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Four new bacterial xylanases from different glycosyl hydrolase families (11, 10 and 5) were evaluated for
hexenuronic acid (HexA) removal capacity and bleach boosting ability of a eucalypt kraft pulp. The family
11 xylanase was the most effective in enhancing HexA removal and also in increasing delignification and
brightness. A very innovative point was that a xylanase from family 5 was applied in pulp bleaching for
the first time, showing a notable contribution to pulp bleachability. On the contrary, the family 10 xylan-
ases did not modify kappa number or brightness. A remarkable effect was that the tested xylanases
reduced pulp HexA content. The effects produced by the different xylanases in pulp properties were clo-
sely related with the effects observed in the effluent properties. The effluents from enzymatic treatments
showed the dissolved xylans and xylooligosaccharides branched with HexA, as well as lignin. In addition,
a simple tool to assess the boost bleaching ability of a xylanase treatment was also used.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

The need to reduce or eliminate the formation of organo-chlori-
nated compounds of high toxicity, during the bleaching processes
has led to the emergence of new products in the market, such as
ECF (Elemental Chlorine Free) and TCF (Totally Chlorine Free) pulps
(Roncero, Colom, & Vidal, 2003a, 2003b; Shatalov & Pereira, 2005,
2007a). Biotechnology has rapidly gained field in pulping pro-
cesses; thus, enzyme stages involving xylanases or laccases have
so far provided very promising results in pulp bleaching sequences.
Xylanase enzymes are applied to enhance the kraft pulp bleach-
ability. Early xylanase treatments were made at mildly acidic pH
and low temperatures using low concentration of enzyme. The ef-
forts of most enzyme producers towards improvement resulted in
better products which are active within the neutral or alkaline pH
range. There is a new generation of enzymes that operate at condi-
tions close to those of most mills, namely, alkaline pH, higher tem-
peratures, and shorter retention times (Fillat, Sacón, Bassa, &
Yoshiko, 2008). The mechanism of xylanase action during bleach-
ing has not been clearly established and several theories have been
proposed, although the general effect is that the removal of xylans
makes it easier the penetration of reactives in subsequent bleach-
ing stages (Roncero, Torres, Colom, & Vidal, 2000; Torres et al.,
2000; Valls & Roncero, 2009). Eucalypt pulp, as a hardwood pulp,
contains a high amount of xylans, forming part of the hemicellu-
ll rights reserved.
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loses present in the cellulosic fibres. Short-chain xylans precipitate
in more or less crystalline forms on the surface of cellulose micro-
fibres during kraft cooking, decreasing the fibre wall accessibility.

A very innovative aspect related with the use of xylanases is
that these enzymes can reduce the content of hexenuronic acids
(HexA) of the pulps (Valls & Roncero, 2009). HexA are formed dur-
ing kraft cooking, where the methylglucuronic acid present in
xylans from the fibre surface is transformed in the corresponding
unsaturated hexenuronic acid (4-deoxy-b-L-threo-hex-4-enopyr-
anosyluronic acid) (Daniel, Neto, Evtuguin, & Silvestre, 2003;
Lisboa, Evtuguin, Neto, & Goodfellow, 2005). HexA content in
bleaching pulps is important as these acids can adversely affect
pulp bleachability by increasing reagent consumption and by facil-
itating brightness reversion, and also they contribute to increasing
the kappa number (Forsström, Wackerberg, Greschik, Jour, &
Holtinger, 2007; Vuorinen, Fagerström, Buchert, Tenkanen, &
Teleman, 1999). Because of the large molecular mass of xylanases,
the more readily accessible xylans on fibre surfaces, which proba-
bly contain HexA, should be the first to be hydrolyzed.

Therefore, xylanase treatments applied as a bleaching stage not
only can have a bleach boosting effect, but also can reduce the
HexA content of pulps, which is a remarkable secondary effect.
However, it remains to be known if all xylanases are able to re-
move HexA and/or to enhance bleachability.

