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1-INTRODUCTION

Controlled enzymatic hydrolysis can provide ecologically acceptable routes to finishing
cellulosic textiles (1). The most widely used application is the replacement of the stone
washing process to produce the fashionable aged appearance of denims. Other cellulase
treatments are used to improve the appearance of cotton fabrics by removing fuzz fibre
and pills from the surface. Such processes also modify the fabric mechanical properties
in ways which lead to the perception of improved handle, particularly of improved
softness (2).

Increasing use is being made of cellulases in domestic fabric washing products where
they are claimed to aid detergency (3), as well as removing damaged fibrillar material
from cotton fibre surfaces. This improves fabric appearance, colour brightness and
softness (1).

Cellulase enzymes have a specific catalytic action on 1,4-8-D glycosidic bonds of the
cellulose polymer, which apart from 6-8% of moisture, is essentially the sole constituent
of scoured and bleached cotton. Cellulase, by definition, consists of a complex mixture
of three major enzyme types: endoglucanases (EC 3.2.1.4), cellobiohydrolases (EC
3.2.1.91) and cellobiases (EC 3.2.1.21) (4). A general model for action of these
€nzyme components on cotton cellulose is that the endoglucanases (EGs) cause random
hydrolytic chain scission at the most accessible points of long cellulose polymers, while
the cellobiohydrolases (CBHs) split cellobiose from the "non reducing end” of cellulose
molecules. The cellobiase hydrolyzes cellobiose to glucose. Improvement in purification
and analysis techniques have lead to the isolation and study of the pure components and
new models have been proposed. It is now clear that the mode of action of the pure
cellulase components cannot be classified simply as "endo” or "exo" in type (5). A
synergism between the different components has been observed, but the detailed
mechanism of their action is not yet fully understood (5).
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The cellulolytic complex of Trichoderma reesei is one of the most extensively
investigated fungal enzyme systems (5). It is known to contain at least one cellobiase,
CBH I, CBH 11, EG I and EG 1I. The genes of these hydrolases can be manipulated
such that some activities are deleted to produce new cellulase combinations (6).
Furthermore it has been reported in recent literature (7, 8) that two more cellulase
components known as EG IIT and EG V are always present in the crude mixtures from
Trichoderma reesei.

In the present work, cotton degradation was studied after short (as made in textile
applications) and extended periods of cellulase hydrolysis. Comparisons were made
between the effects of crude cellulase mixture from Trichoderma reesei (TC), and
mixtures in which the activities of EG I and EG II (C-EGs) or the activities of CBH 1
and CBH II (C-CBHs) had been deleted.

2-EXPERIMENTAL

Cellulases: All enzyme samples are from Primalco Ltd., Rajamiki, Finland. These were:
CE 883042 (Total crude), CE 519/92 (Crude-EGs) and CE 523/92 (Crude-CBHs).
Enzyme Activity: The activities per gram of crude were measured towards
carboxymethylcellulose (CMC), phosphoric acid swollen Avicel (PASA) and
cellobiose, at pH=5, as described previously (9). The activity towards scoured cotton
fabric was also determined by measuring weight loss.

Cotton Samples: All samples used were 100% cotton fabrics after industrial scouring
and bleaching.

Short: The fabrics were treated with the enzyme (dilution factor, 1/500) using the ratio:
1g of fibre to 20 ml of bath; buffer pH = 4.8 (acetate, 0.5 M), temperature 50°C. The
fabrics were treated during 30, 60, 120 and 240 minutes. The treatments were stopped
by addition of a solution of sodium carbonate (10 %). The fabrics were washed after
treatment with hot and cold water. The treatments were carried out in the stainless steel
pots of a Linitest machine rotating at 65 rpm.

Long: The fabrics were treated with the enzyme (dilution factor, 1/60 for the Crude-
CBHs and 1/120 for the Total crude and Crude-EGs) using the ratio: 1¢g of fibre to 50
ml of bath; buffer pH=4.8 (acetate, 0.5 M), temperature 50°C. The fabrics were treated
without agitation for 3, 6 and 13 days in a beaker inside an incubator. The fabrics were
washed after treatment with hot and cold water.

