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ABSTRACT 

The ability of versatile peroxidase to modify/degrade lignin (in conjunction with veratryl alcohol as a mediator) 
in both wood (Eucalyptus globulus) and non-wood (Pennisetum purpureum) lignocellulosic feedstocks was 
demonstrated using the Pleurotus ostreatus enzyme heterologously expressed in Escherichia coli and "in vitro" 
folded. Two-dimensional nuclear magnetic resonance (NMR) of the treated materials, swollen in 
dimethylsulfoxide-d6, revealed a reduction in the number of lignin side-chain linkages after both treatments. 
However, a significant removal of lignin by the enzymatic treatment was only observed in the case of eucalypt 
wood, as shown by the decrease of lignin aromatic signals referred to carbohydrate anomeric signals.  

I. INTRODUCTION 

Lignin removal is a key step for recycling the carbon fixed by land photosynthesis and a limiting issue for the 
use of lignocellulosic biomass by the pulp and paper industry and in the sustainable production of fuels and other 
chemicals. Only a group of basidiomycetes, the so-called white-rot fungi, are efficient lignin degraders in nature 
[1]. According to the genomic data, ligninolytic peroxidases - the so-called lignin peroxidase (LiP, EC1.11.1.14), 
manganese peroxidase (MnP, EC1.11.1.13) and versatile peroxidase (VP, EC 1.11.1.16) - are exclusive of 
lignin-degrading white-rot basidiomycetes and play a central role in lignin degradation [2]. The presence of LiP 
has been associated with the ability to degrade lignin in white-rot fungi and in vitro depolymerization of lignin 
by LiP was demonstrated [3]. On the other hand, a recent study show the presence in the model agaric Pleurotus 
ostreatus of a peroxidase repertoire in which VPs play the role that LiPs do in white-rot polypores, being able to 
depolymerize lignin in the presence of VA [4]. 

In the present study, eucalypt (Eucalyptus globulus) and Elephant grass (Pennisetum purpureum), two fast 
growing plant species, were treated with VP from P. ostreatus in the presence of VA to investigate its ability to 
modify natural lignin in lignocellulosic feedstocks, as it has been previously demonstrated for the laccase-
mediator system [5,6]. The eventual modification of the cell-wall polymers during the enzyme treatment of the 
whole plant material was analyzed by hetereonuclear single quantum correlation (HSQC) solution NMR of gels 
prepared by lignocelluloses swelling in dimethylsulfoxide-d6  [7,8]. 

II. EXPERIMENTAL 

Recombinant VP 

VP (isoenzyme VP1) from the basidiomycete P. ostreatus was produced heterologously in Escherichia coli. The 
mature protein-coding sequence of gene model 137757 from the PC9 monokaryon genome, after manual 
curation, was synthesized by ATG:biosynthetics (Merzhausen, Germany) after verifying that all the codons had 
been previously used for expressing other genes in the same E. coli strain (and substituting them when required). 
Mature protein-codifying sequence was cloned in the expression vector pET23a (+) (Novagen). The resulting 
plasmid pET23a-137757, was directly used for expression. The peroxidase was produced in E. coli 
BL21(DE3)pLysS. Cells were grown for 3 h in Terrific Broth, induced with 1 mM isopropyl-β-D-
thiogalactopyranoside, and grown further for 4 h. The apoenzyme accumulated in inclusion bodies, as observed 
by sodium dodecyl sulfate-polyacrylamide gel electrophoresis, was solubilized using 8 M urea. Subsequent in 
vitro folding was performed using 0.16 M urea, 5 mM Ca2+, 20 µM hemin, 0.5 mM oxidized glutathione, 0.1 
mM dithiothreitol, and 0.1 mg/ml protein, at pH 9.5. Active enzyme was purified by Resource-Q 
chromatography using a 0-300 mM NaCl gradient (2 ml·min-1, 20 min) in 10 mM sodium tartrate, pH 5.5. 