Xylanases were initially classified in two groups: family 10 and
family 11 xylanases (Gilkes, Henrissat, Kilburn, Miller, & Warren,
1991; Henrissat & Bairoch, 1996). Soon afterwards, xylanases from
family 5 were also described (Collins, Gerday, & Feller, 2005; Keen,
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Boyd, & Henrissat, 1996). Several studies have reported the bleach
boosting capacity of xylanases from families 10 and 11, which
showed different bleaching abilities and a different way to operate
on the xylan polymer (Clarke, Rixon, Ciruela, Gilbert, & Hazlewood,
1997; Esteghlalian et al., 2008; Georis, Giannotta, De Buyl, Granier,
& Frere, 2000). However, there have not been reported studies con-
cerning pulp bleaching with xylanases of family 5. Moreover, what
is more interesting, it has not been studied which family is more
efficient in HexA removal.

The aim of this work was to evaluate the effects produced by
new xylanases from different families (11, 10 and 5) and bacterial
strains (Bacillus sp. BP-7 and Paenibacillus barcinonensis) (López,
Blanco, & Pastor, 1998; Sánchez et al., 2005) on HexA content
and pulp bleachability of eucalypt kraft pulp. The pulp and effluent
properties were assessed evaluating in detail the influence of
xylanases in HexA removal. In addition, a simple tool to assess
the boost bleaching ability of a xylanase treatment was also used.
2. Materials and methods

2.1. Raw material

The raw material used was oxygen delignified eucalypt kraft
pulp (Eucalyptus globulus) produced by Torraspapel S.A. mill in
Zaragoza, Spain. Two kinds of pulp were used. The initial properties
of pulp 1 were: 9.2 kappa number; 50.2% ISO brightness; 958
± 24 mL g�1 viscosity, and 44.1 ± 0.42 lmol g�1 odp (oven-dried
pulp) of hexenuronic acid content. Pulp 2 corresponded to the
same pulp washed with 50 mM Tris–HCl buffer (pH 7) at room
temperature for 30 min; their initial characteristics were: 8.0 kap-
pa number; 51.1% ISO brightness; 972 ± 20 mL g�1 viscosity, and
38.8 ± 0.7 lmol g�1 odp of hexenuronic acid content.
2.2. Enzymes

Four new laboratory xylanases isolated and characterized from
two bacterial strains, Bacillus sp. BP-7 and P. barcinonensis, were
used. They belonged to different glycosil hydrolase families and
were referred as XA, XG, XJ and XK (Table 1). The xylanases samples
used were clarified cell extracts from recombinant Escherichia coli
clones producing the enzymes.
2.3. Bleaching stages

An ECF (XDP) bleaching sequence was carried out, X corre-
sponding to the enzymatic pretreatment stage with xylanase, D
to a bleaching stage with chlorine dioxide and P to a bleaching
stage with hydrogen peroxide. The effects of xylanases were eval-
uated in comparison with a control sequence (X0DP) where the X
treatment was carried out at the conditions required by each
xylanase but without enzyme addition (X0).

The application conditions of stage X varied depending on the
enzyme used and they are stated in Table 2. The pulps resulting
from the X stage were efficiently washed with decalcified water
three times and once with distilled water.
Table 1
Characteristics of the new xylanases.

Ref. Xylanase Glycosil hydrolase family Molecular weight (kDa) Bact

XA 10 38.0 Paen
XG 11 23.5 Bacil
XJ 5 47.6 Bacil
XK 10 12.1 Paen
D stage was carried out at 10% pulp consistency with 3% odp of
chlorine dioxide as active chlorine, at 56 �C for 60 min. The appli-
cation conditions for the D stage are nowadays being applied in
Torraspapel S.A. industry in the Zaragoza factory.

P stage was carried out at 5% consistency with 3% odp of hydro-
gen peroxide, 1.5% odp of NaOH, 1% odp of DTPA and 0.2% odp of
MgSO4, at 90 �C for 120 min (García et al., 2003).

All reagents were for synthesis and from Merck or Sigma.

