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Introduction

The biorefinery concept, which takes
traditional refineries as a starting point
and adapts them to environmentally
friendly processes based on bioresources
as raw materials, has attracted significant
scientific interest during the last few
years." Biorefineries are a realistic alter-
native for producing the advanced bio-
fuels, bio-based materials, and chemicals
required in a post-petroleum scenario.”
The residual lignocellulosic biomass
generated by agriculture, forestry, crop
processing, and other industries is
a major feedstock base for biorefineries.
Biomass abundance, low cost, and
composition provide the required raw
materials for the sustainable develop-
ment of society without depending on
fossil-based resources.® Setting up effi-
cient biorefineries requires a deep
understanding of the chemistry behind
the biorefining processes. This themed
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collection aims to deepen the current
knowledge of chemistry in biorefineries.

This collection

The themed collection Chemistry in bio-
refineries features 15 contributions,
including 13 original research papers and
2 review articles. The contributions come
from almost all the main geographical
areas of the world, from North to South
America, from Europe to Africa and Asia,
and cover recent developments in the
chemistry of lignocellulose components,
methods for fractionation of lignocellu-
losic biomass, and chemical conversion
processes occurring in biorefineries.
Biomass fractionation is a core step for
valorisation of the main constituents
following a  complete  biorefinery
approach.” In this collection, three articles
contribute to enhancing the understanding
of biomass fractionation. Moncao et al
report the fractionation of fibres of the
halophyte plant Salicornia dolichostachya by
organosolv pretreatment (https://doi.org/
10.1039/D2RA04432C). By  carefully
controlling the process parameters,
cellulose-rich  pretreated solids were
produced, and high removal of hemi-
celluloses and lignin were achieved. The
obtained cellulose was completely hydro-
lysable, the lignin fraction had high purity,
and the hemicelluloses were recovered as
a separate product consisting mostly of
oligosaccharides. Ovejero-Pérez et al
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introduced an autohydrolysis step prior to
ionosolv treatment of Eucalyptus globulus
biomass, which resulted in an efficient
separation of hemicelluloses, cellulose, and
lignin (https://doi.org/10.1039/
D2RA08013C). Lemma et al -effectively
separated hemicellulosic sugars and
cellulose-rich fibre from enset (Ensete ven-
tricosum) biomass by combining steaming
pretreatment with soda pulping (https://
doi.org/10.1039/D2RA07220C).
Hydrothermal pretreatment is an
effective method for lignocellulose frac-
tionation,> but it cannot avoid the
formation of inhibitors of the enzymatic
saccharification and the microbial
fermentation, which are two major oper-
ations in biorefining.® In this collection,
Wu et al. reported the conditioning of
a birch pretreatment liquor by liquid-
liquid extraction wusing long-chain
organic  extractants  (LCOE)  for
improving fermentation and saccharifi-
cation (https://doi.org/10.1039/
D3RA02210B). The study compared the
effectiveness of three LCOE to that of
two conventional organic solvents. The
investigation showed that the
conditioning with LCOE, which can be
performed at room temperature and
acidic pH, promotes both the
fermentability of hydrolysates and the
enzymatic saccharification of cellulose.
In a biorefinery environment, lignin,
which is the major aromatic constituent
of lignocellulosic biomass, can be
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valorised to aromatics, polymers, bio-
fuels, and biomaterials.”® This collection
features four contributions dealing with
lignin characterisation and valorisation.
Li et al present an assessment of the
opportunities and challenges of catechyl
lignin (C-lignin), a recently discovered
biopolymer, whose homogeneous linear
structure facilitates chemical conversion
and provides new valorisation perspec-
tives (https://doi.org/10.1039/
D3RA01546G). The review summarises
the biosynthesis of C-lignin in plants,
provides an overview on its isolation and
on various depolymerisation approaches,
and explores new application areas based
on its unique structure. The advantages
and drawbacks of different methods for
C-lignin isolation are discussed, the
potential of treatments with deep eutectic
solvents is highlighted, and the reductive
catalytic fractionation as an emerging
technology for effective depolymerisation
is addressed.

