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Abstract

Lignin in kraft pulp was extracted by enzymatic hydrolysis of the carbohydrates, acidolysis with dioxane–water–HCl (c
tional method), and acidolysis with acetic acid–water–ZnCl2. The latter method was shown to extract lignin with a better y
than for conventional acidolysis and with a much lower content in impurities than for enzymatic hydrolysis. It was confirm
by 13C NMR analysis of the lignin samples that conventional hydrolysis modified the lignin polymer, causing the clea
some aryl–ether linkages. The cleavage was also observed on a model compound submitted to the same extraction condition
In that respect, the acetic acid–water–ZnCl2 method was less damaging and consequently more suitable for analytical pur
To cite this article: D. Lachenal et al., C. R. Biologies 327 (2004).
 2004 Published by Elsevier SAS on behalf of Académie des sciences.

Résumé

Extraction de lignine résiduelle de pâtes de résineux de type kraft : avantages de la méthode d’acidolyse à l’acide
acétique. Les lignines présentes dans les pâtes kraft ont été extraites après hydrolyse enzymatique des polysacchari
lyse par le dioxane aqueux–HCl (méthode conventionnelle) et acidolyse par un mélange d’acide acétique–eau, en p
ZnCl2. Cette dernière méthode a permis d’extraire les lignines des fibres avec un meilleur rendement que dans la proc
classique d’acidolyse, et avec beaucoup moins d’impuretés qu’après une hydrolyse enzymatique. Il a été confirmé
13C des lignines que l’acidolyse conventionnelle modifiait les lignines en rompant quelques liaisons de type aryl–ét
ruptures ont également été observées sur des modèles moléculaires soumis au même protocole d’extraction. La co
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age dans
acide acétique–eau–ZnCl2 s’est révélée moins agressive vis-à-vis des structures, et semble donc mieux adaptée à l’us
un protocole d’analyse chimique.Pour citer cet article : D. Lachenal et al., C. R. Biologies 327 (2004).
 2004 Published by Elsevier SAS on behalf of Académie des sciences.
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1-(4-hydroxy-3-méthoxyphényl)-2-(2′ -méthoxyphénoxy)-propanol-1
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1. Introduction

Most of the chemical paper pulps are produc
by the kraft process that consists in wood delign
cation by a water solution of sodium hydroxide a
sodium sulphide at high temperature (170◦C). Un-
fortunately, lignin removal is never complete and t
residual lignin is eliminated in the bleaching proces
Analysis of the structure of residual lignin is a dif
cult task. One problem is due to the fact that lign
is part of a carbohydrate matrix in which it repr
sents only a few percent in weight. Although in s
characterisation has been tempted, lignin isolatio
today the preferred approach. The most common te
nique is acidolysis in dioxane–water 82:18 (v/v) w
0.1 N HCl under reflux[1]. It gives a lignin sample
of high purity, but at a yield which is generally lowe
than 50%. Whether or not the lignin obtained fro
acidolysis is sufficiently representative of the who
residual lignin has been a matter of discussion for s
eral years. Moreover, some modification to the lig
structure does occur during this acidolysis techni
[2]. Other extraction procedures have been develo
such as the enzymatic method where the carbohyd
are digested by an enzymatic cocktail containing v
ous cellulases and hemicellulases[3]. Lignin is then
left intact as a residue that can be recovered. T
method has not gained much popularity so far beca
the lignin sample is heavily contaminated by prote
[2,4]. Recently, a mixed isolation technique combini
enzymatic digestion of the carbohydrates and aci
ysis under milder conditions has been proposed[5].
Yield and purity figures lie between those of the tw
previous methods.

A good knowledge of the structure of residu
lignin would represent a real breakthrough in pu
ing and bleaching chemistry. One has to underst
why some lignin does not dissolve during the kr
process and is then so difficult to be removed d
ing the bleaching process. The occurrence of lign
carbohydrates bonds has been recently demonst
[6], but the extent to which they prevent lignin fro
dissolution during cooking is not known. Moreove
the bleaching chemistry has developed without
solid knowledge of the real structure of the substr
to be treated.

