This article was downloaded by:

On: 25 January 2011

Access details: Access Details: Free Access
Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

(@) msnc | Journal of Wood Chemistry and Technology

Publication details, including instructions for authors and subscription information:

la un" Al oF http://www.informaworld.com/smpp/title~content=t713597282

WHon
CHEMISTRY Determination of the Molecular Weight Distributions of Xylanase-Treated

AN Pulps |
TEcnnolnn' David Miller*; David Senior*; Roger Sutcliffe®

* Biotechnology & Chemistry Dept., Forintek Canada Corp., Ottawa, Canada

WOLLIWE 25 HUMBERS 1-2 2005

To cite this Article Miller, David , Senior, David and Sutcliffe, Roger(1991) 'Determination of the Molecular Weight
Distributions of Xylanase-Treated Pulps', Journal of Wood Chemistry and Technology, 11: 1, 23 — 32

To link to this Article: DOI: 10.1080/02773819108050259
URL: http://dx.doi.org/10.1080/02773819108050259

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this nmaterial.



http://www.informaworld.com/smpp/title~content=t713597282
http://dx.doi.org/10.1080/02773819108050259
http://www.informaworld.com/terms-and-conditions-of-access.pdf

13: 04 25 January 2011

Downl oaded At:

JOURNAL OF WOOD CHEMISTRY AND TECHNOLOGY, 11(1), 23-32 (1991)

DETERMINATION OF THE MOLECULAR WEIGHT DISTRIBUTIONS
OF XYLANASE-~TREATED PULPS

David Miller, David Senior and Roger Sutcliffe
Biotechnology & Chemistry Dept.
Forintek Canada Corp.

800 Montreal Rd.

Ottawa, Canada
K1G 325

ABSTRACT

The molecular weight distributions (MWD) of unbleached kraft
pulps of Pinus radiata and Populus tremuloides were determined by
size exclusion chromatography (SEC) of the carbanilated
derivatives. The applicability of this method for the study of
the effects of xylanase treatments on these substrates is
discussed.

INTRODUCTION

Biobleaching is being studied on several types of wood pulp

with xylanases from a variety of souz:'ces.’l'8

A prerequisite for
this operation is for the xylanase preparation to be free of
contamination by cellulases, or the cellulases to be inactivated
by inhibitors. The effects of these treatments are normally
judged by carbohydrate analysis of substrate and sugars released,
measurement of pulp viscosity, kappa number, and handsheet
strength properties. A method of determining the effects of
purified enzymes on pulps at a small scale and on the integrity of
the cellulose component would be beneficial. Size exclusion
chromatography (SEC) of the tricarbanilate derivative of cellulose
(CTC) has been used to characterize various types of pu].ps.g-13
Applicability of this method was examined for the study of the
effects of xylanase treatments on the molecular weight

distributions (MWD) of hardwood and softwood kraft pulps.
23
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EXPERIMENTAL

Unbleached radiata pine kraft pulp (cellulose 83.4%, xylan
7.45%, mannan 6.89%, lignin 3.16%) was a gift from Dr. Tom Clarke
(FRI, NZ}, and the unbleached aspen kraft pulp (cellulose 73.39%,
hemicellulose 19.32%, lignin 2.33%) was obtained from Weyerhaeuser
(Prince Albert, Saskatchewan). A sample (150 g 0.D.) of each pulp
was treated at 4% (w/v) consistency in 50 mM sodium acetate
buffer, pH 4.8, with bulk xylanase at a loading of 500 IU/g ©O.D.
pulp. Xylanase activity was 2270 IU/mL. Carboxymethylcellulase
activity was 0.307 IU/mL. The pulps were treated for 24 h at
40°C, filtered and washed with distilled water (5 L).

The carbanilation procedure was similar to that used by
Schroeder and Haighg, but was done at a microscale. The
cellulosic substrates (10 mg) were dried in a vacuum desiccator
over P,0q. Anhydrous pyridine (3 mL) and phenylisocyanate (200
ul) were added and the mixture was heated at 80°C in 5 mL reacti-
vials on a reacti-therm block heater. Aliquots (0.2 mL) were
removed after different reaction times, evaporated to dryness, and
the resulting residues were then dissolved in tetrahydrofuran
(THF) to give 0.02 - 0.03% (w/v) solutions.

Size exclusion chromatography was performed on a series of
four Ultrastyragel columns, 104, 105, linear, 106, held at 35°cC,
with THF (1 mL minq) as the eluting solvent. A UV detector was
used at a wavelength of 278 nm. Universal calibration was used
with narrow polystyrene standards and the Mark-Houwink
coefficients published by Wood et g;.”