Weight Loss was determined by weighing the samples before and after treatment, after
conditioning for 24 hours at 20°C and 65 % of relative humidity.

Mean Chain Length: Mean chain lengths were determined by the weight difference taken
from weight loss calculations and measuring in solution the reducing ends of the leaving
sugars as cuprous neocuproine complex in alkaline media at 95°C.

Cotton Reducing Power: The reducing ends of the cotton fibres were also quantified via
the cuprous neocuproine complex in alkaline media at 950C.

Viscosity measurements: Fluidity and specific viscosity were measured as described
(10), on cuproethylenediamine (CED) solutions of cotton cellulose.

Breaking Load Loss (%) was measured relative to the untreated fabric in an Instron
machine, model 4204,

Ete(?ding Hysteresis of the Fabrics was measured on KES-FB2 from Kato Tech. Co,
Crystallinity Index by X-ray diffraction measurement was obtained by the method
described by Chidambareswaran and others (11). The X-ray diagrams were obtained
using a Philips Analytical PW1710 diffractometer with a X-ray tube using Ni filtered
Cu K radiation and the limits were 10° and 300.
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(Leica Cambridge Stereoscan 360) were

taken after 2 minutes of gold metalizgtion (Bio-Rad SC 502).

nviron; ingE i (Electron Scan, Mod 3) A video-tape was
recorded during the drying of cotton fibres, which had never been dried after the
cellulase treatment. The pressure of the chamber during drying was brought down from

6 Torr to 2,5 Torr.

3.RESULTS AND DISCUSSION
The measured activities of C-CBHs towards CMC and of C-EGs towards PASA were

ater than those of TC (tab. 1). These results illustrate the expected increments in
glr:ssical endo and exo type activities for C-CBHs and for C-EGs respectively (12).
While TC was found to have lower measured activity than C-EGs towards cellobiose,
CMC and PASA, it caused consistently greater cotton weight loss than C-EGs in both
long and short treatments (tab. 1 and fig. 1). This apparent contradiction shows that care
should be exercised in predicting cellulase activity on cotton, from data obtained using
other forms of cellulose or its derivatives. The result also points to the importance of
synergy between the various components in the hydrolysis of cotton cellulose.

TABLE 1 - Enzyme Activity
Substrate \ Enzyme Total crude Crude - CBHs | Crude - EGs
Cellobiose a) 2,2 U/g 44 Ulg 47 Ulg
CMC b) 94 U/g 159 U/g 120 U/g
PASA b) 194 U/g 93 U/g 275 U/g
Weight Loss-Cotton 1,40 % 0,47 % 1,05 %

a) - 1 Unit yields 2 pmol of glucose per minute in the cellob%ase hydrolysis
b) - 1 Unit yields 1 pmol of reducing sugars as glucose per minute

The deletion of CBH I and CBH 1I activity from the total crude mixture dramatically
reduced the rate of cotton weight loss (fig. 1) thus confirming the importance of_?xo
type activity in solubilization of the polymer. The deletion of EG I'ar}d EG 11 activity

some reduction in the rate of cotton weight-loss, and this is expected from

also caused le 1
the synergy between endo and exo type activity. Nevertheless, it is clear that C-EGs and

can both bring about complete dissolution of cotton cellulose, albeit in somewhat
?;Egezir reaction ti%nes, as shoxgm by the SEM photos after 6 days of degradation ( fxlg.'
2a). The surprisingly high activity of C-EGs may possibly due to the prewppﬁ y
reported synergy between the two CBH components (13) and, or, to some endo ac‘tmltf\i
in our C-EGs. The latter may be accounted for either by remaining EGs such as EG
and V or by some endo characteristics of the CBHs themselves (5, 14).
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Figure 1 - Relation between weight-loss and treatment time.
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In the short hydrolysis, the relative activity of C-CBHs is higher and the rclative activity
of C-EGs is lower, when compared with the longer hydrolysis. This seems to be due to
the rotation of the reactor where the hydrolysis takes place. The agitation is known (o
increase the weight loss (15) and to have a synergistic action with an endo type cellulase
(16). However the main structure of the fibres remains unchanged (fig. 2b).