Wood and grass treatments with VP 

Milled Elephant grass and eucalypt wood samples (100 mg) were treated with 5 mg of VP from P. ostreatus in 
10 mM Na acetate (pH 4.5) containing 10 mM VA and 60 mM H2O2 at 25 ºC for 24 h. Treatments without 
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enzyme were also performed. For NMR analysis, the whole samples recovered after washing (70-85 mg) were 
swollen in dimethylsulfoxide-d6 and HSQC spectra were acquired at the gel state [7,8]. A Bruker Biospin 
(Billerica, MA) AVANCE 500 MHz spectrometer fitted with a cryogenically cooled 5-mm TCI gradient probe 
with inverse geometry (proton coils closet to the sample) was used. The 13C-1H correlation experiment was an 
adiabatic HSQC experiment (Bruker standar pulse sequence ´hsqcetgpsisp.2´; phase-sensitive gradient-edited-2D 
HSQC using adiabatic pulses for inversion and refocusin). Spectra were acquired from 10 to 0 ppm in F2 (1H) 
with 1000 data points for an acquisition time (AQ) of 100 ms, an interscan delay (D1) of 500 ms, 200 to 0 ppm 
in F1 (13C) with 400 increments (F1 acquisition time 8 ms) of 40 scans. The 1JCH used was 145 Hz. Processing 
used typical matched Gaussian apodization in 1H and a squared cosine bell in 13C. Prior to Fourier 
transformation, the data matrices were zero filled up to 1,024 points in the 13C dimension. The central solvent 
peak was used as an internal reference (δC/δH 39.5/2.49). The aromatic 13C-1H correlation signals of the different 
lignin units were used for estimation of its composition in guaicyl (G) and syringyl (S) lignin units. The p-
coumaric and ferulic acid contents and the percentages of main lignin substructures (including β-O-4' and β-β' 
side-chain linkages) were referred to total lignin. Signal assignement was based on previous studies on E. 
globulus and P. purpureum lignins [9,10]. 

III. RESULTS AND DISCUSSION 

The detailed assignments of aliphatic-oxygenated (top) and aromatic-unsaturated (bottom) signals in the control 
and VP-VA treated eucalypt wood and Elephant grass samples are shown in the spectra expansions included in 
Fig. 1. The main lignin and cinnamic structures identified are shown in Fig. 2.  

The aliphatic oxygenated region of the spectrum of control (Fig. 1a and c) showed signals of both lignin and 
carbohydrates, the latter mainly corresponding to xylan units (X). In addition to methoxyl signals, signals of 
lignin side-chains were observed, the latter corresponding to Cα–Hα correlations (Aα) in β-O-4´ alkyl–aryl ether 
substructures, and Cβ–Hβ correlations in β-O-4 alkyl–aryl ether substructures including a second S-unit (Aβ(S)). 
The main signals in the aromatic-unsaturated region of the HSQC spectrum of control eucalypt wood (Fig. 1a) 
corresponded to the lignin benzene rings, including the G and S whereas in the case of the Elephant grass (Fig. 
1c)  p-coumaric acid signals are also present together with lignin signals. 

The oxidation of VA, used as mediator, results in the production of veratraldehyde which remains attached to the 
sample, despite the exhaustive washing, overlapping some signals. This can be due to the coupling of VA radical 
on the lignin units.  

Enzymatic modification of eucalypt lignin as shown by 2D NMR 

As shown by the NMR spectra of the whole treated sample at the gel state, a single step VP-VA treatment 
(without a subsequent alkaline extraction) led to a significant reduction in the molar frequency of both β-β' (Bα 
signal) and β-O-4' (Aβ signal) inter-unit linkages (per 100 lignin units) in the treated sample (40% and 1%, 
respectively, in Fig. 1b) with respect to the control (44% and 4%, respectively, in Fig. 1a). Moreover, a 
reduction of the lignin content was produced, as shown by the lignin-to-carbohydrate molar ratios (L/CH) 
estimated from the intensity of the lignin aromatic signals referred to the carbohydrate anomeric signals (X1 and 
X'1), passing from a L/CH ratio of 2.3 in the control to a L/CH ratio of 1.6 in the treated sample (Fig 1). Finally, 
a slightly preferential removal of G units was observed, resulting in higher S/G molar ratio in the treated sample 
(1.5) compared with the control (1.4), in agreement with related studies [5,6]. 