RESULTS AND DISCUSSION

Reproducibility of Method

Sample-to-sample reproducibility of the analysis by SEC was
examined using softwood pulp samples (Table 1). Reproducibility
of the technique is good with standard deviations for the means
for sets of six results (3 replicates, duplicate injections) for
both number-average (DP,) and weight-average (DP,) degree of

polymerization varying between 2.6 and 1.6% of the means.
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MOLECULAR WEIGHT DISTRIBUTIONS OF KRAFT PULPS
TABLE 1
Molecular Weight Distribution Data for Carbanilated Radiata Pine
Kraft Pulp
Sample® DP,, DP, Poly~ % < MW 100,000
dispersity

Ave. Op-1 Ave. % On-1 Ave. to n-1
Control 1750 + 44 268 + 7 6.5 16.4 * 0.4
Enzyme
treated 1733 + 28 230 ¢ 5 7.5 18.7 * 0.4

®After derivatization for 48 h.

Determination of MWD for Xylanase-treated Hardwood Pulps

The effect of xylanase treatment on the residual xylan in
samples of two aspen kraft pulps can readily be observed (Figure
1, Table 2). The peak in the chromatogram assigned to
hemicellulose is shifted towards lower molecular weight and the
proportion of the distribution below molecular weight 70,000 is
reduced. The observed changes are consistent with hydrolysis and
partial solubilization of xylan.

Figure 2 shows the effect of reaction time of the
derivatization on the MWD. With longer reaction time, the area of
the low molecular weight portion decreases and the whole
distribution shifts towards higher molecular weights. Prolonged
reaction time, however, can cause degradation of the carbanilate
derivative resulting in a decrease in the values of molecular
weight data. Ideally, MWD data should be determined at reaction
times corresponding to completion of derivatization and before
degradation of the sample occurs. Inspection of Figure 2, shows
that distributions obtained after reaction for 43 and 49 h are
very similar in the case of the untreated pulp, but quite
different for the enzyme-treated substrate. This is reflected in
the calculated values for DPy and DP, (Table 2). These results
indicate that the degree of completion of the carbanilate reaction
at a given reaction time may differ between substrates. The

derivatization reaction is taken to be complete when the high



% UV RESPONSE

13: 04 25 January 2011

Downl oaded At:

26 MILLER, SENIOR, AND SUTCLIFFE

100~

60

20
0 | | i

MOLECULAR WEIGHT

G168

FIGURE 1. Effect of xylanase treatment on the MWD of aspen Kraft
pulp (sample A, 49 hour reaction time).

TABLE 2

Molecular Weight Distribution Data for Carbanilated Aspen Kraft
Pulp

Sample Reaction DP DPy Polydispersity % < MW 70,000

(h) Time

Pulp A

Control 25 808 164 4.9 20
43 1060 217 4.9 15
49 1060 205 5.2 17

Enzyme 25 870 158 5.5 28

treated 43 1070 187 5.7 16
49 1160 201 5.8 14

Pulp B

Control 49 1440 216 6.7 16

Enzyme

treated 49 1590 198 8.0 15
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FIGURE 2, MWD of aspen Kraft pulps at 25, 43, and 49 hours
carbanilation reaction time: A. untreated control B.
xylanase treated.
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molecular weight portion of the distribution is at its maximum
value since prolonged reaction times cause degradation of the CTC.
In the low molecular weight region the results indicate a
difference in reactivity of the contributing component polymers or
a difference in the stability of their carbanilate derivatives as
compared to the high molecular weight cellulose. Comparison of
MWD curves of carbanilated samples at any given reaction fime
without knowledge of the degree of completion of the

derivatization may lead to erroneous interpretations.

Determination of MWD for Xylanase-treated Softwood Pulps

The MWD curves obtained for enzyme~treated radiata pine
kraft pulp show an increase in the low molecular weight portion of
the distribution (Figure 3). This is reflected in a decrease in
DP, and an increase in the proportion of the distribution below
molecular weight 100,000 (Table 1). This effect was consistently
observed in all softwood samples studied. This observed increase
in the low molecular weight portion after enzyme treatment of the
softwood pulp may be explainable in two ways. As a result of the
enzyme action, either more sites are available for derivatization
and therefore more material is detected in this region, or,
material previously left in the reaction residue is now soluble

with or without derivatization.

The problem of variation in the MWD with reaction time
observed for aspen substrates was observed again with softwood
pulps. The distribution for the enzyme-treated substrate changed
gignificantly in the low molecular weight region between reaction
times of 40 and 48 h, but no corresponding change was observed in
the control samples (Figure 4). As for the aspen pulps this may
reflect degradation of the low molecular portion.

