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Abstract Dissolving grade pulps are used to man-

ufacture regenerated cellulosic fibres. One promising

process for the production of regenerated fibres utilises

endoglucanse rich cellulases in the modification of

dissolving pulp into alkaline soluble form. The aim of

this paper was to characterise cellulases produced by

Trichoderma reesei that are available in large quan-

tities and study their effect on the dissolving grade

softwood pulp, especially on its alkaline solubility. All

the studied cellulases had endoglucanse activity and

they decreased the intrinsic viscosity of the pulp. The

degradation of cellulose into solubilised sugars

increased with the cellulases containing also cellobio-

hydrolases. The monocomponent endoglucanases

enhanced alkaline solubility of the pulp more than

the multicomponent cellulases and produced alkaline

solutions with higher fluidity. The studies showed that

the type of the cellulases in the enzyme mixture has

significant effect on the amount of solubilised sugars

during the enzyme treatment and on the alkaline

solubility of the pulp.
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Introduction

Many commercial endoglucanse rich cellulase mix-

tures are produced by Trichoderma reesei due to its

efficiency. Trichoderma reesei, a filamentous fungus,

secretes a mixture of cellulases capable of degrading

cellulose. Generally, the commercial endoglucanse

rich cellulases may contain several side activities due

to the high costs of purification, and the endoglucanase

activity can be derived from many different proteins.

The five known endoglucanases of Trichoderma

reesei are Cel7B, Cel5A, Cel12A, Cel61A and

Cel45A (formerly known as EG I, EG II, EG III, EG

IV, EG V, respectively). These endoglucanases attack

cellulose chains at random positions and cleave the b-
1,4-linkage between the glucose units creating new

cellulosic chain ends from which the cellobiohydro-

lases cleave cellobiose. The known cellobiohydrolases

of Trichoderma reesei are Cel7A and Cel6A (formerly
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known as CBH I and CBH II, respectively). Finally,

the b-glucosidases, Cel1A and Cel3B, break cel-

lobiose to glucose. For the efficient overall hydrolysis

of cellulose a synergetic action of the cellobiohydro-

lases and endoglucanases is needed (Bailey et al.

1993; Nidetzky et al. 1994; Kleman-Leyer et al. 1996;

Karlsson et al. 1999). Cellulases attack preferentially

at the sites that are more easily available such as

defects, small external fibrils, loose ends and pores,

and they are more likely to cut the cellulose chains at

the unstructured amorphous areas compared to the

compact crystalline parts (Suurnäkki et al. 2000; Pu

et al. 2006; Arantes and Saddler 2011; Orlowski et al.

2015).

Cellulose is soluble in aqueous 8–10 wt% sodium

hydroxide (Kamide et al. 1984; Isogai and Atalla

1998), but the complete dissolution is limited to

cellulose with low molecular weight or solution with

low cellulose content. The pre-treatment of cellulose

with cellulases was shown to increase the alkaline

solubility of hardwood and softwood dissolving pulps

(Rahkamo et al. 1996; Cao and Tan 2002a, b, 2006; Le

Moigne et al. 2010; Grönqvist et al. 2014) and cotton

linter (Wang et al. 2008). Rahkamo et al. (1996)

studied the effect of purified Trichoderma reesei

endoglucanases Cel7B and Cel5A (i.e. EG I and EG II)

and cellobiohydrolases Cel7A and Cel6A (i.e. CBH I

and CBH II) on the alkaline solubility of softwood

dissolving pulp. The endoglucanases increased the

alkaline solubility more than the cellobiohydrolases

and the best solubility was observed after treatments

with endoglucanse Cel5A. Similarly, a monocompo-

nent endoglucanase from genetically modified Asper-

gillus was found to increase the alkaline solubility of

softwood and hardwood dissolving pulps more than

the monocomponent cellobiohydrolase or multicom-

ponent cellulase from Humicola Insolens (Cao and

Tan 2002a, 2006). The increased alkaline solubility

was explained by the decreased molecular weight of

cellulose by the enzyme treatments (Rahkamo et al.

1996; Cao and Tan 2002a, b, 2006; Wang et al. 2008;

Le Moigne et al. 2010). In addition, Le Moigne

et al. (2010) claimed that the increased alkaline

solubility of the enzyme treated dissolving pulp was

due to the decreased crystallinity, while Wang et al.