Enzymatic modification of Elephant grass lignin as shown by 2D NMR 

The single step VP-VA treatment (without subsequent alkaline extraction) resulted in a reduction (>10%) of β-
O-4' linkages per 100 lignin units in the treated sample (Fig. 1d) with respect to the control (Fig. 1c) (β-β 
linkages were not detected in the Elephant grass samples). However, in contrast with that observed for eucalypt 
wood, no significant reduction of lignin content was produced, as shown by the unchanged lignin-to-
carbohydrate molar ratios (1.0 in both samples), and the p-coumaric acid (PCA signals) signals remained 
basically unchanged. 

IV. CONCLUSIONS 

In the present study, the ability of a high-redox ligninolytic peroxidase from P. ostreatus (VP) to remove lignin 
from two lignocellulosic samples is demonstrated by NMR analysis, in agreement with its central role in lignin 
degradation in Agaricales and with our previous results in which VP was able to degrade both a non phenolic 
lignin-model dimer and synthetic polymeric lignin (DHP). The results obtained showed that VP was more 
effective against eucalypt wood lignin than against Elephant grass lignin, leading to both a significant reduction 
in the frequency of main inter-unit linkages and a moderate reduction of the lignin content, while the 
carbohydrate signals remain basically unchanged. 
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Figure 1. Aromatic region of the HSQC spectra of eucalypt wood (top) and Elephant grass (bottom) treated with 
P. ostreatus VP and VA (as mediator). A and C controls without enzyme; B and D treatments with enzyme. See 
Fig. 2 for identification of the lignin, cinnamic acid and mediator-derived structures assigned (MeO correspond 

to methoxyl groups). X and X' signals correspond to normal and acetylated carbohydrates, respectively.
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Fig. 2. Main lignin, cinnamic acid and mediator-derived structures identified in the Elephant grass and eucalypt 
samples analyzed by HSQC NMR (Fig. 1): A, β-O-4´ lignin structure (aliphatic region of the spectra); PCA, p-
coumaric acid; FA, ferulic acid; G, guaiacyl units; S, syringyl units; Va, veratryl alcohol (mediator); and Vad,

veratraldehyde (Va oxidation product).

V. ACKNOWLEDGEMENT

E.F.-F. and J.R. thank Junta de Ampliación de Estudios of CSIC for a JAE PhD fellowship and a JAE-DOC 
contract (co-funded by the European Social Fund). M.A.B. acknowledges an FPI fellowship from the Spanish 
Ministry of Economy and Competitiveness. This work was supported by the Spanish HIPOP (BIO2011-26694)
and LIGNOCELL (AGL2011-25379) projects (co-financed by FEDER funds) and the European projects 
PEROXICATS (KBBE-2010-4-265397) and INDOX (KBBE-2013-7-613549).

VI. REFERENCES

[1] Martínez A.T.; Speranza M.; Ruiz-Dueñas F.J.; Ferreira P.; Camarero S.; Guillén F.; Martínez M.J.; 
Gutiérrez A.; del Río J.C. Biodegradation of lignocellulosics: Microbiological, chemical and enzymatic 
aspects of fungal attack to lignin. Int. Microbiol. 2005, 8, 195-204.

[2] Floudas D.; Binder M.; Riley R.; Barry K.; Blanchette R.A.; Henrissat B.; Martínez A.T.; Otillar R.; 
Spatafora J.W.; Yadav J.S. et al. The Paleozoic origin of enzymatic lignin decomposition reconstructed from 
31 fungal genomes. Science 2012, 336, 1715-1719.

[3] Hammel K.E.; Jensen K.A.; Mozuch M.D.; Landucci L.L.; Tien M.; Pease E.A. Ligninolysis by a purified 
lignin peroxidase. J. Biol. Chem. 1993, 268, 12274-12281.

[4] Fernández-Fueyo E.; Ruiz-Dueñas F.J.; Martínez M.J.; Romero A.; Hammel K.E.; Medrano F.J.; Martínez 
A.T. Ligninolytic peroxidase genes in the oyster mushroom genome: Heterologous expression, molecular 
structure, catalytic and stability properties and lignin-degrading ability. Biotechnol. Biofuels 2014, 7:2.

[5] Gutiérrez A.; Rencoret J.; Cadena E.M.; Rico A.; Barth D.; del Río J.C.; Martínez A.T. Demonstration of 
laccase-mediator removal of lignin from wood and non-wood plant feedstocks. Bioresource Technol. 2012, 
119, 114-122.

