria for the final acceptance of packaging.
[1] Polman E., Gruter G., Parsons J. & Tietema R., Science of the Total Environment, 753,
141953, 2021.
[2] https://www.oceanwise-project.eu/bioplastics-workshop/
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S11-O-01 - CURRENT OPPORTUNITIES AND CHALLENGES
FOR WOOD-BASED CELLULOSE FIBERS WITH REGARD TO SUSTAINABILITY
Innerlohinger J.
Lenzing AG, Austria
j.innerlohinger@lenzing.com
Even if eclipsed by the Covid-19 pandemic at the moment, climate change and
resource scarcity remain the most demanding challenges to humankind. This is reflected at
various stages: policy (e.g. the European Green Deal), new circularity initiatives or in an
ever-raising awareness by consumers.
Made from a renewable resource wood-based cellulose fibers can contribute to the
solution of these challenges. There are already established processes at industrial scale
(viscose or lyocell), where capacities are continuously expanded. In addition, there is a lot of
research regarding new technologies and new applications. In fact, wood-based fibers (and
other materials) have a huge potential. However, there are also several challenges like
regulations (e.g. European Single Use Plastic Directive), the need for a holistic approach and
also the perception from the consumers.
This talk gives an overview about current developments in the field of wood-based
cellulose fibers (and related fields) from an industrial point of view. One important topic is the
recycling of textiles as they contribute a significant amount to today’s waste. The recycling of
textiles shows that it is necessary to cooperate along the whole value chain and with new
partners to achieve a solution. Biodegradability as an end-of-life option for certain cases will
also be discussed.
Finally the concept of renewable carbon1 will be presented and its implication on
wood-based cellulose fibers and the downstream applications textiles and nonwovens.
[1] Carus, M. et al. 2020: Renewable Carbon is Key to a Sustainable and Future-Oriented
Chemical Industry, Hürth 2020-09. Download at www.bio-based.eu/nova-papers
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The concept of biorefinery is one of the pillars of the bioeconomy, which promotes the
diversification of transformation paths of bioresources. It is in fact defined as the sustainable
conversion of biomass into a multiple bio-based products. In that, it is a broad concept that
encompasses a multitude of technologies, modalities and scales. Generally, the scale of a
biorefinery is brought to its processing or production capacities. Other attempts linked the
scale of a biorefinery to its economic viability. However, to distinguish small-scale
biorefineries (SSB) from the large one remain challenging. We propose a definition of the
SSB based on a multi-factorial analysis using statistical approaches. The methodological
approach consisted of collecting data on 15 operational biorefineries as case studies, the
selection of the variables (investment cost, processing capacity, process complexity, mobility
of the process, biomass type and added value) and their statistical analysis using factorial
analysis of mixed data (FAMD) and hierarchical ascending clustering (HAC). It resulted in the
clustering of biorefineries generating four clusters: The smallest scale, the small scale, the
hybrid and the large scale. From that, we extracted that the small scale can be defined by a
small investment cost (less than 2M€), a small processing capacity (less than 100t/day), with
a low process complexity able to produce from low to high added value products. The
mobility of the facilities is also a crucial element in defining the small scale, since it ensures
the proximity to biomass providers, but built-on site plants respecting the above
characteristics can be small-scale as well. In addition, we found that the scale of a biorefinery
depend on a trade-off between the mobility, the process and the socio-economic context.
This equilibrium is necessary for the biorefinery economic and sustainable viability. It is even
more essential in the case of small-scale biorefineries, to encounter the effects of not
benefitting from the economy of scale.
In a second step we aim at evaluating the main criteria allowing the sustainability
assessment of biorefineries with a special focus on specific criteria needed for the evaluation
of small scale biorefineries producing polysaccharides.
[1] Ait Sair, Aicha, Kamal Kansou, Franck Michaud, and Bernard Cathala. 2021.
“Multicriteria Definition of Small-Scale Biorefineries Based on a Statistical
Classification.” Sustainability 13(13). https://www.mdpi.com/2071-1050/13/13/7310.
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Printed electronics on paper is an emerging research area. Electronic devices include
functional inks containing metals – mainly silver -, conductive or insulating polymers and
silicon components. Nowadays, the use of paper as substrate offers many advantages
regarding the assets of cellulose a natural and renewable bioresource, that is also worldwide
available, cheap and recyclable. Since electronic devices printed on cellulosic substrates are
rapidly expanding, they can be found on packaging, magazines, or labels and they are
possibly disposed of in conventional selective sorting. Made of more than 90% of cellulose,
new questions arise regarding the end-of-life of such products and in particular their
recyclability and their impact on the environment and health.
In previously published works, the separation of ink from fibres was investigated but
no quantification of the different fractions was established. In addition, the ink release in the
recycling rejects is not mentioned.
In this work, the separation efficiency of the functional ink and fibres, within the
conventional pulping and flotation processes, has been investigated. A model printed
electronic device has been prepared at laboratory scale: a paper made of 100% bleached
softwood Kraft pulp was used as substrate and a commercial conductive ink containing
micro-sized silver particles was screen-printed on this substrate. The objective is to assess
the ink/fibres separation efficiency by making mass balance on the well-known conventional
flotation operation.
First, the model printed electronic device has been characterized. The amount of ink
deposit on the substrate was estimated after calcination to burn all the carbon-based
components given access to ash containing mainly silver.
The e-device has been submitted to pulping and flotation operations in usual
conditions applied for printing and writing paper deinking. The separated fractions, i.e. the
accepted fibre fraction still contaminated by ink and the reject fraction, ink contaminated by
cellulosic components, have been quantified and analysed to track silver. The quantification
of silver in each separated fraction has been performed on ashes, analysed by atomic
absorption spectroscopy – AAS – analysis. The deinked fibre quality was assessed in terms
of optical properties. A mass balance on silver was calculated to evaluate the efficiency of
the ink/fibre separation.
Results showed that about 30 % of silver is recovered in the rejects: the flotation
operation is able to remove part of the functional ink. After the flotation, the brightness gain of
the recycled fibre is 3 points, which confirms that part of the ink is eliminated from the fibre
fraction. However, the deinking efficiency is lower in comparison to conventional deinking of
printing and writing papers.
This first study highlights that the flotation process is promising for the recycling of
electronic devices printed on cellulosic substrates but is not sufficient to fully separate ink
and fibres. The deinking process should be optimised, by adjusting the flotation operating
conditions and adding complementary operations to improve separation efficiency.
Keywords: printed electronics; cellulose fibre; silver; recycling; flotation
* Institute of Engineering Univ. Grenoble Alpes
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S11-O-04 - THE ENVIRONMETNAL IMPACTS OF BIO-BASED PLASTICS
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Every year about 350-380 million tonnes of plastics are produced worldwide,
consuming approximately 6% of the global crude oil produced (Ellen MacArthur Foundation,
2016) and generating plastic waste equivalent to the annual production (due to the waste
from the previous years) (Jambeck et al., 2015). Together, the refinery and petrochemical
sectors account for about 9-10% of global greenhouse gas (GHG) emissions (Navigant,
2019). It is expected that the demand of plastics will continue to grow in the coming decades,
posting great challenges to finite fossil fuel resources, increasing plastic waste and to
combating climate change. In the past years, bio-based plastics have attracted much
attention because they offer the opportunities to use renewable resources to replace crude
oil, some of them are biodegradable, and many of them will lead to reduced GHG emissions
(Vink et al., 2015, Morão et al., 2019, Razza et al., 2017).
However, these bio-based plastics also have environmental trade-offs that must not
be overlooked. The increasing demand of bio-based fuels and materials put pressure on land
and water, and to a large extend, bio-based plastics are still persistent if they end up in the
environment unintendedly. On one hand, it’s doubtful that bio-based plastics could provide a
solution to plastic littering, on the other hand, if proper designed and manage, bio-based
plastics also offer a great opportunity to keep the biogenic carbon longer in the technosphere
d, therefore turning bio-based materials into a carbon sink. In this presentation, an overview
will be provided the current available bio-based plastics in the market, their life cycle
environmental impacts known so far, and the challenges from technological innovation, the
environment, consumers, infrastructure and governances.
References:
Ellen MacArthur Foundation (2016). The new plastics economy: Rethinking the future of
plastics. World Economic Forum 2016.
Jambeck, J. R., Geyer, R., Wilcox, C., Siegler, T. R., Perryman, M., Andrady, A., Narayan,
R., & Law, K. L. (2015). Plastic waste inputs from land into the ocean. Science,
347(6223), 768–771. https://doi.org/10.1126/science.1260352
Morão, A., & de Bie, F. (2019). Life Cycle Impact Assessment of Polylactic Acid (PLA)
Produced from Sugarcane in Thailand. Journal of Polymers and the Environment,
27(11), 2523–2539. https://doi.org/10.1007/s10924-019-01525-9
Navigant. (2019). Total GHG emissions worldwide: 53.7 Gt CO2 eq (2017). Guidehouse.
https://guidehouse.com//media/www/site/downloads/energy/2019/asn_navigant_emissionsflowchart.pdf
Razza, F., & Cerutti, A. K. (2017). Life Cycle and Environmental Cycle Assessment of
Biodegradable Plastics for Agriculture. In M. Malinconico (Ed.), Soil Degradable
Bioplastics for a Sustainable Modern Agriculture (pp. 169–185). Springer Berlin
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2014 IngeoTM Polylactide Production. Industrial Biotechnology, 11(3), 167–180.
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WHEN PROCESSING BIO-BASED COMPOSITES?
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To produce bio-based composites, the plant fibres are processed with thermoplastic
or thermoset matrices by extrusion, injection, compression moulding, and also by the
emerging process of fused deposition moulding (3D printing), amongst various other
techniques. During these material transformation processes, the plant fibres are subject to
thermomechanical stresses that are not benign to the integrity of plant fibre cell wall1. Their
very specific architecture and structure can be significantly altered by the mechanical
stresses involved in conventional composites tools. These structural modifications have a
significant impact on the dimensions of the fibres, and therefore on their aspect ratio
(length/diameter) which strongly conditions their reinforcement ability. Similarly, lengths of
synthetic fibres are drastically affected by shear rate and process parameters1. In addition,
structural modifications of the constituent polymers, induced by thermomechanical stresses,
will have an impact on their architecture, degree of crystallinity, chain length, but also on
inter-polymer bonds and on the overall parietal structure of plant fibres2. These different
impacts, whether morphological or structural, will modify the mechanical behaviour of the
reinforcing fibres3. They can also have a major influence on the water absorption capacity of
the principally hydrophilic non-cellulosic cell wall polymers, which will have consequences on
the quality of multi-scale interfaces (polymer-fibre, fibre-fibre or between layers of a fibre) and
therefore on the performance and durability of the resulting composites4.

Figure 1: Range of applied pressures and processing times conventionally
used for various bio-based composites processing techniques
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Given the thermal sensitivity of plant fibres, the choice of matrix is essential. The
thermoplastic family offers a wide range of materials with shaping temperatures suitable for
plant fibres, whether or not the polymers are compostable. Process time is also a major
factor; from a morphological or mechanical point of view, it plays a key role in the evolution of
fibre properties. A temperature indication is only useful if the exposure time is specified. A
range of innovative processes such as induction, fibre placement or electric field that can
significantly reduce the thermal exposure times of the fibres (Fig.1).
The nature of parietal constituents differs and so does their behaviour on thermal
exposure. Local hardness or stiffness tests generally show an increase in mechanical
performances for lignified walls while mechanical performance decreases with thermal
exposure for gelatinous fibres. This is explained in the literature by a cross-linking of the
xylane and lignin compounds with a heating stage. It is therefore possible, depending on the
temperatures considered, to select fibres that will have a more stable mechanical behaviour.
The main objective of this talk is to give an overview of the most impacting process
parameters and consequences on plant fibres and cell walls; a step back on the selected
plant fibres, taking into account their intrinsic specificities will also be proposed, to design the
best as possible bio-based composite materials.
Acknowledgements
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COMPOSITES FROM LIGNOCELLULOSIC AND OILSEED RAW MATERIALS
Elisabete Frollini
Macromolecular Materials and Lignocellulosic Fibers Group, Center for Research on Science
and Technology of BioResources, São Carlos Chemistry Institute, University of Sao Paulo,
Sao Carlos, Sao Paulo, Brazil
* elisabete@iqsc.usp.br
The current perspective is that biomass will have a fundamental role in the
development of the circular bioeconomy. Most of the so-called lignocellulosic biorefinery,
which uses dry raw material composed mainly of cellulose, hemicellulose, and lignin, benefits
from the high availability of raw material and moderate costs. The oilseed industry, which
previously focused primarily on human and animal food, has transitioned to increase its
contribution to the bioeconomy. In this scenario, the vegetable oil biorefinery aims to create
new value chains from the supplier in the field to the final consumer.
In the context of the mentioned above, composites were prepared using as the matrix
polyethylene (industrially synthesized from ethylene produced from ethanol, in turn,
generated by the fermentation of sugarcane juice), lignocellulosic fibers as reinforcement,
castor and rapeseed oils as compatibilizers of the hydrophobic matrix with the reinforcement
components, which are rich in polar functional groups. Composites composed of
polyurethane-type matrices in which lignosulfonates and castor oil have been used as
reagents and lignocellulosics, including non-woven mats, as reinforcement have been
investigated. In recent times, the interest in microcrystalline cellulose in materials has
increased, and it has been used as a reagent and a reinforcement agent, seeking
hierarchically reinforced composites. The use of lignosulfonate and epoxidized soybean oil to
synthesize epoxy-type matrices reinforced by lignocellulosic is also under consideration.
Starting materials and composites have been characterized via several techniques,
emphasizing dynamic mechanical analysis, impact and flexural strength, scanning electron
microscopy of the fractured surface. The results obtained are promising and can significantly
contribute to the bioeconomy concerning the area of composites.
Acknowledgments: State of São Paulo Research Foundation (FAPESP, Sao Paulo, Brazil)
for financial support (Process 2012/00116-6), National Council of Scientific Research (CNPq,
Brazil) for a research productivity fellowship and financial support (Process 426847/2016-4).
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To address environmental concerns, lignocellulosic fibers have raised great attention for
replacing glass or synthetic fibers in composite applications. In addition to their renewable
and biodegradable nature, lignocellulosic fibers have the advantage of being widely available
at low price, having low density and interesting mechanical properties, and providing good
thermal insulation[1]. Bamboo is the 2nd non-wood plant produced in the world with 30
million tons per year. It grows up mainly in tropical area and most of the bamboo forests
(65%) are localized in Asia[2]. Bamboo fiber composites have been extensively investigated
in the past decade (Khalil et al [3])The nature and the quality of fibers (matrix interactions
play a major role in the mechanical performance of the final composite), their understanding
and control are primordial for being able to manufacture materials competitive with glass or
carbon fiber composites. Bamboo fibers are composed of 40% cellulose, 30%
hemicelluloses, 30% lignin, pectin, waxes and others extractibles. In this study, we propose
to take advantage of the high lignin content (i) to enhance the compatibilization between
bamboo fibers and non-polar matrices, such as epoxy resin or thermoplastic polymer; or (ii)
to form self-bonded 100% bamboo fibers materials by pressing and localized heating
generated by ultrasonic welding. After a soft alkali treatment of bamboo strips to individualize
fibers and to increase the surface fiber roughness, mat fibers were prepared by classical
hand sheet paper making[4]. Composites were prepared by infusion with a thermoset resin,
by hot-pressing with a thermoplastic polymer or by ultrasonic welding (without any binder)[5].
Matrices and fiber interface and interphase were analyzed by SEM, and AFM in QNM mode.
The adhesion was analyzed by pull-out tests and by AFM approach-retract curves between a
colloidal probe and the fiber at the nanoscale. Then, results were compared with the
macroscale
mechanical behavior and discussed.

Figure 7: From a strip to a composite
[1]
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This work is focused on the preparation and the optimization of a biobased
intumescent fire-retardant system (IFR) which was applied to a biopolymer such as PLA.
This aliphatic biopolyester is obtained from agricultural plants and is recyclable and
compostable in specific conditions. However, it has a poor thermal stability [1] and is very
sensitive to hydrolysis [2]. In order to respect fire security standards, an IFR was designed
using ammonium polyphosphate (APP), a common fire retardant and lignin which is a
biobased by-product of the paper industry. Lignin has a good thermal stability and the ability
to retard fire in composite materials by promoting the formation of char in association with
APP [3]. The aim of the study is the optimization of the IFR and the chemical modification of
lignin in order to prevent a trans-esterification between PLA and lignin that may break the
polyester macromolecule. The first part of the study shows that an optimized ratio between
APP and lignin is situated around 17/3. At this ratio, the IFR is more efficient with a
significant reduction of the heat release rate (HRR) and a good fire retardancy capability
(Figure 1). In addition, an encapsulated APP was also tested with lignin. The encapsulant
improved the flame retardancy of the biocomposite with an enhancement of the char
promotion. Finally, the last part of the work was focused on the chemical modification of
lignin with esterification or phosphorylation. Chemical treatments showed an improvement of
the quality of the PLA/lignin adhesion, due to the modification of the surface properties of
lignin. The incorporation of phosphorus with lignin favors the intumescent reaction and the
char promotion directly on the lignin particle. As a conclusion, lignin in association with APP
was found to be efficient as IFR component for PLA, and beneficial as reinforcement for this
polymer, applying adequate treatments to improve lignin surface properties and then the
compatibility with PLA.

Figure 8: Heat release rate of different biocomposites [3]
[1] O. Gordobil, I. Egüés, R. Llano-Ponte, and J. Labidi, Polym. Degrad. Stab., vol. 108, pp.
330–338, 2014.
[2] J. R. Rocca-Smith, N. Chau, D. Champion, C.-H. Brachais, E. Marcuzzo, A. Sensidoni, F.
Piasente, T. Karbowiak, F. Debeaufort, Food Chem., vol. 236, pp. 109–119, 2017.
[3] V. Carretier, J. Delcroix, M. F. Pucci, P. Rublon, and J.-M. Lopez-Cuesta, Materials, vol.
13, no. 11, p. 2450, 2020.
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The presentation will focus on the developments in regenerated cellulose fibre-reinforced
composites over the last years. We will provide an overview over their use in current
applications and products, the main motivations for their use as well as the advantages and
disadvantages compared to natural and other ma-made fibres.
The range of different matrix materials used and the process technologies adjusted for
optimised performance of those composites are presented. Processing techniques range
from injection moulding, SMC processes and compression moulding to vacuum infusion
processes. The matrix materials include petrochemical and bio-based thermoplastics and
thermosets, and cellulose itself; the latter results in so-called ACC (all cellulose composites).
We will provide a critical evaluation of those matrix materials and their influence on
composite properties.
The mechanical properties of regenerated cellulose fibre-reinforced composites are
presented, compared with other materials and discussed. The lightweight construction
potential is evaluated here as well. Special attention is given to the influence of the unique
properties of the regenerated cellulose fibres on the composites' performance.
In addition to the mechanical properties, other properties are discussed, such as moisturedependent properties, long-term behaviour, and ACC's degradability.
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In the last few decades, ample amount of technologies has been developed to facilitate the
manufacturing of oil-based products for the everyday life. However, oil-based products also
cause large amount of non-biodegradable wastes and contribute to climate changes. For this
reason, focus has shifted towards replacement or reduction of oil-based products.
Thermomechanical pulp (TMP) is one of the major primary materials of wood, a renewable
source with a low cost of production. In this study, the focus has been to produce high
content TMP-based polymer composites. For obtaining a high content TMP-based
composite, the TMP needs to be modified to mix with a polymer and to make it processable.
Magnesium stearate (MgSt) and molybdenum disulphide (MoS2) are two different additives
and lubricants that were used as a physical modification. TMP and dissolving pulp (DP), as a
reference, were used as pulp material and the polyolefin copolymer poly(ethylene-co-acrylic
acid) (EAA) was used as the matrix. The composites were prepared through a sequential
water-assisted mixing of an aqueous suspension of EAA, MgSt and MoS2 and fibers, then
dried followed by compression molding. The composite materials had dry pulp content of 30,
50 and 70 weight-% (wt%) and 5 wt% additive relative to the weight of the pulp in all
samples. Field emission scanning electron microscopy and energy dispersive X-ray analysis
was used to confirm the adsorption of the additives on the fibers. Tensile test and DMA have
been used to investigate in mechanical and interphase properties. The mechanical properties
in tension revealed that the composites when compared to the matrix showed an increase in
the tensile modulus, at 70 wt% fiber content (TMP or DP), by a factor of 6 and 8, without
lubricants, and by a factor of 8 and 11, with lubricants, respectively.

Figure 1: EDX analysis of 95 wt% TMP with (a) 5 wt% MgSt and (b) 5 wt.% MoS2, elemental
mapping of C,O, Mg , S and Mo, and the combination of components.
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In many industrial fields, the development of porous and light polymer composite
structures is of great interest because of their several advantages compared to a massive
solid of the same chemical nature. Batch foaming of polymers is a discontinuous process
carried out normally in an autoclave. The samples are saturated in a pressurised vessel, and
their foaming is achieved by inducing an instability into the system. Gas solubility in polymers
increases with pressure but decreases with temperature. Therefore, in the batch foaming
process, the instability can be induced by a sudden drop in pressure (pressure quenching) or
by a raise in temperature thus causing polymer foaming1.
Pressure quenching is largely used for its ease of implementation. This foaming
technology has been used for different polymers including PLA-based composites. Silk,
cellulose1, jute, and wood flour have been studied as fillers in PLA foams. The operating
conditions have a great influence on final foam morphology, as well as fillers nature and
content. In general, fillers enhance the crystallization kinetics and PLA melt strength. Foams
with reduced cell size and expansion ratio and increased cell density can be obtained
compared to pure PLA foams2.
This work is intended to explain the effects of size and aspect ratio of fibres as well as
its content, on the characteristics of PLA foams obtained by supercritical CO2-assisted batch
process by pressure quenching, which have not been studied until today.
Cellulose fibres (Rettenmaier France) of different aspect ratios were compounded
with PLA by extrusion and, then injected in discs, to be analysed and foamed afterwards. A
complete characterisation of the crystallisation phenomenon of composites through
isothermal and non-isothermal DSC, microscopic and rheological studies have been made in
order to understand the effect of fibre characteristics on the solidification and crystallisation
phenomena. The initial fibres size and aspect ratio and the ones within the composites have
been evaluated through image analysis; in the case of the fibres embedded in the
composites, an extraction process was necessary.
Temperatures going from 100 °C to 140 °C have been employed at a CO2 pressure of
15 MPa, firstly for pure PLA foaming, in order to determine the most appropriate operating
conditions for the composites. An analysis of fibre effects on foam morphology, crystallinity,
and foaming temperature is ongoing. Figure 1 shows first foams of pure PLA obtained at
different temperatures.
Non-foamed
sample

100 °C

120 °C

130 °C

140 °C

Figure 1: Pure PLA foams obtained by supercritical CO2 assisted batch foaming process.
Understanding the role of the filler size and aspect ratio, as well as the effect of
supercritical CO2 and operating conditions on cell morphology of a composite foam, will allow
to control its microstructure and therefore its characteristics.
[1] Boissard, C.I.; Bourban, P.-E.; Plummer, C.J.G.; Neagu, R.C.; Månson, J.-A.E. Journal of cellular plastics.
48,445–458,2012.
[2] Villamil Jiménez JA, Le Moigne N, Bénézet JC, Sauceau M, Sescousse R, Fages J. Molecules. 25,3408,2020.
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Biocomposites are increasingly relevant within the composite industry, with an
expected annual growth rate of 11.8% until 2024. However, since petrochemical-based
matrices continue to be a major concern to the environment and as the demand for bioplastics is growing, entirely biobased composites, also designated as green composites,
where both the polymeric matrix and the reinforcements are biobased, are increasingly
sought after [1]. However, constrains, such as poor compatibility between the fibers and the
matrices and limited mechanical performance of the obtained composites are still the main
drawbacks. In an attempt to overcome those challenges, in the present work, green
composites made of poly(lactic
acid) (PLA) or
poly(hydroxybutyrate) (PHB)
were reinforced with mechanically
treated (micronized) bleached
eucalyptus kraft pulp (BEKP).
The composites were
manufactured using a standard
melt mixing procedure [2] and the
effect of the fiber load, aspect
ratio and the incorporation of an
additive, epoxidized linseed
oil (ELO) were investigated
Figure 1: Schematic illustration of the experimental
(Figure 1).
procedure.
The resulting
composites with micronized
fibers showed overall good dispersion and homogeneity. The increase in the fiber load raised
the Young’s and flexural moduli, as well as the tensile strength. The micronization of the
BEKP significantly reduced the water uptake of all composites and enhanced the mechanical
performance of composites based on PHB. The fibers aspect ratio had a poor influence on
most properties. It was also observed that the addition of ELO decreased the tensile and
flexural moduli of the composites, and increased the elongation at break. The incorporation
of this additive also improved the impact strength of PLA-based composites up to 140% and
the melt flow rate of PHB-based composites up to nearly 230%.
[1]
[2]

Gholampour A., Ozbakkaloglu T., J Mater Sci ,55, 829–92, 2020.
Vilela C., Engström J., Valente B.F.A., Jawerth M., Carlmark A., Freire C.S.R., Polym
Compos,40, 1342-53, 2019.