(2008) showed that the enzymes had insignificant

effect on the crystallinity of cotton linter even though

the alkaline solubility of the treated linter was

increased.

Monocomponent endoglucanases (Köpcke et al.

2008; Engström et al. 2006; Ibarra et al. 2010) and

commercial endoglucanse rich enzyme preparations

containing cellobiohydrolase and b-glucosidase activ-

ities (Wang et al. 2014; Miao et al. 2014) were found

to increase the reactivity of hardwood and softwood

pulps when measured as the Fock reactivity. The Fock

method gives the amount of cellulose that reacts with

carbon disulphide (CS2) when treated with the mixture

of sodium hydroxide (NaOH) and carbon disulphide

(Fock 1959). The increased Fock reactivity of the

enzyme treated pulps was explained by the decreased

molecular weight of the pulps (Köpcke et al. 2008;

Engström et al. 2006; Ibarra et al. 2010; Wang et al.

2014; Miao et al. 2014). However, Engström et al.

(2006) showed that acid hydrolysis and enzymatic

treatment decreased the intrinsic viscosity (molecular

weight) of the dissolving pulp equally, but the acid

hydrolysed pulp had lower reactivity in comparison

with the enzyme treated pulp. Miao et al. (2014)

suggested that the endoglucanse treatment with gentle

kneading opened up the structure of the pulp fibres that

enhanced the accessibility of the pulp fibres to the

Fock’s solvent. On the other hand, mechanical agita-

tion alone is known to modify the structure of pulp

fibres by increasing the pore volume and loosening the

structure (Grönqvist et al. 2014; Virtanen et al. 2015).

Enzyme-assisted NaOH-based dissolution process

has proven to be suitable for the production of

regenerated cellulosic fibres (Vehviläinen et al.

2008, 2015a). In the process, dissolving pulp is treated

mechanically and subjected to endoglucanase rich

cellulases before the dissolution into sodium zincate. It

is necessary to decrease the molecular weight of the

pulp by endoglucanases to achieve high solubility for

the pulp and high fluidity for the solution, but at the

same time keep the molecular weight of the pulp high

enough to achieve strong regenerated fibres. The high

fluidity of the solution is not only beneficial for the

filtration and deaeration efficiency but also indicates

the good quality of the solution without gelling.

Additionally, it is desirable to keep the amount of

solubilised sugars low to achieve the high yield of

cellulose after the enzyme treatment and to avoid the

accumulation of solubilised sugars in a continuous

process. To further study the efficiency of the process,

it is necessary to gain more understanding about the

cellulases that are available in large quantities. In this

study, a selection of commercial Trichoderma reesei
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based endoglucanase rich enzyme preparations was

characterised for their protein content and activity

against different substrates. Finally, softwood dissolv-

ing pulp was treated with the enzymes and the effect of

the treatments on the properties of pulp was studied.

Materials and methods

Enzymes

The cellulases, produced by genetically modified

strain of Trichoderma reesei, were obtained from

AB Enzymes Oy, Finland and Genencor International,

Finland (Table 1).

Protein concentrations of the enzymes were

assayed according to Lowry et al. (1951) using bovine

albumin as standard after precipitation with trichlor-

oacetic acid.

The activities of the enzymes were assayed by using

different substrates at pH5 and 50 �C. Endoglucanase
activity was measured using 1 % hyroxyethylcellu-

lose, HEC (Sigma-Aldrich) as substrate (Bailey and

Nevalainen 1981). Xylanase activity was measured

using 1 % birch wood xylan (Sigma-Aldrich, xylose

residues C90 % by HPAE) as substrate (Bailey et al.

1992). Activity against filter paper (FPU) was assayed

according to Ghose (1987). Specific activity was

calculated by dividing the activity with the total

amount of protein.

The effect of pH on the enzyme activity was

determined using 1 % HEC as substrate at 50 �C. The

effect of temperature on the enzyme activity was

determined with the same substrate at pH 5. The

substrate was hydrolysed for 10 min and the produc-

tion of glucose was analysed with the DNS method

using glucose as standard (Bailey and Nevalainen

1981). The different pH values were obtained with the

Britton-Robinson buffer system adjusted to the desired

pH with 0.2 M sodium hydroxide solution.