[6] Rico A.; Rencoret J.; del Río J.C.; Martínez A.T.; Gutiérrez A. Pretreatment with laccase and a phenolic 
mediator degrades lignin and enhances saccharification of Eucalyptus feedstock. Biotechnol. Biofuels 2014, 
7:6.

[7] Kim H.; Ralph J.; Akiyama T. Solution-state 2D NMR of ball-milled plant cell wall gels in DMSO-d6.
Bioenerg. Res. 2008, 1, 56-66.

[8] Rencoret J.; Marques G.; Gutiérrez A.; Nieto L.; Santos I.; Jiménez-Barbero J.; Martínez A.T.; del Río J.C. 
HSQC-NMR analysis of lignin in woody (Eucalyptus globulus and Picea abies) and non-woody (Agave 
sisalana) ball-milled plant materials at the gel state. Holzforschung 2009, 63, 691-698.

[9] Rencoret J.; Gutiérrez A.; Nieto L.; Jiménez-Barbero J.; Faulds C.B.; Kim H.; Ralph J.; Martínez A.T.; del 
Río J.C. Lignin composition and structure in young versus adult Eucalyptus globulus plants. Plant Physiol.
2011, 155, 667-682.

[10] del Río J.C.; Prinsen P.; Rencoret J.; Nieto L.; Jiménez-Barbero J.; Ralph J.; Martínez A.T.; Gutiérrez A. 
Structural characterization of the lignin in the cortex and pith of Elephant grass (Pennisetum purpureum)
stems. J. Agric. Food Chem. 2012, 60, 3619-3634.

A

HO
O

HO

OMe

OMe

O

α β 4′

γ

O

OMe

OH

MeO

α

S

OMe

OMe

OHα

Va
OMe

OMe

α

Vad

OMe

O

OH
α

G
OH

O O

α
β

γ

PCA FA

O

O

α
β

γ

OMe

HO

H O

13th European Workshop on Lignocellulosics and Pulp

350


	Table of contents(con Lisbeth)
	PROCEEDINGS-ALL(conLisbeth)
	ORALS-ALL(menos Lisbeth)
	O-1-Colodette_JL
	O-2-daSilvaPerez_D
	O-3-Sevastyanova_Oral
	O-4-Chirat_C
	Sugar analysis of pulps : the pulps were subjected to acid hydrolysis consisting of a two step treatment :  72% HR2RSOR4R followed by dilute acid hydrolysis in an autoclave for 1 h at 120 C ( according to TAPPI T 249 cm-00)  to hydrolyse all the polys...
	Kraft cooking of control and pre-hydrolysed (PH) wood chips

	O-5-Pouyet_F
	O-6-Chenna_NK
	O-8-Baumberger_S
	Investigation of the biochemical variability of maize lines
	Eight maize recombinant inbred lines RILs were selected within the F286 x F7012 RIL population developed at INRA Lusignan to present similar lignin content and contrasted cell wall degradability as predicted by near-infrared reflectance spectrophotome...
	Synthesis, isolation and characterization of lignin-carbohydrate fractions
	Lignin-carbohydrate fractions were isolated from the stem of maize F2 (INRA) line grown on experimental field condition as described above and harvested at silage stage. Sequential fractionation of the extractive-free maize stems was carried out using...
	Implementation of cell wall model to investigate enzyme mobility
	Bioinspired model assemblies of grass secondary cell wall were prepared by dispersing ramie fibers cellulose nanocrystals (CNC) into a maize bran feruloylated arabinoxylan (FAX) matrix cross-linked by laccase oxidative treatment [12]. Gels and films w...

	O-9-Alekhina_M
	Acid insoluble lignin or Klason lignin, acid soluble lignin (ASL) and carbohydrate contents of solid and liquid samples were determined after acid hydrolysis according to NREL/TP-510-42618 and NREL/TP-510-42623, respectively. Subsequent analysis of the recovered neutral sugar monomers was performed by using a Dionex ICS 3000 high-performance anion exchange chromatograph with pulsed amperometric detection (HPAEC-PAD) equipped with a CarboPacPA20 column (Dionex, Sunnyvale, CA, USA). Water was used as the eluent at a flow rate of 0.4 mL/min at 30º C. The carbohydrate compositionin solid samples was calculated according to previously published method [3]. The molecular mass distribution (MMD) of selected lignin samples was determined by gel permeation chromatography (GPC) equipped with UV detection (UV-Vis Detector 2487). The column was eluted with DMSO with 0.1 LiBr at a flow rate of 1 ml/min. The GPC system consisted of two analytical columns (Suprema 1000 and Suprema 100, 20 μm, 8 mm I.D.*300 mm) and one pre-column (Suprema 20 μm). The columns, injector and UV detector were maintained at 80°C during the analysis.