Lignin’s versatile chemistry allows
many reactions through its multiple
functional groups.® That enables addition
of different functionalities, which
provide specific properties that make it
suitable for replacing fossil-based poly-
mers. In a review on lignin applications,
Ruwoldt et al. summarise the state of the
art on the development of lignin-based
functional surfaces, films, and coatings,
with a focus on the formulation and final
uses (https://doi.org/10.1039/
D2RA08179B). The article discusses the
potential of technical lignins,
a currently under utilised by-product of
pulping and biorefinery processes, which
has a huge potential for chemical modi-
fication and upgrading to different
material applications.

Although poplar is a hardwood tree of
major importance for biorefinery appli-
cations," the structure of lignin from
different organs has so far not been
investigated to a comparable extent. Stem
lignin has been well studied, while foliar
lignin has been less well studied. In this
collection, original research by Bryant
et al. discloses new knowledge on the
chemistry of poplar foliar lignin (https://
doi.org/10.1039/D3RA03142]). A set of 11
Populus trichocarpa foliage samples was
characterised using advanced analytical
techniques. Clear differences between
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foliage and stem tissues were revealed
using advanced analytical techniques.
Heteronuclear single-quantum coher-
ence nuclear magnetic resonance and
Fourier-transform infrared spectroscopy
revealed high variability in lignin struc-
ture, while gas chromatography-mass
spectrometry showed a high degree of
metabolite abundance.

Another lignin-related contribution of
interest is a solid-state chemical modifi-
cation protocol without external gas
supply nor liquid reactants, developed by
Wurzer et al to generate N-lignins
(https://doi.org/10.1039/D3RA00691C).
The new protocol allows the performance
of the lignin modification in closed
continuous reactor systems, and it is
expected to widen the possibilities of
using N-lignins as an organic fertiliser
or soil amendment.

Spent coffee ground (SCG) is an agro-
industrial waste with potential as feed-
stock for biorefineries.” The controlled
hydrolysis of galactoglucomannan, the
main SCG carbohydrate, leads to the
formation of mannooligosaccharides
(MOS), which have health-promoting
effects due to their prebiotic and antiox-
idant activity.’> Magengelele et al re-
ported MOS production from SCGs by
alkaline pretreatment followed by hydro-
lysis with a Bacillus sp. derived endo-p-1,4-
mannanase (https://doi.org/10.1039/
D2RA07605E). An in vitro evaluation of
the product showed its prebiotic effect
on beneficial bacteria, e.g., Lactobacillus
bulgaricus,  Bacillus  subtilis  and
Streptococcus thermophilus. Assays
performed wunder simulated gastric
conditions revealed that the product is
suitable for oral administration.

The Guest Editors would like to thank
all the experts that have authored the
articles included in this themed collec-
tion. Their high-quality contributions
provide highly valuable new insights that
will be well appreciated by readers inter-
ested in the fascinating area of the
chemistry of biorefining processes.

Author contributions

Conceptualization and methodology:
C. M, A. R, F. M.; writing—original draft
preparation, review and editing: C. M., A.
R., F. M.

View Article Online

Editorial

Conflicts of interest

There are no conflicts to declare.

Acknowledgements

The Inland Norway University of Applied
Sciences, the Universidad de Cordoba,
and the University of Naples Federico II
are thanked for their institutional
support. The authors acknowledge the
funding provided by Sparebankstiftelsen
Hedmark (project number 362001-10),
Bio4Energy strategic research environ-
ment (project number 550080300), and
the Department of Economic Trans-
formation, Industry, Knowledge and
Universities of the Regional Government
of Andalusia (project number P18-RT-
4064).

References

1 A. J. Shapiro, R. M. O’'Dea, S. C. Li,
J. C. Ajah, G. F. Bass and T. H. Epps
111, Engineering innovations,
challenges, and opportunities for
lignocellulosic biorefineries:
leveraging biobased polymer
production, Annu. Rev. Chem. Biomol.
Eng., 2023, 14, 109-140.