2.4. Pulp properties

Treated pulp samples were characterized in terms of kappa
number, brightness and viscosity according to ISO 302, ISO 3688
and ISO-5351-1, respectively. Kappa number was measured two
times and four measures of brightness were obtained in order to
calculate a standard deviation, which was found to be 0.1 for both
properties. The pulp hexenuronic acid (HexA) content was also
determined through UV detection following the method described
by Chai et al. (2001).

Delignification, brightness and HexA increases were calculated
according to Eqs. (1)–(3), respectively.

Delignification ð%Þ ¼ KNi � KNf

KNi
� 100 ð1Þ

Brightness increase ð%ISOÞ ¼ BrX � BrXo ð2Þ

HexA removal ð%Þ ¼ HexAi �HexAf

HexAi
� 100 ð3Þ

where,
Br corresponded to brightness, KNi and HexAi to kappa number

or HexA content of the initial pulp, and KNf and HexAf to kappa
number or HexA content of the pulp after each stage (X; D or P).

2.5. Thin-layer chromatography (TLC)

The effluents from the enzymatic stages were analyzed by TLC.
100 lL of each effluent were applied on a silica gel plate constitut-
ing the solid phase. 10 lL of an oligomer standard mixture contain-
ing X1 (xylose), X2 (xylobiose), X3 (xylotriose), X4 (xylotetraose),
G1 (glucose), G2 (cellobiose), G3 (cellotriose), G4 (cellotetraose)
and G5 (cellopentaose), 10 mg mL�1 each, were applied on the
same plate as migration standards. The mobile phase was a mix-
ture of chloroform, glacial acetic acid and H2O in a 6:7:1 ratio,
respectively. The migration was repeated twice and the silica gel
plate was then sprayed (spray Fungilab S.A.) with the developing
solution, consisting of a 5% solution of H2SO4 in ethanol. Finally
the plate was introduced in the oven at 100 �C for 5 min, were
the spots corresponding to sugar oligomers released from pulps
were identified.

2.6. UV/vis absorbance spectra

Absorbance spectra UV/vis were carried out in the effluents
from the enzymatic pretreatment with xylanase (X). The absor-
bance between 190 and 900 nm wavelengths was measured with
an UV spectrophotometer (Shimadzu model UV-1603).
erial strain Reference

ibacillus barcinonensis Gallardo, Díaz, and Pastor (2003)
lus sp. BP-7 Gallardo, Díaz, and Pastor (2004)
lus sp. BP-7 Gallardo (2007)
ibacillus barcinonensis Blanco, Díaz, Zueco, Parascandola, and Pastor (1999)



Table 2
Application conditions of the xylanases treatments.

Treatment Dose (U g�1 odp) Temp. (�C) pH Buffer (50 mM) Time (h) Consistence (%)

Pulp 1 X0 0 40–60 7 Tris–HCl 2 10
XG 2 50 7 Tris–HCl 2 10
XJ 2 60 7 Tris–HCl 2 10
XK 2 40 7 Tris–HCl 2 10

Pulp 2 X00 0 40–50 7–8 Tris–HCl 2 10
X0A 2 40 8 Tris–HCl 2 10
X0G 2 50 7 Tris–HCl 2 10

156 C. Valls et al. / Carbohydrate Polymers 80 (2010) 154–160
The absorbance spectra of a solution of the different xylanases
alone (at the concentration they are applied in the treatments)
were assessed, where some absorption peaks (between 280 and
230 nm and near 200 nm) were observed. These absorbance spec-
tra as well as the absorbance spectra from the respective control
treatments were subtracted from the corresponding treatment
absorbance spectra (Abs. Spec.) (Eq. (4)).

Absorbance spectra ¼ Treatment Abs:Spec:

� Control Abs:Spec:

� Xylanase Abs:Spec: ð4Þ
3. Results and discussion

3.1. Effects of xylanases on pulp properties

Concerning the effects produced on kappa number (Table 3),
control treatment (X0) decreased kappa number (8%) of pulp 1.
However, kappa number of pulp 2, washed pulp 1, did not substan-
tially change during the X00 control treatment. Therefore, the oper-
ational conditions of the enzymatic treatment did not produce a
significant delignification. On the other hand, kappa number
strongly diminished (55–60%) during the chlorine dioxide stage,
and 30% due to the effect of hydrogen peroxide.