	O-10-Wahlstroem_RM
	ABSTRACT
	I. INTRODUCTION
	II. EXPERIMENTAL
	III. RESULTS AND DISCUSSION
	IV. CONCLUSIONS
	V. ACKNOWLEDGEMENT
	VI. REFERENCES


	O-11-Gutierrez_A
	O-12-Heikkinen_H
	O-13-Rahikainen_JL
	O-14-Ralph_J
	O-15-Crestini_C
	O-16-Balakshin_M
	O-17-Liu_J
	O-18-Argyropoulos_D
	Dimitris S. Argyropoulos 1,2,3, H. Sadeghfifar2, S. Sen, 2 C. Cui, 2 R. Sun2
	The thermal degeneration observed in the oxypropylated kraft lignin is possibly due to the dehydration of the secondary hydroxyl group of the oxypropyl substituent. For mono-oxypropylated phenolic OH components, their dehydration can be a facile react...
	III. References

	O-19-Setala_H
	NOVEL CHEMICAL MODIFICATIONS OF TECHNICAL LIGNINS FOR COMPOSITE AND RESIN APPLICATIONS
	VTT Technical Research Centre of Finland, Biologinkuja 7, Espoo, P.O. Box 1000, FI-02044 VTT, Finland
	Results on preparation of amide derivatives


	O-20-Liitiä_T
	O-21-Koivu_KAY
	O-22-Gosselink RJA
	O-23-Rudnitskaya_A
	O-24-Oberlerchner_JT
	O-25-Mikkonen_KS
	Materials
	Mechanical properties


	O-26-Dahlman_O
	O-27-Lund_H
	O-28-Martinez_AT
	O-29-Faulds_CB
	The expanding numbers of sequenced fungal genomes provide an unprecedented framework for identifying their potential in the deconstruction of lignocellulosic biomass. Comparative genomic studies enable us to decipher the different strategies used by f...
	In our genomic approaches developed in the laboratory, the purposes consist in focusing on the differences in the fungal lignocellulolytic repertoires to look for convergence and divergence among the families. Each fungal group has its own enzymatic s...
	III. TRANSCRIPTOMIC APPROACHES
	Beyond the comparison of genome portfolios, the analysis of transcriptome profiles in vivo allows identification of the sets of genes encoding the enzyme machineries expressed according to the organisms’ strategy for plant cell wall degradation/modifi...
	IV. SECRETOMIC AND ENZYMATIC APPROACHES
	With the growing numbers of fungal genomes, their transcriptomes and the actively secreted enzymes produced, there is no doubt that such an integrated approach as outlined in this extended abstract will provide new insights into the adaptation of fung...

	O-30-Cusola_O (oral)
	O-31-Böhmdorfer_S
	Development of Preparative Separations by HPTLC
	Quantification of Monosaccharides in Samples with High Matrix Content
	Direct Bioautography

	O-32-von_Wright-A
	O-33-Neto_CP
	O-34-Le Normand_M
	O-35-Silvestre_AJD
	O-36-Li_D
	Isolation of epoxy acid and preparation of polyesters
	The final purity of epoxy acid was approximately 95%, as determined by solution NMR, and the isolation yield was 8 wt% (theoretically 10 wt% [3]), calculated on dry birch outer bark.
	Size exclusion chromatography revealed that the polyester was successfully prepared through lipase catalysis. MALDI-TOF MS showed poly-linear and cyclic structures, with the former dominating the composition. Solution NMR showed that the epoxy groups ...
	Preparation of polyester-cellulose composites
	The epoxy-activated polyester could be cured by dicarboxylic acids under heating, which was confirmed by FTIR and DSC. By compression molding of the polyester and dicarboxylic acids impregnated cellulose at a high temperature, the curing reaction was ...