C-EGlell

Figure 2 b) Scanning clectron microscopy photographs of short treated fibres

SEM photos (fig. 2) showed that the short treatment caused the changes only at the fibre
surface, while the long treatments also affected the internal structure of the fibre.
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Figure 3 - Relation between mean chain length of the leaving sugars and treatment time.

In treatments with C-CBHs, the mean chain length of the leaving sugars (fig. 3)
decreased from 3.4 (30 min) to 1.7 (240 min) showing endo character when compared
with the other mixtures where the mean chain length was about 2 throughout. The
results show that the soluble cellooligosaccharides resulting from TC and C-EGs
hydrolysis are readily broken as they are produced to a mean length of 2, while those
resulting from C-CBHs are slowly broken. The slow decrease of the mean chain length
of the soluble cellooligosaccharides caused by C-CBHs is believed to be due to the
lower cleavage frequencies of EGs compared with those of CBHs (14), on the soluble
cellooligosaccharides. The low cellobiase activity of these cellulase mixtures is also
reflected in the results. :

Specific Viscosity (n sp\ - LONG TREATMENT

0,6 e Total Crude
e Crude-CBHs

Cotton Reducing Power (mg gli/g cel)
1,2

s e Tootal Crude

0,6 (= Crude-CBHs 1 e Crude-EGs
s Crude-EGs
O T T 0.5 T P Y
0 80 0 0 80

0 40 60 40 6
Weight Loss (%) Weight Loss (%)
Figurc 4 - Relation between cotton reducing power and between specific viscosity with weight-loss

In spite of causing low weight loss, the C-CBHs enzyme produced higher
concentrations of terminal reducing groups in the cotton fibres and a large decrease in
the viscosity of their CED solutions (fig. 4). TC and C-EGs also produced appreciable
quantities of terminal reducing groups but the viscosity of CED solutions of the treated
celluloses changed only slightly, even at a weight loss greater than 50 %. These results
confirm the increased endo type activity of C-CBHs in causing random cellulose chain
scission, (hence a large reduction in CED solution viscosity) and the sequential nature of
exo type activity, (hence little change in mean polymer chain length or CED solution
viscosity).

These effects are further illustrated in figure 5, where an increasing slope of the plot of
cotton fluidity versus cotton reducing power indicates increasing randomness of
cellulolytic attack. Thus C-CBHs is shown to cause the most random hydrolysis and C-
EGs to cause the most localized attack, with TC having an intermediate effect. While the
randomness of cellulolytic action of different cellulases is commonly measured in this
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way by using CMC as a soluble substrate (17) these relationships have not previously
been reported for cotton cellulose.

Fluidity (1/nsp - LONG TREATMENT
1.9

1‘8: O Total Crude
1,74 O Crude-CBHs

1.6 - A Crude-EGs

1,5

14 T T T T
0,4 0.6 0.8 1,0 1,2
Cotton Reducing Power (mg gli/g cel)

Figure 5 - Relation between cotton reducing power and specific viscosity

It is interesting to note that the relative randomness or localization of cellulase action on
cotton and the extent of the produced damage (fig. 2) did not change the measured
crystallinity of the fibre (tab. 2). A similar result has previously been observed for
complete cellulases (18). Thus the present work tends to confirm the view that the action
of cellulase is not confined initially to non-crystalline regions, irrespective of the
cellulase components present. It has also been reported (19) that the hydrolysis of
cellulose by cellulase concentrates of Trichoderma viride is first order with respect to
substrate. This suggests uniform reactivity of (crystalline and amorphous) cellulose and
therefore implies that no change in crystallinity should result from cellulase hydrolysis.

