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n Introduction 
The technical progress observed recently 
in the textile industry is intended to make 
manufacturing processes friendlier to the 
environment. Therefore, technologists 
and researchers are paying more and more 
attention to the possible use of enzymes 
in finishing processes, as these natural 
agents undergo complete degradation in 
effluents [1,2]. By using enzymatic agents 
in finishing processes, one can obtain 
textile goods with an improved comfort of 
use (a soft handle or feel, decreased fabric 
weight, reduced tendency to pilling) and 
increased lustre, as well as reduced shrink-
age in the case of wool fabrics [3-8].

The major problem in using enzymatic 
agents is their correct selection from 
the point of view of the effects obtain-
able during treatment [9]. Chemically, 
enzymes are colloidal macromolecular 
compounds consisting exclusively of a 
homogeneous protein substance (mono-
component enzymes) or two or three 
components – protein and non-protein 
substances known as the prosthetic group 
(bi- or multi-component enzymes).

Enzymes are mostly classified on the 
basis of the reaction they catalyse. Simi-
larly, the names of enzyme groups or 
particular enzymes are derived from the 
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name of the reaction or the compound 
which undergoes enzymatic effects. 
Therefore, the group of enzymes which 
catalyse the hydrolysis of substrates into 
simpler compounds with water is called 
hydrolases, while the enzymes which de-
compose ester bonds are called esterases, 
the enzymes catalysing pectin hydrolysis 
are pectinases, cellulose hydrolysis - cel-
lulases, etc. [10-11]. 

The large dimensions of enzyme mol-
ecules and their spatial arrangement re-
duce their abilities to penetrate the com-
plex fibre structure. However, in the view 
of some authors, the action of enzymes 
on fibres results in the disturbance of 
fibre structure which, depending on the 
treatment intensity, assumes the form of 
partial fibrillation or superficial defibril-
lation, due to the enzymatic hydrolysis of 
the fibre material [12-16].

In the textile industry, flax fibres are 
mostly processed as technical or indus-
trial fibres. The share of partly disinte-
grated complex fibre (cottonine) in textile 
processing is still relatively low. One 
should believe that the trends towards 
more ‘delicate’, thinner and softer fabrics, 
as well as towards extending the range of 
blended fabrics of flax and other fibres, 
will promote the introduction of higher 
amounts of complex and even elementary 
flax fibres into textile processing [17-20]. 

The quality of the final technical flax 
fibre (either complex or elementary) will 
be affected by all the processes used in its 
isolation, in addition of course to the spe-
cific features of the raw material result-
ing from the plant’s botanical variety and 

the conditions of its growth. The quality 
of the final technical fibre also depends 
on the structure of the elementary fibres, 
and their arrangement and combination 
in bunches and in the bundle of technical 
fibres [21-22].

Considering the effects of enzymatic 
treatments of cellulose fibres, one may as-
sume that major changes will result from 
the removal of non-cellulose substances 
present in the fibres in various amounts 
as well as those resulting from cellulose 
decomposition and its partial elimination 
from fibres. These changes will be fol-
lowed by the modification of the fibre’s 
morphological structure and properties 
(especially surface properties) which will 
be shown in different properties of the 
final products (above all, yarns). 

The aim of the present study was to ex-
amine the effect of enzymatic treatment 
on the morphological structure and prop-
erties of flax fibre, and the metrological 
parameters of the yarn made of this fibre.

n Experimental
Materials 
Fibres and yarns 
Flax roving with a sliver thickness of 750 
tex and wet-spun carded flax yarn with 
the characteristics given in Tables 1 and 
2 were used in the examinations.

Enzymes applied
Two enzymatic agents of a cellulolytic 
character and one enzymatic agent of 
a pectinolytic nature were used in the 
treatments:
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§ Tinozym CEL of Ciba Geigy A.G. [23],
§ Cellulosoft Ultra L of Novo Nordisk [24],
§ BioPrep L of Novo Nordisk [24].

Methods
Characteristics of the enzymatic agents 
activities
The activity of endo-1,4-β-gluconase 
indicates the enzyme capability to hy-
drolyse 1,4-β-glycoside bonds resulting 
in the formation of cellooligosaccharides 
which are decomposed by cellobiohydro-
lase and -β-glycosidase into polysaccha-
rides and then to simple sugars (Table 3). 
According to the literature data, this re-
sults in the hydrolysis of 1,4-β-glucoside 
bonds of cellulose macromolecule in its 
middle fragments [3]. 