The purpose of this paper is to propose an alte
tive procedure for lignin isolation consisting in a mi
acidolysis with ZnCl2 in an acetic acid–water (80:20
mixture, as already described in two previous pap
[7,8].

2. Experimental

2.1. Pulp sample

The pulp sample was an unbleached softwood k
pulp provided by a Swedish mill. The wood used
the mill is a mixture of Nordic softwoods (rough
50%Picea abies, 50%Pinus sylvestris). This pulp was
thoroughly washed with distilled water and air-drie
It was extracted first with acetone for 6 h and then w
dichloromethane for 6 h to remove the extractives.
lignin content was measured according to the Kla
lignin procedure (acid insoluble+ acid soluble) de-
scribed in the TAPPI T222 OM-83 standard. The va
was 3.7% (corresponding to a kappa number of 25

2.2. Lignin-extraction procedures

Extraction of lignin by enzymatic hydrolysis of ca
bohydrates was performed by applying a commer
cellulase–hemicellulase preparation (Onozuka R
Yakult Pharmaceutical Industries, Tokyo, Japan) at
4.6 (acetic acid–sodium acetate buffer) and 37◦C [4].
This commercial preparation was a solution ofα amy-
lase (0.5 U mg−1, pectinase (0.1 U mg−1), endo-1,3
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glucanase (0.2 U mg−1), xylanase (10 U mg−1), β glu-
cosidase (0.04 U mg−1), protease (8 U mg−1), and
monomeric sugars (60% on dry material). The c
tent in N accounted for 4.2% (on dry material) on
Five successive enzyme treatments of 72 h each w
carried out. For each treatment, the quantity of co
mercial solution represented about 10% of the quan
of pulp or solid residue (by weight). Consistency w
5%. The last residue was dissolved in dioxane–w
(9:1) and after evaporation solubilized in DMF a
then precipitated with ethyl ether. Part of the lign
went into solution during the enzymatic hydrolysis
was recovered by acidification to pH 2 with HCl, di
solution in DMF and precipitation with ethyl ether.

Conventional acidolysis was performed accord
to the procedure described in[1]. The pulp sample
(100 g dry weight) was refluxed for 2 h with 1000 m
of 0.1 M HCl in dioxane–water 82:18 (v/v). Thereaft
the pulp was filtered and washed with dioxane–wa
82:18. The filtrate was evaporated at 40◦C and then
precipitated in water. The precipitate was then c
trifuged, washed, and dried at 40◦C under vacuum
using P2O5 as desiccant.

Acidolysis with acetic acid and ZnCl2 has been de
scribed in earlier papers[7,8]. ZnCl2 acts as a Lewis
acid. 100 g of dry pulp was extracted under refl
with acetic acid (80% volume in water), containin
ZnCl2 (35% on pulp). Extraction was carried out du
ing 30 min. The mixture was filtered on a glass fun
(number-4 porosity index) and washed with 2×250 ml
fresh acetic acid–water liquor. The filtrates and wa
ing solutions were mixed and evaporated at 40◦C.
Concentration was stopped when the total volu
reached 100 ml. The lignin was precipitated by add
tion of 500 ml of water. The precipitated lignin wa
separated by filtration through a fine porous glass
ter (number 4 porosity index), washed with water a
ethyl ether to eliminate acetic acid and dried at 40◦C.

2.3. Lignin analysis

Elemental analysis was performed by CNRS (V
naison, France). Carbohydrate content in lignin w
determined by using the procedure described in[4].
Methoxyl group determination was performed acco
ing to the Zeisel method.