This work was carried out under the Project inpactus – innovative products and technologies from
eucalyptus, Project N.º 21874 funded by Portugal 2020 through European Regional Development
Fund (ERDF) in the frame of COMPETE 2020 nº246/AXIS II/2017, and project CICECO-Aveiro
Institute of Materials, UIDB/50011/2020 & UIDP/50011/2020, financed by national funds through the
Portuguese Foundation for Science and Technology (FCT)/MCTES. FCT is also acknowledged for the
research contract under Scientific Employment Stimulus to C.V. (CEECIND/00263/2018).
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Bacterial cellulose (BC) is an ultrapure form of cellulose produced by the fermentation
of low molecular weight sugars using Komagataeibacter. A single BC nanofiber has an
estimated Young’s modulus of 160 GPa which exceeds those of both Kevlar and E-glass
fibres. The BC is produced as a wet pellicle, which upon drying takes the form of a
nanopaper. The high mechanical properties of the single fibres are translated into the fibre
network through strong intra - and inter-molecular hydrogen bonding resulting in high
crystallinity. In this work the focus lies on exploiting the BC’s mechanical properties as
reinforcement for impact modified (IM) acrylic to increase its impact strength while
maintaining high transparency. The aim is to create a more lightweight alternative to glassbased composites, which are currently used in impact resistant, protective applications like
windshields or bulletproof casings. The challenge here is to obtain a highly transparent
composite while using BC nanopaper which is opaque in its untreated form.
In this study laminated composites with alternating sheets of IM-acrylic and layers of BC
nanopaper were prepared, using, one, three and five layers of cellulose. The dried BC
nanopapers were vacuum impregnated with a ductile, UV-curable matrix, sandwiched in
between sheets of IM-acrylic and polymerized. All samples with BC showed high
transparency with a transmittance of up to 88 % at 550 nm compared to 91 % of pure IMacrylic at a sample thickness of 3 mm. This while maintaining a low level of haze in the
samples with a maximum of 15 % at 550 nm when using five layers of cellulose. The impact
strength, measured by the Charpy impact test, was increased by 48 % upon use of one layer
of BC and by 130 % to 26.7 KJ/m2 when using five layers of cellulose compared to the neat
IM-acrylic. Reference samples without BC were prepared and exhibit a 2 – 10 % higher
transmittance compared to the corresponding samples with BC, however, their impact
strength is around 50 % lower, respectively. This shows that BC nanopaper can be used as a
reinforcement to increase the impact strength of the composite while maintaining a high level
of transparency.
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Cellulose nanofibrils (CNF) are nanomaterials with high aspect ratio. CNF can be combined
with other materials, such as clay minerals, to form composites, which are environmentally
friendly materials. These materials present promising properties to be used in food
packaging, being thus logical substitutes to petroleum-based polymers, specifically plastics.
The combination of CNF with clay minerals presents an excellent way to produce valuable
materials with acceptable costs, and, at the same time it would be possible to improve the
characteristics of the formed materials, such as gas barrier. To produce composite films two
strategies can be used, solvent casting and filtration + hot pressing. The first approach is the
simplest way to produce films, but the obtained films usually present some limitations; on the
other hand, filtration + hot pressing is a more elaborated process, but the obtained films
present good mechanical properties. In the present work, CNF produced using pretreatments followed by high pressure homogenization, or by only homogenization, were used
to produce films by both the available procedures. The films obtained by filtration presented
higher tensile strength and modulus, compared with the ones obtained by solvent casting.
Also, the time necessary to produce films is largely reduced employing the filtration
procedure. Thus, this technique demonstrates to be the most suitable to produce composite
films in a fast way and with improved mechanical properties.
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Figure 1: Mechanical properties of CNF films obtained by solvent casting (blue) and filtration
+ hot pressing (orange). Filled bars – tensile strength; open bars – Young’s modulus.
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The use and production of biodegradable plastics can facilitate the transition towards a
circular economy. However, the properties of bioplastics often do not meet the requirements
needed for certain applications. To extent its use, nanoparticles can be added to the polymer
matrix, which has shown to alter properties including mechanical strength and barrier
properties. These particles are most effective when they are homogeneously distributed
through the polymer matrix; this is often challenging due to a poor interfacial compatibility
between the nanoparticles and the polymer matrix.
The current study aimed to improve the compatibility between poly lactic acid and chitin
nanocrystals by surface modification with fatty acids differing in carbon chain length (C4 C18) and degree of saturation (only C18). Chitin nanocrystals were prepared through acid
hydrolysis of shrimp powder. For further modification, we considered Steglich esterification in
the presence of the coupling agent 1-ethyl-3-(-3-dimethylaminopropyl)-carbodiimide (EDC)
and catalyst 4-dimethylaminopyridine (DMAP). Although this reaction is well-known for its
efficiency under mild conditions, it has never been reported for the modification of biobased
nanoparticles.
As confirmed by 13C-NMR and FTIR, ester linkages with all fatty acids were formed. An
increased hydrophobicity upon modification was shown via wettability tests in different
solvents. Fatty acid chains of ≥ C12 carbons seemed to form fewer ester bonds.
Nevertheless, this did not influence their phase bahavior and increased hydrophobicity was
observed with increasing carbon chain length. Nanocomposite biopolymer films with modified
chitin nanocrystals were prepared via solvent casting; surface modification improved
dispersibility in polylactic acid in all cases investigated. We have shown that direct
esterification is an effective way to tune nanoparticle properties at will, which can be
considered as an essential step towards to production of biobased plastic packages.
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Current environmental concerns push towards more sustainable and local practices for
biomass production. In this regard, agroforestry has been highlighted by researchers and policies
as a highly efficient approach for carbon sequestration (between 1.5 and 4 t C/ha/year), and a
sustainable alternative to deforestation with many agricultural benefits: deeper rooting of trees in
soil, enhanced biomass productivity, crop fertilization… Agroforestry implies regular branch cuts
that are processed into wood chips and mostly used as energy wood or soil mulching. New
higher added-value chains could be considered such as reinforcements or specific molecules for
bio-based materials and chemistry.
Besides, since 90’s, Wood-Plastic Composites (WPCs) have experienced significant
growth, particularly in building (decking & siding), and constitute the largest share of bio-based
composites developed at an industrial scale. Nevertheless, the quality of WPCs and variability in
their performance are major technological issues for their implementation in industrial
applications. This could be related to the difficulty in tracing the various origin of wood fillers as
well as the different processing steps, from wood drying and defibration process to composite
manufacturing, that are not well controlled. Indeed, numerous interdependent parameters govern
the final properties of WPCs, such as biochemical composition, presence of metallic and
chemical contaminants (binders, wood treatment residues, varnishes, etc.), (micro)structure,
thermal stability, mechanical properties of wood fillers, and the control of their
milling/granulometry and further processing into composite materials.
In this context, the development of quality-controlled agroforestry wood fillers in terms of
granulometry (size and shape factor), chemical composition and physical (microstructure,
mechanical) properties is therefore strategic for their implementation in wood-based products.
This work investigates and evidences the influence of wood species (poplar, oak, walnut,
chestnut)) and filler size and shape on the microstructure and mechanical properties of
polypropylene (PP) / wood composites manufactured by extrusion/injection moulded. Moreover,
wood from three recovery platforms in Brittany (mix of several species) was also investigated to
evaluate the potential of existing agroforestry feedstocks.
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Figure 1 : (left) agroforestry wood fillers, compounds and specimens, (b) composite’s tensile
properties for various wood species and spruce wood flour as industrial reference
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In this study a new method to determine the activation energy for dissolution of
cellulose in an ionic liquid and a straightforward technique to measure the water content in
the swollen cotton hydrogels are reported for the first time. A bleached cotton cellulose was
dissolved in an ionic liquid, 1-ethyl-3-methylimidazolium acetate ([C2mim][OAc]), and water
was used as the coagulation agent. The dissolution was implemented at different
temperatures and times with an initial mass ratio of cotton / [C2mim][OAc] of about 1:50.
Optical Microscopy (OM) and X-Ray Diffraction (XRD) were used for characterization. The
water content and shrinking ratio (diameter before / after drying) of cellulose hydrogels were
calculated and analyzed based on the microscope pictures, which indicated that the water
content and shrinking ratio for the central “raw” region and outer coagulated region were
different. Water contents, as a weight fraction, of the outer coagulated region and central
“raw” region were determined to be 0.89 ± 0.01 and 0.54 ± 0.02, respectively. An increasing
coagulated region was observed when either temperature and/or time increased. Based on
the conversion from cellulose I to cellulose II, the coagulated fraction could be calculated
from XRD and its trend was in line with the OM results. The dissolution quantified by
coagulation fraction obeyed time-temperature superposition (TTS) and followed an Arrhenius
dependence, allowing a dissolution activation energy to be determined. The dissolution was
followed by several techniques and all the quantified dissolution activation energies were in
close agreement, at 74 ± 2 kJ/mol. These methods for measuring the activation energy and
water content can be applied to other materials. The findings in this study will be informative
to researchers making all cellulose composites.
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Nowadays, environmental problems are of particular importance. Legislative policy
forces industry to seek and use renewable resources including wastes of biological origin,
that will be able to replace conventional petroleum based products. Taking into consideration
the most abundant, unique and affordable waste streams that can be used to produce valueadded products, the poultry industry cannot be bypassed. Poultry feathers is a by-product of
animal origin, generated in large quantities as side stream in slaughterhouses.
The aim of research is to create a concept of waste management methods and byproducts from animal production, desirable from the point of view of economics and social
effects. The concept includes exploitation the potential of keratin feather-based fibres for
elaboration ecological nonwovens to substitute fossil based-materials. The composite
nonwoven obtained by needle punching method consists of wool and feather-based keratin
fibres. The developed non-woven fabric can be used in agriculture to cover difficult areas, e.g.
new dumps, heaps, railway embankments, ski slopes, etc. in order to protect seeds and soil
against washing out, reduce the impact of raindrops on soil aggregates and inhibit rainwater
runoff.
The nonwoven characterizes the following useful properties: light colour, surface mass
approx. 150-300 g / m2, good adhesive properties, large water capacity, appropriate structure.
The nonwoven decreases the loss of ammonium nitrogen escaping from the soil to the
atmosphere, it is a source of fertilizer components during its biodegradation.

Figure 1 : Nonwoven made of wool and feather-based keratin fibres.
Acknowledgements: The investigations presented were carried out as a part of research
project EkoPióro POIR.04.01.04-00-0059/17„Development of innovative protective
nonwovens with addition of feathers” . The project is co-financed by the European Union
from the European Regional Development Fund under the Intelligent Development
Operational Program.
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Oxidation reactions are key elements in chemical transformation of polysaccharides.
The entire paper and pulp industry is based, in principle, on the application of oxidation
chemistry: the bleaching sequences used represent a series of oxidative processes and
purification steps. Chromophores (substances that give color) are removed by redox
chemistry – mostly oxidations, more rarely reductions.
Oxidation reactions of polysaccharides are also commonplace in the chemical
research laboratory; they are the “daily bread” of cellulose chemists. TEMPO oxidation is
used for derivatization, for adjusting solubility and surface properties, and last but not least
for improved processability into nanostructured materials (nanofibrillated and nanocrystalline
celluloses). Almost as well known and as widely used is periodate oxidation, which offers
many possibilities for subsequent derivatizations due to the rather reactive primary products
("dialdehyde celluloses"), e.g., by further oxidation to "dicarboxyl cellulose" or by reaction
with N-nucleophiles.
N-Methylmorpholine-N-oxide is a cellulose solvent for Lyocell fiber manufacture and
has also been employed for oxidative modification of cellulose and metal nanoparticle
generation in cellulosics. Other oxidation examples include reaction with oxidants known
from bleaching chemistry (e.g., hydrogen peroxide, chlorine dioxide, ozone, hypochlorite) –
not only for brightening purposes, but also specifically for chemical modification or
derivatization.
Despite their widespread use and intensive research, there are – apart from pulp
bleaching – surprisingly few commercial, large-scale applications of the above-mentioned
oxidations on polysaccharides. The chemical literature is also surprisingly ambiguous when it
comes to reaction conditions, selectivities, side reactions and, importantly, the precise
analytical monitoring of such oxidation reactions.
In this talk, we will review both oxidation reactions on polysaccharides and
chromophore chemistry in terms of the hidden minor drawbacks that often make them so
difficult to apply and analyze. We will talk about side reactions, byproducts, recycling,
damage to cellulose, and some problems in analysis and handling. The great advantages of
these oxidation reactions and bleaching chemistry are well known and constantly praised –
the pitfalls and difficulties in their application are the points that are often concealed,
however, they are the ones that cause the problems in the daily work in the research lab and
ultimately also hinder and slow down implementations on a larger scale. The talk will thus
mainly deal with the cumbersome pitfalls in the oxidation chemistry of polysaccharides, with
a focus on cellulose.
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In recent years, there has been a rapidly growing demand for novel carbohydrate structures
synthesized from renewable resources through environmentally friendly processes. Some
alpha-transglucosylases produced by lactic acid bacteria are promising tools, as they
catalyze the synthesis of high molar mass alpha-glucans from simple and low-cost sucrose.
The best known polysaccharide of this family is dextran, an homopolymer of glucosyl units
mainly linked by alpha-1,6 osidic linkages. However, depending on the enzyme specificity,
different structures and physico-chemical properties are produced, which have found diverse
(potential) commercial applications, e.g. in food, health, and as biomaterials [1].
These sucrose-active enzymes are classified in the family 70 of Glycoside-Hydrolases, which
comprises today around 800 sequences for only about sixty enzymes biochemically
characterized, that remains low. However, with the progress in bioinformatics, structurefunction studies, screening technologies and enzyme engineering, new enzymes are
discovered and can be further tailored to produce innovative biosourced compounds. In this
context, we recently filled our enzyme collection with new GH70 enzymes that catalyze the
formation of a broad variety of alpha-glucans.
The presentation will first focus on the structure-function relationship studies of these intriguing
enzymes, distinguishable by their linkage specificity or ability to control the size of the produced
polysaccharides. In particular, the resolution of several 3D structures -unliganded or in
complex with oligosaccharides- allowed us to decipher structural features playing a key role in
polymer elongation, enzyme processivity, and/or linkage specificity [2,3]. These findings open
promising strategies for GH70 enzyme engineering aiming at customize alpha-glucan
architectures on purpose. For illustration, recent developments for the synthesis of block
copolymers composed of several covalently linked alpha-glucans with contrasting structures
and physico-chemical properties will be shown [4], as well as the design of eco-friendly
processes for the production of dextrans of controlled size [5].

[1] Chen Z., Ni D., Zhang W. Stressler T., Mu W. Biotechnology Advances. 47, 107708. 2021
[2] Claverie M., Cioci G., Vuillemin M., Monties N., Roblin P., Lippens G., Remaud-Siemon
M., Moulis C., ACS Catalysis, 7, 7106. 2017.
[3] Molina M., Moulis C., Monties N., Pizzut-Serin S., Cioci G., Remaud-Simeon M., ACS
Catalysis, 9, 2222. 2019.
[4] Grimaud F., Faucard, P., Tarquis L., Pizzut-Serin S., Rolland-Sabaté A., Lourdin D.,
Moulis C.,Remaud-Simeon M., Veronèse G., Green Chemistry, 20, 4012. 2018
[5]. Ahmadi A., Severac E., Monties N., Claverie M., Remaud-Simeon M., Moulis C., Barna L.
Green Chemistry. 21, 4512. 2019.
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Marine bacteria represent a significant renewable source for exopolysaccharides (EPSs).
Some of these EPSs are endowed with GAG-like biological properties (glycosaminoglycan)
making them innovative alternative drugs to heparinoids [1]. The GY785 EPS produced by
Alteromonas infernus is a high-molecular-weight structurally-complex heteropolysaccharide
whose polyanionic nature is due to uronic acid and sulphate group [2-3]. Chemically obtained
low-molecular-weight (LMW) and oversulphated derivatives of this EPS exhibit biological
activities similar to GAGs and are valuable in different therapeutic applications [1,4-6].
The use of enzymes for the depolymerization step is an attractive alternative strategy to
chemical strategies. However, none of the commercial enzymes tested were able to
depolymerize the GY785 EPS. But recently, enzymes from Alteromonas infernus cell
extracts that break down the GY785 EPS glycosidic chains were identified [7,8]. Various
chemical bonds were cleaved during this depolymerization demonstrating the presence of
sulphatase, glycoside hydrolase and polysaccharide lyase activities in cell extracts. Studies
have shown that these activities were only obtained when extracts were prepared from
bacterial cells grown on a glucose-supplemented medium. These growth conditions were
also those required for EPS production suggesting that the biosynthesis of the enzymes is
linked to the EPS production.
GY785 EPS features and current knowledge of the extracted enzymes will be presented in
the overall aim to develop an optimized depolymerization process.

[1] Heymann D., Ruiz-Velasco C., Chesneau J., Ratiskol J., Sinquin C. & Colliec-Jouult S.,
Molecules, 21, 309, 2016
[2] Raguenes G.H., Peres A., Ruimy R., Pignet P., Christen R., Loaec M., Rougeaux H.,
Barbier G. & Guezennec J.G, Journal of Applied Microbiology, 82, 422-430, 1997
[3] Roger O., Kervarec N., Ratiskol J., Colliec-Jouault S. & Chevolot L., Carbohydrate
Research, 339, 2371-2380, 2004
[4] Colliec-Jouault S., Chevolot L., Helley D., Ratiskol J., Bros A., Sinquin C., Roger O. &
Fischer A.M. Biochimica et Biophysica Acta (BBA)-General Subjects, 1528, 141-151, 2001
[5] Rederstorff E., Weiss P., Sourice S., Pilet P., Xie F., Sinquin C., Colliec-Jouault S.,
Guixheux J. & Laïb S., Acta biomaterialia, 7, 2119-2130, 2011
[6] Merceron C., Portron S., Vignes-Colombeix C., Rederstorff E., Masson M., Lesoeur J.,
Sourice S., Sinquin C., Colliec-Jouault S., Weiss P., Vinatier C. & Guicheux J., Stem Cells,
30, 471-480, 2012
[7] Zykwinska A., Tripon-Le Berre L., Sinquin C., Ropartz D., Rogniaux H., Colliec-Jouault S.
& Delbarre-Ladrat C., Carbohydrate polymers, 188, 101-107, 2018
[8] Akoumany K., Zykwinska A., Sinquin C., Marchand L., Fanuel M., Ropartz D., Rogniaux
H., Pipelier M., Delbarre-Ladrat C. & Colliec-Jouault S. (2019), Molecules, 24, 3441, 2019
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Lytic polysaccharide monooxygenase (LPMO) enzymes have recently shaken up our
knowledge on cellulolytic enzymes. Indeed, this novel class of enzymes have demonstrated
to cleave cellulose chains by an oxidative mechanism.1 Despite their potential for
saccharification and cellulose fibrillation, there is still scarce knowledge on the impact of the
LPMO action on the cellulose fiber.
LPMOs possess a type II copper active center coordinated by a histidine brace, and
are classified into the auxiliary activity (AA) family from the CAZy database. Oxidative
cleavage of cellulose leads to the formation of oxidized glucose units at different positions
resulting in the formation of aldonic acids at the C1 position and/or 4-ketoaldoses (gemdiols)
at the C4 position.
In this work, we have explored the use of LPMO enzymes for the deconstruction of
cellulose fibers to get more insight into their mechanism of action and their potential uses for
cellulose fractionation and functionalization.2,3
Our study provides direct evidence of LPMO action with the modification of accessible
and inaccessible surfaces surrounding the crystalline core of cellulose fibrils. The chains
breakage induces modifications of the cellulose network and weakens fibers cohesion
promoting their disruption. Besides the formation of new initiation sites for conventional
cellulases, we provide the first evidence of the direct oxidative action of LPMOs with the
mechanical weakening of the cellulose ultrastructure.
LPMOs can be therefore viewed as promising candidates for enzymatic modification
or degradation of cellulose fibers including the preparation of nanocelluloses.

Figure 1: Optical microscopy and AFM images of cellulose fibers treated with the LPMO, and
chemical structures of the oxidized groups created by the LPMO.
References
[1] Bennati-Granier, C. et al., Biotechnology for Biofuels, 8, 90, 2015.
[2] Villares, A. et al., Scientific Reports, 7, 40262, 2017.
[3] Moreau, C. et al., Biotechnology for Biofuels, 12, 2019.
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The complex hierarchical structure of woody biomass has been recognised as responsible for the
immense difficulties associated with its transformation into value-added products. A deconstruction
of the fiber bundles to the macro/microfibrils is a prerequisite for most processes involving
lignocellulose biomass whether it is purification, dissolution or transformation to micro or
nanocellulose. In addition, to ensure a cost-efficient process, all components of the biomass must
be recovered and valorized with minimal losses. This can be achieved by implementing multiple
pre-treatment stages in the process and to accomplish this, the pre-treatment approach chosen
must be well thought out.
Several pretreatment approaches abound in the literature but the most conventional are
mechanical pretreatments, chemical pretreatments and enzymatic pretreatments. Although the
mechanism of these pretreatment methods varies, the overall goal is to facilitate further
processing. In some processes a coupling of two or more of these pretreatment steps is applied for
better outcome. It is known that an enzymatic treatment with cellulase modifies the pulp by
selective cleavage of accessible glycosidic bonds, especially in the amorphous region, while
mechanical treatments involve a physical change in the fiber morphology by shortening the fiber
length, producing fines and inducing external and internal fibrillation.
Many studies have been carried out on the influence of mechanical and chemical or enzymatic
coupling treatment for improved hemicellulose extraction from pulp [1]. Most of these researches
involves the use of mechanical treatment prior to chemical or enzymatic treatment, which shows
promising results as the modified fibers become more responsive to further processing. However,
a new approach is proposed in this study to better the existing process. This approach takes into
account the changes that occur during mechanical refining (exposure of new surfaces by external
fibrillation, fiber cutting, and delamination) and hypothesizes that simultaneous chemical or
enzymatic treatments performed in parallel with mechanical refining will maximize the
hemicellulose extraction reaction. This approach views mechanical refining as a rigorous mixing
process that takes place in the presence of a chemical or enzymatic agent promoting accessibility
(rapid access of reacting agents to active sites) through synergy between the processes.
The results obtained in this study validate the hypothesis, because better xylan extraction
performance was obtained with simultaneous treatment at a lower chemical load compared to
sequential treatments. Effects of simultaneously carrying out mechanical refining and chemical or
enzymatic treatment on pulp properties such as degree of polymerization, WRV and molecular
weight distribution are discussed. Finally, the results of this study will help optimize pulp
purification processes and provide insight into cost-effective methods of removing and recovering
xylan from hardwood pulp.

Figure 1: Performance of xylan removal with sequential treatment (Valley beater refining prior to CCE) against simultaneous
treatment (Valley beater refining/CCE ) conducted at a soda concentration of 60 g/L (CCE = cold caustic extraction)

1.