The activity of pectinolytic agent Bio-
Prep L, according to its manufacturers, 
is given by the indicator 3000 APSU/g 
(Alkaline Pectinase Standard Unit). The 
activity of BioPrep L was determined in 
accordance with the standard EB-SM-
0419.02 [24].

Application conditions of enzymatic 
agents 
Table 4 shows the conditions of enzyme 
application as proposed by their manu-
facturers. The enzymatic treatment was 
run either before or after fibre bleaching 

with hydrogen peroxide carried out ac-
cording to the following recipe: 5 ml/l of 
35% H2O2, 2 ml/l of water glass, 1 g/l of 
NaOH, 0.5 g/l of Pretepon G, bath ratio 
50:1 (samples 8, 11, 26), bath ratio 20:1 
(samples 9, 12, 27), temp. 90°C, time - 1 
hour, rinsing with water, neutralisation 
with a water bath containing 3 ml/l of 
CH3COOH 50%.

The effects of enzymatic fibre treatments 
(treatment before the bleaching process 
- samples 8, 11, 26; treatment after the 
bleaching process - samples 9, 12, 27) 
were compared with those obtained in fi-
bre bleaching without enzymes (sample 2 
in Tables 5-10) and to the sample of raw 
fibres (sample 0 in Tables 5-10).

Testing the selected samples of flax fibre 
and yarn properties
The following properties of the flax fibre 
and yarn which were subjected to the 
preliminary treatments and bleaching 
process were determined:
§ electron microscope observations of 

fibre cross-sections and longitudinal 
views to assess the degree of elemen-
tary filament separation, purification 
of their surface and the extent of pos-
sible fibre damage on a macro scale,

§ determination of the average polym-
erisation degree to assess the extent of 
fibre destruction [25],

§ quantitative determination of the fibre 
chemical composition (lignin, pectin 
and hemicellulose contents) to assess 
the degree of non-cellulose substance 
removal [26],

§ fibre weight loss assessment, [27],
§ tensile strength of yarn [28],

§ yarn flexural rigidity [29],
§ degree of fibre whiteness [30],
§ fibre wettability in water [31].

n Results 
The results of the performed tests are 
given in Tables 5-10 and illustrated in 
Figures 1-4.

n Discussion 
Assessment of changes in the morpho-
logical structure of flax fibre 
Based on the results illustrated in Figures 
1- 4, concerning the cross-sections and 
longitudinal views of flax fibres sub-
jected to various variants of preliminary 
treatment in the form of yarn, we may 
conclude that:
§ The yarn treatments applied result in 

different degrees of fibre disintegra-
tion in the complexes of technical 
fibres forming the yarn, different de-
grees of fibre purification from lignin 
and pectin substances, and different 
degrees of changes in the fibre sur-
face.

§ The bleaching of flax fibre with hy-
drogen peroxide (with the use of the 
cellulolytic enzyme Tinozym CEL) 
leads to a good separation of fibres; 
there are no larger complexes of 
fibres; the fibre surface is well-puri-
fied, and a clear ‘digestion’ of the fibre 
surface is observed.

§ The peroxide bleaching of flax fibre 
with the use of the cellulolytic enzyme 
Cellulosoft Ultra L causes the degree 
of fibre separation to increase; a low 
quantity of accompanying substances 
appears; changes are observed within 
the areas of the fibre knees, as is a 
clear ‘digestion’ of the fibre surface. 

§ The peroxide bleaching with the use 
of the pectinolytic enzyme Bio Prep L 
causes the fibre complexes to disinte-
grate; fibres in complexes are clearly 
separated; fibre surfaces are smooth, 
well-purified from non-cellulose sub-
stances.

The comparative analysis of the results 
from the point of view of the degree of 
fibre separation, surface purification and 
changes shows that the most advanta-
geous variants of treatment include the 
peroxide bleaching with the use of enzy-
matic agents such as Tinozym CEL and 
Bio Prep L.

Assessment of changes in the quantita-
tive chemical composition of the fibre
Based on the changes in the quantitative 
chemical composition of flax fibre (Ta-

Table 1. Characteristics of flax roving used. 