The 13C NMR spectra have been recorded on
Bruker AC300 spectrometer. The samples were
solved in DMSO-d6 (300 to 350 mg in 1.8 m
and placed in 10 mm tubes. The inverse gate de
pling (INVGATE) sequence, which allows quantit
tive analysis, has been usedwith the following record-
ing parameters: pulse angleπ/2, pulse delay 12 s
sweep range 250 ppm, 7000 scans for each sam
The quaternary carbons were obtained by the QU
sequence, as described in[9]. Signal assignment wa
made according to[10]. Lignin acetylation was per
formed according to the procedure given in[9].

2.4. Model compound

1-(4-hydroxy-3-methoxyphenyl)-2-(2′-methoxyphe
noxy)-propanol-1 (Fig. 1) was chosen as a model f
β-O-4 aryl–ether structure in lignin. It was synth
sized according to the procedures described in[11,
12]. Its structure was confirmed by proton NMR spe
troscopy at 500 MHz (Bruker AM 500) in CDCl3. The
conversion yield of the model compounds under
Fig. 1. 1-(4-hydroxy-3-methoxyphenyl)-2-(2′ -methoxyphenoxy)-propanol-1 and its main reaction products after acidolysis.1: Guaiacol,
2: 1-(4-hydroxy-3-methoxyphenyl)propanone-2.
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conditions used for lignin extraction was assessed
measuring guaiacol (1) by GC/MS (HP 5995 appara
tus) (m/z = 124).

3. Results and discussion

The three isolation techniques have been first c
acterised by the yield of the lignin samples extrac
from the softwood kraft pulp and by the degree of p
rity of these samples (Table 1). It is shown that the
enzymatic procedure gives by far the highest qu
tity of crude lignin (80%). However, in this case, th
degree of purity is lower. Impurities are mainly carb
hydrates and proteins. Most of the carbohydrates o
inate from the pulp. Further tentative purification
order to reduce the content in carbohydrates failed.
though there is no proof that lignin is covalently link
to these carbohydrates, these results would sup
this hypothesis. Most of the N impurity must belo
to the proteins of the enzymatic cocktail. However,
development of microorganisms during the enzym
hydrolysis cannot be excluded. A rough calculat
gives a corresponding protein contamination close
6%. Again this level could not be reduced by furth
purification steps. The possible responsibility of so
residual DMF (used in the purification steps) for t
presence of nitrogen in the lignin sample has been
cluded by carrying out the same purification on ot
lignin samples containing no nitrogen. The high S c
tent is due to the use of Na2S during the kraft delignifi-
cation process. According to the lignin chemistry,
SH− anion adds to some lignin structures (quino
methide) and favours the cleavage of adjacent e
linkages.

Considering the level of impurities in enzyma
lignin, the lignin yield obtained by the acetic acid
ZnCl2 procedure (62%) is not significantly lower. Th
represents one of the advantages of this latter ex
tion technique compared to conventional acidolysis

The lignin samples have also been characterized b
13C NMR. This technique makes it possible to quan
tatively measure the main functional groups in lign
The values have been corrected for the proteins
carbohydrates present as impurities. One way to
press the results is to give the number of groups
aromatic ring in lignin (Table 2). These measures ha
been performed on the acetylated samples. The n
ber of aliphatic alcohol groups in enzymatic lign
is higher than those observed in acidolysis lign
Although some corrections for impurities have be
made, part of the difference may be explained by
presence of carbohydrates in enzymatic lignin. On
contrary the number of phenolic groups is higher
l

s

l

Table 1
Yield and purity of the lignin samples extracted from asoftwood kraft pulp by three different procedures

Enzymatic Dioxane–water–HCl Acetic acid–water–ZnC2

Yield (% in pulp lignin) 80 35 62
N (% in lignin sample) 0.9 0 0
Protein (% in lignin sample)* 5.62 0 0
Carbohydrates (% in lignin sample) 10.5 0.8 3
S (% in lignin sample) 1.01 1.00 0.78

* Calculated according to protein= 6.25× N.