TABLE 2 - Crystallinity Index (Weight-Loss)
Untreated TC C-CBHs C-EGs TC C-CBHs C-EGs
240min 240min 240min 6 days 6 days 6 days
83% (0%) | 83% (2,3%) | 83% (0,.9%) | 83% (1,8%) | 83% (63%) | 83% (3%) | 81% (52%)

Cellulase hydrolysis reduced the tensile strength cotton fabrics as shown in figure 6.
Recently a possible relation between loss in tensile strength and endo activity has been
reported (16). The present results support this to the extent that C-CBHs caused much
greater strength loss at low weight loss than the other cellulase mixtures (fig. 6). On the
other hand C-EGs did not show reduced strength loss for a given weight loss in
comparison with TC. This may however be due to the effects of the residual EGs (11
and V) in the present C-EGs sample.
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Figure 6 - Relation between breaking load loss and weight-loss
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We have observed before (16) that for short cellulase treatments the changes in bending
hysteresis of cotton fabrics, related to internal friction of the fibrous assembly, are duc
to the formation of microfibrils on (or their removal from) the fibre surface. The small
changes in bending hysteresis, for the short treatment, are consistent with what can be
seen in SEM photos (fig. 2b). The large decrease in bending hysteresis for higher
weight loss (long treatments) observed here is mainly due to the reduction in the number
of fibres in a yarn and reduction of its diameter, as shown by SEM photos (fig. 2a). In
as far as low bending stiffness/hysteresis is correlated with perceived softness, TC and
C-EGs would be preferred over C-CBHs for their cotton fabric softening effects. This
is consistent with a previously reported observation (16) that endo activity with high
mechanical action led to the formation of microfibrils on fibre surface and caused
increased inter-fibre friction, and hence an increase in bending hysteresis.

TABLE 3 - Bending Hysteresis (gf.cm/cm)
Untreated TC C-CBHs C-EGs TC C-CBHs C-EGs
240min 240min 240min 2 days 2 days 2 days
0.050 0.043 0.053 0.045 0.015 (.048 0.019

Examination of the wetting (swelling) and drying (collapsing) behavior of untreated and
cellulase treated cotton fibres by ESEM revealed that the fibre twisting and retraction
behavior in untreated fibres is absent after long cellulase treatments. It is therefore
postulated that a cellulase treatment may be beneficial to achieving stable, fully-relaxed
dimensions in knitted cotton textiles.

CONCLUSIONS

Crude cellulases from Trichoderma reesei have been used to investigate the mechanisms
of cellulase hydrolysis of cotton cellulose in the form of scoured and bleached fabric.
Predictions of the general model for cellulase action were largely confirmed. An EG
"rich" crude, from which CBH I and CBH II activity had been deleted showed typical
endoglucanase activity, causing random chain scission which led to a rapid rise in
fluidity and high strength loss but did not solubilize cotton. A crude, from which EG 1
and EG II activity had been deleted, caused less random hydrolysis (i. e. increased exo
type activity) than the total crude mixture. Nevertheless, it solubilized cotton as
effectively as the total crude mixture. This C-EGs did however retain some endo type
activity which was possibly due to the endo character of both CBH I and IT and also due
to the undeleted EG Il and V.

Since it is important to maintain fibre strength in most textile applications it does not
appear to be appropriate to increase the endo activity of cellulases intended for cotton
processing. There may however be advantages for low endoglucanase or endoglucanase
free mixtures especially where substantial weight loss may be required to achieve
softness or de-pilling without serious loss of strength.

The short treatments, as used in textile applications, keep the changes at the fibre surface
while the long ones affect the internal structure of the fibre.

ESEM studies have revealed that the fibre retraction and twisting behavior of untreated
fibres is absent after long treatments.

ACKNOWLEDGMENTS

We thank Primalco Ltd for kindly supplying the special crude cellulase mixtures used in
this work. We also thank Dr. C. Carr of UMIST and Mr. C. Gilpin of the Electron
Microscopy Unit, Biological Sciences Department, Manchester University, for their



234  Physical and chemical processing of fibre and fibrous products

help with the ESEM work. The authors are grateful to the British Council/Portuguese
Universities Rectors Council for the grants under the Treaty of Windsor scheme which
enabled the development of this paper.

