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Introduction

The textile industry has used enzymes
to remove starch sizing for over 50
years. Over the last ten years, the textile
industry has become familiar with the
use of cellulases for stone-washing blue
jeans, and more recently for finishing of
fabrics and garments made on cotton,
linen, lyocel and other cellulosic fibres
[1,2]. In the modern textile technology
finishing process, employing environ-
mentally friendly, fully biodegradable
enzymes can replace a number of
mechanical and chemical operations
which have hitherto been applied to
improve the comfort and quality of tex-
tile materials [3,4]. The expected techni-
cal advantages resulting from the utili-
sation of specified enzymes for fabric
finishing are as follows:

a cleaner fabric surface with less

fuzz,

a more even fabric surface appear-

ance,

areduced tendency to pill formation,

an improved hand,

unique softness when combined

with traditional softeners,

a more environmentally responsible

means of treating textiles.

Many of the latest development studies
on textile enzyme producers have been
focused on improving the characteris-
tics of cellulosic textile materials with
cellulase preparations. New enzyme
products are still being developed for
the finishing process of cellulosic mate-
rials based on cotton, linen, viscose, lyo-
cel and their mixtures and blends with
synthetic fibres. The target of biofinish-
ing is to remove all impurities and indi-
vidual loose fibre ends that protrude
from the fabric surface simultaneously
in order to retain the strength of fabric
at an acceptable level [5-7].
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An enzyme-based process was applied in finishing viscose fabrics, which are very susceptible to pilling
because of individual loose fibres ends which protrude from surface, and impurities and fuzzes. A com-
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from the Trichoderma reesei strain prepared at VTT Biotechnology, Finland were used for modification
of viscose-woven fabrics. This paper presents some results of studies concerning the estimation of the
effect of enzymatic treatment on the changes in molecular and morphological structure of viscose-

woven fabrics.
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The Institute of Chemical Fibres in
L6dz, Poland specialises in processing
and modifying natural polymers, espe-
cially cellulose, for the manufacture of
cellulosic fibres and the processing of
man-made fibres. The Institute belongs
to the international consortium of
COST ACTION 847 entitled “Textile
Quality and Biotechnology”, which is
engaged in searching for new biotech-
nological processes useful for the tex-
tile industry. While carrying out these
studies, a new method for finishing
cellulosic fibres by enzymes has been
investigated.

The biomodification of fibres and fab-
rics has been carried out by specially
selected cellulase and xylanases from
Trichoderma strains. On the basis on
these studies, it was found that the
enzymatic treatment of cellulosic fibres
caused small changes in structural and
mechanical properties, accompanied
by significant changes in the microto-
pography of fibre surface [8-10].

VTT Biotechnology in Espoo, Finland
within the COST ACTION 847 pro-
gramme conducted studies on devel-
oping new cellulases purified from

Table 1. Some properties of viscose woven fabric produced by Dolwis, Poland modified by commercial

cellulase.
Mechanical properties
Type of fabric Enzyme Weight DP WRYV, breaking breaking force strain
type loss, % % force, per cm, extension,
daN daN/cm %
Initial viscose fabric A

24 . 19. 7. .
(92 g/m?) 3 80.3 9.5 8 36.5
Modified viscose fabric A’ Econase CE 1.35 314 79.4 16.3 6.5 41.8

Table 2. Some properties of viscose woven fabric produced by Melocoton, Finland modified by VIT
experimental enzymes (EGII - endoglucanase, CBHI - cellobiohydrolase, CELL.F - cellulase-enriched

endoglucanase).
Mechanical properties

Type of fabric Enzyme | Weight DP | WRV, | yreaking | breaking force | strain

type loss, % % force, percm, |extension,
daN daN/cm %
Initial viscose fabric B

(102 g/m?) 502 50.3 31.8 12.1 13.6

Modified viscose fabric B EGIl 0.87 509 50.9 23.7 9.5 11.6

CBHI 0.90 519 50.4 304 12.2 13.7

CELL.F 1.32 547 49.6 21.9 11.2 13.8
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Figure 1. Molecular weight distribution; A - initial viscose fabric A;
B - treated by Econase CE; C - Individual fibres after treatment.

Trichoderma reesei for the biofinishing of
natural and man-made fibres [11].

This paper presents some results of the
common studies of IWCh and VTT
realised within the COST ACTION 847

Table 3. Molecular characteristic of viscose woven fabric modified by commercial cellulase.