Li, J., Liu, Y., Duan, C., Zhang, H., & Ni, Y. (2015). Mechanical pretreatment improving hemicelluloses removal from cellulosic fibers
during cold caustic extraction. Bioresource technology, 192, 501-506.
Acknowledgement: The authors acknowledge Glyco@Alps UGA for the financial support received
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In the context of sustainable development, the use of eco-friendly chemical routes to
modify polysaccharides is a powerful tool for biomass valorization. In this frame, the
Passerini three-component reaction (P-3CR) is particularly relevant, since this
multicomponent reaction allows for coupling 3 reactants (a carboxylic acid, an aldehyde and
an isocyanide) in one-pot conditions to obtain a single product through an
acyloxycarboxamide ligation. The atom-economy of P-3CR and its compatibility with mild
conditions justify its use. Herein, we present the exploitation of P-3CR in homogeneous and
heterogeneous aqueous medium in order to respectively modify carboxymethyl cellulose
(CMC) [1] and (oxidized) cellulose microfibrills (MFC) [2], both being widely used in a variety
of applicative fields. Such a modification allowed for designing new dually functionalized
cellulose derivatives. Concerning the modification of CMC, P-3CR was successfully achieved
by using a series of model aldehydes and isocyanides, and a specific focus was devoted to
the impact of experimental parameters, in order to gain insight on this derivatization
chemistry. Also, the adsorption ability of these CMC derivatives onto model amorphous
cellulose substrates was studied by quartz crystal microbalance with dissipation monitoring.
Concerning MFC, P-3CR was applied to cellulose microfibrils previously subjected to a
periodate oxidation step, which allowed for grafting at the surface of periodate oxidized
cellulose (POC) reactive alkyne or methacrylate functions, able to post-react through copper
catalyzed Huisgen cycloaddition, and aza-Michael reaction in water medium, as shown in
Figure 1. This P-3CR emerging synthetic tool opens the way to the design of promising
(multi)functional polysaccharide derivatives, in a simple aqueous process.
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Figure 1: a) P-3CR-modification of MFC, and b) post-coupling with a tag by click chemistry b).
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Cellulose is the most abundant biopolymer on earth, making it an ideal starting material for
the sustainable production of energy and high-value fibres and materials. When integrated
into the biorefinery concept, it serves as a feedstock for a wide range of high-value chemicals
for the pharmaceutical, food, and chemical industry. However, native cellulose fibres have a
recalcitrant character, which is a major issue for valorisation. Therefore, severe
pretreatments of the (lingo)cellulosic feedstock need to be performed. These pretreatments
improve the reactivity of the cellulose by impacting the purity, particle size, accessible
surface area, crystallinity and degree of polymerization (DP) of the fibres. These are the most
critical parameters that determine the reactivity of cellulose, after all.
However, there is still a lack of knowledge about the specific influence of each of these
parameters on the overall reactivity. Pretreatments mostly affect several parameters at the
same time, making it impossible to fundamentally investigate which specific parameters are
the most important ones for enhancing cellulose reactivity. In this study, we took a
fundamental approach towards understanding what determines this reactivity, and more
specifically, enzymatic accessibility of cellulose. It is our firm belief that the current
pretreatments in the biorefinery for the production of biofuel, chemicals or materials out of
native cellulose can be optimized further towards higher yields or shorter processing times.
We performed mechanical and chemical modifications on microcrystalline cellulose and
evaluated the enzymatic accessibility of the modified cellulose samples. Using specific
conditions, we could change the degree of polymerization or the crystal structure or the
aggregate structure of the pure cellulose fibres individually while keeping the other
parameters constant. From the obtained results, we concluded that decreasing the
crystallinity of cellulose is key to improve its enzymatic accessibility, whereas lowering the
degree of polymerization only has a minor effect. The macroscale stacking of the fibres
barely influences the enzymatic accessibility once lignin is removed. These insights are
useful to design future pretreatment protocols for lignocellulosic biomass in the biorefinery
concept, or serve as a tool to produce highly accessible polymers.
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Cellulose ethers such as methylcellulose are widely exploited in pharmaceutical-,
technical-, and every-day-life products. Their application performance is linked directly to the
molecular structure of these biopolymer-based compounds, in particular molecular weight
and overall degree of substitution (DS) of the ether moieties. Moreover, the distribution of
substituents within the repeating unit and the heterogeneity between the surface and bulk of
the material are key parameters. Due to the complexity of this topic, there is a constant need
in both academia and industry for developing evermore precise analytical tools for the
comprehensive structure characterization of polysaccharide derivatives in general and
cellulose ethers in particular.
Aim of the present work was to establish dynamic nuclear polarization (DNP)
enhanced solid-state magic angle spinning (MAS) NMR spectroscopy as an analytical
method to gain deeper insight in the structural composition of commercial cellulose ethers.
For this purpose, methylcellulose model compounds with well-defined DS values and highly
regioselective substitution pattern (3-O-mono functionalization, 2,3-O-difunctionalization)
were synthesized using homogeneous synthesis methods and protecting group strategies.
These model compounds were used to introduce and benchmark two new solid-state NMR
based approaches that allow to characterize the substitution pattern in cellulose ethers: (I)
13
C-13C DNP enhanced refocused incredible natural-abundance double-quantum transfer
(INADEQUATE) experiments enabled clear assignment of the methylation side and (II)
selective hyperpolarization of methyl groups via hetero nuclear Overhauser effect (hNOE)
and subsequent transfer via 13C spin diffusion at natural abundance allowed to confirm the
postulated regioselectivity of the model compounds. The established DNP enhanced MASNMR methods can be extended further to a variety of commercial cellulose ethers, esters,
and mixed derivatives.
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Lower the devastating impact of the emerging pollutants in the aquatic environments,
especially the sunscreen products, is a major challenge in the 21st century. The growing
consciousness of the risks associated with skin exposure to ultraviolet (UV) radiation has led
to an increased use of sunscreens and, consequently, introduction of new chemical
compounds in the marine environment. Sunscreens present the fastest growing sales globally
(7% per year over the last 5 years), associated to the coastal areas population growth and
tourism activities [1]. It is thus, particularly challenging to develop safer and innovating UVabsorbing materials derived from biological sources like mycosporine and mycosporine like
amino acids [2]. These molecules are photostable, do not generate reactive oxygen species
when exposed to UV radiation and have multifunctionality both in terms of therapeutic values
(antioxidant ,sunscreen protection and photoprotection attributed to the high molar
abosorbivity) and ecological significance (pigment in photosynthesis, intracellular nitrogen
storage, etc) [3].
In our research group, we have been mimicking the functionality of some marine organisms to
develop photoprotective and environmentally sustainable UV-absorbing compounds and
assessing their impact in different aquatic ecosystems. To do so, we are using mycosporine
and mycosporine like amino acids extracted from different marine organisms as UV-absorbing
bioactive molecules and biopolymers or proteins (chitosan, collagen and hyaluronic acid) to
graft these bioactive molecules via chemical coupling ie via amidation [2] and esterfication. In
the present communication, we will present our recent study on the photostability of these
bioactive molecules and their conjugates that was assessed by emulating the solar radiation
conditions using a solar simulator. The photostabillity (abiotic degradation) was studied in pure
water and in different natural matrices such as fresh, river, sea and estuary water. The
photoproducts post degradation will be also discussed
[1] Sanchez-Quilles et al, Environment International 83 (2015) 158
[2] Fernandes et al, ACS Appl Mater Interfaces 7 (2015) 16558
[3] Bhatia et al. Pharmacognosy Reviews, 5(10) (2011) 138.
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The increased use of renewable materials will be one of the key issues in a future
bioeconomy. To succeed in reaching this goal, reasonably priced and sustainable raw
materials are needed. Wood cellulose has a great potential in replacement of fossil-based
materials in textiles, packaging and plastics. However, for these usage options to be realized,
entirely new approaches and tools to modify cellulose are needed. Recently discovered lytic
polysaccharide monooxygenases (LPMOs) are enzymes that oxidize cellulose in the
crystalline parts, thus representing a novel type of enzyme activity with the capability of
modifying also the most recalcitrant celluloses [1]. While LPMOs have shown their effect in
hydrolysis of lignocellulosics, their obvious ability to engineer fibers has been scarcely
explored. The major reason for that is the absence of analytical tools capable of providing a
detailed profile of the changes in the chemical structure of cellulose at different fiber layers.
Conventionally, the efficiency of LPMO action on cellulosic substrates is estimated by
analysis of the low molar mass degradation products using advanced analytical techniques,
including UPLC combined with mass spectrometry [2]. The residual insoluble cellulose
fraction is usually characterized by microscopic techniques. This analysis, however, does not
provide a detailed (quantitative) information on structural changes of the polymeric cellulose
chains at the molecular level. To close this information gap, a previously described approach
for monitoring the changes in carbonyl content of cellulosic materials [3] was adjusted to
meet the needs of LPMO-treated fiber characterization. As fiber dissolution occurs from the
outer surface of the fiber and not from the internal lumen side, the inner fiber layers are
getting dissolved at later stages. Therefore, the gradual dissolution approach with sample
collection after various dissolution times, implying increasing sampling “depths”, allows for an
layer-by-layer analysis of the fiber. The optimized analytical protocol provides a detailed
profile of the changes occurring at the cellulose fiber across the fiber section - from the fiber
surface to the core. The analysed parameters include changes in molar mass and carbonyl
group distribution of cellulose polymer chains.
The developed analytical approach was shown to be highly efficient in the analysis of
the LPMOs´ mode of action. It bears a great potential to promote commercial application of
LMPOs in modification of cellulosic fibers and nanofibrillated celluloses. The paper will
present the detailed results of the specific fibre analysis as well as the critical discussion on
the applicability of the methodology developed for the analysis of the enzymatic treatment
efficiency.
[1] Vaaje-Kolstad G., Westereng B., Horn S., Liu Z., Zhai H., Sørlie M. & Eijsink V., Science,
330 (6001), 219-222, 2010
[2] Jagadeeswaran G., Gainey L. & Mort A., AMB Express, 8, 171, 2018
[3] Röhrling J., Biomacromolecules, 3(5), 959-968, 2002
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The conjugation at chain termini of two different polysaccharides provides diblock
polysaccharides, a new class of precisely engineered polysaccharides. This architecture
provides on one hand new solution and stimuli-responsive self-assembly properties, while
retaining key properties such as biodegradability on the other.
The first part of the presentation will focus on the activation of oligosaccharides with
bifunctional O,O-1,3-propanediyl-bishydroxylamine (PDHA) or adipic acid dihydrazide (ADH)
and the properties of the corresponding conjugates. Strategies for attachment of a second
oligosaccharide and purification of diblocks are further described. Examples will include
chitosan-b-dextran1, chitin-b-dextran2,3 and alginate-b-dextran4 diblocks: preparation,
purification, structural characterisation, solution properties and self-assembly properties.

Figure 1 : General scheme for preparing diblock polysaccharides
[1] Mo, I. V., Feng, Y., Dalheim, M. Ø., Solberg, A., Aachmann, F. L., Schatz, C., &
Christensen, B. E., Carbohydr Polym, 232, 115748, 2020
[2] Mo, I. V., Dalheim, M. Ø., Aachmann, F. L., Schatz, C., & Christensen, B. E.,
Biomacromolecules, 21, 2884-2895, 2020
[3] Mo, I.V., Schatz, C., & Christensen, B. E., Submitted 2021
[4] Solberg, A., Mo, I.V., Dalheim, M.Ø., Aachmann, F.L., Schatz, C., Christensen, B. E.
Submitted 2021
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Ball milling of starch with methyl betainate was performed to synthesize starch betainate.
Betaine hydrochloride was first esterified using thionyl chloride in methanol, attaining a yield
of 84%. Prior to the reaction in the ball mill, starch was pretreated using α-amylase enzyme,
cooked at high temperature in water, regenerated using absolute ethanol and dried. Cooked
starch was then converted into starch betainate using solid-state transesterification in the ball
mill, using alkaline pretreated cooked starch in NaOH/ethanol or sulfamic acid as a catalyst.
Cationic starch esters were characterized by 1H and 13C NMR spectroscopy, infrared
spectroscopy, thermogravimetric analysis, viscometry and optical and scanning electron
microscopies. The process attained degrees of substitution up to 0.04. No by-products were
detected, but a starch mild depolymerization was observed. In any case, transesterification,
with its variety of possibilities, yields cationic starches that offer a promising alternative to
conventional ethers.
The ball milled starch betainate was further used in paper coating in order to observe its
effect on the printing properties of office papers. A laboratory lab coater was used to apply
the coating formulation on the surface of a calendared base paper (with no surface
treatment). A dry basis weight gain of 1.5 to 3 g m−2 was achieved and considered for
printing using an ink jet printer. Printing properties such as gamut area, optical density, print
through, inter-color bleed and circularity were measured for all printed papers. The starch
betainate improved the printing properties, especially the optical density, when used in
coating formulations.

Figure 1: Solid-state transesterification reactions of starch and methyl betainate to yield
starch betainate using ball milling.
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Currently, green chemistry is one of the most important ways to protect environment and
human life. In this context, Deep Eutectic Solvents (DESs) were introduced as promising
novel chemicals that can be used as green solvents or reagents. Due to their properties
(biodegradability, low vapor pressure, recyclability…), DESs are applied in many fields
especially in cellulose treatments such as modification1, microfibrillation2 and nanocrystals
isolation3. This study focuses on cellulose fibres treatment using three different eutectic
systems which are: (i) Betaine Hydrochloride-Urea (BHCl-U 1:4), (ii) Choline Chloride-Urea
(CC-U 1:2), and (iii) Choline Chloride-Monoethanolamine (CC-M 1:6). Selected DESs were
used respectively as acidic, neutral and alkaline pre-treatment media (4h at 100°C) to
promote cellulose microfibrillation using ultrafine grinding. The crystallinity index and the
degree of polymerisation (DP) of DES treated fibres remained intact with CC-U system while
both of them decreased with acidic and alkaline systems. Microfibrillation of the treated
cellulose fibres was performed with a grinder leading to cellulose microfibrils with widths
around 200nm as shown in Figure 9. MFC were then characterized using different
techniques (AFM, X-ray Diffraction, Degree of polymerisation, TEM, Tensile strength…). The
results show that produced MFC from different DES treated fibres present good mechanical
properties (high Young’s modulus), thermal stability and high rheological properties. These
results highlight the efficiency of selected DESs as a green pre-treatment for cellulose fibres
and its potential use for facilitating microfibrillation. Produced MFC with high quality can be
used as a rheology modifier or as reinforcing additives, for instance.

Figure 9: AFM image of MFC produced form CC-U treated fibres.
(1)
Sirviö, J. A.; Heiskanen, J. P. Synthesis of Alkaline-Soluble Cellulose Methyl Carbamate Using
a Reactive Deep Eutectic Solvent. ChemSusChem 2017, 10 (2), 455–460.
https://doi.org/10.1002/cssc.201601270.
(2)
Suopajärvi, T.; Sirviö, J. A.; Liimatainen, H. Nanofibrillation of Deep Eutectic Solvent-Treated
Paper and Board Cellulose Pulps. Carbohydrate Polymers 2017, 169, 167–175.
https://doi.org/10.1016/j.carbpol.2017.04.009.
(3)
Gan, P. G.; Sam, S. T.; Abdullah, M. F.; Omar, M. F.; Tan, L. S. An Alkaline Deep Eutectic
Solvent Based on Potassium Carbonate and Glycerol as Pretreatment for the Isolation of Cellulose
Nanocrystals from Empty Fruit Bunch. BioResources 2020, 15 (1), 1154–1170.
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Surface chemical modification of celluloses is a logical approach to tune the
properties and applicability of these bio-renewable materials. Cellulose esters are already
widely-used bulk commercial chemicals. 1 Conventional heterogenous reactions of
esterification are still the main economical pathway for obtaining the highly substituted
cellulose in industrial quantities. However, fine control over the modification, to limit to
modification of surface chains, only, is challenging.
In this work, we would like to assess the mechanisms of esterification reactions in “solidliquid” and “solid-gas” systems, as well as ionic liquid surface-stabilised suspensions, using
cellulose nanocrystals (CNCs), as model substrate. Analysis of the selectivity is performed
using an advanced solution-state NMR technique 2, as well as current solid-state techniques
(IR, WAXS, SEM etc.). A new methodology is proposed, using superbases to catalyse
transesterification, that may provide much more scalable method for tuning surface
compatibility, or addition of novel functionalities.
Experimental results showing high regioselectivity of surface modification are supported
by DFT transition-state modelling for acetylation of 6 vs 2 vs 3-OH, on the structure of
cellulose I crystallites.

Figure 1. Surface acetylation of the soft-wood derived CNCs
(1)
(2)

Klemm, D.; Heublein, B.; Fink, H.-P.; Bohn, A. Cellulose: Fascinating Biopolymer and
Sustainable Raw Material. Angew. Chemie Int. Ed. 2005, 44 (22), 3358–3393.
Koso, T.; Rico del Cerro, D.; Heikkinen, S.; Nypelö, T.; Buffiere, J.; Perea-Buceta, J.
E.; Potthast, A.; Rosenau, T.; Heikkinen, H.; Maaheimo, H.; et al. 2D Assignment and
Quantitative Analysis of Cellulose and Oxidized Celluloses Using Solution-State NMR
Spectroscopy. Cellulose 2020, 27 (14), 7929–7953.
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Surface interactions controllable with functionalization of thin films attract much attention and
are used as coatings in several industries, from electronics to biomedical applications. Model
films offer a direct control of several parameters, such as film thickness and surface
morphology, and offer many advantages compared to bulk samples [1]. Chitosan model
films, to be more specific, could be a potentially great outlet for many surface reactions,
because of its amino functional group presence. The surface chemistry of chitosan films
could be modified by biofunctionalization involving immobilization of proteins, peptides, as
well as glycoconjugates [2]. Herein, we want to develop a concise protocol for on surface
immobilization of glycopeptides with a desired amino acid sequence.
A spin coating deposition method for uniform thin films of chitosan onto a solid substrate is
applied. Surface changes are analyzed at each step of the experiment with different
characterization methods such as profilometry measurements for film thickness, wettability
determination by water contact angle, and surface morphology analysis with atomic force
microscopy (AFM). Furthermore, elemental composition, as well as chemical state, is
determined with x-ray photoelectron spectroscopy (XPS) which aligned, with our
assumptions perfectly.
Biofunctionalization of the prepared film surface is observed with an in-situ quartz crystal
microbalance with dissipation measurement (QCM-D), where depositions as small as 17,7
ng/cm2 can be detected. Biofunctionalization is carried out with standard N-tertbutyloxycarbonyl (Boc) protected glycine as model substrate (Figure 1). Moving forward,
biofunctionalization of chitosan surface with synthesized glycoconjugates [3], composed of a
carbohydrate glycon and a lysine residue via an Amadori Rearrangement, is performed.
Coupling with the film surface is detected with QCM-D as frequency decrease or mass gain
on the quartz gold crystal. Results and experimental details will be presented.

Figure 1: QCM gold crystal with chitosan film and a biofunctionalized chitosan surface.
[1] Mohan, T., Spirk, S., Kargl, R., & Stana Kleinschek, K., (2012). Exploring the
rearrangement of amorphous cellulose model thin films upon heat treatment. Soft Matter, 8
(38), 9807-9815.
[2] Neugebauer, W., Williams, R. E., Barbier, J., Brzezinski, R., Willick, G., (1995). Peptide
synthesis on chitin. International Journal of Peptide & Protein Research. 47, 269-175.
[3] Hojnik, C., Müller, A., Gloe, T-E., Lindhorst, T-K., Wrodnigg, T.M. (2016). The Amadori
Rearrangement for Carbohydrate Conjugation: Scope and Limitations. EJOC, 25, 4328 –
4337.
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Currently, various polysaccharides (PS) are being used as hydrogels for drug release
in biomedical applications such as targeted stem cell-based bone regeneration due to their
inherent properties and biocompatibility. [1] Agarose has a very special thermoreversible
gelling behaviour, but since it carries no further functional groups, its application is usually
limited to providing the hydrogel, while other PS influence drug release or cell adhesion. [2]
We present the synthesis, characterisation, and application of ionically modified
agarose. Synthesis pathways for both anionic and cationic agarose derivatives have been
established through homogenous derivatization, resulting in PS derivatives that can be used
for polyelectrolyte systems and – depending on the degree of substitution (DS) – partly retain
their thermoreversible gelling behaviour. By tuning the DS, we are able to prepare derivatives
with defined properties. Agarose, sulphated in the 6-position of the galactose unit, can be
synthesized under mild conditions in a one-step synthesis. Ammonium-bearing cationic
agarose carbamate is synthesized under mild conditions via agarose phenylcarbonate with
subsequent aminolysis.
The resulting agarose derivatives are used to sustain the release of four different
model drugs into aqueous media. Used both as polyelectrolyte microbead system and as an
additive to agarose/hydroxyapatite composite scaffolds, they proved to effectively reduce
burst release and sustain the release of ATP, suramin, methylene blue, and A740003 (a
purinergic P2X7 receptor ligand shown to guide the differentiation of mesenchymal stem
cells [3]) over a time of 14 days.

Figure 1 : Schematic illustration of modified agarose derivatives for drug release applications.
[1] Witzler et al., Biomolecules, 9, 840, 2019.
[2] Yazdi et al., J. Control. Release, 326, 523-543, 2020.
[3] Zhang et al., Int. J. Mol. Sci., 21, 6210, 2020.
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Sulfated polysaccharides are able to encode a variety of information in a plethora of
biological events. In humans and mammals, for example, sulfated glycosaminoglycans
(GAGs) play key roles in many physiological and pathological processes such as immunity,
angiogenesis, cancer, infectious diseases etc.1 Some of these bioactivities are exploited in
already available or currently under development therapeutic treatments.2
In order to fuel biomedical research with more and more sulfated polysaccharidebased drug candidates, not only the well-defined structural characterization of the natural
sourced sulfated polysaccharide, but also the development of reliable methods for the
artificial sulfation of unsulfated polysaccharides are mandatory.3 Nonetheless, the
development of regioselective strategies to this aim is hampered by several factors: the
generally poor solubility of many polysaccharides in most of the commonly employed
solvents, the necessity to avoid harsh reaction conditions that might cleave the
polysaccharide chain, the difficulties usually encountered in elucidating in full details the
structural features of polysaccharides and sulfated derivatives thereof.
In this communication an overview of current works from our research group for
facing such limitations in order to achieve the regioselective insertion of sulfate groups into
polysaccharides from different sources (Figure 1) will be presented.4,5

Figure 1 : Structure of polysaccharides subjected to regioselective sulfation studies
[1] Bedini E., Corsaro M.M., Fernández-Mayoralas A. & Iadonisi A. In Extracellular sugarbased biopolymers matrices (Cohen E. & Merzendorfer H. Eds), Springer, Berlin, 187–233,
2019
[2] Arlov Ø., Rütsche D., Korayem M.A., Öztürk E. & Zenobi-Wong M. Adv. Funct. Mater.
2010732, 2021
[3] Caputo H.E., Straub J.E. & Grinstaff M., Chem. Soc. Rev. 48, 2338–2365, 2019
[4] Vessella G., Traboni S., Pirozzi A.V.A., Laezza A., Iadonisi A., Schiraldi C. & Bedini E.
Mar. Drugs 17, 655, 2019
[5] Vessella G., Traboni S., Cimini D., Iadonisi A., Schiraldi C. & Bedini E.
Biomacromolecules 20, 3021–3030, 2019
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Over the years, developing cellulose derivatives has been an active filed of research
mainly due to the enhanced processability of these compounds. In this regard, cellulose
ethers have been of high commercial importance with a wide spectrum of applications as
thickeners, emulsifiers, binders and film formers1. Generally, homogeneous or
heterogeneous reaction conditions are applied to afford cellulose ethers. However,
etherification under homogeneous conditions lead to equally available hydroxyl groups as
well as more control over substitution distribution and thus enhanced product properties2.
Recently, in our group quaternary ammonium hydroxides (QAHs) as homogeneous
dissolving systems and the role of the counter cation on cellulose dissolution have been
investigated3 and 4. In continuation of our previous work and to shed light upon the impact
these QAHs solvents on modification of cellulose by varying the hydroxide composition in
presence and absence of NaOH, we aimed at studying allyl cellulose synthesis as an
important class of cellulose ethers possessing an active C=C double bond. In-situ IR
spectroscopy and in-situ rheology measurements were used to monitor the reactions in real
time. To the best of our knowledge, this is the first report on monitoring the cellulose
etherification reaction using in-situ IR spectroscopy. Besides, additional characterisation
methods including ATR-FTIR, 1D and 2DNMR have been used to confirm the product
formation and assess its properties.
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Figure 1 : Etherification of Microcrystalline cellullose in QAHs and NaOH
[1] Goncalves C., Favre C., Feuardant P., Klein S.,Carlos Vaca-Garcia C., Cecutti C., Thiébaud-Roux S.,
Vedrenne E, Carbohydrate Polymers 116, 51–59, 2015 [2] Möllmann E., Heinze T., Liebert T., Köhler S.,
2009, EP2098539A8
[3] Swensson, B., Larsson, A. & Hasani, M. Cellulose 27, 101–112, 2020.
[4] Swensson, B., Larsson, A., Hasani, M., 12,6, 1310, 2020.
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Polysaccharides are widely used in many industrial areas such as pharmaceuticals,
foods and cosmetics due to their availability, low cost, biodegradability, non-toxicity and
unusual properties1. Among them, xanthan is well known for its outstanding thickening and
viscosifying capacities that can lead to dispersions stabilization. However, xanthan owns
poor interfacial properties that prevents it to stabilize dispersions without adding conventional
surfactants, these latter compounds owning negative toxicological and environmental
impacts2. To overcome these problems, intensive researches have been devoted to the
chemical modification of polysaccharides, including xanthan, to increase their
physicochemical potentialities mainly as amphiphilic biopolymers that may combine texture
and interfacial properties, thus allowing formulation without classical surfactants.
The literature describes different grafting reactions on xanthan polysaccharide such
as esterification by succinic anhydride3 or poly (maleic anhydride/1-octadecene) or maleic
anhydride, acylation by palmitoyl chloride, amidation by octylamine4, etherification by octyl
chloride or bromohexadecane5. However, most of these modifications are performed using
either (1) toxic and expansive solvents, (2) derivatization with coupling agents, (3) high
temperature, (4) prolonged reaction time or all together.
The aim of the present work was to developpe amphiphilic xanthan derivatives by
grafting 12-carbon hydrophobic chain onto the xanthan backbone following the principles of
green and sustainable chemistry (no toxic solvent or chemical agents, low temperature …);
in a second step, chemical and physicochemical properties were characterized and, finally,
unprecedented emulsion stabilization ability was evidenced for these original xanthan
derivatives as illustrated on Figure 1.

Figure 1: Optical microscopy image of oil-in-water emulsion stabilized by hydrophobically
modified xanthan after 30 days at rest
[1] Barclay T. G., Day C. M., Petrovsky N. & Garg S., Carbohydrate Polymers, 221, 94–112, 2019.
[2] Olkowska E., Polkowska Ż. & Namieśnik J., Chem. Rev, 111 (9), 5667–5700, 2011.
[3] Wang B., Han Y., Lin Q., Liu H., Shen C., Nan K. & Chen H., Journal of Materials Chemistry B, 4 (10),
1853–1861, 2016.
[4] Roy A., Comesse S., Grisel M., Hucher N., Souguir Z. & Renou F, Biomacromolecules, 15 (4), 1160–
1170, 2014.
[5] Patel J., Maji B., Narayana Moorthy N. S. H. & Maiti S., RSC Advances, 10 (45), 27103–27136, 2020.
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The supramolecular structure of wood-based polysaccharides has a dramatic effect
on their chemical modification and application possibilities. Here we present our findings
regarding periodate oxidation of wood-based polysaccharides in two hierarchies:
semicrystalline cellulose and amorphous xylan. In the case of the molecular system of xylan,
the oxidative modification is used to modulate the water-solubility and hence enable its use
as an adsorptive modifier in an aqueous environment [1]. In the case of the supramolecular
cellulose we present the findings regarding oxidation kinetics of sulfate half-ester containing
hierarchies and evolution of degree of surface composition and the semicrystalline structure.
We aim to expand on the knowledge regarding the use of this modification for facilitating
materials for engineering of bio-based films.
[1] Palasingh, C., Ström, A., Amer, H., & Nypelö, T. (2021). Oxidized xylan additive for
nanocellulose films–A swelling modifier. International Journal of Biological
Macromolecules, 180, 753-759, 2021
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To produce chitosan is an interesting work. Chitosan is an important polysaccharide
in various industries and is produced from chitin – an abundant biopolymer in crustacean
shell biomass wastes. Traditional processes for chitosan manufacture are commonly based
on highly concentrated alkaline or acid solutions which are, however, severely eroding the
environment over time. In this study, we describe a ‘greener’ method using ionic liquid
[Emim][OAc] for de-crystallization of native chitin and microwave-mediated NaOH solution for
its de-acetylation to chitosan. XRD and SEM results showed a decrease in chitin crystallinity
that subsequently benefited chitosan production up to 85% degree of de-acetylation in
shorter time periods (1-2 hours) and lower NaOH concentrations (20-40%), confirmed by FTIR and NMR data. Notably, we could regenerate the ionic liquid to 97% yield for reuse. Roles
of the ionic liquid in the process are being clarified by molecular dynamics simulation. The
strategy promises a sustainable alternative to highly corrosive alkaline or acid solutions
towards biomass valorization in the modern world.