	O-37-Lehnen_R
	O-38-Asaadi_Sh
	O-39-You_XY

	POSTERS-ALL
	Aguado_R
	Aldaeus_F
	Alfaro_A
	Andreu_G
	Ariza_M
	Arnoul-Jarriault_B (V2)
	Arshanitsa_A-Telysheva_G
	Barbosa_MM
	Bardot_F
	Barneto_AG
	Barrasa_JM
	Batog J
	Bellido_C
	Beltramino_F
	BERTAUD_F
	Bialik_M
	Björklund Jansson M
	Bogolitsyn_k, Kashina_EM.
	Bogolitsyn_K, Krasikova_A
	Bogolitsyn_K, Pafrenova_L
	Bogolitsyn_K, Pustinnaja_M
	Bogolitsyn_K, Selivanova_N
	Bogolitsyn_K,Zubov_I
	Borges-GOMES FJB
	Boucher_J
	Brovko_OS
	Cadena_EM
	Campos_E
	Carbajo JM
	Carro_J
	Chemin_M
	Cheng_NN
	Costa_CA
	Cruz-Lopes et al-EWLP2014
	Cusola_O (poster)
	daSILVA_V (2)
	Dávila_JA
	Dehne_L
	delRio_JC-A detailed
	delRio_JC-Isolation
	Demuez_M
	Dias_V.M
	Dobele_G
	Ek_M
	Elissetche_JP
	Ershova_O
	Fernandes_L
	Fernandez-Fueyo_E
	Ferrer__A
	ACETOSOLV PULPING: A STAGE IN THE FRACTIONATION OF EFB (EMPTY FRUIT BUNCHES) FROM OIL PALM INDUSTRY
	Ana Ferrer1, Alberto Vega2, Pablo Ligero2, Luis Jiménez1, Alejandro Rodríguez1*
	1Chemical Engineering Department, Campus of Rabanales, Building C3, University of Córdoba, 14071 Córdoba, Spain 2Department of Physical Chemistry and Chemical Engineering. University of A Coruña, Spain, 15071 A Coruña, Spain, *corresponding author: a....
	ABSTRACT
	Empty fruit bunch is a residue generated by the oil palm industry after a sterilization process and the separation of the fruits for oil extraction. This residue, which in many countries, especially in Malaysia and Indonesia, is produced in very high ...
	Acetosolv pulping could be seen as a stage in the fractionation of empty fruit bunches for pulp production used in various applications as; pulps for specialty papers or other applications such as obtaining microcrystaline cellulose, microfibrilled ce...
	The aim of this work was to study the influence of operational variables in the empty fruit bunches acetosolv pulping process [acetic acid (60-95%), hydrochloric acid (0.10-0.25%) and time process (60-180 min)], on the solid yield, Schopper Riegler in...
	I. INTRODUCTION
	Plant biomass has been for centuries a resource used by humanity worldwide, for energy and cellulosic pulp production. The production of paper pulp has traditionally been a highly polluting process.
	Organosolv methods use organic compounds of relatively low molecular weight as delignification agents, and are a good alternative to Kraft because of the possibility of eliminate the sulphur compounds in cooking. Although lignin removal can be achieve...
	However, the fact of being able to use compounds with very different characteristics makes organosolv cooking processes very different versus Kraft. Some of them may be performed at atmospheric pressure and therefore at a much lower temperature, which...
	The Acetosolv process uses acetic acid enriched (70-90% by weight) aqueous mixtures with the addition of small amounts of hydrochloric acid (typically 0.1-0.2% by weight) which contributes to enhance the delignification through partial hydrolysis and ...
	Oil palm empty fruit bunch (EFB) is a waste generated by the oil palm industry after a sterilization process and the separation of the fruits for oil extraction. This residue, which in many countries, especially in Malaysia and Indonesia, is produced ...
	The aim of this work was to study the Acetosolv treatment of EFB by means of an experimental design factor, considering the influence of the operational variables on the composition of the resulting pulp, with the aim of finding the optimum conditions...
	II. EXPERIMENTAL
	Raw material
	African palm from Western Africa supplied by Straw Engineering S.L (Zaragoza) were used. Each hectare of oil palm produces an average of 10 tons of fruits per year which give about 3000 kg of palm oil (the main product) [8,9].
	Pulping and pulps characterization
	Mixtures of EFB, water and acetic acid (proportions ranging from 60 to 95% by weight of liquor) were heated to the boiling point in glass Pyrex flasks. Hydrochloric acid was added (0.10-0.25% by weight of liquor) when boiling started (zero time), and ...
	Experimental design
	A second order factorial design of experiment was used [10] consisted in a central experiment (in the centre of a cube) and several additional points (additional experiments lying at the cube vertices and side centers).
	Experimental data were fitted to the following second-order polynomial:
	,𝐘-𝐞.=,𝐚-𝟎.+,𝐚-𝟏.,𝐗-𝐀.+,𝐚-𝟐.,𝐗-𝐇.+,𝐚-𝟑.,𝐗-𝐓.+,𝐚-𝟏𝟏.,𝐗-𝐀-𝟐.+,𝐚-𝟏𝟐.,𝐗-𝐀.,𝐗-𝐇.+,𝐚-𝟏𝟑.,𝐗-𝐀.,𝐗-𝐓.+,𝐚-𝟐𝟐.,𝐗-𝐇-𝟐.+,𝐚-𝟐𝟑.,𝐗-𝐇.,𝐗-𝐓.+,𝐚-𝟑𝟑.,𝐗-𝐓-𝟐.       (1)
	where Ye denotes the response variables [viz. yield (YI), beating grade or Shopper Riegler index (SR), Kappa number (KN), lignin (LI) or viscosity (VI)]; XA, XH and XT are the normalized values of the operational variables (acetic acid concentration –...
	The values of the operational variables were normalized to values from -1 to +1 by using the following expression:
	,𝐗-𝐧.=𝟐,𝐗−,𝐗-𝐦.-,𝐗-𝐦𝐚𝐱.−,𝐗-𝐦𝐢𝐧..     (2)
	where Xn is the normalized value of A, H or T; X is the actual experimental value of the variable concerned; Xm is the mean of Xmax and Xmin; and Xmax and Xmin are the maximum and minimum value, respectively, of such a variable.
	The operational values for the independent variables in the 15 experiments conducted are given in Table 1.