Comparison of performance of the xylanases tested showed that
XG xylanase (family 11) was the most efficient in increasing delig-
nification in both pulps (Fig. 1a). On pulp 1, the maximum deligni-
fication effect of XG was observed after D stage (6% delignification
increase when compared to control treatment), while on pulp 2 the
maximum effect was observed after X stage (6.3%). The XJ xylanase
(family 5) increased delignification after X and P stages being the
highest effect after P (4% of delignification increase). On the con-
trary, with xylanases XK and XA (family 10) only a slight effect
was observed after D and P stages.

Brightness increased during both, D (25% ISO) and P (15% ISO)
stages (Table 3). The different xylanase treatments produced slight
effects on pulp brightness where the highest brightness increase
Table 3
Pulp properties after each bleaching stage.

X XD

KN Br (%ISO) Viscosity (mL g�1) KN

Pulp 1 9.2 50.2 958 ± 24 –
X0 8.5 47.1 981 ± 30 3.6
XG 8.2 47.2 929 ± 63 3.0
XJ 8.3 48.2 945 ± 11 3.6
XK 8.7 47.0 1005 ± 58 3.5

Pulp 2 8.0 51.1 972 ± 20 –
X00 7.9 51.8 997 ± 59 3.5
X0A 8.0 51.4 1001 ± 5 3.6
X0G 7.4 52.8 945 ± 63 3.2
with respect to the control treatments (1.4% ISO) was produced
after the XJDP sequence (family 5) as can be observed in Fig. 1b.

In enzymatic treatments carried out with pulp 1, and always
compared to control, brightness only increased after X stage in
treatment with XJ; after D stage no increasing in brightness was
observed, and after P stage brightness increased in XGDP (family
11) and XJDP (family 5) sequences. Pulp treated with xylanase XK

(family 10) showed always lower brightness than the control treat-
ment. In samples of pulp 2, brightness increased in X0G and in X0AD
treatments. As well as in kappa number, the effect of the XG xylan-
ase depended on the kind of pulp; on pulp 1 the highest effect was
observed after P stage while on pulp 2 brightness only increased
after X stage (Fig. 1b).

The effects produced on kappa number and brightness by the dif-
ferent xylanases were not always correlated, and this phenomenon
has been previously observed by other authors (Shatalov & Pereira,
2007b). Theoretically, the xylanase pretreatment facilitates the pen-
etration of reactive in subsequent bleaching stages and therefore it
is expected that its effect may not appear at the enzymatic stage but
in later bleaching stages. Nevertheless, results showed that in some
cases the enzymatic stage caused an increase in the pulp delignifica-
tion and brightness. This effect was probably produced by the attack
of some xylan–lignin complexes or by the release of chromophore
compounds derived from xylan, producing direct delignification
and bleaching as suggested by different authors (de Jong, Wong, &
Saddler, 1997; Patel, Grabski, & Jeffries, 1993; Roncero, Torres,
Colom, & Vidal, 2003c; Shatalov & Pereira, 2007b).

Concerning the viscosity values, they did not decrease during
the enzymatic treatments, and it demonstrated that the xylanases
used were specific for xylans and did not show any cellulase activ-
ity (Table 3). This is an important quality for a xylanase because
cellulose will not be deteriorated. Chlorine dioxide did not affect
the pulp cellulose since viscosity was not significantly affected.

The different effects produced by the several xylanases may be
related with their glycosyl hydrolase family. Several authors
(Clarke et al., 1997; Esteghlalian et al., 2008; Georis et al., 2000)
compared the bleach boosting effect of different xylanases from
families 10 and 11, and they reported the highest efficacy of
XDP

Br (%ISO) Viscosity (mL g�1) KN Br (%ISO)

– – – –
74.2 980 ± 22 2.6 89.2
74.3 965 ± 43 2.0 90.2
74.3 958 ± 66 2.2 90.6
74.0 939 ± 46 3.0 84.5

– – – –
75.3 994 ± 30 2.5 89.4
76.0 1013 ± 36 2.4 89.4
74.9 965 ± 15 2.2 89.2



Table 4
HexA (lmol/g odp) content of the pulps after X and D stages.