Molecular weights of the enzymes were assayed by

sodium dodecyl sulfate polyacrylamide gel elec-

trophoresis (SDS-PAGE) on 12 % gels (Laemmli

1970). The gels were stained with coomassie blue

(Imperial protein stain, Thermo Scientific). The stan-

dard molecular weight marker (Pierce Blue, Thermo

Scientific) was used to estimate the relative molecular

weights of the enzyme proteins.

Pulp

The pulp used was a commercial dissolving grade

softwood (TCF) pulp delivered by Domsjö Fabriker

AB, Sweden. Prior to the enzyme treatments the pulp

was shredded mechanically at pulp consistency of

20 % for 5 h using a Baker Perkins shredding machine

(size 6-1 Universal mixer S/N 44777).

The enzyme treatments of the pulp were carried out

at pH5 and 50 �C, at pulp consistency of 5 % for 3 h.

The dosage was 0.5 and 1 mg protein/g pulp. The

enzymes were inactivated by increasing the temper-

ature above 90 �C for 15 min. Thereafter, the pulp was

filtrated and washed with cold ion exchanged water.

The filtrate was collected for analyses.

Table 1 Amount of protein and activity against different substrates of enzymes, pH and temperature during activity measurements:

pH5, T 50 �C

Code Commercial name of enzyme

preparation (producer)

Composition as given by the

manufacturer

Protein,

mg/ml

FPU/

ml

Acitivity, nkat/ml

EG

(HEC)

Xylanase

(birch xylan)

E1 Biotouch C29 (AB enzymes) Main activities endo-1,4-b-D-glucanase
and cellobiohydrolase

53.2 15.9 30,627 2860

E2 IndiAge RFW (Genencor) Main activity: endo-1,4-b-D-glucanase 86.5 1.5 27,634 31,213

E3 Primafast 200 (Genencor) Whole cellulase spectrum 229 105.2 56,468 54,944

E4 IndiAge Super L (Genencor) Monocomponent only EG III 31 0a 6948 226

E5 Primafast Luna CL (Genencor) Monocomponent 101.7 0a 80,929 2173

a Under detection limit of the assay
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The amount of sugars dissolved from the pulp

during the enzyme treatment was measured from the

filtrate as reducing sugars (Bernfeld 1955). The

intrinsic viscosity of the pulp was measured in cupri-

ethylene-diamine solution according to the SCAN-

CM 15:99 (ISO 5351:2004).

Fourier transform infrared spectra (FTIR) of the

untreated and enzyme treated pulp samples were

recorded with Bruker Optics Tensor 27 FTIR spec-

trometer at 4 cm-1 resolution with 32 scans per

sample. The samples were air dried and mounted

directly in the sample holder. The total crystallinity

index (TCI) was calculated from the ratio of absorp-

tions at 1375 and 2900 cm-1 according to Nelson and

O’Connor (1964).

Dissolution

The alkaline cellulose solutions (30 g) were prepared

as follows: wet enzyme-treated pulp sample (dry

weight 15 %) was mixed with sodium zincate to give

cellulose concentration of 5.7 % (w/w), NaOH con-

centration of 6.5 % (w/w) and ZnO concentration of

1.3 % (w/w). The mixture was stirred for 5 min/

1000 rpm at ambient temperature to obtain a slurry-

like sample. The slurry was frozen in a freezer

thereafter thawed in the temperature controlled bath

at 15 �C to obtain a solution. Duration of the freezing-

thawing cycle was 24 h.

The viscosity of the cellulose solution was mea-

sured with the modified ball drop method (ASTM D

1343-86) by using stainless steel balls (1/800, 130 mg)

and a measuring distance of 5 cm. Cellulose content of

the solutions was measured by weighting the films

casted from the solution into 10 % sulphuric acid.

The solubility of the pulps was measured by

preparing alkaline solution equally as explained

above, but the sample size was 10 g. After thawing

the obtained solution was diluted to cellulose concen-

tration of 1 % by adding 6.5 % NaOH at ambient

temperature. The diluted solution was centrifuged

(20 min/3000 g) to separate the insoluble fraction.