Quantitative and chemical compositions Unit Value 
Combed wet-spun flax 25 x 84 % 66.0
Combed retted flax 25 x 50 % 17.0
Combed retted flax 25 x 84 % 17.0
Hemicellulose content % 16.0
Lignin content % 4.5
Pectins content % 1.5
Polymerisation degree of cellulose - 3510

Table 2. Metrological parameters of yarn and its chemical constitution. 

Parameter investigated Unit Value of index
Linear density tex 120
Tensile strength cN 1777.8
Tenacity cN/tex 14.82
Flexural rigidity μN.m2 0.241
Whiteness degree % 6.7
Polymerisation degree of cellulose - 3220
Content of hemicellulose % 12.6
Content of lignin % 2,6
Content of pectins % 1,36

Table 3. Activities of the cellulolytic enzymes. 

Enzymatic agent Activity of endo-1,4-β-
gluconase, U/dm3 

Tinozym CEL 542.5
Celluosoft Ultra L 500.0
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bles 5 and 6) in terms of fibre purification 
from non-cellulose substances, we may 
conclude that:
§ The most effective variant of flax 

fibre treatment is the one which uses 
pectinolytic enzyme Bio Prep L in 
the peroxide bleaching process, when 
the enzymatic treatment is used either 
before or after the bleaching process 
(samples 26 and 27).

§ A similar degree of fibre purifica-
tion from non-cellulose substances 
is obtained in the peroxide bleaching 
process preceded by the preliminary 
treatment with the cellulolytic enzyme 
Cellulosoft Ultra L (sample 12).

§ The most extensive changes caused by 
the applied fibre treatments concern 
the hemicellulose content, while the 
content of the other substances is only 
slightly changed.

§ The peroxide bleaching in the conven-
tional version appears to be the least 
effective fibre treatment in terms of 
hemicellulose removal.

Assessment of the average polymerisa-
tion degree of cellulose
The results of the polymerisation degree 
of flax fibre cellulose given in Tables 5 
and 6 indicate that these changes depend 
on the treatment variant.
§ The average polymerisation degree of 

cellulose in the case of bleaching aid-
ed with the enzymatic treatment de-
pends on the type of the enzyme used.

§ The highest value of the average 
polymerisation degree of cellulose 
(DP=2900-2920), indicating the low-
est fibre damage, is obtained in the 
peroxide bleaching with the use of 
BioPrep L.

§ A slight decrease in DP to 2560-2620 
is observed in the peroxide bleaching 
with the use of the Enzyme Tinozym 
CEL.

§ The applied variants of fibre bleach-
ing with the use of the enzymatic 
agent Cellulosoft Ultra L result in 
considerable decreases in the average 
degree of cellulose polymerisation 
(DP=1974-2093).

Assessment of changes in the physical 
properties of flax fibre and yarn
Linear density of yarn 
Based on the data given in Tables 7 and 8, 
one can observe that:
§ The fibre weight loss is strongly de-

pendent on the type of fibre treatment.
§ The highest weight losses, at levels of 

20.7% and 23%, are observed in the 
peroxide bleaching aided with the cel-
lulolytic enzyme Tinozym CEL.

§ Weight losses at a level of 16% take 
place in the peroxide bleaching aided 

with the cellulolytic enzyme Cellulos-
oft Ultra L.

§ The lowest weight losses (compa-
rable to those in the conventional 
peroxide bleaching, i.e. 10-11%) are 
observed after the peroxide bleach-
ing aided with the enzyme BioPrep L, 
irrespective of whether the enzymatic 
treatment is used before or after the 
bleaching process.

Assessment of changes in the yarn 
tenacity
The results of yarn tenacity given in Ta-
bles 7 and 8 show that:
§ The highest tenacity (over 16 cN/tex) 

is shown by the yarn after peroxide 
bleaching aided with the enzymatic 
agent Tinozym CEL.

§ In the case of bleaching aided with 
the enzymatic agents Tinozym CEL 

Table 4. The enzymes application conditions. 