HexA (lmol/g odp)

X XD

Pulp 1 44.1 ± 0.4 –
X0 37.8 ± 0.7 18.1 ± 0.7
XG 36.6 ± 0.9 12.6 ± 0.7
XJ 39.3 ± 1.1 17.7 ± 1.2
XK 35.4 ± 1.2 17.4 ± 0.1

Pulp 2 38.8 ± 0.7 –
X00 37.0 ± 0.6 16.5 ± 0.4
X0A 35.9 ± 0.5 12.7 ± 0.6
X0G 35.2 ± 1.0 15.6 ± 0.2
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Fig. 1. Increase in delignification (a) in brightness (b) and in HexA removal (c) produced by the different xylanases in comparison with the control treatment.
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xylanases from family 11. The results obtained in this study also
shown that the family 11 xylanase (XG) was the most efficient
one in enhance pulp bleachability.

The family 10 xylanases (X0A and XK) did not produce significant
effects in delignification and brightness. These xylanases were both
isolated from P. barcinonensis. XA xylanase has an intracellular
localization and its natural function may be the hydrolysation of
small parts of the xylan polymer that had entered in the cell (Gal-
lardo, Díaz, & Pastor, 2007). Thus, it would not act directly on the
xylan, in agreement with the results obtained. As suggested by dif-
ferent authors, the behaviour of a xylanase depends on several fac-
tors like the xylan polymer nature, the chain length and the
presence of substituents (Li et al., 2000) as well as on the amount
of xylans (Wong, Allison, & Spehr, 2001).

An outstanding result is that the family 5 xylanase (XJ) pro-
duced a similar effect in increasing delignification and brightness
than the family 11 tested (xylanase XG). This xylanase was very
promising since xylanases from family 5 have been more recently
discovered and there are no former studies about the application of
these xylanases on pulp bleaching.
3.2. Effect of xylanases in the pulp HexA content

The pulp HexA content was measured after X and D stages
(Table 4). Control treatment had no a significant effect on HexA
content of pulp 2 (X00). However, during the control treatment
(X0) of pulp 1, HexA considerably decreased probably due to the
dissolution of xylans that contained these compounds. During
the D stage of control samples HexA strongly decreased (50%),
which is in agreement with reported data that describe chlorine
dioxide as an electrophylic oxidant that may attack and destroy
the HexA double bond (Costa & Colodette, 2007).

During the enzymatic stage, all xylanases produced a HexA re-
moval except XJ xylanase (family 5), which as described above in-
creased delignification and brightness. On the other hand, the XK

and X0A treatments (both from family 10), which did not produce
any significant effect in kappa number or brightness during X
stage, increased the HexA removal (Fig. 1c).
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After D stage, all the xylanase pretreatments increased the HexA
removal in comparison with their control treatment (Fig. 1c). The
greatest effect was produced with the XG xylanase (family 11)
which also produced delignification and brightness increase. The
X0AD treatment, that did not produce effects on kappa number,
slightly increased brightness but boosted considerably the HexA
removal (10%). Therefore, it seems that some xylanase enzymes
could enhance HexA removal but not pulp bleachability (family
10). But family 11 is a good option to obtain both positive effects.

An important finding from the results obtained is the reduction
of HexA content by enzyme treatment with the new xylanases.
This can be related with a reduction of the reactive consumption
and with the advantage of a pulp with greater brightness stability.
STX X0 XJ X0 XG  X0 XK X’0 X’G X’0 X’A STGSTX X0 XJ X0 XG  X0 XK X’0 X’G X’0 X’A STG

Fig. 3. Thin-layer chromatography (TLC) of the effluents in D stage (STX, standard of
xylooligosaccharides; STG, standard of glucooligosaccharides).
3.3. Thin-layer chromatography (TLC) of effluents

In order to evaluate the action of each xylanase on the xylan
polymer, the effluents from X stages were evaluated by TLC
(Fig. 2). Effluents from xylanase treatments of pulp 1 (lanes 1–6)
or pulp 2 (lanes 7–10) are shown. Control samples and enzyme
treated samples are odd in and even numbers, respectively.