REFERENCES

1 - Cavaco-Paulo, A. and Almeida, L., (1994) Nova Téxtil, 32, 34-38

2 - Almeida, L. and Cavaco-Paulo, A., (1993) Melliand Textilber., 74, 404-407

3 - Murata, M., Hoshino, E., Yokosuka, M. and Suzuki, A., (1993) Jour. Am. Oil
Chem. Soc., 70, 53-58

4 - Enzyme Nomenclature (1978), Academic Press, New York

5 - Enari, T. and Niku-Paavola, M., (1987) CRC Critical Reviews in Biotechnology,
CRC Press 5(3) 67-87

6 - Nevalainen, H., Pentilld, M., Harkki, A., Teeri. T. and Knowles J., (1991) In
Molecular Industrial Mycology, chap. 6, 129-148, edited by S. Leong and R. Berka,
Mercel Dekker

7 - Ward, M., Wu, S., Dauberman J., Weiss, G., Larenas, E., Bower, B., Rey, M.,
Clarkson, K and Bott R., (1993) In Trichorderma reesei Cellulases And Other
Hydrolases, edited by P. Suominen, T. Reinikainen, Foundation for Biotechnical and
Industrial Fermentation Research - Finland, 8, 153-158

8 - Saloheimo, A., Henrissat, B. and Pentilld, M., (1993) In Trichorderma reesei
Cellulases And Other Hydrolases, edited by P. Suominen, T. Reinikainen, Foundation
for Biotechnical and Industrial Fermentation Research - Finland, 8, 139-146

9 - Evans, E., Wales, D., Bratt, R. and Sagar, B., (1992) J. Gen. Microbiol., 138,
1639-1646

10 - Standart Proposal UNE 57.039

11 - Chidambareswaran, P., Sreenivasan S. and Patil N., (1987) Textile Research
Journal, April, 219-222

12 - Ghose, T., (1987) Pure and Applied Chem., 59, 257-268

13 - Nidetzky, B., Steiner W., Hayn, M. and Claeyssens, M., (1993) In Book of
Abstracts of TRICEL 93, A12, June 2-5, Majvik, Finland

14 - Biely, P., Vrsanka M. and Claeyssens, M., (1993) In Trichorderma reesei
Cellulases And Other Hydrolases, edited by P. Suominen, T. Reinikainen, Foundation
for Biotechnical and Industrial Fermentation Research - Finland, 8, 99-108

15 - Cavaco-Paulo, A. and Almeida, L., (1994) Biocatralysis, 10 353-360

16 - Cavaco-Paulo, Almeida, L., (1994), Paper presented at 204th ACS Meeting - Cell
Div., S. Diego, CA.

17 - Ramos, L., Nazhad, M.and Saddler, J., (1993) Enz. Microb. Tec., 15, 1-11

18 - Finch, P., (1985) In Cellulose Chemistry and its Applications, edited. by T. P.
Nevell, S. H. Zeronian, pp. 312-343, John Wiley & Sons

19 - Sagar, B. F. (1985) In Cellulose and its Derivatives: Chemistry, Biochemistry and
Applications, edited by J. F. Kennedy, G. O. Phillips, D. J. Wedlock & P. A.
Williams, pp. 199-207, Ellis Horwood

25 Characterisation of paperboard
designed for liquid containment
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Introduction

Many types and forms of polymers are used extensively in toqay's pac
need for extended self life along with special packaging criteria, means
required has to change to meet these needs. This is clearly evident in th
products. Liquid producers require packages that are cheap, strong. aes
and environmentally sound. By using virgin and recycled paperboarc
advanced multi-layer polymer coatings, these criteria can be met by ""?
The main polymers that have been used to fulfil these requirements are:

» Poly(propylene)
 Poly(ethylene)
» Ethylene-vinyl alcohol copolymer

These polymers have been adapted, using new coating technology. tor
of coatings that give the barrier properties that enable many types of liqu

These coating formulations are now established for the packaging
'aggressive' liquid products. However, the need to pack more ‘'chemically
growing and so new coating technologies will need to be developé
industries.

This paper shows a range of results from various techniques that
characterise three packaging systems. Characterisation of these produc
for future advancement.

The results will show why and how more ‘chemically aggressive liquid