2 L. Zaccariello and F. Montagnaro,
Fluidised bed  gasification  of
biomasses and wastes to produce
hydrogen-rich syn-gas — A review, J.
Chem. Technol. Biotechnol., 2023, 98,
1878-1887.

3 M. S. Singhvi, S. Chaudhari and
D. V. Gokhale, Lignocellulose
processing: a current challenge, RSC
Adv., 2014, 4, 8271-8277.

4 K. N. Yogalakshmi, M. T. M. Usman,
S. Kavitha, S. Sachdeva, S. Thakur,
A. S. Kumar and R. ]J. Banu,
Lignocellulosic biorefinery
technologies: a perception into recent
advances in biomass fractionation,
biorefineries, economic hurdles and
market outlook, Fermentation, 2023, 9,
238.

5 C. Martin, P. Dixit, F. Momayez and
L. J. Jonsson, Hydrothermal
pretreatment of lignocellulosic
feedstocks to facilitate biochemical
conversion, Front. Bioeng. Biotechnol.,
2022, 10, 846592.

© 2023 The Author(s). Published by the Royal Society of Chemistry


https://doi.org/10.1039/D3RA01546G
https://doi.org/10.1039/D3RA01546G
https://doi.org/10.1039/D2RA08179B
https://doi.org/10.1039/D2RA08179B
https://doi.org/10.1039/D3RA03142J
https://doi.org/10.1039/D3RA03142J
https://doi.org/10.1039/D3RA00691C
https://doi.org/10.1039/D2RA07605E
https://doi.org/10.1039/D2RA07605E
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d3ra90087h

Open Access Article. Published on 29 septembris 2023. Downloaded on 04.11.2025 02:15:26.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Editorial

6L. J. Jonsson and C. Martin, A. N. McShane, J. Dominguez-Robles
Pretreatment of lignocellulose: and A. Rodriguez, Antioxidant
formation of inhibitory by-products cellulose nanofibers/lignin-based
and strategies for minimizing their aerogels: a potential material for
effects, Bioresour. Technol., 2016, 199, biomedical applications, Chem. Biol.
103-112. Technol. Agric., 2023, 10, 72.

7 Z. Strassberger, S. Tanase and 9 J. Ralph, C. Lapierre and W. Boerjan,
G. Rothenberg, The pros and cons of Lignin structure and its engineering,
lignin valorisation in an integrated Curr. Opin. Biotechnol., 2019, 56, 240-
biorefinery, RSC Adv., 2014, 4, 25310- 249.

25318. 10 L. Song, R. Z. Wang, ]J. C. Jiang, J. M. Xu

8 L. M. Sanchez, A. K. Hopkins, and J. S. Gou, Stepwise separation of
E. Espinosa, E. Larrafieta, D. Malinova, poplar wood in oxalic acid/water and

© 2023 The Author(s). Published by the Royal Society of Chemistry

View Article Online

RSC Advances

y-valerolactone/water systems, RSC
Adbv., 2020, 10, 11188-11199.

11 Y. H. Leow, P. Y. M. Yew, P. L. Chee,
X. J. Loh and D. Kai, Recycling of
spent coffee grounds for useful
extracts and green composites, RSC
Adv., 2021, 11, 2682-2692.

12 U. K. Jana and N. Kango,
Characteristics and bioactive
properties of mannooligosaccharides
derived from agro-waste mannans, Int.
J. Biol. Macromol., 2020, 149, 931-940.

RSC Adv, 2023, 13, 28561-28563 | 28563


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d3ra90087h

	Introduction to the RSC Advances themed collection Chemistry in Biorefineries
	Introduction to the RSC Advances themed collection Chemistry in Biorefineries
	Introduction to the RSC Advances themed collection Chemistry in Biorefineries
	Introduction to the RSC Advances themed collection Chemistry in Biorefineries
	Introduction to the RSC Advances themed collection Chemistry in Biorefineries
	Introduction to the RSC Advances themed collection Chemistry in Biorefineries