1/ [Emim][OAc]
2/ MW-NaOH, 1-2 h

Chitosan

Chitin

Figure: Chitin was transformed into chitosan using 1-ethyl-3-methylimidazolium acetate
[Emim][OAc] pretreatment and microwave-NaOH combination.
Acknowledgements: The Kempe Foundations, Wallenberg Wood Science Center (WWSC)
of Alice and Knut Wallenberg Foundation, Bio4Energy Programme.
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Fluorescence labelling of oxidized reducing ends of cellulose is key to follow the
activities of LPMO enzymes which can cleave the cellulose chain by oxidation at the C-1
position. A proper understanding LPMO’s mode of action is needed to apply these enzymes
effectively in pulp modification processes. To do so, a novel method for fluorescence
labelling of cellulose’s oxidized ends is developed. Different fluorophores and coupling
methods using carbodiimides have been tested on low molar mass model compounds and
cellulose. The procedure will be integrated into a gel permeation chromatography (GPC)
system with refractive index (RI), multiple laser light scattering (MALLS) and fluorescence
detection.
The coupling reaction is optimized with the model compounds lactobionic acid (LB)
and cellobionic acid (CB) regarding reaction conditions, presence of catalysts and yield. The
optimized protocol will then be applied to cellulose. The labelling reaction of the model
compounds proceeds fast and with high yields. The reaction products were isolated by flash
chromatography and characterized by NMR. Reaction kinetics as well as the thermal stability
(Figure 1) of the product in DMAc/LiCl (2.5%, w/v) were tracked by HPLC.

100

recovery [%]

98
96
94
92
40°C
60°C
100°C

90
88
0

5

10

15
time [h]

20

25

30

Figure 1: Thermal stability of fluorescent labelled LB in DMAc/LiCl.
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The selective oxidation of cellulose, via oxidation catalysis with oxoammonium salts
(2,2,6,6-tetramethylpiperidinyloxyl, TEMPO) has been well known for some years [1]. For
starch, on the other hand, there are still few publications. For the functionalization of corn
and waxy corn starches the regioselective TEMPO oxidation of C6 primary hydroxyls [2] was
thus applied in aqueous slurry and paste conditions. Several TEMPO derivatives and
experimental parameters have been tested to achieve high degrees of functionalization
(oxidation). The number of carboxyl groups generated, was determined by FTIR and ICPOES. Additional NMR measurements confirmed the selective oxidation at C6. The molar
mass of the oxidized starches was investigated by GPC-MALLS. Under the selected
synthesis conditions with NaOCl as oxidant, a maximum of about 70 carboxyl groups per 100
anhydroglucose units was generated. However, a high use of oxidizing agent also showed a
substantial decrease in molar mass to about 2*105 g/mol.
Milder conditions were used for the selective oxidation of starch with the aid of
atmospheric oxygen and the enzyme laccase as a co-catalyst. With these sustainable
reaction conditions, functionalization levels up to 20 carboxyl groups per 100 anhydroglucose
units could be achieved in the optimal laccase temperature range of 70 °C. Thereby, only a
minor molecular mass degradation took place.
In application tests, the C6-selectively oxidized starches proved effective as flocculants for
the purification of iron-contaminated waters. The degradability of the starches was
significantly increased compared to chemically modified carboxymethyl starches.

Figure 1 : Mechanism of starch oxidation by TEMPO/NaClO/NaClO2
[1] Pierre, Guillaume, et al. "TEMPO-mediated oxidation of polysaccharides: An ongoing
story." Carbohydrate polymers 165 (2017): 71-85.
[2] Bobbitt, James M. "Oxoammonium Salts. 6.1 4-Acetylamino-2, 2, 6, 6tetramethylpiperidine-1-oxoammonium perchlorate: a stable and convenient reagent for the
oxidation of alcohols. silica gel catalysis." The Journal of Organic Chemistry 63.25 (1998):
9367-9374.
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Natural carbohydrate-based surfactants have unique properties like biodegradability,
biocompatibility, non-toxicity, sustainability, foaming, emulsifying, nanoreactor ability, and
biological activity.1,2 Their isolation and purification from plants requires laborious procedures
and their chemical synthesis is difficult.3,4 The use of lipases as biocatalysts is an effective
alternative route. The huge potential of the lipase catalyzed synthesis allowed the widening
of the research field to many important bioconjugates including aliphatic and aromatic esters
of sugars and sugar derivatives.5
In this work we describe the biocatalytic synthesis of hydroxyaryl esters of mono-, diand oligosaccharides. The limited solubility of carbohydrates in non-polar organic solvents
required for the lipase catalytic activity has been overcome by the derivatization of sugars
with alkyl and isopropylidene groups. Glucose, sucrose, lactose and inulin acetals have been
synthesized by known chemical methods. The hydroxyaryl esters were obtained by the
esterification of 3-(4-hydroxyphenyl) propionic acid (HPPA) with glucose, alkyl-glucosides,
and sugar acetals in the presence of Novozyme 435 lipase. The highest yields were
achieved for HPPA esters of alkyl glucosides and glucose acetals, characterized by mass
spectrometry, infrared spectroscopy and nuclear magnetic resonance spectroscopy. Mass
spectrometry analysis showed the formation of HPPA monoesters of sucrose acetals, inulin
monoacetal monoester and diester, inulin diacetal monoester with a polymerization degree of
two, and inulin monoacetal monoester with a degree of polymerization of three. The
specificity of the lipase for the primary hydroxyl groups (e.g. -6CH2-OH) of the carbohydrate
moiety during esterification was revealed by 1H-NMR, 13C-NMR, and 135 DEPT NMR
spectra.6 Finding the optimal combination of biocatalyst, solvent system and reaction
conditions to increase the efficiency of the process and to minimize the impact on the
environment and human health is the next goal of our research.
Funding: This work was partially supported by a grant of the Romanian Ministry of
Education and Research, CCCDI-UEFISCDI, project number PN-III-P4-ID-PCE-2020-2177,
within PNCDI III, contract number PCE 157/2021.
[1] Campana R., Merli A., Verboni M., Biondo F., Favi G., Duranti A. & Lucarini S.,
Pharmaceuticals, 12, 1–19, 2019.
[2] Vafakish B. & Wilson L. D., Polysaccharides, 2 (1), 168-186, 2021.
[3] Akong F.O. & Bouquillon S., Green Chemistry, 17, 3290–3300, 2015.
[4] Ghosh B. & Jones A.D., Analytical Methods, 9, 892–905, 2017.
[5] Croitoru R., Fitigau F., van den Broek L.A.M., Frissen A.E., Davidescu C.M., Boeriu C.G.
& Peter F., Process Biochemistry, 47, 1894–1902, 2012.
[6] Buzatu A.R., Frissen A.E., van den Broek L.A.M., Todea A., Motoc M.& Boeriu C.G.,
Processes, 8 (12), 1638-1657, 2020.
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The market for cellulose derivatives is currently growing, of course because of their biobased origin, but also of original fibres properties. In particular, the creation of hydrophilic
polar functional groups on cellulose backbone gives absorbent properties which can find
applications in medical and hygiene fields (absorbent products such as wound dressings,
compresses, etc.), for dissolving pulps. One of the key points in the formation of these
cellulose-based products is to use selective reactions able to optimize the formation of
hydrophilic functional groups and their hydrophilization.
Two types of cellulose modifications were studied (Figure1):
i) grafting of functional groups; sulfobutyl, sulfopropyl, sulfoethyl and carboxymethyl,
ii) oxidation by Tempo, sodium periodate or ozone.
Two substrates were used: microcrystalline cellulose powder as reference system and
dissolving pulp (industrial substrates). The impact of reaction parameters (mainly time and
temperature) were studied. Cellulose derivatives were characterized by FT-IR and Raman
spectroscopies, and also by elemental analysis. Morphological analyses were also
performed by light microscopy and SEM.
Reaction conditions were optimized for each type of modification, to obtain degrees of
substitution (DS, determined by elemental analysis for alkylsulfonates and conductimetric
titration for carboxylates) ranging from 0.1 and 0.5, whatever the derivatization was.
The hydrophilization of the modified celluloses was carried out by studying their swelling,
behavior in water, and even their dissolution. The different treatments have also led to the
homogenization of product morphology and fibre length.

Figure 1. Grafting (left) and oxidation (right): the two pathways studied for cellulose
modifications.
Key words: cellulose alkylsulfonate, carboxymethylcellulose, oxidation, ozone,
hydrophilization.
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Polymers that bear nitrogen in the form of primary amines or quaternary ammonium groups
can be of interest for coatings, and as materials with antibacterial activity. [1] Introducing
cationic charges into polysaccharides, mostly by ether bonds, is an established technique,
and such products are widely used in cosmetics and the paper industry. However, some
alternatives to etherification exist, whilst preserving the polymer backbone. [2] Furthermore,
also mixed charged (cationic/anionic) or zwitterionic polymer systems can be of interest due
to their distinct properties. [3] In this presentation, amide bond formation through the reaction
of a polyamine with an anhydride, and esterification between activated carboxyls and
polysaccharide hydroxyls are compared, both with the aim to produce new cationic and
mixed-charged polymer systems. In the first case, different materials with a varying and
controllable ratio of mixed charges are obtained. These show a broad range of unspecific
antibacterial activities, mostly depending on the charge ratio, and decreasing with the
amount of positive charge at physiological pH value. In the latter case, stable ester bonds are
formed between cellulose derivative hydroxyls, and the cationization reagent, leading to a
measurable and controllable amount of charge on the polymer. These ester bonds can be
cleaved under relatively mild conditions, leading to the fact that the cationic polymer can be
reversed into an uncharged, water soluble material. Both polyelectrolyte types are intendent
to be used either as antimicrobial coatings, or materials in contact with living cells or tissue.
Cell toxicity was therefore assessed and compared with their antimicrobial properties.
[1] Carmona-Ribeiro, A. M., De Melo Carrasco, L. D., Cationic Antimicrobial Polymers and
Their Assemblies. International Journal of Molecular Sciences, 14, 9906-9946, 2013.
[2] Prado, H. J., Matulewicz, M. C., Cationization of polysaccharides: A path to greener derivatives
with many industrial applications. European Polymer Journal, 52, 53-75, 2014.
[3] Schlenoff, J. B., Zwitteration: Coating Surfaces with Zwitterionic Functionality to Reduce
Nonspecific Adsorption. Langmuir 30, 9625-9636, 2014.
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For some paper and packaging applications, the wet strength is critical. Traditionally,
enhanced wet strength have been achieved through addition of wet strength additives, such
as urea-formaldehyde, melamine-formaldehyde or polyamide-epichlorohydrine. These
additives are, however, associated with environmental or health hazards. An alternative route
for enhanced wet strength is oxidation of cellulose, which have gained some interest, as it
could potentially eliminate the addition of wet strength resins 1,2 By forming carbonyl groups,
hemiacetals may form between the cellulose chains, thereby enhancing the wet strength of
the material. Previous research has mainly focused on the use of TEMPO or sodium
periodate as oxidants. An alternative to this could be to utilize a commonly used bleaching
agent, such as hydrogen peroxide. If hydrogen peroxide could be used to promote formation
of carbonyl groups, a pulp with inherent wet strength could potentially be produced using the
existing infrastructure of a kraft pulp mill, eliminating the need for further oxidation using
potentially expensive oxidants.
Previous work 3,4 have shown that hydrogen peroxide can be used at acidic
conditions to successfully increase the number of carbonyl groups in kraft pulp, and thereby
the wet strength of the pulp. At these conditions, the carbonyl group formation is likely
caused by hydroxyl radicals, as the hydroperoxy ion, that is responsible for the main
bleaching performance during hydrogen peroxide bleaching, is mainly formed at alkaline pH.
Recent studies show that the formation of carbonyl groups is enhanced when recirculating
the reaction solution to oxidized multiple batches of pulp. During the reaction, metal ions are
leached from the fully bleached kraft pulp, resulting in an increased formation of hydroxyl
radicals, and thereby an enhanced carbonyl group formation, figure 1.

Figure 1 : Formation of carbonyl groups during oxidation with H2O2 (50 % on pulp).
[1] Saito T. & Isogai A., Tappi Journal, 4:3, 3-8, 2005
[2] Sun B., Hou Q., Liu Z & Ni Y., Cellulose, 22, 1135-1146, 2015
[3] Martinsson A., Hasani M., Potthast A. & Theliander H., Cellulose, 27, 7191-7202, 2020
[4] Martinsson A., Hasani M. & Theliander H., Nordic Pulp & Paper Research Journal, 36:1,
166-176, 2021
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The petroleum-based economy that has driven the development of modern society in
the last century is showing signs of decline. The dependency on depleting natural resources
required humankind to be more alert about the sustainability of our planet, forcing a mentality
shift toward alternative renewable sources.
The lignocellulosic materials present themselves as a viable alternative to be used as
a biomass feedstock for the biorefineries, since the agricultural, industrial and forest
lignocellulosic materials account for most of the existing biomass.
Depending on the application, there may be a need to physically and/or chemically
modify the cellulosic materials structure/surface, like the deconstruction to its micro- and
nanostructures or the complete hydrolysis to monosaccharides, the dissolution, and/or the
addition of chemical groups to the structure to optimize properties or to make it compatible
with other materials (creation of bio-composite materials).
In the present work, cationic cellulose derivatives with distinct degrees of substitution
were synthesized by cationizing bleached eucalyptus kraft pulp using a dual step cationization,
where the cellulose was first oxidized to dialdehyde cellulose and then made react with Girard’s
reagent T (Figure 1). The morphological changes on the cellulose fibres were observed by
optical microscopy. The effect of the degree of substitution on the depolymerization/
solubilization of the fibres was quantified by measuring the intrinsic viscosity of the samples
and the fraction of solubilized material by vacuum filtration through a 0.2 µm pore size
membrane.

Figure 1: Cellulose cationization with Girard’s T reagent and effect of degree of substitution
on the cellulose fibre integrity.
Acknowledgements
This work was supported by the Project inpactus – innovative products and technologies from eucalyptus (Project
N. º 21874 funded by Portugal 2020 through European Regional Development Fund (ERDF) in the frame of
COMPETE 2020 nº246/AXIS II/201). The authors also want to acknowledge the Project ToxApp4NanoCELFI
(PTDC/SAU-PUB/32587/2017, from the Foundation for Science and Technology, Portugal), the Network CYTED
Nanocelia - Transferencia Tecnológica sobre Aplicaciones de Nanocelulosa en Iberoamérica, and the Strategic
Research Centre Project UIDB/00102/2020, funded by the Fundação para a Ciência e Tecnologia (FCT).

260

S13-P-09 - DEVELOPMENT OF BIODEGRADABLE EXTRUDED MATERIALS BASEDON STARCH FOR ACTIVE FOOD PACKAGING
Vinceslas T.*a, Honoré M.a, Shehzad A.a, Terrié C.a, Leblanc N.a
a

UniLaSalle, ULR7519 - Transformations & Agro-Ressources, Normandie Université, 3 rue
du Tronquet, F-76130 Mont-Saint-Aignan, France
* theo.vinceslas@unilasalle.fr

The aim of the REACT project is to develop recyclable and/or compostable barrier
packaging to replace the current multi-layer films that are incinerated or landfilled.
Fossil-based multilayer solutions meet the requirements imposed by packaging applications
while biobased polymer solutions such as PLA, PHA, PEF or thermoplastic starch (TPS) do
not offer all properties such as barrier, mechanical properties, transparency, bacterial safety
and sealability. The main objective of REACT project will be to remove these barriers while
maintaining recyclability and/or compostability. UniLaSalle is in charge of the development
and optimisation of starch formulations and functionalisation by reactive extrusion.
ThermoPlastic Starch, or TPS, is a biodegradable and compostable polymer derived
from abundant and inexpensive renewable resources (starch from different botanical origins).
It is an attractive alternative to synthetic polymers, especially in the manufacture of short-life
food packaging. TPS is particularly sought after for its good oxygen barrier properties when
low in moisture [1], but it is also known for its high water absorption capacities. This property
is seen as an advantage in fresh food packaging where exudates need to be removed, but
also as a disadvantage because of moisture content impacts on mechanical properties [2].
Combining TPS with a hydrophobic biodegradable polymer such as PCL, either by blending,
coextrusion or chemical grafting (Figure 10), can lead to an optimised material with
compromises between those properties.

Figure 10 Esterification reaction between starch and a fatty acid (R1>7)
The project is based on numerous existing works on starch esterification [3].Starches
grafted with fatty acid chains of different lengths are tempted to be synthesised in the
laboratory and characterised with respect to their degree of substitution and their chemical
and physical properties. Different formulations are tested to optimize grafting (plasticizer,
fatty acid content, catalyst...).
[1]
P. Dole, C. Joly, E. Espuche, I. Alric, et N. Gontard, « Gas transport properties of
starch based films », Carbohydrate Polymers, vol. 58, no 3. p. 335-343, 2004.
[2]
A. Mahieu, C. Terrié, et B. Youssef, « Thermoplastic starch films and thermoplastic
starch/polycaprolactone blends with oxygen-scavenging properties: Influence of water
content », Ind. Crops Prod., vol. 72, p. 192-199, oct. 2015.
[3]
G. Moad, « Chemical modification of starch by reactive extrusion », Prog. Polym. Sci.
Oxf., vol. 36, no 2, p. 218-237, 2011.
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Chirality is one of the fundamental features in the structure and chemistry of all living
organisms. The chemistry of dead and living matters is defined by asymmetric characteristics
of naturally occurring organic compounds in terms of enantiomers which exhibit different
properties in biochemical systems, as already recognized more than 150 years ago.1 Highperformance liquid chromatography (HPLC) equipped with chiral stationary phases is one of
the most powerful methods to separate enantiomers.2
Because of their high enantiomer separation power, cellulose and cellulose
derivatives have been exploited and used as chiral selectors in our work. Regioselective
synthesis was employed to modify cellulose to bear different substituents at C2, C3, and C6
as the respective chiral selectors. The cellulose derivatives were comprehensively
characterized by ATR-FTIR, solid- and liquid-state NMR, GPC. The degrees of substitution
were analyzed or monitored by elemental analysis, UV/Vis spectrometry, and thin-layer
chromatography. Azidopropyl-functionalized silica gel was employed as an inert carrier to
immobilize cellulose derivatives by “click chemistry”. The selector loading on silica gel was
inter alia analyzed by TGA. The chiral stationary phase materials were packed into stainless
steel columns and their enantiomer separation performance evaluated by HPLC with a set of
target analytes and compared to commercially available chiral stationary phases.

Figure 1: Experimental scheme
[1] Pasteur L., C. R. Acad. Sci., 46, 615-618, 1858
[2] Hettegger H., Lindner W. & Rosenau T., Recent Trends in Carboh. Chem., 1, 441-462,
2020
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Growth factors constitute a key element in tissue engineering strategies since they
stimulate essential cellular processes, such as proliferation, migration and differentiation.
Cytokines belonging to Transforming Growth Factor-β (TGF-β) superfamily, such as TGF-β1
and Bone Morphogenetic Protein-2 (BMP-2) are able to induce, respectively, the
chondrogenic and osteogenic mesenchymal stem cell differentiation. The major drawback
related to the growth factor use is related to their extremely short lifetime due to their rapid
proteolytic degradation. However, to reach an appropriate regenerative effect, the tissue
often needs to be exposed to growth factors for relatively long timeframes. In vivo, growth
factors are protected and stabilized by non-covalent binding with the extracellular matrix
components and in particular, sulfated polysaccharides, namely glycosaminoglycans
(GAGs). By interacting with growth factors, GAGs protect them from undesired degradation
and enhance both their local concentration up to levels required for signaling and their
stability, thus facilitating the growth factor binding to their cell receptors. Because matrixbound growth factors remain more effective than their soluble counterparts, growth factor
delivery systems, allowing both protein protection and its sustained release to the
surrounding microenvironment, are intensely developed [1]. Since biocompatibility and
biodegradability are the most critical parameters in tissue engineering, delivery systems
based on natural polymers, such as polysaccharides, have attracted much attention. In order
to enhance the growth factor binding to the matrix, polysaccharides are frequently modified
to mimic structural and functional features of highly sulfated GAGs found in the extracellular
matrix.
In this context, we are currently developing microgels based on a marine bacterial
exopolysaccharide (EPS) synthesized by the deep-sea hydrothermal vent bacterium
Alteromonas infernus, called infernan (GY785 EPS), as growth factor delivery systems [2,3].
The atypical structure of the EPS with the presence of both uronic acids and sulfate groups
confers to infernan its biological GAG-mimetic properties. This native high-molecular weight
slightly sulfated EPS was shown to favor the production of cartilaginous tissue by
chondrocytes seeded in cellulose-based hydrogel and implanted subcutaneously into nude
mice [4]. Chemical modifications (depolymerization and sulfation) applied to the native EPS
led to a low-molecular weight highly sulfated EPS derivative, which stimulated the in vitro
chondrogenic differentiation of the human adipose-derived mesenchymal stem cells in the
presence of TGF-β1 [5]. Indeed, non-covalent binding of the growth factor to the EPS
derivative efficiently enhanced its bioactivity [6]. Despite GAG-mimetic activities, infernan
also displays gelling properties in the presence of divalent cations, such as calcium and can
easily be structured into physical microgels [2,3,7]. Therefore, by combining both biological
(GAG-mimetic) and physico-chemical (gelling) properties of the EPS, functional microgels
appropriate for growth factor protection and release can be designed. For cartilage and
subchondral bone engineering purposes, TGF-β1 and BMP-2 loaded microgels were
respectively developed. Proteins were incorporated within microgels in mild conditions using
264

the microfluidic technique. Indeed, microfluidics offers the unique possibility to produce
monodisperse microparticles with tailored sizes and morphologies, without using high energy
and temperature, which may be destructive for the bioactive molecule to be encapsulated.
Contrary to other emulsification techniques, where the encapsulation of active compounds,
such as growth factors, is frequently ensured by their adsorption inside microdroplets through
their diffusion from solution, microfluidics offers a unique possibility to formulate
microdroplets and encapsulate the totality of the active compound in only one step process.
By tuning the growth factor – EPS binding affinity, different release kinetics were observed,
allowing the optimization of the release profiles to targeted applications. The bioactivity of
released growth factors was further assessed and their efficacy to stimulate proliferation and
osteogenic differentiation of human bone-marrow derived mesenchymal stem cells was
evaluated.

[1] Subbiah R. & Guldberg R. E. Advanced Healthcare Materials. 8, 1801000, 2019.
[2] Zykwinska A., Marquis M., Godin M., Marchand L., Sinquin C., Garnier C., Jonchère C.,
Chédeville C., Guicheux J., Le Visage C., Colliec-Jouault S.& Cuenot S. Marine Drugs. 17,
65, 2019.
[3] Gélébart P., Cuenot S., Sinquin C., Halgand B., Sourice S., Le Visage C., Guicheux J.,
Colliec-Jouault S. & Zykwinska A. submitted.
[4] Rederstorff E., Rethore G., Weiss P., Sourice S., Beck-Cormier S., Mathieu E., Maillasson
M., Jacques Y., Colliec-Jouault S., Fellah B.H., Guicheux J. & Vinatier C. Journal of Tissue
Engineering and Regenerative Medicine.,11, 1152-1164, 2017.
[5] Merceron C., Portron S., Vignes-Colombeix C., Rederstorff E., Masson M., Lesoeur J.,
Sourice S., Sinquin C., Colliec-Jouault S., Weiss P., Vinatier C. & Guicheux J. Stem Cells.
30, 471-480, 2012.
[6] Zykwinska A., Marquis M., Sinquin C., Marchand L., Colliec-Jouault S. & Cuenot S.
Carbohydrate Polymers. 202, 56-63, 2018.
[7] Makshakova O., Zykwinska A., Cuenot S., Colliec-Jouault S. & Perez S. Carbohydrate
Polymers, accepted.
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Bacterial nanocellulose (BNC) is an animal and donor-free natural polymer presenting some
inherent characteristics that are highly regarded in the healthcare sector - purity,
biocompatibility, mechanical resistance, thermal stability and a fibrilar microstructure similar
to that of the collagen extra-cellular matter. Here I will present technical data supporting the
use of BNC films as cryopreservable cell culture substrates for fibroblasts [1] and as cell
support for limbal stem cells with the final objective to treat injured cornea (Figure 1A) [2,3].
Finally, I will show encouraging results on the use of BNC as meshes for hernioplasty
gathered after the in-vivo implantation of BNC films in rabbits for 21 days (Figure 1B).

A
B

Figure 1. Bacterial nanocellulose films: A) limbal stem cell (LSC) support and B) mesh for
hernioplasty.
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In the last decade, there has been a growing interest in the development of hydrogels
derived from native extracellular matrices (ECM) for 3D cell culture as they better mimic the
physiological cellular microenvironment. Despite improvements in organ decellularization
techniques, extracellular matrix’s hydrogels obtained exhibit lower stiffness than native
tissues. A common solution to overcome this problem is to mix ECM-based hydrogels with
high-stiffness biomaterials, such as silk1. However, by incorporating micron-sized fibrous
components, the structure and the properties of the hydrogel is affected and the cell
behaviour can be modified. Thus, bacterial nanocellulose (BNC), due to the size and the
robustness of its nanofibers, and its multiples properties (such as biocompatibility, noncytotoxicity, high natural purity) seems a good compromise2.
The aim of this work is to reinforce the ECM hydrogels with bacterial nanocellulose to
develop a biomaterial suitable for the cell culture without micron-sized fibers. BNC fibers
were produced from BNC films derived from the culture of Komagataeibacter xylinus and
mixed homogeneously with high concentration of type I collagen from rat tails3. Laser
confocal microscopy and scanning electron microscope images were used to assess the
homogenous macro- and micro-distribution of the two types of fibers. Elongation capacity
and rheological properties of these composite hydrogels were compared to type I collagen
hydrogels and non-decellularized organs. 3D cell culture was assessed to evaluate the cell
viability inside these hydrogels and their suitability for the cell culture.