Type of fabric Type of enzyme

wioa
di
og
B.C wos3
A
02 c
B
01 b
55 65 0
log M 15 25

programme which concern the estima-
tion the effect of enzymatic treatment
using commercial and experimental
cellulases on the changes of molecular
and morphological structure of viscose

3.5 4.5 5.5 6.5
logM

Figure 2. Molecular weight distribution; A - initial viscose fabric B;
B - treated by endoglucanase EG II; C - treated by celobiohydrolase CBH I;
D - treated by cellulase F.

m Materials and Methods

A commercial enzyme of cellulase type
Econase CE (R6hm Enzyme Finland
Oy) and experimental cellulases such

woven fabrics. as endoglucanase II (EGII), cellobiohy-
drolase I (CBHI) and cellulase enrich-
ed with EGII (Cell. F) from the
Trichoderma reesei strain prepared at
VTT Biotechnology, Finland were used

Molecular characteristic e o .
for modification of viscose-woven fab-

W,x10°) WM, x103 pd | DP, Percentage of DP fraction  rjcs produced by DOLWIS, Poland and
200> |200-550| >550 = Melcoton Oy, Finland.
Initial viscose fabric A 22.7 40.1 1.8 | 248 52 40 8 . . .
- : Enzymatic treatment of viscose fabrics
Modified viscose fabric A| Econase CE - cellulase] 21.3 39.2 | 1.8 242 54 39 7 Viscose-woven fabrics were exposed to
Residual modified fibres | Econase CE - cellulase| 21.3 39.4 |1.9| 243 | 54 39 7 the action of the enzyme solution in an

Table 4. Molecular characteristic of modified viscose fabric modified by VTT experimental enzymes
(EGII - endoglucanase, CBHI - cellobiohydrolase, CELL.F - cellulase-enriched endoglucanase).

acetic buffer of pH=4.8 at temperature
of 50°C by the dynamic method in a
Linites machine under the following
process conditions:

= The modulus of Econase CE activity

Molecular characteristic (of endo-1,4-B-glucanase) to the sam-
i Type of i 1 ight (E/S lled 100 U/,
Type of fabric - - = Percentage of DP fraction ple weight (E/S) equalle &
enzyme | M,x103 M,x103 pd | DP, = The dosage of Econase CE was 8 mg
200> | 200-550 | >550 . .
of total protein per gram of fabric.
Initial viscose fabric B 22.3 n3 3.2 440 4 35 24 =« The dosages of experimental enzy-
Modified viscose fabric B| EGIl | 265 737 | 28 | 455 36 37 27 mes (EGII, CBHI and Cell.F) were 5
CBHI | 224 66.2 29 209 12 35 23 mg of total protein per gram of fab-
ric.
CELL.F | 28.2 1.2 25 440 37 38 25 = The time of reaction was 60 min.

Econase cellulase

15KU X1e8

initial viscose fabric

modified viscose fabric

residual modified viscose fibres

Figure 3. SEM appearance of modified viscose fabric A modified by Econase CE.
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Figure 4. Microscopic photo of residual particles after enzymatic treatment of viscose fabric A.

After the treatment, the enzyme solu-
tion was filtered, and the fabrics were
washed, first with hot water and then
several times with cold water. The fab-
rics were dried at a temperature of
20+2°C.

Analytical methods

The content of reducing sugars in
enzyme solutions was assessed by a
colorimetric method with dinitrosali-
cylic acid (DNS) [12]. The endo-1,4-B-
glucanase activity of the cellulases was
estimated by the colorimetric method
with caroboxymethylcellulose (CMC)
used as a substrate [13].

The fabric weight loss was assessed by
the gravimetric method. The average
polymerisation degree ( DPv) was
estimated by the viscometric method
with an alkali sodium-ferric-tartrate
solution (EWNN) [14]. The a-cellulose
content was determined in a sodium

hydroxide solution according to the
Polish Standard [15]. The water reten-
tion value (WRV) was estimated by the
gravimetric method [16]. The molecu-
lar weight distribution was deter-
mined by gel permeation chromatog-
raphy using a GPC system consisting
of an HP 1050 pump and an HP 1047
refractive detector [17].

The mechanical properties of fabrics
such as breaking force, breaking force
per cm and strain extension were mea-
sured using an Instron 5544 machine
in the weft direction using the Polish
Standard [18].