Thereafter, the insoluble fraction was regenerated with

10 % H2SO4, thoroughly washed and dried in an oven

(105 �C). The solubility was calculated as a percent-

age form the original dry weight of the pulp. Before

regeneration, the insoluble fraction was studied with

an optical microscope (Leitz Laborlux D).

Results and discussion

Characterization of cellulases

The protein content and activities against the different

substrates of the studied cellulases are collected in

Table 1 and the protein composition measured by SDS

electrophoresis in Fig. 1. The cellulase preparation E1

(Biotouch C29) had the main activity against HEC but

it showed also activity against crystalline cellulose

(FPU activity). The protein composition by SDS gel

electrophoresis showed detectable bands for the

cellobiohydrolase Cel7A and endoglucanase Cel5A.

The molecular mass of the cellobiohydrolase Cel6A

and endoglucanse Cel7B are overlapping, and thus the

faint band at the area 50–58 kDa is attributed to the

both.

The cellulase preparation E2 (IndiAge RFW) had

slightly higher activity against xylan than against HEC

(Table 1). The bands in the SDS gel after elec-

trophoresis were assigned to the endoglucanases

Cel7B and Cel5A. Endoglucanase Cel7B is proved

to be active against xylan (Suurnäkki et al. 2000,

Nakazawa et al. 2008), thus, we suggest that the high

xylan activity in E2 is derived from the Cel7B activity.

The natural complex cellulase from Trichoderma

reesei coded as E3 (Primafast 200) had the highest

protein content. It showed clearly the highest activity

against crystalline cellulose as well as clear activities

against other substrates. It showed clear dark bands

corresponding Cel7A and Cel6A and faint bands in the

area of high molecular weight endoglucanases Cel7B

and Cel5A. Cellobiohydrolases comprises 65–78 % of

the total secreted protein of Trichoderma reesei while

endoglucanases comprises 21–32 % (Tolan 2002),

thus the result is in line with the literature.

According to the producer the enzyme preparations

E4 (IndiAge Super L) and E5 (Primafast Luna CL)

compose of monocomponent endoglucanase. This was

confirmed by the very low activity against crystalline

cellulose (FPU) and by the absent bands for the

cellobiohydrolases in SDS gel electrophoresis. The E4

and E5 had the main activity towards HEC, but the

protein bands showed that the activity of the E4 was

derived from Cel12A while the activity of the E5 was

derived from the higher molecular weight endoglu-

canase, Cel5A.

The effect of pH on the HEC activity of the

different enzyme preparations was studied at 50 �C
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(Fig. 2a). The enzyme preparations E3, E4 and E5

showed distinct maximum activity at pH5. Their

activity dropped both at lower and higher pH. The

enzyme preparations E1 and E2 were stable between

pH 4 and 6. Above pH 6, their activity was dropped

rapidly. The effect of temperature on the HEC activity

of the enzyme preparations was studied at pH5

(Fig. 2b). All the enzymes had higher activity at

50 �C than at lower temperature. The enzyme prepa-

rations E1 and E4 had the maximum activity at 50 �C
while the enzyme preparations E2 and E5 had the

maximum activity at 60 �C. The enzyme preparation

E3 retained its activity at the temperature range of

50–70 �C.

Effect of cellulases on pulp

The mechanically shredded dissolving grade pulp was

treated with enzymes for 3 h at pH5 and 50 �C. The
enzymes were dosed based on their protein content

which resulted in varying specific activity profiles for

the treatments depending on the enzyme preparation.

The dosages were 0.5 and 1.0 mg protein/g of pulp.