Figure 1: Confocal microscopy images of hybrid hydrogel composed of
collagen and bacterial nanocellulose.

[1] Sanz-Fraile H., et al., Tissue Engineering Part A., 358-370, 2020.
[2] Anton-Sales I., et al., ACS Biomaterials Science & Engineering, 6, 9, 893-4902, 2020.
[3] Rajan, N., et al., Nature Protocols, 1, 2753, 2006.
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In the field of regenerative medicine for muscle diseases, the identification of some
adult stem cells (ASCs) and the demonstration of their myogenic potential have opened the
way to new therapeutic proposals1. Over the past 15 years, we have extensively characterized,
in vitro and in vivo, a type of ASCs called MuStem cells2, 3. The emergence of 3D biological
models provides new opportunities to modulate both the in vitro behavioral properties and
plasticity of progenitor cells but also to increase their survival and grafting properties in the
host tissue by notably limiting mechanical stress4. Therefore, the mechanobiology of the
MuStem cells placed in 3D matrix environment has to be evaluated to better understand their
potentialities. Alginate, is one of the most used natural polymers in tissue engineering due to
its biocompatibility and its ability to form a hydrogel network. Wide range of elastic modulus
values between 3 and 500 kPa has already been reported for alginate hydrogels. This can not
only be due to the multiple methods used to estimate the elastic modulus but also to the
physico-chemical characteristics of the alginate hydrogels (e.g. gelation mode, alginate molar
mass, alginate and cation concentrations)5.
In the present work, we compared the mechanical properties of different alginate-based
hydrogels generated by internal or external gelation mode, using Atomic Force Microscopy
(AFM). Interestingly, for a same component concentration, two-fold lower apparent elastic
moduli were obtained in internal gelation compared to external one (1 to 12.5 kPa vs. 4 to 25
kPa, respectively). In addition, variable pore structures were determined by Scanning Electron
Microscopy, depending on both the gelation mode and the alginate/calcium concentrations.
Overall, these preliminary results put forward a major impact of the gelation method on the
physical properties of the hydrogels, which could have significant repercussions on cell
behavior. To evaluate this in the perspective of muscle tissue engineering applications, we are
going to study in vitro the differentiation potential of MuStem cells according to the mechanical
properties of the alginate-based hydrogels used.
[1] Negroni E., Gidaro T., Bigot A., Butler-Browne G.S., Mouly V., Trollet C., Neuropathology
and Applied Neurobiology, 41, 270–287, 2015
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Deleau S., Guigand L., Testault I., Le Rumeur E., Fiszman M., Chérel Y., American Journal of
Pathology. 179, 5, 2501-2518, 2011
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Extrusion-based 3D bioprinting is largely applied as a toolbox for building in vitro 3D
cell culture models or tissue equivalents in order to understand the underlying cell-matrix and
cell-cell interactions in different tissue models. Various bioink systems have been explored in
the recent years. The bioink materials are expected to offer excellent ink fidelity and
workability and to provide 3D constructs with desired geometry and physical and biological
properties. For formulating bioinks spans, a wide spectrum of natural polymer-based
biomaterials are available from the bioactive extracellular matrix (ECM)-components, e.g.,
collagen, fibronectin, and hyaluronic acid, to more abundant natural polysaccharides, e.g.,
chitosan, alginate, and ulvan. Moreover, those biopolymer-derived semi-synthetic
methacrylated derivatives, such as methacrylated gelatin (GelMA), and methacrylated
hyaluronic acid (HEMA), with their photocurable property can consolidate the printing fidelity
with the external auxiliary process of light crosslinking in order to tune the hydrogel
properties in the printing process as well as in the form of printed constructs.
More recently, nanocellulose particularly cellulose nanofibril (CNF) hydrogels have
emerged as a highly functional non-ECM component in formulating bioinks.1 CNF hydrogels
display a shear-thinning rheology and can flow upon a shear by reorienting the fibril
entanglement. Previously, We have developed an approach to 3D-printing of CNF hydrogels
with good mechanical properties and wet-stability.2,3 There UV-crosslinkable biopolymers,
methacrylated gelatin and galactoglucomannan (GGM), respectively as the auxiliary material
for the TEMPO-mediated oxidized CNFs-based bioink, were successfully prepared for
printing of hydrogel scaffolds with mechanical strength in a broad range.
Here, we present a new approach where methacrylated CNF (CNF-MA)-based photocrosslinkable ink formulation was developed. The CNF-MA was further formulated with the
monomeric acrylamide as a feedstock ink for hydrogel extrusion-based 3D printing, direct ink
writing (DIW). The photo-crosslinking kinetics of inks was studied via photorheology.
Printability of inks were evaluated in DIW printing. The cytotoxicity of the prepared hydrogel
was assessed in the culture of Hela cancer cells lines and human dermal fibroblasts.
[1] Wang X., Wang Q. & Xu C., Bioengineering, 7(2), 40, 2020
[2] Xu W., Zhang X., Yang P., Långvik O., Wang X., Zhang Y., Cheng F., Österberg M.,
Willför S. & Xu C., ACS Appl. Mater. Interfaces, 11, 12389-12400, 2019.
[3] Xu W., Zhang Molino B., Cheng F., Molino P., Yue Z., Su D., Wang X., Willför S., Xu C. &
Wallace, G., ACS Appl. Mater. Interfaces, 11, 8838–8848, 2019.
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The elucidation of cell-surface interactions and the development of model platforms to
help uncover their underlying mechanisms remains vital to the design of effective
biomaterials. To this end, dextran palmitates with varying degrees of substitution were
synthesised with a multipurpose functionality: an ability to modulate surface energy through
surface chemistry, and an ideal thermal behaviour for patterning. Herein, dextran palmitate
films are produced by spin coating, and patterned by thermal nanoimprint lithography with
nano-to-microscale topographies. These films of moderately hydrophobic polysaccharide
esters with low nanoscale roughness performed as well as fibronectin coatings in the culture
of bovine aortic endothelial cells. Upon patterning, they display distinct regions of roughness,
restricting cell adhesion to the smoothest surfaces, while guiding multicellular arrangements
in the patterned topographies. The development of biomaterial interfaces through
topochemical fabrication such as this could prove useful in understanding protein and cellsurface interactions.1

Figure 1 : Dextran-based cell culture platform fabricated by thermal nanoimprint lithography
[1] Tchobanian A. et al Carb. Polymers 252, 117183, 2021
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Daily repeated wound dressing changes lead to additional trauma to newly
formed tissue and prolonging the healing process. We developed multifunctional
dressing scaffold fabricated from complex chitosan-glucan (CSGC) hollow fiber/collagen
(CO) in presence or absence of aloe vera (AV). CSGC hollow fiber exhibited inner
diameter of (600 ± 250 nm) and outer fiber diameter of (2.5 ± 0.5 µm; Fig.1).
Morphology, mechanically property, pore size, porosity, swelling ability, degradation
behavior of composite scaffold were investigated. The obtained composite dressing
exhibited high hydrolytic stability, sufficient mechanical properties and high swelling ratio
compared to the plain collagen.
The hemostatic property of wound dressing was significantly enhanced
compared to the net CO and CSGC and exhibited excellent biocompatibility tested with
normal human dermal fibroblast (NHDF). It showed significant antibacterial activity
against different type of bacteria. In-vivo assays showed that, the novel dressing
promoted the wound healing by accelerating the wound closure in comparison with CO
and the control sample. All these results suggested that collagen/chitosan-glucan hollow
fiber/aloe vera (CO/CSGC@AV) composite dressing has a potential for clinical skin
regeneration, particularly for infected chronic wounds and ulcers1.

Fig. 1. TEM, SEM-EDX and cross-sectional of CO/CSGC@AV wound dressing scaffold
Reference
[1] Abdel-Mohsen, A. M.; Abdel-Rahman, R. M.; Kubena, I.; Kobera, L.; Spotz, Z.; Zboncak,
M.; Brus, J.; Jancar, J. Carbohydrate Polymers 230, 115708, 2020.
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Exopolysaccharides (EPS) secreted by bacteria from deep-hydrothermal vents of the Ifremer
collection have structures and/or properties similar to glycosaminoglycans (GAG), essential
components of connective tissues. In order to design injectable and thermoresponsive
hydrogels based on these biologically active EPS for tissue engineering applications, their
functionalization is an essential step to be carried out. In this context, the aim of this study
was to graft the synthetic thermosensitive polymer, the poly (N-isopropylacrylamide)
(pNIPAM) onto the selected bacterial EPS. Two EPS, namely GY785 and HE800, showing
high potential in bone1, cartilage2 and skin3 regeneration were grafted with a commercial
pNIPAM through EDC/NHS chemistry. The successful grafting of the pNIPAM was confirmed
by three complementary techniques: ATR-FTIR spectroscopy, HSPEC-MALS
chromatography and colorimetric assays. In addition, the impact of the EPS molar mass and
the EDC/NHS/pNIPAM molar ratio on the resulting hybrid EPS/pNIPAM polymers was then
assessed. The preliminary results showed that the pNIPAM percentage grafted on EPS
backbone varied according to the reaction conditions. The thermosensitive gelling behavior
of these hybrid polymers was then evaluated at different concentrations ranging from 5% to
10%. The development of these injectable, thermosensitive and bioactive hydrogels is
particularly promising for further applications in tissue regeneration.

[1] Ruiz-Velasco C., et al., Glycobiology, 6, 781-795, 2011.
[2] Rederstorff E., Weiss P., Sourice S., Pilet P., Xie F., Sinquin C., Acta Biomater, 5, 21192130, 2011.
[3] Senni K., Gueniche F., Changotade S., Septier D., et al., Marine Drugs, 4, 1351–1369,
2013.
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Heparan sulfate glycosaminoglycans are key players of tissue repair and can be regarded as
useful compounds for regenerative medicines. Unfortunately, their therapeutic uses face
many technical, industrial, and regulatory hurdles due to their animal origin. Interestingly,
among sulfated polysaccharides, low molecular Fucoidans (LMWF) from brown algae have
demonstrated their ability, as heparan sulfates, to promote both extracellular matrix
structuring and angiogenesis and to limit degenerative tissue proteolysis. These
polysaccharides have also shown their ability to specifically promote osteoblastic
differentiation and bone wound healing. Thus, it can be hypothesized the use of these
heparan-mimetics as an additive to improve the cytocompatibility of bone substitutes
commonly used in periodontal surgery. Periodontitis and peri-apical pathologies usually lead
to teeth loss and consequently to the alveolar bone crest resorption. Autologous bone graft is
regarded as the best procedure to resolve bone defect because of their good mechanical
properties, the presence of osteogenic cells and bone growth factors without adverse
immune response. Unfortunately, its use is limited in volume and second surgical procedures
increase operating time, pain and risks of tissue morbidity. For these reasons, purely mineral
or organo-mineral materials like human highly purified bone matrix (hpBM) could be regarded
as an effective remedy owing to their mechanical properties, their porosity close to human
bone and their ability to promote cell adhesion on a preserved collagen network. However, in
spite of its osteoconductive properties, faster bio-integration of freezed bone allograft than
hpBM is observed. Indeed, hpBM preparation process maintains its mineral fibrillar
collagenous matrix but eliminates most of other bone matrix proteins and hence its capability
to regulate growth factors bioavailability. Thus, impregnation of hpBM with LMWF were
performed in order to restore their capabilities to trap growth factors and promote osteogenic
cell colonization. Human medullar stromal cells (hMSCs) were cultured in humanized
osteogenic media containing human platelet lysate to seed LMWF bioactivated hpBM.
Histological analysis and scanning electron microscopy observations were then performed.
LMWF promote osteoblatic differentiation of hMSCs as shown by a stronger alkaline
phosphatase expression and a precocious extracellular matrix mineralization. After 20 and
30 days of culture, scanning electron microscopy shows that LMWF bioactivated hpBM were
deeper, faster and more importantly settled by MSCs than control biomaterials, furthermore a
more important synthesis of osteoid layer at the surface of fucoidan bioactivated hpBM
trabeculae. LMWF could be advantageously used to design a new bioreactive biomaterial
with faster in situ integration.
This work was supported by the Hubert Curien Programme « Alliance » programme “Cedre” between
Lebanon and France
[1] Bou Karam et al, Med Nov Technol Devices 2021 doi.org/10.1016/j.medntd.2021.100066
[2] Senni K et al Marine Drugs, 2011 doi.org/10.3390/md9091664
[3] Changotade S, J Biomed Material Research A. 2008 doi.org/10.1002/jbm.a.31819
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Background. Kidney diseases can generally be classified as acute and chronic.
Chronic kidney diseases (CKDs) are related to a spectrum of different pathophysiological
mechanisms that slowly lead towards chronic kidney failure. Conversely, acute kidney
“diseases” are represented as nephrotoxicity and are most often related to (over)use of
medication or exposure to other substances (1, 2). One possible way to address these
issues is to produce functional in vitro models. A high prediction potential can be achieved in
investigation of acute and CKD’s pathophysiology and/or testing of complex drug-related
pharmacokinetic aspects when successful mimicry is attained.
Methods. Samples were taken from patients with kidney disease during a “regular”
punch-based biopsy of the kidney. They were directly transferred into a pre-prepared buffer
solution and cell isolation was performed using mechanical processing, enzymatic
degradation, and filtration. The isolated cells were seeded and cultured in culture flasks,
where cell subcultures were isolated. Later cells underwent cryopreservation. Microscopy
was used to characterize cells based on morphology and immunocytochemical and
expression analysis was performed to determine the cell geno- and phenotype. Functional
2D in vitro kidney models were developed to assess drug excretion (“E part” of the ADME
system) and test nephrotoxicity.
Results. The primary cell culture from a specimen obtained with a kidney biopsy
showed at least three distinct cell types using optical microscopy. One type seemed to
represent podocytes, as large cobblestone cells were seen. Using immunocytochemistry, we
have observed the expression of 3 transporters (OCT, OAT, and P-GP), characteristic of
proximal tubular epithelial cells (PTEC). PTEC were subcultured to establish pure cell lines
and develop 2D in vitro models. The models were exposed to different drug solutions (ACEI,
diuretics, NSAID, methylprednisolone, cyclosporine, cyclophosphamide) to test tubular
secretion, where transepithelial electrical resistance (TEER) was employed, and to test
nephrotoxicity, where cell health was assessed using morphological changes, viability, and
metabolic activity.
Conclusions. The existing kidney cell cultures are suitable for simple viability tests
after different substance exposure but fail to enable the development of functional in vitro
kidney models of excretion and reliable models of different kidney pathologies. The
development of 3D in vitro kidney models is still in its infancy, making significant steps
towards such models highly interesting for researchers and clinicians.

Figure 1 : Schematic depiction of our project
[1] Ferenbach D. A. & Bonventre J. V., Nephrol Ther. 12,Suppl 1:S41-8, 2016.
[2] Murphy D., McCulloch C. E., Lin F., et al., Annals of internal medicine, 165(7):473-81,
2016.
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This study is performed in the frame of a project which aims to develop starch foams
as biomaterials for bone regeneration. It is based on preliminary results demonstrating that a
material combining starch (a glucose polymer) and an enzyme hydrolyzing starch to glucose,
amyloglucosidase (AMG) increases the survival of mesenchymental stem cells (MSCs) in
vitro and in vivo1. Extruded starch foams constitute a porous scaffold used as nutrient supply
for the cells responsible of osteogenesis.
The first step is to develop an experimental method to measure the glucose release,
from the hydrolysis of a collection of extruded starch foams with various porous structures
determined by X-Ray tomography (figure 1), crystallinity and amylose/amylopectin ratio. The
representative sample quantity, the enzyme activity, the buffer type was optimized in order to
obtain reproducible results. A first series of tests describes the impact of the amylose content
(from 0 to 70%) of the foams on the kinetics of glucose release after enzymatic degradation
by AMG. These results will be presented in relation with 3D alveolar structure, quantified by
gas cell size and cell wall thickness.

Figure 1 : 3D alveolar structure of starch foams determined by X-Ray tomography

[1] D. Cyprien et al., “Enzyme controlled starch-based hydrogel for mesenchymal stem cell survival
and paracrine functions”Orthopaedic Research Society Annual Meeting Feb 5 2019, Austin, Texas.
The authors thanks ANR for funding of this work in the frame of Starchbone project
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After an injury, several biological pathways are activated and contribute to the overall
wound healing efficiency [1]. Rapid recovery is of great importance not only for the patient’s
quality of life but also in light of potential treatment expenditures.
Wound dressings are important to wound care formulations. They can be used as drug
delivery systems for various active agents that can promote wound healing. Among potential
wound healing promoting agents are also preparations from traditional medicinal plants. To
optimize wound healing, the release kinetics has to be studied and understood. Various
mathematical models can be used to predict the active agents' release from wound
dressings.
In our study, a methanolic extract of Plantaginis lanceolatae folium was prepared under
reflux. The extract was diluted and measured using a UV-VIS spectrometer. Three main
active constituents were determined in the extracts: aucubin, catalpol and verbascoside. An
RP-HPLC method was developed for the quantification of catalpol and aucubin. For the
quantification of verbascoside, a standardized protocol for the spectroscopic method was
used from Eur. Pharmacopeia.
Our proposed wound dressing was prepared from the extract, which was diluted in
water and infused into a gel of 3 wt% sodium alginate, 3 wt% carboxymethyl cellulose, and
1.5 wt% nanofibril cellulose. As-prepared wound dressings containing the extract were then
3D printed and cross-linked with 5 wt% CaCl2. An in vitro release study was then performed
using the Franz diffusion system, and the concentration of verbascoside was determined by
the absorbance of the eluates. From the concentration, the cumulative mass was calculated,
and various mathematical models were used to model the release of verbascoside.

1.

Figure 1: Schematic figure of work progress.
Gurtner, G.C., et al., Wound repair and regeneration. Nature, 2008. 453(7193): p. 314-321.
276

SESSION 15
POLYSACCHARIDE SOLUTIONS AND MATERIALS FROM THEM

277

KEYNOTE
RECENT PROGRESS ON PROCESSING AND FUNCTIONALIZATION OF CELLULOSE
WITH IONIC LIQUIDS
Jun Zhang
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As a class of novel solvents,ionic liquids (ILs) exhibit high stability, non-volatility, structure
tunability, high solvating capacities, easy recyclability and non-flammability, they thus have
been considered as the promising green solvents. Since Swatloski et al. reported that 1butyl-3-methylimidazolium chloride (BmimCl) could dissolve cellulose, intensive research
studies have been carried out in the field of dissolving cellulose with ILs. Our group also
reported that 1-allyl-3-methylimidazolium chloride (AmimCl) and 1-ethyl-3-methylimidazolium
acetate (EmimAc) were powerful solvents of cellulose. So far, many new ILs and ILs/cosolvents systems have been confirmed to dissolve cellulose effectively via forming strong
hydrogen bonding interactions between cations and anions in ILs and hydroxyls in cellulose.
These ILs and IL/cosolvent mixture solvents offer a variability of physiochemical properties
that make them interesting for many applications and offer unique platform for cellulose
chemistry.
As a new kind of powerful cellulose solvents, ILs exhibited great potential in cellulose
dissolution and processing. Various cellulose resources, such as cotton pulp, wood pulp, and
even agricutural straw, have been used as raw materials to produce the regenerated
cellulose materials with good mechanical properties. In collaboration with chinese
companies, we are developing industrial scale IL-based technology for producing
regenerated cellulose fibers and films. Compared with the currently used viscose technology,
the production period of new technology for both cellulose fibers and films was significantly
shortened. For example, the production period of cellulose film was reduced from more than
2 days of the traditional viscose technology to less than 1 hour of the new IL-based
technology.
As a new kind of aprotic solvents, ILs were also an intersting ‘‘green’’ reaction media
for homogeneous derivations of cellulose, especially cellulose esterifaication. Almost all
known and some new cellulose esters were synthesized in ILs. In addition, a series of novel
grafted celluloses with well-defined chain structure was synthesized with the aid of ILs.
Therefore, ILs have been providing a new and versatile platform for the wide utilization of
cellulose resources and preparation of novel cellulose-based materials with special
properties.
In this talk, I will report our recent progress on processing and functionalization of
cellulose with ionic liquids.
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Figure 1 : Processing and functionalization of cellulose with ionic liquids
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For many applications it is desired to dissolve cellulose and one type of water-based
solvent that is interesting due to its sustainability and compatibility with existing industrial
processes are aqueous solutions of NaOH at temperatures below zero. Dissolution is quick,
NaOH is cheap and non-toxic but the dissolution capacity is low and the solutions aren’t
stable. Our previous research has shown that NaOH can be combined with other hydroxide
bases that have more desirable solution properties and through this achieve more stable
cellulose solutions1. In our continued studies the effect of urea (a well-established additive
used to improve NaOH(aq) as a solvent for cellulose) on solutions of NaOH,
tetramethylammonium hydroxide (TMAH) and Benzyltrimethylammonium hydroxide (Triton
B) was measured using rheology and solvatochromatic probes. The results showed that it
does not have the same effect when added to solutions of Triton B as it does with NaOH or
TMAH. This might indicate that the role that urea has to weaken the hydrophobic assembly
effect is already filled by Triton B2.
Through the use of X-ray and light scattering techniques we have now further
investigated how the dissolution properties of the solvents can be related to the structure of
dissolved cellulose on a micro- and nanoscale and to measure if the solutions are truly
molecularly dissolved. This work is meant to contribute to a deeper understanding of
aqueous hydroxide bases as a class of solvents for cellulose in order to add to the range of
useful solvents that cellulose chemists can employ in their work.
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Figure 1: Scattered intensity of cellulose solutions
measured through Small Angle X-ray Scattering
[1] Swensson B., Larsson A. & Hasani M., Cellulose, 27(1),p. 101-112, 2020
[2] Swensson B., Larsson A. & Hasani M., Polymers, 12(6),p. 1310, 2020
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The objective of this study consist in obtaining 18% combined solutions of cellulose
and ternary copolymers PAN with various acidic co-monomer in N-methylmorpholine-N-oxide
and investigation of morphological and rheological features of the solutions in the entire
concentration range of the system components. The solutions were prepared in two
methods. The first stage of solutions preparing was the same in both cases: it is solid-phase
activation. The second stage after heating was different: either passage of pre-solution
through capillary rheometer or via twin-screw laboratory extruder. In both methods the
obtained solutions are two-phase emulsions, but their morphology directly depends on the
deformation intensity used on preliminary stage. After treatment in extruder, a homogeneity
of disperse phase distribution is better and dimensions of droplets are less in both
concentration domains with cellulose or PAN phase predomination. Shear of solutions leads
to extension of droplets and fibrillary morphology formation. Removing PAN phase with
selective solvent has shown that cellulose fibrils are much thinner in emulsions prepared via
extrusion technique. In the intermediate domain of compositions the continuous morphology
with an interpenetrating phase structure is realized.
The rheological properties of combined solutions in the entire range of concentrations
in steady state and oscillatory modes at temperatures of 110-130 °C indicate on specific
interaction of components, reflected in positive deviation from logarithmic additivity rule. In
addition, the viscosity of equi-concentrated solutions is ever higher when cellulose phase is
the dispersion medium. The rheological behavior of polymer emulsions is a direct
consequence of their structural and morphological features.
This work was supported by the Russian Science Foundation (Grant №17-79-30108).
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The evolving requests, especially embossed from rapid growing national economies of some
Asian countries, should lead to a CMMF gap of more than 30 Mio tons regarding the
currently installed regenerate fibre capacity latest at the end of 2050 [1]. Such a huge
increase of cellulose man-made fibres (CMMF) request couldn’t be produced by the use of
wooden based dissolving pulp alone. For that reason, dissolving pulps made of resources
like annual plants or recycled cotton fibres acquires more and more importance.
The lecture will introduce results of an industrial driven research project for the
manufacturing of pulp based upon organically grown hemp and its application as raw
material for Lyocell fibre spinning. The presentation will introduce the developed approaches
from the
- harvesting and processing of hemp bast stripes (HBS) [2] and
- conversion into dissolving pulp grades containing comfortable molecular and purity level,
- to direct dissolution in (NMMO)/water and solution spinning of Lyocell fibres, and
- textile processing for well suitable yarns and LyohempÒ [3] fabrics.
LyohempÒ fibres offer a significant higher evenness and could be processed easily into yarns
with low hairiness at low as well as high yarn counts. LyohempÒ fabrics do offer not only the
well-known, common Lyocell characteristics, but also reveal some specific properties
regarding moisture management, dyeing behaviour and fabric comfort.