	Ferro_M
	García_A
	ABSTRACT
	Since Jatropha curcas shells, a subproduct from biodiesel production, are rich en hexosans, they can be considered for ethanol production using Saccharomyces cerevisiae as fermentable microorganism. In this work, acid pretreatment conditions were appl...
	I. Introduction

	Garcia_MT
	Gominho_J
	González_Z
	Gonzalez-Perez_D
	Gordobil_O
	Hanhikoski_SH
	Hell_J
	Henniges_U
	Hernandez_V
	Hettegger_H
	Holding_AJ
	Hosoya_TH_1
	Hosoya_TH_2
	Huang_P
	Huber_P
	HUET_M
	Hutterer_C_NEW
	Ipatova E.V.
	Ivakhnov_AD
	Jacobs_A
	Janceva_S-Telysheva_G
	Kabel_MA
	Kasangana_PB
	Khabarov_Y-Babkin
	Khabarov_YG-Lakhmanov
	Kim_H
	Korntner_P
	Korotkova_E
	Kuusisto_J
	Materials
	Preparation and testing of paper
	Effect of polysaccharide type and precipitation process on pigment and paper properties



	Ladesov_AV
	Laka_M.
	Laun_S
	Le Roux_E
	Lehmann_I
	Leitner_SP
	Leschinsky_M
	Description of the pilot plant
	Operation of the pilot plant

	Li_Q
	Liftinger_E
	Liitia_T-Gravitis
	Lino_AG
	Li-W
	Lopez_MM-Moral_A
	Lourenco_A(teak)
	Lourenco_Ana(Cynara)
	Luís_Â
	Ma_Y
	Magnusson_H
	Martín_C
	Sixty grams of extractive-free J. curcas shells was mixed with diluted H2SO4 (LSR 10) in 1-L stainless steel reactors mounted on a rotary autoclave. A Box-Behnken response surface experimental design was applied (Table 1). By the end of the pretreatme...