Precipitation is frequently used as a method of purifying
the CTC in MWD determination of the cellulose. This method of
preparation of the derivative was examined for the softwood pulp,
using water - methanol (30:70) as the precipitation solvent.'
Figure 3 shows the effect of precipitation on the MWD curve. Aas
previously observed in analysis of chemical pulps14 low molecular
weight material is lost. In the case of the xylanase treatment
the effect on the substrate is no longer readily apparent.
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FIGURE 3. MWD of untreated and xylanase-treated radiata pine

Kraft pulps: BA. unprecipitated carbanilate derivative
B. precipitated carbanilate derivative.
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FIGURE 4. MWD of radiata pine Kraft pulp at 40 and 48 hours
carbanilation reaction time: A. untreated control B.

xylanase-treated.
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validity of Method

Determination of MWD by SEC relies on the ability to relate
retention time to molecular weight, and detector response to the
concentration of eluting polymer. The validity of universal
calibration using polystyrene standards for the determination of
the molecular weight of CTC has been demonstrated.16 Hardwood
xylan is reported to have the same relationship between intrinsic

7 However, the

viscosity and molecular weight as cellulose.
accuracy of calibration for CTC when applied to the determination
of the molecular weight of xylan dicarbanilate is unknown. The
values determined by this calibration are therefore CTC
equivalents, and not true values for the DP of the xylan
component. Additionally, the number of chromophores per unit mass
of carbanilated xylan is 6% less than for CTC, and therefore
detector response is similarly reduced. With these inaccuracies
in calibration and detector response for the xylan component, the
values obtained from SEC for the MWD data for pulps containing
xylan will not accurately reflect their absolute molecular weight.
Values for DPy will be especially affected by these inaccuracies.

Reproducibility of the technique will allow the effects of
enzyme-action, i.e xylan removal and the integrity of the
cellulose component, to be indicated with reasonable accuracy;
with the proviso that complications resulting from the presence of
other hemicelluloses, lignin, or degraded cellulose of low
molecular weight can be taken in to account.

CONCLUSTONS

Determination of MWD of pulps by SEC analysis of the
carbanilate derivative gives reproducible results. The relative
effect of xylanase treatments can be obtained with this method.
These results can be interpreted in the case of hardwood pulps in
which xylan is the only major hemicellulose and there are less
interferences from other components., Care must be exercised in
the interpretation of results due to changes in the measured MWD
with reaction time and to interferences especially in softwood
pulps. Precipitation of the carbanilate derivative is undesirable
if the low molecular weight portion of the distribution is of

interest.



13: 04 25 January 2011

Downl oaded At:

32

9.
10.

11.

12.

13.

14.

15.

16.

17.

MILLER, SENIOR, AND SUTCLIFFE

REFERENCES

M. G. Paice and L. Jurasek, J. Wood Chem. Technol. 4(2), 187
(1984).

P. Noe, J. Chevalier, F. Mora, J. Comtat, J. Wood Chem.
Technol. 6(2), 167 (1986).

L. Viikari, M. Ranua, A. Kantelinen, J. Sundquist, and M.
Linko, Proceedings of the Third International Conference on
Biotechnology in the Pulp and Paper Industry, Stockholm,
Tappi, p. 67 (1986).

J.~M. Chauvet, J. Comtat, and P. Noe, Proceedings of the
Sixth International Symposium on Wood & Pulping Chemistry,
Paris, TAPPI, p.325 (1987).

L. Jurasek and M. G. Paice, Biomass, 15, 103 (1988).

L. Jurasek and M. G. Paice, Proceedings of the 1988
International Pulp Bleaching Conference, Orlando, TAPPI, p.11
(1988).

A. Kantelinen, M. Ratto, J. Sundquist, M. Ranua, L. Viikari,
and M. Linko, Proceedings of the 1988 Internatiocnal Pulp
Bleaching Conference, Orlando, TAPPI, p.l (1988).

M. G. Paice, R. Bernier, and L. Jurasek, Biotechnol. Biceng.,
32, 235 (1988).

L. R. Schroeder and F. C. Haigh, Tappi, &2, 103 (1979).
J. Sundquist and T. Rantanen, Paperi ja Puu, 65, 733 (1983).

H.-U. Korner, D. Gottshalk, and J. Puls, Papier (Darmstadt),
38, 255 (1984).

T. Rantanen, P. Farm, and J. Sundquist, Paperi ja Puu, 68,
634 (1986).

T. Rantanen and J. Sundquist, Tappi, 70, 109 (1987).

B. F. Wood, A. H. Connor, and C. G, Hill, J. Appl. Polym.
Sci., 32, 3703 (1986).

R. Evans, R. H. Wearne, and A. F. A. Wallis, J. Appl. Polym.
sci., 37, 3291 (1¢989).

A. E. El Ashmawy, J. Danhelka, and I. Kossler, Sven.
Papperstidn., 16, 603 (1974).

T. E. Timell, Wood Sci. Technol. 1, 45 (1967).