The loss of the pulp during the hydrolysis measured as

dissolved sugars varied between 1 and 4.9 % depend-

ing on the enzyme preparation and its dosage. With

each studied enzyme preparation, the amount of

dissolved sugars increased as the enzyme dosage

was increased. The highest amount of sugars was

dissolved by the enzyme preparation E3 (loss 2.6 %

low dosage and 4.9 % high dosage) that comprised

mostly cellobiohydrolases (natural complex cellu-

lases) and had high activity against filter paper

(FPU). The endoglucanse rich enzyme preparation

that contains also cellobiohydrolases, E1, dissolved

Fig. 1 SDS-PAGE of

cellulases in 12 % gel. STD

standards, molecular

weights are indicated as kDa

Fig. 2 Effect of a pH on the activity of the enzyme preparations

at 50 �C and b temperature on the activity of the enzyme

preparations at pH5
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more sugars than the preparations E2, E4 and E5

which lack the cellobiohydrolase activity. The mono-

component cellulase composing Cel12A (E4) released

least sugars (loss 1 % low dosage and 1.5 % high

dosage) (Fig. 3).

The studies with purified enzyme components from

Trichoderma reesei (Medve et al. 1998; Kotiranta

et al. 1999) have shown that the cellobiohydrolases

hydrolysed cellulose more effectively than the

endoglucanases, also the synergetic action of cel-

lobiohydrolases and endoglucanases was proven to

increase the amount of dissolved sugars (Karlsson

et al. 1999). In addition, Karlsson et al. (2002) showed

that Trichoderma reesei endoglucanses Cel5A and

Cel12A had similar sugar production pattern, but the

conversion rate of the substrates (microcrystalline

cellulose, Avicel, and carboxymethyl cellulose, CMC)

into saccharides was clearly lower in case of Cel12A

than Cel5A. Similar trend was observed in our studies

although the enzymes were not purified. The enzyme

preparations that contain cellobiohydrolases produced

more soluble sugars than the preparations with only

endoglucanase activity. Among the endoglucanse rich

preparations, the lowest amount of sugars was

detected with the enzyme preparation E4, composing

of Cel12A.

The enzymatic treatment decreased the intrinsic

viscosity (SCAN) of the pulp by 33–41 % depending

on the type of enzyme preparation. Instead, the

increased enzyme dosage did not have significant

effect on the intrinsic viscosity (Fig. 4). This is in line

with the results reported by Grönqvist et al. (2014) and

Köpcke et al. (2008), who suggested that the enzy-

matic action, when measured as depolymerisation of

solid cellulose, is limited by the accessible sites of the

pulp fibres rather than the dosage of enzymes. Even

though, the enzyme preparations E3 and E4 had the

lowest specific activity against HEC, they decreased

the intrinsic viscosity of the pulp the most effectively.

The enzyme preparation E3 composed of both

cellobiohydrolases and endoglucanases, thus the syn-

ergistic action of the components enhanced the

decrease of the intrinsic viscosity. On the other hand,

the enzyme preparation E4 was monocomponent

composing of Cel12A. Cel12A has the lowest molec-

ular mass of the studied proteins here, and it lacks the

cellulose binding domain (Sandgren et al. 2001). We

Fig. 3 Specific activity of

enzyme preparations (nkat/g

pulp) at 0.5 and 1 mg/g

dosages, and loss of pulp

measured as the amount of

dissolved sugars during

enzyme treatment of pulp

(pH5, 50 �C, 3 h)

Fig. 4 Effect of different enzyme preparations on the intrinsic

viscosity (SCAN) of the pulp. Enzyme dosages 0.5 and 1.0 mg/g
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suggest that these factors enabled the Cel12A enzymes

to find more accessible sites than the other enzymes.

According to the FTIR spectra, the crystalline form

of the samples was cellulose I (Fig. 5). The shape of

the board OH stretching peak of the intramolecular

hydrogen bonds at 3100–3500 cm-1 and the sharp

C-O stretching peak at 1000 cm-1 are typical for

cellulose I. In addition, the presence of the peaks at

1430, 1105 and 1055 cm-1 confirmed the crystalline

form (Carillo et al. 2004; Gwon et al. 2010). The

enzyme treatments did not change the crystalline

structure nor the crystallinity of the pulps when

measured as the ratio of absorptions at 1375 and

2900 cm-1. The endoglucanse rich enzymes have

been found to increase the crystallinity of pulp,

however this occurs only with long treatment time

and high enzyme dosage (Cao and Tan 2002a, 2006;

Pu et al. 2006). Here, the treatment time was short and

dosage low, and thus, it was plausible that the

crystallinity did not change.