The appearance of the fabric’s surface
before and after enzymatic treatment
was examined using a Jeol JSM-35C
(Japan) scanning electron microscope
at 100X magnification. The presence of
residual fibrous particles in the
enzyme solution after treatment were

estimated by a BIOLAR ZPO (Poland)
type polarisation microscope with a
IMAL computer analyser.

m Results

The results of previous studies on the
biomodification of cellulosic fibres [19]
such as viscose, Lyocel, and Celsol
which were conducted in the Institute
of Chemical Fibres formed the basis for
the experiments concerning the appli-
cation of cellulases for finishing vis-
cose woven fabrics. Investigations
related to the modification of viscose
fabrics (A and B) on a small lab scale
were carried out both in the presence
of commercial cellualse (Econase CE)
and experimental enzymes (EGII,
CBHI and CELL.F) from Trichoderma
reesei strains at 50°C for 60 min. with
continuous shaking. The course of the
biomodification process was evaluated
on the basis of molecular and morpho-

initial

Figure 5. SEM of viscose fabric B modified by: a) endoglucanase EG II, b) celobiohydrolase CBH 1, c) cellulase CELL.F.
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logical characteristics as well as

mechanical properties.

Some results of the studies concerned
with the estimation of the effect of cel-
lulases used on the changes of fabric
properties (i.e. average polymerisation
degree DPv, water retention value
WRY, weight loss, breaking force and
strain extension) are presented in
Tables 1-2.

On the basis of the results obtained
(Table 1), an insignificant degradation
process during the treatment of viscose
fabric (A) with Econase CE was
observed, which leads to a decrease in
the average polymerisation degree from

DPv=324 for initial fabric to

DPv=314 for the biomodified, and also
to an increase in weight loss to 1.4%.

The purified enzymes EGII and CBHI
as well as CELL. F which were used for
the treatment of viscose fabric (B)
(Table 2) caused slight weight loss
ranging from 0.9 t01.3%, and also to an
increase in the average polymerisation
degree, from DPv=502 for the initial
to DPv=>547 for the modified fabric by
CELL.E which resulted mainly from
the solubilisation of low molecular
fractions. Neither the commercial nor
the experimental cellulases used
affected the water retention value of
the modified fabrics in comparison to
the untreated ones.

The practical application of enzymes
for fibre/fabric modification is strongly
connected with estimating the
changes in mechanical properties
occurring during treatment. On the
basis of the results presented in Table 1
and 2, it was observed that the break-
ing force of modified viscose fabric (A)
dropped by about 17%, whereas the
breaking force of viscose fabric (B)
decreased by 25% with EGII, 4% with
CBHI and 12% with CELL. F in com-
parison to the initial. The strain exten-
sion of viscose fabric (A) increased by
about 15% after Econase CE treatment,
and that of viscose fabric (B) decreased
by about 15% with EGII, and was per-
manent with CBHI and CELL. E
Further investigations concerning the
biomodification of viscose fabrics by
Econase CE will focus on estimating
process conditions which will cause
any changes in mechanical properties.

To determine the structural changes of
fabrics which occurred as a result of
cellulase action, the molecular charac-
teristic of initial and biomodified vis-
cose fabrics was estimated by gel per-
meation chromatography (GPC). The
results obtained are presented in
Tables 3-4. The functions of molecular
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weight distribution of these fabrics are
shown in Figures 1-2.

Based on the results obtained, it was
found that no significant changes in
the molecular structure of viscose fab-
rics (A and B) were caused after enzy-
matic treatment as can be clearly seen
in Figures 2 and 3.. Some of the resid-
ual modified fibres which occurred in
enzyme solution after fabric treatment
are characterised by molecular para-
meters on the same level as for modi-
fied fabric (Table 1).

Within the studies of the biomodifica-
tion process, the surface changes of
viscose-woven fabrics treated with
both commercial and experimental cel-
lulases was evaluated using scanning
electron microscopy (SEM). Some
residual particles appeared in the
enzyme solution after treatment of vis-
cose fabric (A) was estimated using the
polarisation microscope. The results
obtained are presented in Figures 3-5.