Effluents from the control treatment of pulp 1 (X0) (columns 1, 3
and 5) showed dissolved xylooligosaccharides, resulting from the
previous stage of oxygen delignification carried out in the mill.
During the control treatment they were removed from pulp (Ron-
cero, Torres, Colom, & Vidal, 2005) and dissolved due to the condi-
tions of the control treatment. In accordance with this, effluents
from control treatment of pulp 2 (X00) (lanes 7 and 9) did not show
any dissolved product in the effluents. These products could be
xylooligosaccharides containing hexenuronic acids, in accordance
with the HexA decrease produced during X stage. In the treatments
with xylanases XJ and XG (lanes 2 and 4, respectively), although the
pattern of dissolved products was similar to control effluents, the
spots were more intense suggesting that these xylanases boosted
the xylan removal.

On the other hand, in the effluents corresponding to the xylan-
ase XK (lane 6) it emerged some products that did not appear in any
other treatment. Among them, xylose, and two products of higher
mobility than xylose and xylotriose, that could be xylan-uronic
products or xylooligosaccharides branched with hexenuronic acid
or methylglucuronic acid. Xylanase XK (family 10) had no influence
on kappa number or brightness properties but it increased the
HexA removal during the enzymatic stage, suggesting that some
STX X0 XJ X0 XG  X0 XK X’0 X’G X’0 X’A STGSTX X0 XJ X0 XG  X0 XK X’0 X’G X’0 X’A STG

Fig. 2. Thin-layer chromatography (TLC) of the effluents in X stage (STX, standard of
xylooligosaccharides; STG, standard of glucooligosaccharides).
of the products observed by TLC were xylooligosaccharides
branched with hexenuronic acids.

Lanes 7–10 in Fig. 2 corresponded to treatments performed on
pulp 2. This pulp was washed in the laboratory with the objective
to remove the dissolved xylans contained in pulp 1. In the effluents
from this control treatment (lanes 7 and 9) there were no soluble
xylooligosaccharides, while they were clearly observed in effluents
from X0G xylanase (lane 8). This xylanase produced the hydrolysis
of the xylan polymer releasing xylotriose, xylotetraose and other
products of intermediate mobility, which, similarly to those men-
tioned above, can be branched xylooligosaccharides. Shatalov and
Pereira (2007b) also reported that xylanase release this kind of
products to the effluents. The X0A treatment did not produce as
much effect as X0G since practically no spots appeared, although a
slight spot corresponding to xylotetraose was appreciated. The ef-
fects observed in the effluents were closely related with the effects
produced in the pulp properties. The X0G treatment was the one
that produced the highest effect in increasing delignification and
brightness, and also in the HexA removal. This could be related
with its greater action on the xylan polymer. On the other hand,
X0A treatment increased exclusively the HexA removal, but not en-
hanced the pulp bleachability as much as X0G treatment.

Consequently, the xylan polymer was partially solved by means
of a pretreatment with xylanase, but the removal pattern of xylans
depended on the type of xylanase. Moreover, the amount of sugars
released by the xylanases was correlated with their bleaching
capacity.

According to Clarke et al. (1997) some xylanases attack the xylan
of the fibre surface, but they have no capacity to depolymerise the
xylan located among the inner walls of the fibre, whose release or
depolymerisation is important to reach an efficient bleaching pro-
cess. Moreover, the xylan polymer length or its substituents may
have an influence on the effectiveness of a xylanase (Li et al., 2000).

In conclusion, the removal of xylooligosaccharides observed by
TLC was closely related with the HexA removal suggesting that
xylanases hydrolyze the xylans of the fibre surface that contain
these compounds.