Dissolution studies

The alkaline solubility of the untreated pulp was 49 %

and the solubility of the enzyme treated pulps was

88–97 % depending on the type of the enzyme

preparation and dosage (Fig. 6). The alkaline solubil-

ity of the enzyme treated pulps was clearly higher than

of the untreated pulp. This is in line with the other

studies and is explained by the decreased intrinsic

viscosity (SCAN) of the enzyme treated pulp com-

pared to the untreated pulp (Rahkamo et al. 1996; Cao

and Tan 2002a, b, 2006; Wang et al. 2008; Le Moigne

and Navard 2010). The highest solubility of the pulp

was obtained with the enzyme preparations E4 and E5

(dosage 1 mg/g) with the intrinsic viscosity of 255 and

271 ml/g, respectively. The alkaline solubility of the

pulp samples treated with the multicomponent

enzymes (E1, E2 and E3) was increased clearly with

the increased enzyme dosage, even though the

increased enzyme dosage had only slight effect on

the SCAN viscosity of the pulp samples. In case of the

pulp samples treated with the monocomponent

enzymes (E4 and E5), the effect of the enzyme dosage

was not that pronounced. Especially, the enzyme

preparation E5 with the higher enzyme dosage (1 mg/

g) did not decrease the SCAN viscosity at all

compared with the lower dosage, but the alkaline

solubility was increased. In addition, when comparing

the pulp samples treated with the enzyme preparations

E3 and E5, who decreased the SCAN viscosity of the

pulp equally (by 37 %), the alkaline solubility of the

samples varied between 87 and 97 %. Thus, the

decreased intrinsic viscosity (i.e. decreased degree of

polymerisation) enhanced the alkaline solubility of

cellulose, however, it cannot fully explain the phe-

nomenon. Apart from the degradation of cellulose, the

endoglucanse rich cellulases have shown to increase

the pore volume and to loosen the microfibril bundles

of the pulp fibres that can enhance the dissolution

(Grönqvist et al. 2014; Virtanen et al. 2015).

The specific endoglucanase (HEC) activity of the

enzyme preparations did not correlate with the alka-

line solubility (Fig. 7a). The highest solubility with

the both studied enzyme dosages was obtained with

the pulp samples treated with the monocomponent

enzyme preparations, E4 and E5. It was shown that in

multicomponent enzyme system the different

enzymes can compete the accessible sites, and espe-

cially the adsorption of Cel5A was decreased when

Fig. 5 FTIR spectra of untreated (=REF) and enzyme treated

pulps, enzyme dosage 1 mg/g. Cryst. = crystallinity measured

as IR crystallinity A1375/A2900

Fig. 6 Relationship between alkaline solubility and decrease of

intrinsic viscosity (SCAN) of pulp by different enzymes with

two dosages (0.5 and 1 mg/g)
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Cel7A was present (Medve et al. 1998). Thus, it seems

that the solubility of the pulps was related to the ability

of the endoglucanases to found accessible sites.

Additionally, the degradation of cellulose did not

correlate with the alkaline solubility (Fig. 7b). This

confirmed that the increased alkaline solubility was

achieved by the action of endoglucanses rather than

cellobiohydrolases and synergetic action of the

components was not necessary to obtain high alkaline

solubility.

The insoluble fractions of the samples were studied

under the light microscope, Fig. 8. The insoluble

fraction of the enzyme treated samples did not differ

from each other. They had only highly swollen

fragments of the pulp fibres. Contrary, the insoluble

fraction of the untreated sample had swollen and

ballooned fibres without any fragments. The balloon-

ing is suggested to occur when the outer walls of the

fibre act as semi-permeable membrane inside which

the dissolved inner part is trapped (Cuissinat and

Navard 2006, 2008; Le Moigne and Navard 2010).

Ballooning can result in full or incomplete dissolution

depending on the solvent. Clearly, the enzyme treat-

ment enhanced the dissolution and changed the

dissolution behaviour from ballooning to fragmenta-

tion as observed also by Le Moigne and Navard

(2010).

The fluidity of the alkaline cellulose solutions was

determined as the falling ball time and compared to

each other. The untreated pulp did not dissolve

properly and its fluidity was not possible to measure.