	Mendonca_RT
	Michud_A
	Molina-Espeja_P
	Monot_C
	Montes_S
	Moral_A-Aguado_R
	Moral_A-Lopez_MM
	Mortha_G
	Mozdyniewicz_DJ
	Muzamal_M
	Negro_MJ
	Neiva_DM
	Nieminen_KL
	Background
	Kinetic model
	Kraft treatment of Scots pine
	Soda-anthraquinone treatment of cotton linters

	Novozhilov_EV
	Oberlerchner_JT_2
	Oven P
	Pääkkönen_TJT
	A NOVEL TITRATION METHOD OF OXOAMMONIUM SALT CONVERTED FROM RADICAL TEMPO

	Paananen_MMO
	Panfilova_MV
	Pardo_I-Camarero_S
	Pardo_I-Vicente_AI
	Parviainen_A
	Pieprzyk-Kokocha D
	Pircher_N
	Plumed-Ferrer_C
	Podschun_J
	Pokryshkin_SA
	Poljansek_I
	Ponni_R
	Ponomarenko
	Pranovich_AV
	Prinsen_P
	Prozil_SO
	Puentes_Carolina
	Quintana_E-Barneto_AA
	Quintana_E-Valls_C
	Ramos_PAB
	Rencoret_J-Aracri_E
	Rencoret_J-Prinsen_P
	Rico_A
	Roselli_A
	Rossberg_C
	Roze_L-Telysheva_G
	Sable I
	Saez-Jimenez_V
	Salanti_A-Orlandi_M
	Salgueiro_AM
	Santos_TM
	Santos-SA
	Santucci_BS
	Schmiedl_D
	Sevastyanova_O
	Shatalov_AA-Morais_RC
	Shatalov_AA-Pereira_H
	Shi_B
	Shkaeva_N
	Shulga_G_Neiberte_B
	Shulga_G-Vitolina_S
	Sievanen_K
	Sjöholm_E
	Solala_I
	Sominka_A
	Sousa_JIT
	Sulaeva_I
	Sumerskii_I
	Sutka_A
	Tavares_AP
	Tijero_A_2-electrokinetcis
	Tijero_A-relationship
	Toivari_T
	Tribulova_T
	Valenzuela _SV
	Valls_C
	van Kuijk_SJA
	Vanska_EA
	Vek_V
	Viña-Gonzalez_J
	WALGER_E
	Wang_H
	Wang_Y
	Weigl_S
	Wen_JL
	Materials
	Preparation of Swollen Residual Enzyme Lignin (SREL)
	Isolation of Cellulolytic Enzyme Lignin (CEL) and Alkali Lignin (AL)
	Characterization of Lignin Samples

	Willför_S
	Xu_C
	Materials
	Characterization

	YOU_X
	ABSTRACT
	The AVAP® process utilizes SO2-ethanol-water cooking liquor to fractionate lignocellulosics into its three principal components. In addition to complete conversion of biomass polysaccharides to biofuels, this process is capable of producing traditiona...
	INTRODUCTION
	A wide range of lignocellulosics including low-quality forest (such as branches and tree tops; softwoods/hardwoods) and agricultural (such as wheat straw and palm empty fruit bunches) residues is used as feedstock for AVAP® fractionation, producing re...
	[2] Cherubini, F., 2010. The biorefinery concept: Using biomass instead of oil for Producing Energy and chemicals. Energy Conversion and Management. 51,1412-1421.
	[3] Yamamoto, M., Iakovlev, M. and van Heiningen, A., 2014. Kinetics of SO2-ethanol-water (SEW) fractionation of hardwood and softwood biomass. Bioresource Technology. 155, 307-313.
	[4] Sixta, H., Iakovlev, M., Testova, L., Roselli, A., Hummel, M., Borrega, M., van Heiningen, A., Froschauer, C. and Schottenberger, H., 2013. Novel concepts of dissolving pulp production. Cellulose. 20, 1547-1561.
	[8] Iakovlev, M., You, X., van Heiningen, A. and Sixta, H., 2014. SO2-ethanol-water (SEW) fractionation process: production of dissolving pulp from spruce. Cellulose. DOI 10.1007/s10570-014-0202-x. Published online: 19 February 2014.
	[9] Iakovlev, M., You, X., van Heiningen, A. and Sixta, H., 2014. SO2-ethanol-water (SEW) fractionation of spruce: kinetics and conditions for paper and viscose-grade dissolving pulps. RSC Advances. 4, 1938-1950.

	Yuan_TQ
	Zorov_IN


	Author Index(con Lisbeth)
	Página en blanco
	contraportada.pdf
	Número de diapositiva 1
	Número de diapositiva 2

	Página en blanco