Based on the results, it can be noted
that the surface of initial viscose fabric
(A) is characterised by the presence of
protruding individual fibre ends and
impurities, which must be removed in
order to improve the fabric quality.
Application of cellulase type Econase
CE to treat the viscose fabric cleanses
its surface by removing both the indi-
vidual fibres (Figure 3) as well as impu-
rities and fuzzes (Figure 4). When the
purified cellulases (EGII, CBHI and
CELL.F) are applied, no significant
changes in the microtopography of
modified viscose fabric (B) are
observed (Figure 5).

To summarise, it can be concluded that
for the experimental cellulases used, it
is necessary to optimise the parame-
ters of the enzymatic process in order
to improve the effect of cleaning and
smoothing of woven fabrics.

Conclusions

Based on the results obtained, it was
found that no significant changes in
the molecular structure of modified
viscose fabrics were caused after
enzymatic treatment with either
commercial or experimental cellu-
lases.

On the basis of these studies, we can
state that enzymatic treatment car-
ried out in presence of cellulase type
Econase CE allows smoothing of the
surface of viscose fabric, and the
removal of impurities and individual
loose fibre ends which protrud from
the surface of the untreated fabric.
Further investigations related to the
scope of the problems discussed will

be devoted to improving the para-
meters of the viscose fabric’s bio-
modification, in order to eliminate
the effect of enzymes on the changes
in the mechanical properties of the
fabrics.

o

Acknowledgement

The investigations presented were carried out
within the scope of research project SPUB
No.441/E-155/SPUB-M/COST/T-09/DZ  151/2001-
2003, supported by the Polish State Committee for
Scientific Research.

References

1. A. Cavaco-Paulo, L. Almeida, D. Bishop, Textile
Res. J. 66, 287 (1996).

2. B. Evans, I. Lee, J. Woodward, S. Fox, in
"Enzyme Applications in Fiber Processing”,
ACS Symp. Series., American Chemical
Saciety, Washington DC, 1998, p. 228.

3. R. Pyé, |. Romanowska, E. Galas, J. Sdjka-
Ledakowicz, Fibres & Textiles in Eastern
Europe, 7, 1(24), 54, (1999).

4. A. Cavaco-Paulo in K.L. Eriksson, A. Cavaco-
Paulo eds., ACS Symp. Series., American
Chem. Soc., Washington DC, 1998, p. 180.

5. J. Morgado, A. Cavaco-Paulo, Textile Res. J.
70(8), 696 (2000).

6. 1. Hardin, L. Yonghua, D. Akin, in “Enzyme
Applications in Fibre Processing” ACS Symp.
Series.,  American Chemical  Society,
Washington DC, 1998, p.190.

7. A. Miettinen-Qinonen, J. Pere, M. Elovainio, A.
Ostman, M. Paloheimo, P  Suominen,
Proceedings of the World Textile, Institute
Conference, Tampere, Finland, 1996, p.197.

8. K. Guziiska, D. Ciechariska, H. Struszczyk,
Fibres & Textiles in Eastern Europe, 10, 2(37),
77, (2002).

9. D. Ciechaniska, H. Struszczyk, G. Strobin, K.
Guziriska, 15t Annual Workshop COST ACTION
847 “Textile Quality and Biotechnology”,
Madeira, Portugal, Oct. 2001.

10. D. Ciechariska, H. Struszczyk, K. Guziriska, 2"
Annual Workshop COST ACTION 847 “Textile
Quality and Biotechnology”, Villa Olmo, Italy,
Oct. 2002.

11. A. Miettinen-Oinonen, A. Puolakka, J. Pere, P
Nousiainen, J. Buchert, 2" Annual Workshop
COST ACTION 847 “Textile Quality and
Biotechnology”, Villa Olmo, ltaly, Oct. 2002.

12. G. L. Miller, Analytical Chem., 31, 426, (1959).

13. “Methods for Measuring Enzymes Activities”,
Finnish Sugar Co. Ltd., Biochem. Division,
Finland.

14. K. Edelman, E. Horn, Faserforschung Textil-
tech., 7, 153, 1953.

15. Polish Standard PN-62/P-50099.

16. R. Ferrus, P, Fayes, Cell. Chem. Techn., 11, 663,
1977.

17. J.L. Ekmains, Am. Lab. News, 10, 1987.

18. Polish Standard PN-88/P-04626.

19. Report of project SPUB-M/COST 847, IWCh,
Lodz, Poland, 2002

0 Received 12.11.2002 Reviewed: 13.12.2002

63