The fluidity of the solutions from the enzyme treated

pulps with the both studied enzyme dosages are shown

in Fig. 9. The solution from the pulp treated with E3

enzyme preparation with the dosage of 0.5 mg/g

became instable due to the increased temperature

(higher ball drop time). This was due to the gelling of

the sample induced by the large swollen fibre

fragments in the solution (shown in Fig. 7b) that

impaired the quality of the solution. With the other

studied solutions, the fluidity increased as the temper-

ature increased. The fluidity of the solutions was

dependent on the type of enzyme treatment of the

pulps prior to the dissolution. With each studied

Fig. 7 Alkaline solubility of pulps as function of a specific

HEC activity of enzyme preparation and b degradation of

cellulose (measured in percent from the weight of the pulp as

solubilised sugars during the enzyme treatments)

Fig. 8 Microscope images of insoluble fractions of alkaline cellulose solutions prepared from different pulps. a Untreated pulp,

solubility 49 %; b pulp treated with E3 (0.5 mg/g), solubility 87 %; and c pulp treated with E5 (1 mg/g), solubility 97 %
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enzyme preparation, the fluidity of the alkaline

cellulose solution was higher with higher enzyme

dosage. This was especially pronounced with the

multicomponent enzyme preparations, E1, E2 and E3

whose solubility was under 90 %. When the alkaline

solubility of the samples was plotted in the same graph

with the lowest ball drop time, it was evident that the

alkaline solubility had clear effect on the fluidity of the

solution, Fig. 10. This is most likely due to the high

amount of swollen gel particles in the poorly dissolved

samples that decreased their fluidity. Vehviläinen et al.

(2015b) showed that the fluidity of the alkaline

cellulose solutions was lower after the filtration during

which the swollen gel particles were removed.

Conclusions

In this work endoglucanse rich cellulase preparations

were characterized and their effect on dissolving pulp

and its alkaline solubility was studied. All cellulases

contained endoglucanases, two samples were mono-

componet endoglucanases and three cellulases were

mixtures of endoglucanses and cellobiohydrolases.

The cellulases with cellobiohydrolases produced more

soluble sugars in comparison with the monocompo-

nent endoglucanases. All the studied cellulases

decreased the intrinsic viscosity (SCAN) of the pulp

and thus increased their alkaline solubility compared

with the untreated pulp. However, among the enzyme-

treated samples the intrinsic viscosity did not correlate

with the alkaline solubility. With the same enzyme

dosage, monocomponent endoglucanases increased

the alkaline solubility more than the multicomponent

cellulases. The enzyme treatments did not change the

crystallinity of the pulps, this was plausible as the time

of the enzyme treatment was short and the enzyme

dosages were low. The alkaline solubility of the pulps

had clear effect on the fluidity of the cellulose

solutions: the higher the solubility of the pulp the

higher the fluidity of the solution.

The studies showed that the commercially available

endoglucanase rich cellulases are able to modify the

dissolving pulp so that the high alkaline solubility was

achieved. The characterisation of the commercial

cellulases allows the selection among the endoglu-

canse rich preparations to obtain high solubility with

the minimum loss of cellulose during the enzyme

treatment. The enzyme mixtures with clear activity

against filter paper indicated the presence of cellobio-

hydrolases which increased the loss during the enzyme

treatment without enhanced alkaline solubility. The

endoglucanse activity (activity against HEC) in the

enzyme preparations did not correlate with the alka-

line solubility. However, the SDS-PAGE elec-

trophoresis allowed the identification of the

monocomponent endoglucanases that gave the highest

alkaline solubility. Thus, one band in SDS gel, activity

Fig. 9 Fluidity of alkaline cellulose solutions prepared from

pulps treated with different enzyme preparations. a Enzyme

dosage 0.5 mg/g and b enzyme dosage 1 mg/g

Fig. 10 Relation between alkaline solubility and fluidity of

solutions at 20 �C
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against HEC and lack of activity against filter paper

are indicative for the good alkaline solubility of pulp

after the enzyme treatment and low loss of pulp during

the enzyme treatment.
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Ståhlberg J, Mitchinson C, Jones TA (2001) The X-ray

crystal structure of the Trichoderma reesei family 12

endoglucanase 3, Cel12A, at 1.9 Å resolution. J Mol Biol
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