[1] Hämmerle, F. M., Lenzinger Berichte 89, 12-21, 2011.
[2] Paulitz, J., Hertel, R., Nowotny, R., WO 002015022078 A1, 14.08.2014.
[3] LyohempÒ - registered brand of TITK
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In the last decades, the interest in self-sourced and flexible devices for miniaturization of
electronics, wearable technologies, and transducers fabrication has increased, leading to the
production of piezoelectric devices, which convert mechanical stimulus into electric charge
and vice versa. In addition, the need for environmentally friendly and non-toxic materials
leads to the use of biopolymers such as chitosan, cellulose, or polylactic acid. Chitosan is
obtained from chitin's deacetylation, the main component of molluscs, shrimps, and insect
shells. Chitin possesses a semicrystalline structure identified in the literature as a
piezoelectric system. [1] However, chitin application is very difficult due to its low solubility. On
the other hand, chitosan is easier to manipulate than chitin, presenting suitable mechanical
characteristics for free-standing films. Although the electromechanical response of chitosan
is reported in the literature, the information is still confusing, and a deep understanding is still
required.
In this work, the characterization of chitosan films was systematically performed. The type of
acid (acetic and lactic) used to solubilize the chitosan and the plasticizer amount (glycerol 0,
25, and 50%) added to the material were varied to understand the effect of structural and
mechanical properties in the electromechanical response of the material. The structure of the
films was characterized by X-ray diffraction and Fourier-transform infrared spectroscopy. The
thermal stability was studied by thermogravimetric analysis and Differential Scanning
Calorimetry. The mechanical behaviour was analysed by the tensile until rupture test. The
electromechanical was measured in a vibrational setup at low frequencies [2]. The dielectric
properties were also obtained using an LCR meter. The results suggest that the
semicrystallinity of the films increases with the addition of glycerol. The mechanical
characteristics show that films fabricated with lactic acid are ~16% more elastic and
stretchable than those dissolved in acetic, and that the addition of glycerol increases these
properties by ~93% in both cases. Thermal stability improved with the presence of the
plasticizer. The electromechanical response increases by 50% with the higher glycerol
concentration, at the same time lactic acid films present better electric performance. These
results suggest a high correlation between physical and mechanical properties with the
electric performance of the films, highlighting the main variables to modify for further
application development
Keywords: Chitosan, electromechanical response, piezoelectricity, free-standing films.
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Processing of fishery products generates underutilized by-products that can serve to
produce high added-value materials 1. In the case of shellfish and mollusks, external and
internal shells are inedible and often discarded but contain potentially valuable biopolymers.
Chitin, a polysaccharide of N-acetylglucosamine, is one such example found in both types of
raw material. In our research group, we are valorizing shellfish and mollusk by-products to
create bio-inspired materials 2 and for potential medical devices 3.In the present
communication, we will describe the extraction of alpha and beta-chitin from Henslow’s
Swimming crab shells (Polybius henslowii), cuttlebone from the common cuttlefish (Sepia
officinalis) and pens of European Squid (Loligo vulgaris) using green solvents. To do so, we
are using four deep eutectic solvents: Choline chloride:Malonic Acid, Choline chloride: Lactic
Acid, Betaine:Glycerol and Potassium Carbonate:Glycerol; and then calculating the yields
and characterizing the extracted chitin in terms of chemical structure, thermal properties,
crystallinity and morphology. Yields were on par with a conventional acid/alkaline method
and with published data 4–6 – 12% for α-chitin from P. henslowii and 1.5% and 27% for βchitin from Sepia officinalis bone and Loligo vulgaris pen, respectively. Interestingly, for each
raw material a different deep eutectic solvent gave the best results. The DES were reusable
upon separation of the chitin and the data will also be presented.
1.
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from By-Products of Fish Discards Using Chemical Processing, Enzymatic Hydrolysis,
and Bacterial Fermentation. Mar. Drugs 17, (2019).
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Due to their renewable and biodegradable nature, materials derived from polysaccharides
are taking up more and more space in our daily lives. While these macromolecules can be
produced by macroalgae or plants1 for the most part, paramylon (PM) with its unique
macromolecular structure is special since it is found only in a microalgae called Euglena
gracilis. This reserve glucan produced in the form of intracellular granules contains only
linear b(1-3) linkages, resulting in the formation of triple helix by the polymer chains and a
very high crystallinity which makes it difficult to process without the use of harsh solvents.
While most reported PM solvents are alkaline solutions, that allow reversible “melting” of the
triple helices for the production of nanofibers2, concentrated acids3 and imidazolium ionic
liquids4 (ILs) have been also used for the shaping of PM films for biomaterials applications by
solubilization/regeneration. Acids tend to induce depolymerization of the biopolymer,
whereas the price and toxicity of the immidazolium ILs make their use questionable.
Biofriendly ILs produced from cheap renewable feedstock would be promising non-toxic
alternative solvents.5
As designed solvents, ILs may be tuned to be used not only for such final polysaccharide
shaping step, but also upstream during the extraction. With this aim in mind, we have
evaluated the solubility of paramylon in different biobased ILs. In total accordance with green
chemistry principles, they were synthesized combining choline hydroxide or choline esters
with carboxylates derived from biobased acids or amino acids. The solubilization tests of the
paramylon powder have been performed at different temperatures, with or without
ultrasounds.
After the dissolution tests, the regenerated powder of paramylon was analyzed via X-Ray
Diffraction, Infrared, thermogravimetric analysis and 13C NMR spectroscopies. No chemical
modification was observed overall. Furthermore, the IL can be recycled. From our results, we
can state that the biobased ILs are at least as efficient as commercial imidazolium ionic
liquids. They are thus good candidates to extract and process paramylon to produce novel
microalgae-based materials.

Figure 1 : Dissolution of paramylon using biosourced ILs
[1] Borowitzka M., J. Appl. Phycol, 25, 743-756, 2013
[2] Shibakami M., Tsubouchi G., Nakamura M. & Hayashi M., Carbohydr. Polym, 93, 499-505, 2013
[3] Kawahara Y & Koganemaru A., J. Appl. Polym. Sci, 102, 3295-3297, 2006
[4] Yasuda K., Ogushi M., Nakashima A., Nakano Y & Suzuki K, In vivo, 32, 799-805, 2018
[5] Kumari M., Gupta A., Shobna & Kashyap H., J. Phys. Chem. B, 124, 6748-6762, 2020
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Cellulosic fibers for textile fabrics provide comfortable wearing as they are soft,
absorbent, and strong, take dyes nicely and drape well. Additionally, when imparting these
fibers into nonwovens a variety of applications in apparel and technical sector can be
designed. By incorporation of special functions into cellulosic fibers the benefits of a natural
fiber will be enhanced. Using the circular Lyocell process combined with raw materials of
natural origin (wood, cotton, hemp) and/or usage of end-of-life textiles, the expectations of
more and more ecologically convinced consumers are to be met.
Modified Lyocell process allows the embedding of completely different materials like
inorganic particles, organic resins, secondary polysaccharides, etc., inside the cellulose
skeleton1. One route is the incorporation of functional groups that allows metal ions to be
bound very tightly. In the case of silver or copper permanent antibacterial and/or antiviral properties
can be established2. These basic developments gave rise to establish a composite structure
design building up a depot of functional agent inside the fiber in connection with accessibility
over the whole textile life. The antibacterial and antiviral effect can be adjusted in relation to
strength and time.
Permanent incorporation ensures sufficient robustness against further processing
inside the textile chain, esp. during multiple washing cycles. Here, strong conditions like
swelling under higher temperatures and pH values challenge the fiber material in maintaining
not only the textile-physical parameters but also the added function.

[1]

D. Vorbach, E. Taeger, German Patent 19542533, 1995
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F. Wendler, J. Bauer, T. Schulze, German Patent, filed
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Since the middle of the 20th century, the extensive use of petroleum-based plastics
has led to a rapid development of such materials. Food packaging is the most plastic
consumer sector, reaching volumes about 140 million tonnes per year. However, common
plastics are non-biodegradable and have an important environmental impact. As a
sustainable alternative, bio-based plastics, commonly named bioplastics, are currently
preferred in many fields. In this regard, plants are the most important renewable source of
feedstock for polymeric materials. Cellulose, the most abundant plant polymer, is considered
an inexhaustible source of raw materials. On the other hand, naringin is a natural flavonoid,
largely described for its antibacterial, antimicrobial, antifungal, and antioxidant properties, all
of them of high interest for food packaging applications. The chemical structure of both
compounds are represented in the inset of Figure A.
In this work, we present a simple method to produce bioplastics from cellulose and
naringin for active food packaging. In particular, we report the preparation of such bioplastics
using a mixture (2:1, v:v) of trifluoroacetic acid (TFA) and trifluoroacetic acid anhydride
(TFAA) as a common solvent. Both water and oxygen permeability showed a drastic
decrease by incorporating naringin (Figure A) with values close to those of man-made
plastics. In addition, completely transparent bioplastics were obtained. Indeed, all naringincontaining films presented UV-A and UV-B blocking effect, with UV protection factors up to
100 for some of them (Figure B). Mechanical tests were also performed, showing a
plastification of the films with higher concentrations of naringin. Cell availability was also
assessed. Finally, the samples showed a good biodegradation in seawater for a period of 30
days characterized by high values of biological oxygen demand.

Figure 1. A Oxygen transmission rate (OTR) as a function of the naringin content. Inset :
chemical structure of cellulose and naringin. B UV-Vis spectra of cellulose naringin
bioplastics. Inset: photograph of selected samples showing the high transparency.
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In this work, separation of hemicelluloses from industrial black liquor (BL) coming from
Eucalyptus based kraft pulping process was achieved by combining ultrafiltration (UF) process
and antisolvent precipitation. Xylan is the major component of hemicelluloses in Eucalyptus
species and can be used for the production of hydrogels, biofilms, and additives for food
industries. The main organic content of BL are hemicelluloses and lignin, and these
components have differences in molecular weight/ size which served as the basis for their
separation by the membrane filtration process. By using suitable pore size UF membranes,
hemicelluloses can be concentrated and purified from the retentate stream by allowing mostly
lignin to pass through membrane pores with permeate.
Three types of Polyethersulfone (PES) membranes were prepared by incorporating different
ZnO concentrations in the casting solution to improve the permeability and fouling resistance
of simple polymeric membranes. All three membranes were employed for BL filtration and their
performances were analysed in terms of permeate flux and hemicelluloses (in terms of xylans)
and lignin retention. It was observed that the BL flux was highest for more highly substituted
ZnO-based membranes and it increased ~10% compared to simple PES membranes at the
highest tested pressure. These membranes offered rejection of xylans and lignin in the range
75-80% and 40-60% respectively. By considering an average of 78% rejection for xylans, it
was estimated that at a volume reduction (VR) of 80%, its concentration can be increased
more than 3-fold. Xylans purity with respect to lignin concentration, in original BL and retentate
at 80% VR can be increased approximately 2-fold [1]. In general, it can be summarized, that
with proper optimization of operating conditions, these membranes can help in improving
hemicelluloses retention and purity.
The hemicellulose-rich retentate from the UF process was processed by antisolvent
precipitation using ethanol as antisolvent (see Fig. 1). First, the pH of retentate was reduced
by adding concentrated sulphuric acid to it with continuous mixing and centrifuged to remove
the precipitate. The supernatant of acidification was used for hemicellulose separation. Ethanol
was added to the supernatant into 1:1 v/v which resulted into xylan precipitation. The
precipitate was separated by vacuum filtration and washed 3-4 times by hot water to remove
the impurities.

Figure 11 – Schematic representation of hemicelluloses purification from BL by combination
of ultrafiltration process and antisolvent precipitation.
[1]

A.S. Jönsson, A.K. Nordin, O. Wallberg, Chem. Eng. Res. Des., 86, 1271–1280, 2008.
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Enzymatic Polymerization is emerging as a scalable process to polymerize sucrose
into engineered polysaccharides. Polymer architecture and material properties can be
controlled selectively to provide access to differentiated biomaterials identical to materials
occurring in nature. One such example for an engineered polysaccharide is alpha-1,3polyglucose (alpha-1,3-glucan). In this presentation examples for different material
developments will be discussed. The direct dissolution of alpha-1,3-glucan into
homogeneous solutions under caustic conditions allows for the formation of relevant
structures and conversion to different materials. That’s for example the conversion into clear,
transparent films with good properties for various applications, for example in the packaging
space. Other products are fine fiber webs, obtained via a direct web spinning process.

Figure 1. Schematically way from the enzymatic polymerization to new sustainable materials.
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The textile industry is considered as one of the most polluting of our century. As a result,
textile market is increasingly interested in the development of bio-based materials to replace
materials from petrochemicals. Polylactic acid, PLA, is one of these alternatives, but main
products have a low life expectance because of PLA degradation due to esters hydrolysis.1 As
another bio-based polymers, cellulose esters are now well known as commercially important
thermoplastic polymers, with excellent filmogenic characteristics.2 Moreover, Fatty Acid
Cellulose Esters (FACEs, fatty acid chains grafted onto cellulose backbone) are well known
as a class of hydrophobic material. The FACEs degree of substitution and fatty chain length
can be modulated according to synthetic conditions.3
This study deals with the development of multifilaments based on PLA blended with
different kinds and contents of FACEs obtained by melt spinning process. The aim of this biobased blend is to enhance water resistance and processability of PLA by improving its
hydrophobicity while preserving acceptable melted-state rheological properties for spinning
process. Three different FACEs (fatty chain length : C10, C12 and C16) are tested with two
different degrees of substitution and are introduced in PLA by twin screw extruder at several
contents (figure 1). Surface energy evolution and impact of FACEs on PLA rheological
properties were evaluated, as well as mechanical properties of PLA-FACEs films to determine
the impact of FACEs content on mechanical behaviors of thus obtained materials. Moreover,
some blends were selected for spinning trials in order to obtain multifilaments by melt spinning
process. These multifilaments were also characterized in term of mechanical behaviors,
thermal and surface energy properties.

Figure 1 : Use of FACEs as PLA additive – From polymers to materials and their properties.
[1] Barral, V.; Dropsit, S.; Cayla, A.; Campagne, C.; Devaux, É. Polymers, 13, 171, 2021.
[2] Edgar K.J., Buchanan C.M., Debenham J.S., Rundquist P.A., Seiler B.D., Shelton M.S. &
Tindall D. Progress in Polymer Science, 26, 1605, 2001.
[3] Duchatel-Crépy L., Joly N., Martin P., Marin A., Tahon J.-F., Lefebvre J.-M., Gaucher V.,
Carbohydrate Polymers, 234, 115912, 2020.
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High-amylose starch due to its higher content of linearly structured chains is more
interesting to realize enhanced material properties and new functionality. However, the full
dissolution of the compact granule structure of high-amylose starch is challenging under
moderate conditions, which limits its applications. In this work, we have revealed that highamylose maize starch (HAMS) Gelose 80 granules can be easily destructed by certain
concentrations of ZnCl2, MgCl2 and CaCl2 solutions (43 wt%, 34 wt%, and 31 wt%,
respectively) at a moderate temperature (under 50 °C) (Figure 1a) without chemical
derivatization. In particular, the ZnCl2 and CaCl2 solutions resulted in complete dissolution of
HAS granules. The regenerated starch from the CaCl2 solution was completely amorphous.
Interestingly, in all three cases, nanoparticles were formed in the regenerated starch, which
could be due to the aggregation of starch chains or their complexation with the metal cation.
Subsequently, we have demonstrated that CaCl2 solution enables the facile
preparation of flexible and ionically conductive starch-based materials (Figure 1b), potential
in personal health monitoring applications such as disposable electrodes. The method
involves simple mixing of the HAMS with a CaCl2 solution followed by heating the mixture at
80 °C for 5 min. The whole process is completely environmentally benign, without any waste
liquid or bioproducts generated. The resulting materials contains starch chain networks
reinforced by starch–metal cation complexation. By varying the starch/CaCl2 dry mass ratio,
the materials exhibited tuneable mechanical strength (500–1300 kPa), elongation at break
(15–32%), Young’s modulus (4–9 MPa) and toughness (0.05–0.26 MJ/m3) and suitable
electrical resistivity (3.7–9.2 Ω·m). Moreover, the developed materials were responsive to
external stimuli such as strain (Figure 1c) and liquids, satisfying the requirements for
wearable sensor applications. Composed of only starch, CaCl2 and water, such materials are
much cheaper and eco-friendly compared with other polymer-based conductive hydrogels.
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Figure 1: (a) Turbidity of high-amylose maize starch (HAMS, Gelose 80) dissolved in different
chloride salt solutions; (b) flexible and ionically conductive HAMS-based material prepared
using 38.5% (w/w) CaCl2 solution (starch/CaCl2 dry mass ratio: 2.5/2.5); (c) Strainresponsiveness shown by the material.
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To allow the use of fibrous-like clays, as sepiolite or palygorskite, in different
applications, their disaggregation and the formation of stable suspensions are crucial steps
to enhance their performance significantly, e.g., in cellulose nanofibrils/clay composite
formulations, enabling an adequate mixture of the matrix and filler individual components. In
the present work, distinct physical treatments of dispersion (magnetic stirring, high-speed
shearing, and ultrasonication) and pH conditions were studied to disperse clays in aqueous
suspensions. It was found that applying high energy dispersing equipment (such as the
ultrasonicator) the dispersion quality improves. On the other hand, suspensions of superior
stability were obtained using a bio-based dispersing agent, carboxymethylcellulose. The
particle size and suspension stability were evaluated by dynamic light scattering, zeta
potential measurements, optical microscopy, and electron microscopy. Among several
chemical dispersants (alginate, carboxymethylcellulose, polyphosphate and polyacrylate),
the biopolymer carboxymethylcellulose showed a higher ability to produce stable
suspensions, allowing the disaggregation of crystal bundles of palygorskite into individualized
crystals. In sum, the combination of a high energy dispersing equipment with an appropriate
dispersing agent led to stable suspensions with optimal properties to be used in different
applications, like in the composite production.

Figure 1: Improvement of the stability of clay mineral suspensions with bio-based additives.
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Recently, the use of biopolymers such as polysaccharides have gained more and more
attention due to their large availability, renewability and biodegradability [1].
At solid state, chitosan displays high elasticity modulus along with low strain to break owing
to the high Tg and crystallinity. It does not exhibit a melting point prior to degradation and it is
generally insoluble under physiological conditions because of a strongly hydrogen-bonding
network structure.
In order to provide with new softer chitosan materials and to extend the range of applications,
plasticization of chitosan with glycerol was recently obtained by using kneading processes
with 25 wt% of glycerol [2].
In this work, we implement a solvent (water)-casting process providing with thin plasticized
chitosan films, based on three different molecular weight chitosans and various glycerol
contents (20-50 wt%). Tensile strength investigations as well as thermo-mechanical analyses
were performed and could evidence at the same time the role of the plasticizer and the
influence of the molecular weight on the properties of the recovered soft materials.

[1] Shichao Bi and al., International Journal of Biological Macromolecules 120, 1103–1110,
2018.
[2] Averous L. and al., Carbohydrate Polymers 83, 947–952, 2011.
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Proteins, lipids and polysaccharides have been used as sources of biopolymers for
many years and due to their structure, the use of proteins for many applications can be a
promising way to produce biodegradable materials with a wide range of functional properties.
Caseins are proteins that are able to disperse, solubilize, and make insoluble components
(e.g. colloidal calcium phosphate) in an incompatible solution (water) through a soluble
micelle. In addition, due to a variety of hydrophilic groups, including the carboxyl group (COOH), the amino group (-NH2) and the imino group (-NH-) in its structure, casein films are
sensitive to moisture and are easily destroyed in humid conditions, thus limiting its
subsequent application. To overcome this drawback, we reinforced casein films with various
concentrations of crystalline nanocellulose in order to enhance its behaviour at moisture and
the sorption properties of the films. The films were characterized by FT-IR, XRD, SEM and
vapour sorption.
The results showed that CNC is homogeneously distributed in the polymer matrix,
moreover was observed a good interaction between CNC and the protein chains attributed to
the covalent and non-covalent bonds. Thus, a more compact structure was obtained, which
makes it difficult for water molecules to enter the pores of the casein film.
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S15-P-04 - NANOFIBRILLATED CELLULOSE AND ITS NANOPAPER DERIVED FROM
REGENERATED CELLULOSE
Nahla El-Wakil1*, Mohamed Taha2, Ragab Abouzeid1,3, Alain dufresne3
Cellulose and Paper Department, National Research Centre,33 El-Buhouth street, Dokki
12622, Giza, Egypt.

1
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Engineering, Aswan University, Aswan, 81542, Egypt.
3Univ. Grenoble Alpes, CNRS, Grenoble INP, LGP2, F-38000 Grenoble, France
* nawakil1@hotmail.com

Cellulose II nanofibers (CNFs) were isolated from Egyptian bleached bagasse pulp fibers via
dissolution in N-methyl morpholine N-oxide solvent (NMMO) and regeneration. The quality and
features of the CNFs suspension (R-CNFs) were characterized optically and morphologically
and compared to two established CNFs (enzymatically hydrolyzed (E-CNFs) and TEMPO
oxidized (T-CNFs)) isolated from the same cellulosic pulp. Optical microscopy images show
the effectiveness of nanofibrillation for all samples with a few residual fragments and the
absence of macro-fibers. AFM and TEM observations confirm the formation of CNFs with
diameters ranging from 10 to 50 nm for R-CNFs obtained by the grinding process. Moreover,
R-CNFs nanopaper showed comparable mechanical (tear resistance and Young’s modulus),
porosity and very close water vapor permeability properties to E-CNFs and T-CNFs. R-CNFs
showed low optical transmittance value (7.5 %) and high turbidity (315 NTU) against 12.5%,
272 NTU and 25 %, 160 NTU for E-CNFs and T-CNFs, respectively ascribed to some CNF
aggregates. The quality index for E-CNFs and T-CNFs are 74.2 and 85.5, respectively,
whereas the quality index for R-CNFs is 68.3 due to the presence of some fibrillar aggregates
after regeneration.
Keywords: Regenerated cellulose nanofibres, NMMO solvent, TEMPO-mediated oxidation,
and enzymatic treatment, quality index.
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S15-P-05 - APPLICATION OF PROCESS LYES FROM THE VISCOSE PROCESS
Goto T.*a, Zaccaron S.a, Hettegger H.a, Potthast A.a, Rosenau T.a,b
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In viscose production, the cellulosic pulp is soaked in sodium hydroxide, which
converts cellulose to sodium cellulose, at the same time removing by-products in the form of
"process lyes". These very complex mixtures contain solubilized hemicellulose and low
molecular weight carboxylic acids, carbonyl compounds and hydroxy acids. So far, the
composition of these lyes is only very roughly known, and the potential of these lyes as
chemical pools of valuable compounds has not been used at all.
In the pulping processes, metal ions in pulp are washed out by chelating agents such
as EDTA and DTPA, to avoid peroxide from decomposing in the bleaching stage.1 EDTA and
DTPA are possibly going to be prohibited in the EU because of environmental issues.
The aim is to apply the lyes as a chelating agent used in Q stage. In order to
investigate the chelating ability of the press lyes, a lab scale testing procedure has been
established (Figure 1). Pulps are impregnated with metal ions and a Q stage (chelation) and
P stage (bleaching) are conducted. The molecular weight distribution and metal contents of
the pulps are measured by GPC2 and ICP-OES, respectively.