Trade name Dosage pH Temperature, °C Process duration, min 
Tinozym CEL 1-2 g/dm3 4.5 - 5.5 45 - 55 40 - 60
Cellulosoft Ultra L 0.2 - 0.8% 5 - 6 45 - 60 45 - 75
BioPrep L 0.3% 8 - 9 60 - 65 60

Table 5. Results of chemical composition, weight loss and average degree of cellulose 
polymerisation of flax fibre after bleaching with hydrogen peroxide aided with cellulolytic 
enzymes. 

Sample 
No.

Content of 
lignin, 

% 

Content of 
pectin, 

% 

Content of 
hemicellulose, 

% 

Weight loss, 

% 

Average polymerisation 
degree of cellulose

0 2.6 1.36 12.6 - 3220
2 1.5 0.44 4.9 10.0 2676
8 1.3 0.60 1.7 23.0 2560
9 1.5 0.49 2.8 20.7 2620
11 1.4 0.48 2.8 16.0 1974
12 1.2 0.54 1.5 16.2 2093

Table 6. Results of chemical composition, weight loss and average degree of cellulose 
polymerisation of flax fibre after bleaching with hydrogen peroxide aided with pectinolytic 
enzyme. 

Sample
No.

Content of 
lignin, 

% 

Content of 
pectin, 

% 

Content of 
hemicellulose, 

% 

Weight loss, 

% 

Average polymerisation 
degree of cellulose

0 2.6 1.36 12.6 - 3220
2 1.5 0.44 4.9 10.0 2676

26 1.7 0.59 1.2 10.9 2900
27 1.6 0.40 0.7 11.4 2920

Table 7. Results of metrological parameters of flax yarn after bleaching with hydrogen 
peroxide aided with cellulolytic enzymes. 

Sample
No.

Tensile strength, 
cN 

Linear density, 
tex 

Tenacity, 
cN/tex 

Flexular rigidity, 
μN.m2 

0 1777.8 120.0 14.82 0.241
2 1580.5 108.0 14.63 0.125
8 1510.4   92.4 16.34 0.079
9 1540.3   95.1 16.19 0.094
11 1389.0 100.8 13.78 0.058
12 1412.0 100.6 14.04 0.065

Table 8. Results of metrological parameters of flax yarn after bleaching with hydrogen 
peroxide aided with pectinolytic enzyme. 

Sample
No.

Tensile strength, 
cN 

Linear density, 
tex 

Tenacity, 
cN/tex 

Flexular rigidity, 
μN.m2 

0 1777.8 120.0 14.82 0.241
2 1580.5 108.0 14.63 0.125

26 1344.9   92.7 14.50 0.093
27 1281.0 106.0 12.08 0.087
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and Cellulosoft Ultra L, the enzymatic 
treatment applied after the bleaching 
brings about no differences in the val-
ues of yarn tenacity.

§ The enzymatic treatment with Bio-

Prep L after the bleaching process 
causes the yarn tenacity to fall more 
(by about 2.5 cN/tex) than when the 
enzymatic treatment is used before the 
actual bleaching.

Changes in the flexural rigidity of flax 
yarn
From the data given in Tables 7 and 8 it 
follows that:
§ The lowest values of yarn flexural ri-

gidity are obtained after the peroxide 
bleaching aided with the cellulolytic 
enzymes. The most effective agent in 
decreasing the yarn flexural rigidity 
is Cellulosoft Ultra L (rigidity index: 
0.058 µN/m2), with the rigidity index 
of the initial yarn being at a level of 
0.241µN/m2. Less effective in these 
terms is the peroxide bleaching aided 
with the pectinolytic enzyme (0.087 
- 0.093 µN/m2). 

§ Using the enzymatic treatment with 
the cellulolytic enzyme Tinozym CEL 
before the bleaching with hydrogen 
peroxide, one can obtain flax yarn 
with a lower rigidity than when this 
agent is applied after the bleaching.

§ The peroxide bleaching aided with the 
pectinolytic enzyme BioPrep L used 
after the bleaching allows a yarn to be 
obtained which is softer than when the 
enzymatic treatment is used before the 
bleaching.

§ The least effective variant in decreas-
ing the yarn rigidity is the conven-
tional bleaching process.

Assessment of the whiteness degree of 
flax fibre and yarn
The results of the whiteness degree of 
flax fibre and yarn after the treatments 
according to the accepted variants, given 
in Tables 9 and 10 allow us to come to the 
following conclusions:
§ The bleaching of flax yarn by the con-

ventional peroxide process makes it 
possible to obtain a whiteness degree 
of 36%.