Table 2
Number of some functional groups in lignin samplesextracted from a softwood kraft pulp, measured by13C-NMR after acetylation (value
given per aromatic unit)

Enzymatic Dioxane–water–HCl Acetic acid–water–ZnC2

Primary alcohol 0.47 0.33 0.36
Secondary alcohol 0.47 0.23 0.28
Free phenol 0.47 0.55 0.50
Aromatic quaternary carbon 3.35 3.30 3.35
Methoxyl on aromatic unit 0.77 0.75 0.78

The number of quaternary carbons is determined by the QUAT sequence. The values given exclude the carbons linked to the OCH3 groups.
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Cl
Table 3
Effect of conventional acidolysis on enzymatic lignin (values given per aromatic unit)

Enzymatic Enzymatic followed by dioxane–water–H

Primary alcohol 0.47 0.33
Secondary alcohol 0.47 0.22
Free phenol 0.47 0.56
Quaternary carbon 3.35 3.35
Methoxyl on aromatic unit 0.77 0.76
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the acidolysis lignins. However, the difference is s
nificant only in the case of the conventional acidoly
procedure. This would suggest that some cleavag
aryl–ether bonds takes place during conventional
dolysis. However, one may argue that in neither p
cedure the total quantity of lignin is removed from t
pulp and that the two lignins might come from diffe
ent origin in the fibres. In order to confirm the effe
of conventional acidolysis on the ether bonds, the
zymatic lignin has been submitted to acidolysis un
the conventional conditions and analysed after tr
ment. Results inTable 3 indicate that new phenol
are produced, most likely because of the cleavag
aryl–ether bonds. The lower extent of aryl–ether bo
cleavage during acidolysis with ZnCl2 in acetic acid
medium is another advantage of this new techniqu

13C NMR of non-acetylated lignin sample was als
performed. In the case of the extraction by ace
acid/water–ZnCl2 acidolysis, the spectrum shows
signal at 169.6 ppm corresponding to a C=O carbon
in acetylated primary alcohol group. A quantitati
analysis based on the comparison between the C=O
and the OCH3 signals indicates that the extract
lignin possesses an averageof 0.2 acetyl group per aro
matic ring. The fact that partial acetylation takes pla
during lignin extraction has to be taken into accou
but is not going to cause any problem for the deter
nation of lignin chemical structure.

1-(4-hydroxy-3-methoxyphenyl)-2-(2′-methoxyphe
noxy)-propanol-1 has been submitted to the extrac
conditions prevailing in the three methods used ab
in an attempt to assess their effect on aryl–ether l
age of theβ-O-4 type. The results are given inTable 4,
in which the conversion yields are reported. It is sho
that the conventional acidolysis is the most aggres
medium towardsβ-O-4 linkages. The acetic acid
water–ZnCl2 gives intermediate degradation resu
Therefore these results are in accordance with the ob
servations made by13C NMR.
Table 4
Cleavage of the aryl–ether linkage in 1-(4-hydroxy-3-metho
phenyl)-2-(2′ -methoxyphenoxy)-propanol-1 under the lignin ex-
traction conditions

Applied treatment Conversion yield (%

Acetic acid–water–ZnCl2 18
Dioxane–water–HCl 70
Enzymatic 0

4. Conclusion

In conclusion, this study established that conv
tional acidolysis not only does not extract lignin fro
kraft pulp in a good yield, but also causes some cle
age of aryl–ether linkages. The use of an acetic a
water–ZnCl2 medium appeared more suitable for e
tracting lignin from pulps, since aryl–ether cleava
was less and extraction yield was higher. The res
ing partial acetylation of primary alcoholic groups h
to be regarded as a non-negative point when con
ering further analytical characterisation, such as siz
exclusion chromatography or13C NMR. Other appli-
cations of the acetic acid–water–ZnCl2 medium are
already envisaged, such aspurification treatment fo
enzymatic lignin contaminated with proteins and car
bohydrates.
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