Figure 1: The testing procedure

[1] Bouchard J., Nugent H. M., Berry R. M., J. Pulp Pap. Sci., 21(6), 203-208, 1995
[2] Röhrling J., Potthast A., Rosenau T., Lange T., Ebner G., Sixta H., Kosma P.,
Biomacromolecules, 3(5), 959-968, 2002
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Papermaking is the largest non-food application for starches globally. Starches are
applied in different phases for paper production i.e., wet end, spraying, coating and surface
sizing. In this context, cationic starch is commonly used as a wet-end additive in paper
production.
In an earlier study some of us showed that the adsorbed amount of starches on
cellulosic pulp is affected by the cooking temperature and the starch type. However, a
correlation between cooking procedure and sheet properties was not performed in that study.
Here we investigate the influence of the starch concentration and cooking parameters on the
sheet formation and mechanical strength of the paper. We elaborate an industrially relevant
cooking technique, steam-jet cooking for that purpose. The resulting hand sheets are being
analysed regarding air permeability, internal bond strength and tear strength.
The research could lead to a more efficient use of energy and resources in pulp mills,
enabling greener processes.
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S15-P-07 - ENCAPSULATION OF A PHASE CHANGE MATERIAL IN A STARCH
MATRIX TO DESIGN A PASSIVE TEMPERATURE-CONTROLLED PACKAGING
Jean-Eudes Maigret *a, Isabelle Capron a,
Laurence Fournaisonb, Anthony Delahayeb Denis Lourdina
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Maintaining the integrity of the cold chain is a main concern for the food industry since
rise in temperature can lead to food product spoilage and health risk for the consumer. To
slow down warming, phase change materials (PCM), capable of changing their physical state
(liquid/solid) within a restricted temperature range, are used allowing an attenuation of the
temperature variation.
The aim of this study is to incorporate a hydrophobic PCM in a hydrophilic starch
based matrix forming a model of thermal protective composite. The PCM used is an alkane
(hexadecane, considered in this study as a model PCM) and to ensure a homogeneous
dispersion, a Pickering emulsion is produced. It is formed by droplets of PCM whose
diameter is around 5 µm, stabilised by chitin nanocrystals. The melting of the hexadecane
happens around 18°C with a melting enthalpy of 226.9 J/g, in a reversible way and without
altering the mechanical properties of the composite.
Composite materials have been obtained from blends made of potato starch
plasticised with 20% of glycerol encapsulating a final concentration of PCM from 5% to 20%.
Those blends were then thermomoulded as square plates 5 cm x 5 cm and with a thickness
of 2 mm.
The concentration of PCM were determined by the measure of its melting enthalpy
by differential scanning calorimetry (DSC, cf. figure 1). The evolution of mechanical
properties with temperature is determined by Dynamic thermo Mechanical Analysis.
(a)

(b)5x5 cm
Crystallization
of the
hexadecane
13°C
Cooling
3°C/min

8°C

Heating
3°C/min

20°C

Melting of the
hexadecane

Figure 1: DSC thermogram (a) and picture (b) of a composite starch / PCM plate containing
15 wt% of hexadecane
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S15-P-08 - EGGSHELLS/POTATO STARCH-BASED HYBRID AS FILLERS FOR
POLYPROPYLENE-BASED MATERIALS
Martins C.a*, Vallejo M. a, Brites P.a, Santos J. D. C.a, Nunes, C.b, Coimbra, M. A.b,
Ferreira P.a, Gonçalves I.a
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Plastic industry has been searching for additives able to enhance the physicochemical and
mechanical properties of plastics while achieving lightweight materials and lower costs of
production. In this context, calcium carbonate (CaCO3) is widely used, however, inherent
high density (2.73 g/cm3)1 compromises the development of lightweight plastics. To
overcome this issue, in this work, eggshells-derived CaCO3 (ES-CaCO3) was obtained and
combined with starch recovered from potato washing slurries. The influence of ESCaCO3/starch-based hybrid filler on mechanical and density profiles of polypropylene (PP)based materials was studied. Commercial CaCO3 was used as a reference. When
incorporated into PP-based formulations, ES-CaCO3/starch-based filler decreased in 4% the
plastics density and increased in 4% their rigidity, when compared to commercial PP/CaCO3.
This ES-CaCO3/starch-based filler gives an opportunity to achieve brand-new lightweight and
stiff plastics within a circular economy approach.
Aknowledgements: Thanks are due to University of Aveiro and FCT/MCTES for the financial
support of CICECO-Aveiro Institute of Materials (FCT ref. UIDB/50011/2020 &
UIDP/50011/2020) and LAQV-REQUIMTE research Unit (FCT ref. UIDB/50006/2020)
through national funds. The authors acknowledge to PLASTICOLIGHT project (POCI-010247-FEDER-33848), financed by FEDER through POCI, to Isolago – Indústria de Plásticos,
S. A., the project leader; to Derovo group, for providing eggshells; and to A Saloinha, for
supplying potato washing slurries. FCT is also thanked for the Investigator FCT program (PF,
IF/00300/2015), Scientific Employment Stimulus program (IG, CEECIND/00430/2017), PhD
grant SFRH/BD/145660/2019 (JDCS), and by national funds (OE) in the scope of the
framework contract foreseen in the numbers 4, 5, and 6 of the article 23, of the Decree-Law
57/2016, of August 29, changed by Law 57/2017, of July 19.
[1] Thenepalli T., Jun A., Han C., Ramakrishna C., Ahn J., A strategy of precipitated calcium
carbonate (CaCO3) fillers for enhancing the mechanical properties of polypropylene
polymers, Korean J. Chem. Eng., 32(6): 1009–1022, 2015.
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Wood xylans are renewable natural materials that have potential for future use in bio-based
engineering. This research aimed to explore the potential of wood xylans for film
applications. Most wood xylans extracted from wood do not dissolve in water, which is a
common solvent in many industries, such as the pulp and paper industry. The poor water
interaction of xylans hinders dissolution and film production, but can be overcome by
chemical modification of xylan to alter its properties. Regioselective oxidation—a well-known
modification in polysaccharides—can increase the flexibility and water interaction of xylans
by opening their monosaccharide ring and equipping them with aldehyde groups, and was
used here [1]. The behavior of oxidized xylan in aqueous solution was observed using
dynamic light scattering and showed that that while the grades that were investigated were
soluble increasing molecular weight reduced solubility. Adsorption investigations revealed
that a high molecular weight grade adsorbed preferentially on a neutral cellulose surface,
while adsorption on a negatively charged surface was independent of the molecular weight.
The impact of oxidized xylan on the swelling of cellulose films, regardless of molecular
weight, was due to oxidized xylan bringing more water to the non-charged films, while the
opposite was true of negatively charged films. This study provides a stepping-stone toward
the future use of bio-based materials obtained from forest sources.
[1] Palasingh, C., Ström, A., Amer, H., & Nypelö, T. (2021). Oxidized xylan additive for
nanocellulose films–A swelling modifier. International Journal of Biological
Macromolecules, 180, 753-759, 2021
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The focus of the presented research was the development of highly protective
antiviral coating, to be applied onto existing layers forming the face masks. Some
biopolymers, especially polysaccharides exhibit promising antiviral activity, which could be
extended to SARS-CoV-2. Thus, the newly developed polymer solutions were applied as a
nanostructured layer onto PP nonwoven inside mask layer, using e-spinning technology.
The polymer solutions of different polysaccharides (PS) i.e., high molecular weight
chitosan (2 wt% HMWCh) and dispersion of cationized cellulose nanofibers (1.5 wt% kat
CNF), alone or mixed, without or with added polyethylene oxide (PEO) (by varying the PS
and PEO content), were analysed regarding the conductivity, viscosity, and surface tension.
Based on results, the optimal colloidal formulations were used in needle spinning procedure.
These two PS (as colloidal formulation) were chosen due to their promising antiviral activity
on model virus phi6, commonly used as a model surrogate for SARS-CoV-2. The effect of
distance between the needle and collecting electrode with PP substrate (d=7.5 cm, 14 cm,
and 20 cm), along with optimal technological (voltage, current) and environmental
parameters (temperature, humidity). The success of nanostructure coating was evaluated by
optical and scanning electron microscope.
The morphology results showed that when using the colloidal formulations without
PEO, the nanofibers were not formed, regardless of used distance. The formulations
containing at least 50 % of PEO, were the most promising, as used with only one or in
mixture with both used PS. The lowest applied distance (d=7.5 cm) was sufficient to form
nanofibers only when using both PS as mixture (i.e. 1 wt% HMWCh and 0.75 wt % kat CNF)
compared to using PS formulations alone. Using the colloidal formulations containing only
one PS, both higher used distances (d=14 cm and 20 cm) were successful for obtaining the
nanofibrous coating, while the largest distance revealed more denser fibrous-layer. The latter
was more pronounced when using both PS as mixture with PEO (1 wt% HMWCh+0.75 wt%
kat CNF:PEO=50:50) (Fig. 1).
Still some research is needed to obtain the best possible nanostructured layer, while
the research outcomes are promising and present the platform to continue the work on
needle-free lab scale equipment to develop the porous structure with mechanical stability
that would be effective toward SARS-CoV-2 viruses.

Figure 1: Scanning electron microscopy image of nanofibers layer onto PP nonwoven, as
obtained from1 wt% HMWCh+0.75 wt% kat CNF :PEO=50 :50, at distance d=20 cm
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S15-P-11 - COMPARISON OF DISSOLUTION SPEED OF FRESH AND RECYCLED
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The Lyocell process is a technology where cellulose is dissolved directly to obtain
man-made cellulose fibers (MMCFs). Besides the conventional N-methylmorpholine N-oxide
(NMMO), some ionic liquids (ILs) have excellent dissolving properties for cellulose. In
particular, the new class of superbase-based ILs is on the threshold of industrial
implementation [1]. Because of their high costs, the recyclability of the ILs is an important
criterion to evaluate their economy and ecology. The aim of our work was to compare the
dissolving power of a fresh 7-Methyl-1,5,7-triazabicyclo[4.4.0]dec-5-ene acetate
([MTBDH][AcO]) solution and a recycled one. In the case of the recycled IL, a deteriorated
resolving power was observed due to hydrolysis reactions of earlier process steps.
Therefore, there is a need for optimization in order to reduce the hydrolysis reactions of
these ILs.

Figure 1 : Dissolution state of cellulose pulp in fresh (left) and recycled (right) IL after 45 min
[1] S. Elsayed, J. Helminen, S. Hellsten et al., “Correction to “Recycling of Superbase-Based
Ionic Liquid Solvents for the Production of Textile-Grade Regenerated Cellulose Fibers in the
Lyocell Process”,” ACS Sustainable Chemistry & Engineering, vol. 8, no. 49, p. 18345, 2020.
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Lower the devastating impact of the emerging pollutants in the aquatic environments,
especially the sunscreen products, is a major challenge in the 21st century. The growing
consciousness of the risks associated with skin exposure to ultraviolet (UV) radiation has led
to an increased use of sunscreens and, consequently, introduction of new chemical
compounds in the marine environment. Sunscreens present the fastest growing sales
globally (7% per year over the last 5 years), associated to the coastal areas population
growth and tourism activities [1]. It is thus, particularly challenging to develop safer and
innovating UV-absorbing materials derived from biological sources like mycosporine and
mycosporine like amino acids [2]. These molecules are photostable, do not generate reactive
oxygen species when exposed to UV radiation and have multifunctionality both in terms of
therapeutic values (antioxidant ,sunscreen protection and photoprotection attributed to the
high molar abosorbivity) and ecological significance (pigment in photosynthesis, intracellular
nitrogen storage, etc) [3].
In our research group, we have been mimicking the functionality of some marine
organisms to develop photoprotective and environmentally sustainable UV-absorbing
compounds and assessing their impact in different aquatic ecosystems. To do so, we are
using mycosporine and mycosporine like amino acids extracted from different marine
organisms as UV-absorbing bioactive molecules and biopolymers or proteins (chitosan,
collagen and hyaluronic acid) to graft these bioactive molecules via chemical coupling ie via
amidation [2] and esterfication. In the present communication, we will present our recent
study on the photostability of these bioactive molecules and their conjugates that was
assessed by emulating the solar radiation conditions using a solar simulator. The
photostabillity (abiotic degradation) was studied in pure water and in different natural
matrices such as fresh, river, sea and estuary water. The photoproducts post degradation will
be also discussed
[1] Sanchez-Quilles et al, Environment International 83 (2015) 158
[2] Fernandes et al, ACS Appl Mater Interfaces 7 (2015) 16558
[3] Bhatia et al. Pharmacognosy Reviews, 5(10) (2011) 138.
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Responsive materials are sensitive to certain signals that allow them to change their
physical or chemical properties. Commonly, these changes are reversible when the stimulus
is removed. In the last decade, responsive materials became intriguing because of the
dynamic and mostly reversible changes they introduce1. Polymers are one of the most
investigated materials in biomedicine. They are designed to resemble natural components of
bioenvironment. Hence, some polymers can mimic the natural responsive qualities of biocomponents. Halochromic polymers are responsive to pH change in their environment.
Furthermore, it is known, that the pH value within the wound milieu directly and indirectly
influences all biochemical reactions taking place in the process of wound healing2. It has
been proven that the surface pH of a wound plays an important role in wound healing as it
helps control infection and increase antimicrobial activity, oxygen release, angiogenesis,
protease activity, and bacterial toxicity3.
Many researchers focused on the development of several responsive materials, but
achieving the sensitivity of these materials, which will bring the desired therapy to the right
place and at the right time in a physiologically important dose, remains a challenge4.
Therefore, we developed a responsive smart material, which allows a rapid visual detection
of pH change in the wound bed. Produced responsive materials will be characterized
according to their physical and chemical properties via viscosity, conductivity, FTIR and
UV/Vis Spectrophotometry. Furthermore, the responsiveness of the materials will be
analyzed using CIE Lab system. Additionally, leaching tests will be performed to prove that
the leaching of the dyes is reduced significantly.
Key words: polysaccharides, wound healing, halochromic dyes

Intelligent Stimuli-Responsive Materials: From Well-Defined Nanostructures to
Applications; John Wiley & Sons, Inc. , 2013.
(2)
Pakolpakçıl, A.; Karaca, E.; Becerir, B. Investigation of a Natural pH-Indicator Dye for
Nanofibrous Wound Dressings. IOP Conference Series: Materials Science and Engineering 2018,
460, 012020.
(3)
Bazbouz, M. B.; Tronci, G. Two-layer Electrospun System Enabling Wound Exudate
Management and Visual Infection Response. Sensors (Basel, Switzerland) 2019, 19.
(4)
Strecker-McGraw, M. K.; Jones, T. R.; Baer, D. G. Soft tissue wounds and principles
of healing. Emerg Med Clin North Am 2007, 25, 1-22.
(1)
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KEYNOTE
TERTIARY CELL WALL OF PLANT FIBRES AS A SOURCE OF INSPIRATION IN
MATERIAL DESIGN
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Higher plants are the champions in polysaccharide diversity and complexity among all
living organisms. Huge variety of polysaccharides present in plants is mainly concentrated in
special compartment – the cell wall. Each plant tissue and even each cell has its own
peculiarities in the cell wall polysaccharide structures; however, billions of versions can be
grouped into three major types of cell wall, namely primary, secondary and tertiary. Each cell
wall type has its own typical constituents, special design, and machinery of formation. The
specific functions that a cell wall type fulfils in plant organism are largely based on the
properties of the material. Primary cell wall is amenable to extension, providing the possibility
for a cell to grow and regulating this process. Secondary cell wall, being quite rigid, fixes the
cell shape and helps to withstand mechanical loads. Tertiary cell wall provides tension that is
used by a plant either for organ movement or for sophisticated body construction. Primary
cell wall is present in any plant cell. Secondary cell wall is deposited over the primary one
and is present in many specialised cells, like vessels and fibres. Tertiary cell wall is laid over
the secondary and is deposited only in fibres. Tertiary cell wall is widespread in fibres of
numerous plant species and in different organs, its deposition can be constitutive or
inducible; however, tertiary cell wall is not developed in all plant fibres, as distinct from
secondary cell wall. The best known examples of fibres with tertiary cell wall (also called Glayer) are fibres of tension wood developed in hardwoods in order to restore vertical position
after plant inclination and extraxylary fibres of fibre crops, like flax, hemp, ramie, nettle, etc.
In the latter case, tension developed in fibres with tertiary cell walls helps to keep plant
architecture, giving flexibility (in addition to strength) to the long and narrow stems. Having in
mind the provided contractile properties, fibres with tertiary cell walls are viewed as “plant
muscles”1, though they are not able to relax and the time frame of their action is very
different from animal muscles.
The revealed similarities and differences in the development of fibres with tertiary cell
wall in various plant species and in divergent physiological situations provide the keys to
understand the importance of certain steps and constituents. Tertiary cell wall can be
considered as a smart-material with unique mechanical properties. The way of its formation
and functioning can serve as an inspiration to material design. The basic principles of tertiary
cell wall performance include: 1) original composition (two major players – cellulose
microfibrils and the version of rhamnogalacturonan I (RG-I) that forms specific aggregates);
2) original cell wall design with axial orientation of all cellulose microfibrils, pronounced lateral
interactions between them and presence of the entrapped RG-I; 3) dynamic changes in cell
wall supramolecular organization due to RG-I modifications in muro in the course of fibre
maturation; 4) the built-in sensors that trace the cell wall state.The current picture on the
details of each point will be covered in the lecture. The research on the topic was supported
by Russian Science Foundation (project number 19-14-00361, AFM-analysis and RNA-Seq
data processing). The part of work (biochemistry) was performed at financial support from
the government assignment for FRC Kazan Scientific Center of RAS.
[1] Gorshkova T., Chernova T., Mokshina N., Ageeva M., Mikshina P., New Phytologist, 218,
66–72,2018Gorshkova T., (2018).
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Mechanical and thermal energy transfers in crystal aggregates are governed by grain
boundary or the interface between two single crystallites. A proper crystallite-interaction at
grain boundary allows mechanical stress or thermal phonons to directionally transfer in the
aggregate, but basically the stress deforms the grain boundary or the phonons scatters
therein. This feature becomes pronounced when crystallites have nanoscale dimensions and
form a large area of the grain boundary. In the field of nanotechnology, it is a challenge to
exploit the potential of nanoscale crystallites including carbon nanotubes and biopolymer
fibrils, in bulk aggregates or composites by controlling their dispersion and assembly.
An ideal energy transfer in crystal aggregates should be thus realized by
crystallization of the grain boundary. In fact, if multiple crystallites can be coupled into single
fusion crystals on the formation of a bulk aggregate from their dispersion state, materials with
more efficient, mechanical and thermal energy transfers are produced. However, dispersed
crystallites often have disordered structure or defects at their surfaces, which is one of
factors leading to the hindrance to such efficient energy transfer.
Here we report that the grain boundary within aggregates of a-few-nanometers-wide
crystalline cellulose nanofibers (CNFs) is crystallized by enhancing the inter-CNF interactions
(Figure 1). CNFs are stainable materials with excellent mechanical and thermal properties,
and are produced in general as a water dispersion using wood pulps as the raw material.
Their elemental unit is a crystallite consisting of uniaxially oriented molecular chains, which is
histologically called as cellulose microfibril. In the dispersion state, the surface molecules of
CNFs have a thermodynamically stable, non-crystalline conformation although being
uniaxially oriented as well as the inner crystalline molecules.
We previously showed that the crystallinity of CNFs is significantly decreased when
aggregated microfibrils in a pulp disperse as CNFs or separate into the individual
crystallites1. This phenomenon is
interpreted as resulting from exposure of
the grain boundary that is partly
crystallized in microfibril aggregate. In
fact, the present study aims to recover the
decreased crystallinity of CNFs in turn by
assembly. The trial to control the grain
boundary of crystal aggregates by
dispersion and assembly is
unprecedented to our knowledge. We also
verify if such crystallization of grain
boundary leads to greater efficiency in
thermal energy transfer of bulk crystal
Figure 1 : Simplified model
aggregates.
Daicho K., Saito T., Fujisawa S., & Isogai A., ACS Applied Nano Materials, 1, 10, 5774-5785,
2018.
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Flax fibres exhibit zones of disrupted cellulose microfibril orientation and porosity of
various extends, known as defects, dislocations or kink bands [1]. Today, knowing to what
extent fibres are affected by these defects, will favour process parameters optimisation, and
therefore benefit the biocomposite industry. The objective of this study was to quantify the
impact of defect density on the structure and mechanical properties of elementary flax fibres,
during in situ tensile testing.
The cellulose microfibril angle is a key parameter affecting the mechanical properties
that was measured by X-ray diffraction on the SWING beamline at Synchrotron SOLEIL
(France), during in situ tensile testing. The X-ray beam dimensions were set to 250/550*20
µm (H*V) with two different orientations of the sample, horizontal or vertical. Prior to the
tensile test, polarized light microscopy was used to quantify the defected areas. For
measurements performed at a single location along a fibre, the displacement speed of the
tensile testing machine was set to 1 mm/min. For measurements performed by scanning
different areas along the fibres, stepwise displacements were applied before scanning.
The azimuthal width of the cellulose (200) reflection indicates the average internal
orientation of cellulose, represented here as the full width at half maximum (FWHM). Only
cellulose crystallites whose (200) orientation is close to perpendicular to the X-ray beam
contribute to the (200) reflection. Evolutions of FWHM during tensile testing are plotted as a
function of strain on Figure 1. Among the fibres tested, a wide range of behaviours were
observed, highlighting the variabilities typically encountered with plant fibres [2], and a
preliminary tendency towards higher initial FWHM and strain at break for more defected
fibres. A scenario including defect density, cellulose microfibril reorientation and torsional
effects is proposed and further implemented in a finite element model of flax.
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Figure 1: Evolution of the cellulose microfibril orientation during tensile testing of 6 flax
elementary fibres of different defect densities, as a function of strain.
[1] Melelli, A. et al., Industrial Crops and Products, 164, 2-13, 2021
[2] Charlet, K., et al., Industrial Crops and Products, 32, 220-224, 2010
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Interactions between water and the structural components of plant cell walls are
fundamental to many uses of plant-based fibres and materials made from them. Yet our
understanding of the effects of moisture on the cell wall polysaccharide assemblies is limited.
This prevents us from reducing the undesired effects of moisture in plant-based materials
and turning them into an advantage in completely new applications.
The moisture interactions of cellulose microfibrils in native plant cell walls are
challenging to study with most experimental methods. X-ray and neutron scattering are noninvasive methods that can be used to directly follow moisture-related changes in the cell wall
nanostructure.1,2 Nevertheless, the interpretation of the scattering data requires support from
other methods, in which molecular dynamics simulations at the same structural level can
prove extremely helpful.
We have recently made significant advances in our efforts to combine X-ray and
neutron scattering analysis with atomistic simulation of cellulose microfibril bundles.3 In our
approach, molecular dynamics simulations of fibril bundles (Figure 1) are systematically
compared with experimental scattering data through computed scattering patterns. This
allows us to study the effects of water in atomistic detail and to explain previously detected
features and anomalies in the scattering data.
We measured experimental wide/small-angle X-ray and neutron scattering data from
spruce wood samples at various moisture conditions and compared the results with atomistic
models. In this way, we could correlate specific structural changes to certain moisture
content ranges. Our results are in line with a two-phase interpretation of the bound-water
induced swelling of spruce cell walls. At low moisture contents, molecular-level rearrangement of hemicelluloses takes place on the microfibril surfaces. This coincides with
changes in the molecular spacings in the crystalline cellulose microfibrils. As the moisture
content increases over a critical value (10%-15% water relative to dry weight), the separating
distance between individual microfibrils starts to increase with moisture content.

Figure 1 : Example model that represents the transition of a cellulose microfibril bundle
between dry and wet states in the secondary cell wall of spruce wood.
[1] Penttilä P.A., Altgen M., Carl N., van der Linden P., Morfin, I., Österberg M., Schweins R.
& Rautkari L., Cellulose, 27, 71-87, 2020
[2] Penttilä P.A., Altgen M., Awais M., Österberg M., Rautkari L. & Schweins R., Scientific
Reports, 10, 20844, 2020
[3] Penttilä P.A., Paajanen A. & Ketoja J.A., Carbohydrate Polymers, 251, 117064, 2021
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France is the world’s leading producer of flax fibres with crops mainly located in the
North of France. Recent climate models have suggested that Europe, and especially the
North-West of France, will be particularly impacted by climate change during this century,
with a consequent decrease in crop yield production1. The quality of flax fibres, highly
cellulosic and mainly used for textiles and biocomposites, is strictly correlated with the
environmental conditions during the plant growth2,3. The present work aims to study the
impact of water deficit on both stems and technical fibres by coupling mechanical and
biochemical information.
Two flax batches of flax Damara variety were sowed in the year 2019 in Normandy.
One crop was established as control and the other one under risk of drought. During the
plant growth, rainfall was recorded. At plant maturity, stems morphology of the two batches
(Figure 1) was investigated, highlighting a great difference in height and stem diameter.
Fresh stems of each batch were cut in cross-sections and investigated under deep-ultraviolet
light (DUV) by multispectral fluorescence imaging and fluorescence microspectroscopy at the
synchrotron SOLEIL. Both techniques highlighted a different distribution of amino acids,
hydroxycinnamic acids and lignin in response to the water deficit.
At the flax fibres scale, drought-stressed plants showed a smaller diameter and a reduction
in yield. Biochemical analysis performed by GPC and NMR highlighted an unusually low
percentage of Glucose and an altered distribution of non-cellulosic polymers, a hyperlignification as well as a huge increase in proteins content of the stressed fibres together with
a general disorder in hemicellulose and pectin.
On the contrary, cellulose organisation (lateral fibril and interfibril distances) seemed
unchanged as well as the mechanical behaviour studied by AFM in PF-QNM and tensile test.

Figure 1 : Stressed flax plants (top) and control flax plants (bottom) of Damara variety
[1] Kelemen, A., Munch, W., Poelman, H., Gakova, Z., Dijkstra, L., Torighelli, B., Regions
2020, European Commission Regional Policy, Brussels, 2009
[2] Chemikosova, S.B., Pavlencheva, N.V., Gur’yanov, O.P., Gorshkova, T.A, Russian
Journal of Plant Physiology, 53, 656–662, 2006
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[3] Haag, K., Padovani, J., Fita, S., Trouvé, J.-P., Pineau, C., Hawkins, S., De Jong, H.,
Deyholos, M.K., Chabbert, B., Müssig, J., Beaugrand, J.., Industrial Crops and Products, 98,
1–9, 2017
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Flax fibers are mainly composed of cellulose, up to 80%. The other non-cellulosic
polysaccharides (NCP) are hemicelluloses and pectin, and with low amount of lignin and
proteins. The cell walls of a flax fiber are made up of several concentric layers. The outer
layer is the primary wall rich in pectins, hemicelluloses and amorphous cellulose. The inner
layer of the fiber is the secondary wall rich in crystalline cellulose and divided into 3 sublayers (S1, S2 and S3) of which S2 is the largest1. The mechanical properties of individual
flax fiber has been well investigated. The crystallinity of cellulose and its amount are not the
only criterion for good mechanical properties2. It has been shown that the tensile properties
of individual flax fibers are governed by the interactions between structuring NCP and
cellulose microfibrils. Indeed, in S2, polysaccharides surrounding the cellulose microfibrils
have the role of maintaining the cohesion of the structure during the loading. In bundle, the
cohesion between the different individual fibers is ensured thanks to a middle lamella rich in
amorphous polymers. Here, we focus on the mechanical properties of the bundles. Many
data are available on the mechanical properties of individual flax fibers, contrary to those of
bundles.
The relationships between the mechanical properties and the chemical composition and the
ultrastructural arrangement of cell walls in flax bundle were investigated. For this, a
sequence of solvent extraction/characterization was done. First, flax bundles were treated as
alcohol insoluble material then extracted sequentially using different chemical reagents to
remove selectively pectins and hemicelluloses. Pectins were first extracted by ammonium
oxalate and then, low and more strongly bound hemicelluloses were solubilised by DMSO
doped with LiCl and 4N KOH, respectively. Mechanical tests were carried out on the bundle
material obtained after each step of extraction; exhibiting a gradual decrease in Young's
modulus and maximum stress. Analyses of sugar composition of the extracts and the
residual material at each step of extraction attested to the efficiency of the sequential
extraction with respect to the targeted polysaccharides. Glycosidic linkage analysis of the
different extracts provided further information of the structural features of these solubilised
polysaccharides. Structural analysis of KOH residual material by nuclear magnetic
resonance indicated modification of the polymers network, and confirmed the appearance of
type II cellulose. The various data accumulated clearly show an influence of the chemical
composition and arrangement of cell wall polysaccharides on the mechanical properties
measured. In particular, a significant drop in mechanical properties (divided by 3) with the
extraction of strongly bound hemicelluloses by KOH step is observed.
[1] Wang C., et al., Investigation of Microfibril angle of flax fibers using X-Ray diffraction and
SEM. Journal of Natural Fibers, 2018.
[2] Bourmaud A., et al., Relationships between micro-fibrillar angle, mechanical properties
and biochemical composition of flax fibers. Industrial Crops and Products, p. 343-351, 2013
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Due to such current trends as digitalisation, increase in e-commerce, an intensifying
push from governments towards bio-based economy, and changes in the end users’
attitudes, the bio-based industry is undergoing an intensive transformation phase. Thus,
there is an increasing need for totally new environmentally friendly products and for products
with new functionalities. This transformation requires intensive research activities,
multidisciplinary collaboration as well a new generation of bio-based fibre experts.
FibreNet is an innovative EU-funded H2020-MSCA-ITN project that trains PhDs in the
field of bio-based fibres. In FibreNet, we respond to this research and education challenge
and train 15 multidisciplinary fibre professionals capable to meet the challenges of the
industrial change and sustainable development. The aim is to provide a skill-set which
combines understanding the materials as well as the broad field of applications.
As illustrated in Figure 1, FibreNet adopts a cross-disciplinary approach which ranges
from molecular dynamics simulation and chemical functionalization of fibres at the molecular
scale, physicochemical and micromechanical testing and modelling at the microscale to
macro-scale modelling and testing at the product scale.
The talk will summarize the main scientific findings of the project in fibre
functionalization, micromechanical fibre characterization, multi-scale modelling and life cycle
assessment in biocomposites, biomedical textiles and tissue engineering applications and
paper and packaging materials.