§ The peroxide bleaching aided with the 
enzymatic treatment causes the white-
ness degree of yarn to increase up to 
45-53%.

§ When the cellulolytic enzyme 
Tinozym CEL is applied before the 
peroxide bleaching, the whiteness 
degree of yarn obtained amounts to 
52%; a similar effect is obtained with 
the use of the pectinolytic enzyme 
BioPrep L.

§ In the peroxide bleaching followed by 
the treatment with the cellulolytic en-
zyme Cellulosoft Ultra L, the white-
ness degree obtained reaches 53%.

Thus, we can conclude that practically all 
the variants of peroxide bleaching aided 
with the enzymatic treatment lead to 
comparative results of whiteness degree 
oscillating around 50% (according to 
standard PN-88/P-82456 - index 1/2 of 
whiteness degree).

Figure 1. Longitudinal view and cross-section of raw flax fibre. 

Figure 2. Longitudinal view and cross-section of flax fibre after conventional bleaching 
process. 

Figure 3. Longitudinal view and cross-section of flax fibre after enzymatic treatment with 
Tinozym CEL and bleaching process. 

Figure 4. Longitudinal view and cross-section of flax fibre after enzymatic treatment with 
Cellulosoft Ultra L and bleaching process. 
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The results of the yarn whiteness degree 
discussed above concern the single-stage 
bleaching process. To obtain a higher de-
gree of whiteness, it is necessary to use 
an additional bleaching cycle. 

Assessment of the yarn wettability
Based on the results of yarn wettability in 
water given in Tables 9 and 10, we can 
state that the peroxide bleaching proc-
esses aided with the enzymatic treatments 
with both cellulolytic and pectinolytic en-
zymes result in a considerable increase in 
the fibre wettability with water, as com-
pared to those of raw flax fibre and fibre 
bleached by the conventional process.

n Conclusions 
The comprehensive assessment of the 
effectiveness of preliminary treatment 
and bleaching processes in terms of their 
effects on flax fibre and yarn properties 
leads us to the following conclusions:

§ The introduction of enzymatic treat-
ment as an assisting factor in the 
hydrogen peroxide bleaching of flax 
fibre leads to a considerable increase 
in the fibre whiteness, especially when 
the enzymatic treatment is carried out 
before bleaching. This effect consists 
in increasing the degree of fibre purifi-
cation from non-cellulose substances, 
which results in a considerable de-
crease in the yarn flexural rigidity, 
with the yarn tenacity remaining un-
changed or just slightly reduced.

§ In the case of cellulolytic agents, 
the fibre surface is changed and its 
smoothness is reduced, which may 
be considered a desirable effect in 
the system of fibre conversion into 
yarn (conventional technologies). In 
addition, there is good separation of 
fibres in the complexes of the tech-
nical fibres which form the yarn. It 
seems that, due to the changes men-
tioned concerning both technical and 
elementary fibres, the tensile strength 
of yarn is not lowered, whereas its 
weight is considerably reduced (an 
advantageous effect in terms of aes-
thetic values of the final textiles).

§ The enzymatic agent of a pectino-
lytic character brings about different 
changes in flax fibres. Its effectiveness 
is particularly high in the purification 
of fibre surface and its smoothing. 
This effect may be reflected in a 
textile fabric in the form of increased 
lustre and ‘coolness’ to the touch.
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Figure 5. Longitudinal view and cross-section of flax fibre after enzymatic treatment with 
BioPrep L and bleaching process. 

Table 9. Results of whiteness degree and 
fibre wettability in water after bleaching 
with hydrogen peroxide and aided with 
cellulolytic enzymes. 

Sample
No.

Whiteness 
degree, % 

Wettability, 
s 

0 6.7 unwettable
2 36.2 5.8
8 52.0 1.2
9 45.3 1.0
11 49.2 1.0
12 53.0 1.0

Table 10. Results of whiteness degree and 
fibre wettability in water after bleaching with 
hydrogen peroxide aided with pectinolytic 
enzyme. 

Sample
No.

Whiteness 
degree, % Wettability, s 

0 6.7 unwettable
2 36.2 5.8

26 52.1 1.0
27 45.8 1.4 Received 12.07.2002       Reviewed 24.11.2003
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