The dissolution of xylooligosaccharides during the D stage was
further analyzed (Fig. 3). The effluents from control treatment
(lanes 1, 3, 5, 7 and 9) showed faint spots corresponding to xylotri-
ose and xylotetraose, released probably due to the effect of chlo-
rine dioxide. The greatest dissolution of xylans during this stage
was observed in the XGD treatment on pulp 1 (lane 4), where deep
spots of xylan hydrolysis products appeared in comparison with
other treatments. XGD effluents showed xylotriose, xylotetraose
and higher molecular weight xylooligomers as main products
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Fig. 4. Absorption spectra of effluents in X stage. Treatments on pulp 1: XG and XJ (a) and XK (b). Treatments on pulp 2: X0A and X0G (c).
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released from pulps, while xylobiose was also detected. Concerning
the XJD, XKD, X0GD and X0AD (lanes 2, 6, 8 and 10, respectively)
treatments, the spots were slightly deeper than the control.

It can be concluded that xylanases can act during the enzymatic
stage hydrolyzing the xylan polymer and leaving the fibre more
accessible for the chlorine dioxide penetration. This effect depends
on the xylanase used being it more clearly observed with the XGD
treatment (family 11 xylanase).

A beneficial effect observed was that neither in X stage nor in D
stage, cellulose degradation products appeared since no spots cor-
responding to glucose or cellobiose emerged. This fact corre-
sponded with the viscosity results obtained, where there were no
variations due to the treatment with xylanases or to the effect of
chlorine dioxide.
3.4. UV/vis absorbance spectra of effluents from X stage

Dissolved lignin in effluents absorbs at 205 and 280 nm, while
HexA compounds absorb at 235 nm (Bikova & Treimanis, 2004;
Jiang, Van Lierop, & Berry, 2000) due to their double bond. In this
way, the UV/vis absorbance spectrum of effluents may be an indi-
cator of the primary action of a xylanase.

The absorbance spectra observed in Fig. 4 corresponded to the
products released by the xylanase pretreatments. The same pattern
of released products was observed in all the xylanase treatments.
An absorbance peak observed around 280 nm was produced by
the dissolved lignin, while a second peak, between 230 and
240 nm, corresponded to HexA-xylooligosaccharides. However,
the intensity of the absorbance peaks produced by XG treatment
(family 11) was higher than those produced by XJ (family 5) and
X0A (family 10) treatments (Fig. 4a and c).
Due to low specific activity of the XK enzyme, effluents from XK

treatment had high protein content, which gave high absorption.
For this reason, it was not possible to compare its absorbance spec-
tra with those of the other treatments (Fig. 4c). However, the peaks
at 280 nm that corresponded to lignin, and that at 220–240 nm
that corresponded to the HexA-xylooligosaccharides were also ob-
served. With this xylanase HexA decreased during the enzymatic
stage and the products observed by thin-layer chromatography
were different to the other xylanases.

In conclusion, the determination of the UV/vis absorbance spec-
tra after the enzymatic treatment with xylanase could be accu-
rately correlated with the boost bleaching ability of a xylanase in
order to obtain a simple tool to asses the bleaching reaction.
4. Conclusions

The xylanase from the family 11 (XG) resulted to be the most
efficient one in producing HexA removal and also in increasing del-
ignification and brightness. The effluent properties corroborated
the effectiveness of this xylanase. A novelty is that a xylanase from
family 5 (XJ) was applied in pulp bleaching for the first time and it
produced a similar effect in increasing delignification and bright-
ness than the family 11 tested (XG). The results obtained with this
xylanase from family 5 are of high relevance for further studies to
test the application of the enzyme at different conditions.

The two xylanases of family 10 (XA and XK) did not produce ef-
fects in kappa number and brightness but reduced the pulp HexA
content. A remarkable effect was that HexA were removed by all
the new xylanases tested except by XJ xylanase (family 5). It seems
that some xylanase enzymes could enhance HexA removal but not
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pulp bleachability (family 10). But family 11 is a good option to ob-
tain both positive effects.

The effluent properties confirmed that all the xylanase released
HexA-xylooligosaccharides and/or also some lignin although not in
all cases this was traduced in a bleach boosting effect. Finally, it
was shown that the UV/vis absorbance spectra could be a quick
tool to evaluate the bleach boosting effect of a xylanase.
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