Figure 1: Project FibreNet aims to develop new innovative functional products from biobased ﬁbres in biocomposites, pulp&paper and biomedical applications. Photographs
provided by Bcomp, BillerudKorsnäs, Graz University of Technology, Kemira, KTH Royal
Institute of Technology, Maastricht University, University of Maribor and Tampere University.
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The use of plant fibers as reinforcements in composite materials or in textiles is growing in
popularity due to their environmental benefits and interesting material properties. In order to
transform the raw plant tissue to exploitable separated fibers, numerous steps are required1.
The fist step consists of retting, a controlled plant degradation which eases fiber bundle
separation. Various mechanical processes are then used to divide the fiber bundles in their
individual components. Extraction procedures have a major impact on fiber quality and can
be time consuming to optimize empirically for each fiber type.
Directly measuring the force required to separate an individual fiber from its bundle would
allow to evaluate necessary retting times more precisely, in addition to adapting extraction
processes to ensure proper fiber separation without damaging them. Observing the fiber
interface at this scale also highlights complex mechanical phenomena such as cellulose
microfibril pull-out and failure in nesting zones at the interface between individual fibers and
cell wall sub-layers.
To be able to perform these measures, a specialized micro-mechatronical setup was
developed to peel a single plant fiber from its bundle. A micro-gripper mounted on a linear
actuator is used to pull the fiber. A force sensor, mounted behind the gripper, measures the
applied force. The peeling zone is maintained under a camera during the whole test for
observation purposes, with a constant peeling angle of around 90°, using a second actuator.
The necessary force for crack initiation and propagation can thus be measured. Furthermore,
the influence of microfibrils and ‘fiber nodes’ on this force can be quantified.

Fiber nodes or microfibril rupture

Microfibrils

Necessary force to initiate and maintain
peeling

Elementary fiber
Crack propagation

Fiber bundle

Crack initiation

Peeling force

Figure 1: Results from nettle fiber peeling: peeling force evolution as a function of peeling
length (left), peeling area with visible microfibrils (right).
[1] Bourmaud A., Beaugrand J., Shah D., Placet V., Baley C.. Towards the design of high-performance
plant fibre composites, Progress in Materials Science, 97, 347-408, 2018
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Measuring and understanding the swelling and softening behaviour of plant fibres
under controlled humidity in relation with their moisture content are critical for their
valorization in composites applications. Indeed, they directly influence the processing and inservice behaviour of biocomposites. The aim of this work is to characterize, under controlled
hygro- and hydrothermal conditions (from 20% to 73% RH and in immersion), the moisture
content, dimensional variations and mechanical behaviour of natural fibre bundles from
various botanical origins with contrasting biochemical and structural characteristics.
Automated laser scanning cross-sectional measurements and micro-tensile tests conducted
either in a climate chamber or in an immersion cell allowed measuring cross-dimensional
variations and tensile properties of the fibre bundles in relation with their moisture content
determined by DVS and WRV. These analyses lead to determine the surface hygro- and
hydroexpansion coefficients of the different natural fibre bundles in relation with the structural
characteristics of the cell walls [1]. The softening effect of water on the cell walls and
resulting loss of stiffness and strength of fibre bundles is also discussed in relation with water
sorption and swelling [2]. These results constitute key data for the predictive modelling of “inservice” mechanical behaviour of biocomposites.

Figure 1 : (left) cross-sectional hygroexpansion coeﬃcients βs,hygro of ﬁbre bundles measured
between 20% and 73% RH at 23 °C ; (right) Relative modulus of fibres bundles versus
moisture content and cross-sectional swelling
[1] Garat W., Le Moigne N., Corn S., Beaugrand J. & Bergeret A., Composites Part A:
Applied Science and Manufacturing, 131, 105803, 2020
[2] Garat W., Le Moigne N., Corn S., Beaugrand J., Ienny P. & Bergeret A., Revue des
composites et des matériaux avancés, 29(5), 299-304, 2019
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Cellulose nanopapers, i.e. self-standing networks built of cellulose nanofibres (CNFs),
provide the route forward for the development of new membranes and composites, as well
as a host for various high-end applications including sensors, optically responsive templates,
and flexible electronics. CNFs are attractive since they are abundant, renewable and
lightweight yet strong. Furthermore, their small size and ability for dense packing enable
optical transparency for their network.
Although the strength of an individual CNF is extremely high (allegedly 2-6 GPa), their
potential has not been fully capitalized in resulting nanopapers. Furthermore, the relative
influence of CNF strength, their bonding, and biological origin to nanopaper strength have
remained unknown.
Here, we study tensile behaviour of nanopapers prepared of chemically pure bacterial
cellulose (BC) and wood-based nanofibrillated cellulose (NFC) of varying areal masses, and
show how the basic principles of paper physics can be applied to CNF nanopapers to
illuminate their strength and internal bonding. Importantly, it appeared that ~200 MPa is the
theoretical maximum for nanopapers with random fibril orientation. Furthermore, we
demonstrate that the endemic hemicelluloses in wood-based CNFs act as a matrix in NFC
nanopapers, strengthening the bonding between CNFs just like it improves the bonding
between CNFs in the primary cell wall of plants.
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Hemicelluloses, a family of heterogeneous polysaccharides with complex molecular
structures, constitute a fundamental component of lignocellulosic biomass. Hemicelluloses
act as a link between the lignin and cellulose components in the secondary plant cell wall
and regulate the aggregation of cellulose microfibrils. Hemicelluloses are a family of complex
biopolymers sharing with cellulose a b-(1®4) backbone of neutral sugars (glucose, xylose
and mannose), but decorated with an array of neutral sugar and uronic acid substitutions and
can be chemically-modified by acetylation. The molecular heterogeneity of hemicelluloses is
key in modulating the interactions with cellulose microfibrils through intermolecular
interactions1, 2 and the occurrence of covalent linkages with lignin3. However, the contribution
of the different hemicelluloses and their molecular motifs to the biomechanical integrity and
recalcitrance of lignocellulose materials is far from understood. In this presentation we will
cover the recent advances on understanding the molecular structure of hemicelluloses, and
how the occurrence of regular motifs modulate the conformation and interactions in the plant
cell wall.4 Moreover, using a bacterial cellulose system able to incorporate in vitro different
purified wood hemicelluloses, we have identified that xylans and mannans exert different
biomechanical contributions to cellulose fibrillar networks. This effect can be linked to the
molecular structure of the hemicelluloses and the multiphase assembly in rigid and flexible
domains.5

1. M. Busse-Wicher, T. C. F. Gomes, T. Tryfona, N. Nikolovski, K. Stott, N. J. Grantham, D. N. Bolam,
M. S. Skaf, P. Dupree, The Plant Journal, 2014, 79, 492-506.
2. A. Martínez-Abad, J. Berglund, G. Toriz, P. Gatenholm, G. Henriksson, M. Lindström, J. Wohlert, F.
Vilaplana, Plant Physiology, 2017, 175, 1579-1592.
3. A. Martínez-Abad, N. Giummarella, M. Lawoko, F. Vilaplana, Green Chemistry, 2018, 20, 25342546.
4. A. Martínez-Abad, A. Jiménez-Quero, J. Wohlert, F. Vilaplana, Green Chemistry, 2020, 22, 39563970.
5. J. Berglund, D. Mikkelsen, B. M. Flanagan, S. Dhital, S. Gaunitz, G. Henriksson, M. E. Lindström,
G. E. Yakubov, M. J. Gidley, F. Vilaplana, Nature Communications, 2020, 11, 4692.
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Sugar beet pulp is a major residual stream from the sugar beet industry, which is
currently valorised as low value feed and/or green gas. In Europe sugar beet pulp accounts
for a production volume of approx. 13 million tonnes per year. Sugar beet pulp consists for
about 75 percent of the dry matter of residual cell wall polysaccharides, cellulose,
hemicellulose and pectin, with D-glucose, D-galacturonic acid and L-arabinose as main
monomeric building blocks. There is a trend towards biobased and more sustainable
products and healthy carbohydrates. The valorisation of sugar beet pulp can meet these
demands and results in higher added value than feed or green gas.
Therefore Cosun has developed new applications for sugar beet pulp in paper and as
tabletting agent. In addition biorefinery processes for the production of micro cellulosic fibres,
pectin, D-galacturonic acid and derivatives thereof and L-arabinose have been developed.
These products can be used in both food and non-food applications, such as rheology
modifiers, mild surfactants, anti-corrosion, chemical building blocks, complexing agents and
food ingredients with health benefits.
This presentation will elaborate on the above mentioned topics.
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Hemp has been reported to reveal a great potential for high-quality fibres production.
However, its quality is highly dependent on agronomic factors, pedoclimatic conditions and
varieties. 1,2 This study qualifies the yields, the mechanical and morphological properties and
the economically viability of hemp grown in the specific area of Normandy. This region has a
very humid weather at the end of the summer which implies baling dried retted hemp early
for avoiding the degradation of the fibres. An early-flowering hemp variety has been chosen
to meet the weather requirements and provide fibres with qualities expected for high-value
textiles.
Hemp plants were harvested on a large plot at flowering time. Stems were cut in two
parts separating the top and the bottom halves. Stems were dew-retted and then processed
with an industrial flax scutching line with adapted settings. The fibres division measurement
was performed by analysing fibres bundles thickness using a high-resolution scanner and a
dedicated image analysis software (FibreShapes). Microstructural properties, such as fibres
maturity, were studied by examining the stem cross-section with an optical microscope.
Mechanical tests were carried out on single elementary fibres with a dedicated tensile test
device from the Dia-Stron Company. The economic analysis was made by using current flax
market and Chinese hemp prices.
The studied variety was subjected to the combination of an early harvesting and
industrial flax scutching line treatment and a high fibres yield was obtained. Tensile tests and
microscope observations indicate that the fibres are suitable for further textile processing.
The fibres bundles thickness and division analysis report a great potential for manufacturing
fine yarns. According to yields and economic analysis, a scenario to introduce a competitive
crop in Normandy by using flax machine is proposed. Hemp cultivation using the model is
suggested to be highly profitable for farmers and a source of fibres for high added value
products.

[1] Réquilé, S. et al. Industrial Crops and Products, 164, 1-14, 2021.
[2] Vandepitte, K. et al. Industrial Crops and Products, 158, 112969, 2020.
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Whereas aquatic macrophytes, and more specifically seaweeds, are well-known
polysaccharide sources, including for functional polymers or oligomers with highly valuable
texturizing and bioactive properties, microalgae have been rather overlooked as a potential
vector to produce carbohydrate polymers1. So far, mainly complex exopolysaccharides
originating from specific microalgae such as the rhodophyte Porphyridium purpureum aka
cruentum have given rise to commercial exploitation in the high-value added field of cosmetic
actives.
Besides being sources of complex polysaccharides, microalgae have the potential to
deliver more common carbohydrate polymers such as starch. Compared to traditional
sources of starch, microalgae exhibit several advantages: high areal productivity, no need for
arable land, limited seasonality and potentially facilitated downstream processing.
Chlorella and Parachlorella were selected as some well-known robust chlorophytes
with already proven cultivability at large scale for human and animal nutrition purposes2.
Specific strains were compared based on their ability to efficiently produce starch.
Bioprocess strategies were further designed and experimented up to pilot scale in order to
maximize starch content and productivity together with simplifying cultivation process and
downstream operations.
To optimize volumetric starch productivity and thus decrease the production costs of
the algal starch, we developed an original semi-continuous culture scheme for C. vulgaris.
Whereas high biomass productivity is obtained in a first photobioreactor, starch accumulation
is quickly triggered once the culture is subjected to nutrient-deprived medium and high light
conditions in a second photobioreactor, reaching a maximal starch content in the algal
biomass up to nearly 70%DW.
This work sets the basis for applied developments on direct or indirect conversion of
algal starches into bioplastics3 that are currently under investigation within several
collaborative R&D projects in our group4,5,6.

[1] Brányiková, I., et al., Biotechnology and Bioengineering, 108-4, 766-777 (2011)
[2] Safi C. et al., Renewable and Sustainable Energy Reviews, 35, 265-278. (2014)
[3] Mathiot C. et al., Carbohydrate Polymers, 208, 142-151 (2019).
[4] ALGUEX project, https://www.ademe.fr/alguex Projet accompagné par l’ADEME dans le
cadre du programme énergies décarbonées des investissements d’avenir.
[5] Sealive Project, https://sealive.eu/ This project has received funding from the European
Union’s Horizon 2020 Research and Innovation programme under grant agreement n°
862910.
[6] Nenu2PHAr project, https://nenu2phar.eu/ This project has received funding from the Bio
Based Industries Joint Undertaking (BBI-JU) under grant agreement n° 887474. The BBI-JU
receives support from the European Union’s Horizon 2020 research and innovation
programme and the Bio Based Industries Consortium.
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As a widely produced and processed fruit in the world, apple pomace is a traditional
source of pectin. Natural deep eutectic solvents (NADES) formed by hydrogen bonding
acceptor and hydrogen bonding donor metabolites emerged as innovative solvents for
extracting diverse molecules from biomass and were explored for extracting polysaccharides
from food related wastes. In the present study, to establish a greener biorefinery process of
apple pomace, pectin from the by-product was sequentially pretreated with three different
natural deep eutectic solvents (NADES, choline chloride (CC): glycerol (G); CC: lactic acid
(LA); potassium carbonate (K): G) prior to hot water extraction. Moreover, classical extraction
methods (including water, mineral acid, chelating agents) were realized as a mean of
comparison. The extraction yield and monosaccharides composition were analyzed to
assess extraction efficiency. The molecular weight distribution and degree of esterification of
pectin recovered were characterized. Lastly, the cell wall structural changes of residual
pomace from different NADESs pretreatment/water extraction method were characterized by
CP/MAS 13C NMR spectroscopy.
Results showed that the highest pectin yield was recovered by sequential NADES
pretreatment/hot water extraction. They revealed a synergistic effect of CC:G and CC:LA sequential pretreatment on pectin yield. The effect of individual NADES components together
with ion exchange were proposed to change cell wall organization to the benefit of water
diffusion and pectin extraction. Pectin extracted following CC:G pretreatment was enriched in
homogalacturonan (HG) structural domains while that recovered after CC:LA and K:G
pretreatments was enriched in rhamnogalacturonan I (RGI) domains. RGI galactan and
arabinan side chains were degraded to various degree by different NADES pretreatment.
CC:G and CC:LA pretreatments followed by hot water extraction afforded to recover high
molecular weight (MW) and high methylesterified pectin, while saponification occurring
0
during K:G pretreatment led to low MW and low methylesterified pectin. The 13 C ssNMR 𝑇./
and 𝑇00 parameters indicated a reorganization of cellulose in the residues following
extraction of pectin, notably after alkaline K:G pretreatment/water extraction.
Hence, sequential NADES pretreatments/water extraction represents a "green"
alternative to mild mineral acid to extract pectin and to select for pectin according to their
main structures, while the residual pomace can be further sources of valuable compounds
and polymers.
Key words: Natural deep eutectic solvent, Apple pomace, Sequential extraction,
Homogalacturonan domain, Rhamnogalacturonan I domain
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Majority of the constituents of plant cell walls, and in particular secondary cell walls is
taken by cellulose and hemicellulose. However, yet, the structural arrangement of these
components and their interactions, affecting the mechanical properties of plant fibres are not
fully discovered. In this work, we use extensive molecular dynamics simulations to model
interactions of five hemicellulose types in different plants, namely, Galactoglucomannan
(GGM), O-Acetyl-Galactoglucomannan (ACE-GGM), Fuco-Galacto-Xyloglucan (XG), 4-OMethylglucuronoxylan (GX), and 4-O-Methylglucuronoarabinoxylan (GAX), with previously
modelled and studied cellulose nano-crystals (CNC),1 and computed the free energy (ΔG) of
binding (adhesion) of these components. As shown in Table.1, GAX exhibits the strongest
interactions when binding to cellulose, whereas XG is the weakest in adhering to cellulose.
We further investigate failure mechanisms in the secondary cell walls. We show that
the microfibrillar angle (MFA) in the secondary cell walls, one of the determining factors in
defining the mechanical properties of cellulosic fibres decreases, when fibres are in tension.
Particularly, when tensile load is applied to fibres, MFA decreases, and it induces a shear in
between parallel microfibrils. The shear behaviour between cellulose and hemicellulose is
then simulated and we inspect whether the failure happens at the interface of cellulose and
hemicellulose or within the hemicellulose matrix itself. According to our findings, under such
circumstances, hemicellulose matrix fails first, whereas hemicellulose bound to the CNC
remains at the interface. Moreover, we demonstrate that water works as a plasticizer, both at
the interface of cellulose and hemicellulose, and within the matrix.2
We believe that these results can be of great import in better understanding the
structure and mechanisms in the plant cell wall, and can be of particular interest when
studying different plant sources for extractions, purifications, and operation of biorefineries.
Hemicellulose model
GAX
GGM
ACE-GGM
GX
XG

ΔG
111.1
95.5
92.1
90.8
83.2

Err
±1.9
±3.2
±1.5
±2.2
±3.4

Table 1: Free energy of (un)binding hemicellulose models and cellulose nanocrystals, and
associated errors.
[1] Khodayari A., Van Vuure A.W., Hirn U., Seveno D. (2020). Tensile behaviour of
dislocated/crystalline cellulose fibrils at the nanoscale view. Carbohydrate Polymers 235,
115946.
[2] Khodayari A., Thielemans W., Hirn U., Van Vuure A.W., Seveno D. (2021). Cellulosehemicellulose interactions in the plant cell wall – a nanoscale view. Work is submitted and
currently under review.
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Norway spruce cell suspension cultures were employed in this study to investigate lignin
biosynthesis and the effect of secondary cell wall hemicelluloses on the structure and yield of
lignin. These cultures are highly useful experimental tools1 because lignification can be
triggered on-demand, by simply altering the concentration of provided growth regulators. The
lignin is polymerized extracellularly, producing a clean lignin sample that can be readily
analysed. The enzymes catalyzing the biosynthesis process, such as peroxidases and
laccases, have previously been identified within the culture medium.2 An earlier structural
analysis of extracellular lignin showed similarities with lignin isolated from conifer trees,
adding to the value of these cultures as relevant systems for lignification studies.3 Since the
cells used for this study do not form a secondary cell wall, we are able to investigate the
impacts of hemicelluloses on lignin biosynthesis, when the architecture of the wall is absent,
thereby preventing lignin deposition. We can also study the physical interaction of lignin with
hemicelluloses in the medium. We have used analytical NMR methods to understand the
structure of lignin produced in the presence and absence of relevant hemicellulose sugars,
as well as advanced microscopy techniques to visualize the effect of the hemicelluloses on
the cells and the structure of lignin. In addition, RNA sequencing has been used to evaluate
changes in gene expression related to cell wall formation, for different hemicellulose
concentrations in the growing environment of the cells. This gives insight into the
transcriptomic regulation of lignin biosynthesis and stress response in our cell cultures.

[1]
[2]
[3]

Pesquet E. , Wagner A. & Grabber J. H. , Current Opinion in Biotechnology, 56, 215222, 2019
Kärkönen A. , Koutaniemi S. , Mustonen M. , Syrjänen K. , Brunow G. , Kilpeläinen I. ,
Teeri T. H. & Simola L. K. , Physiologia Plantarum, 114, 343-353, 2002
Brunow G. , Ämmälahti E. , Niemi T. , Sipilä J. , Simola L. K. & Kilpeläinen I. ,
Phytochemistry, 47, 1495-1500, 1998
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Carrageenans are heterogeneous polysaccharides present in the cell wall of some
red seaweeds. They are made of building blocks consisting of galactose disaccharides, with
various and disparate chemical modifications (sulphation, anhydrous bridges, etc.).
Carrageenans have many potential1 or actual applications in industry, such as food or
cosmetic industries2 where some are massively used as texturing agents. The functional
properties of carrageenans—and thus their end-uses—are closely related to their structure
(i.e., their degree of polymerization (DP), sequence and type of blocks in the chain).
However, there is a large range of natural carrageenan units, and their exact structure
remains partly unknown. Developing new applications of carrageenans, or optimizing existing
ones, requires improving this knowledge, as well as improving our understanding of their
structure-property relationship. To achieve this goal, one needs to be as precise and
comprehensive as possible in determining structures of carrageenans.
Structural complexity of carbohydrates has long challenged analytical sciences.
Recent advances in mass spectrometry3 has considerably improved the available analytical
toolkit in glycosciences: it is today possible, for instance, to reach complete structure
determination for oligo-carrageenans up to DP 20. Moreover, we now have access to several
enzymes capable of hydrolyzing the raw polymer into oligosaccharides of such DPs, with a
defined specificity4.
In this work, we studied several genetically characterized pools of Chondrus Crispus
(a genomic model for red algae) and several industrial extracts from distinct seaweed
species. Our results evidenced minor and rather unexpected motifs in the polymer
backbones and allowed evaluating the impact of biological and environmental factors, as well
as of industrial processes, on the structures of carrageenans. Altogether, they bring new
insights of the roles and properties of carrageenans.
References:
[1] Pacheco-Quito E.-M., Ruiz-Caro R. & Veiga M.-D., Mar. Drugs., 18, 583, 2020
[2] Zamorano J. & Canivet F., Techniques de l’ingénieur, 2018
[3] Ropartz D., Li P., Jackson G. P. & Rogniaux H., Anal. Chem., 89, 3824-3828, 2017
[4] Jouanneau D., Boulenguer P., Mazoyer J. & Helbert W., J. Appl. Phycol., 23, 105, 2011
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Currently, agriculturally produced food plants are protected primarily by means of
agents produced by chemical synthesis1. For the development of ecological plant protection
materials appropriately selected biopolymers can be used. The preparations depending on
their forms can be employed not only to the treatment of plants by spraying, but also to the
so-called activation of the soil. The "activation" of the soil is associated with a number
reduction of harmful organisms, but mainly to the stimulation of growth of chitinolytic
microorganisms hampering the growth of soil-borne pathogens (fungi). An additional effect of
polymers used is to stimulate plant growth and to strengthen them, which shortens the period
of greatest risk of soil pathogens2.
The aim of our research was to develop and produce a modern, human- and
environment-friendly plant protection products, based on selected bioactive polymers from
the group of polysaccharides with products of metabolism of endophytic bacteriabiosurfactants3. It was assumed that the developed polymer compositions will be particularly
useful in the production of healthy food and organic farming. We tested if the new
compositions have an inhibitory effect on the growth of cultures of soil-borne fungi which are
known to threaten a broad range of cultivated plants. Here, we present preliminary results of
these in vitro tests.
References
[1] Fantke P. Modelling the environmental impacts of pesticides in agriculture. In Assessing
the environmental impact of agriculture. Burleigh Dodds Science Publishing. 2019
[2] Katiyar, Deepmala; Hemantaranjan, A.; Singh, Bharti. Chitosan as a promising natural
compound to enhance potential physiological responses in plant: a review. Indian Journal of
Plant Physiology, 20, 1. 2015
[3] Marchut-Mikolajczyk O., Drozdzynski P., Pietrzyk D. et al. Biosurfactant production and
hydrocarbon degradation activity of endophytic bacteria isolated from Chelidonium majus L.
Microbial Cell Factories 17, 171. 2018
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Wood-water interactions are important in almost every use-case of wood and in the
production of a multitude of advanced bio-based materials from wood constituents. These
interactions ultimately derive from the nanoscale structure of wood constituents and how the
various cell wall components interact with water molecules. However, the exact structure of
the cell wall components remains uncertain. Direct imaging of individual cell wall components
is possible, but extracting them from the natural cell wall environment can greatly alter their
properties and provides only limited insight into their structure as they exist in wood.
Utilizing small angle scattering provides a non-destructive method for characterizing
the average nano-scale structure of the wood cell wall, especially the crystalline cellulose
microfibrils and the bundles they might form.
In this work we have used small-angle neutron scattering to determine the changes in
cellulose microfibril bundles during the drying of a piece of never-dried spruce, utilizing a
geometric scattering model by Penttilä1. The results were combined with separate dynamic
vapor sorption measurements (DVS) to estimate evaporation kinetics and moisture content
(MC) during the scattering experiment.
These experimental results are compared with molecular dynamics simulation models
based on the current understanding of cellulose microfibrils and the simulated scattering
patterns derived from the atomistic coordinates of the model.2
The results agree with the interpretation that wood drying begins with cell lumina,
followed by removal of water from the cell wall. In the linear drying region, at high MC, the
interfibril distance is relatively stable. Drying slows down drastically at lower MC, when the
interfibril distance decreases and causes exponential decay in the diffusion constant.

Figure 1 : Integrated scattering data fitted with a geometric model based on hexagonally
packed cylinders (left). Center-to-center distance between cellulose microfibrils from the fit as
a function of moisture content (mass of water in the sample /dry mass) determined by DVS
measurements (right).
[1] Penttilä P. A., Rautkari L., Österberg M. & Schweins R., J. Appl. Cryst. 52, 369-377 2019
[2] Penttilä P.A., Paajanen A. & Ketoja J., Carbohydrate Polymers. 251. 2020
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