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The influence ol enzyme coneentration and treatment time on certain wool properties has been studied according (o the
Box-Hunter experimental design in order 10 better understand the wool modification caused by two different enzymatic
multi-purpose formulations (enzyme A and enzyme B). Tt is observed that enzyme concentration and treatment time exert an
influence on wool whileness, shrink resistance, weight loss and urea bisulphile solubility. The enzyme concentration has o
decisive influence on wool moedification when enzyme A is applied, and on the treatment time when enzymie B is applied.
Tensile strength propenties and SEMs suggest that enzyme B can attack the non-keratinic parts of wool libre structore. No
significant degradation ol cortical or even cuticular cells is observed afler enzyme A treatment. Accordingly, enzyme A
could be applied all over the experimental zone whereas in the case of cnzyme B, the enzyme concentration over 5% and
treatment time over 60 min should be avoided. FTIR/ATR analysis confirms that there is no significant change in the redox
state ol cystine disulphide bonds at the wool surface after the enzyme treatment.
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1 Introduction

There is currently an increased demand for
environment-friendly  wool  treatments as  an
alternative to the conventional wool treatments that
produce AOX byproducts. The use of enzymes lo
achieve wool shrink resistance, better whiteness and
improved handle is of considerable interest'’. Shrink-
resistant wool is the major priority but if enzymes are
applied at levels that provide the required shrink
resistance, the wool fibres are often unacceptably
damaged owing to irregular treatment™ ™, Enzymes
alone or in combination with hydrogen peroxide are
also successfully employed in wool bleaching'®, as
auxiliary agent in wool dyeing''", for wool handle
modification by reducing wool fibre stiffness and
pricklc"" ”, and in wool carbunizing'".

However, the knowledge of the specific action of
enzymes in  substrates  with  a  heterogeneous
morphological structure and a chemical composition,
which are characteristics ol wool, is still unsatis-
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factory. It is apparent that the resulis of enzymatic
treatments, especially with  proteases, can be
unpredictable and may lead (o unacceptable
degradation of wool fibre. Consequently, it is
essential to restrict the enzymatic action to the wool
fibre surface or retard its action to avoid the enzyme
diffusion into the wool. In other words, the enzymaltic
action on wool must be completely controlled’. The
correct experimental design and statistical methods
for analysis of the results can be very useful tool in
investigating wool enzymatic treatment”.

From both technical and practical points of view, it
is often uselul to optimize the enzymatic treatment
conditions before its industrial use. The present work
was, therefore, aimed at determining the influence of
different commercially available enzyme multi-
purpose formulations on selected wool properties. To
this end, the effect of enzyme concentration and
treatment time on the degree of whiteness, weight
loss, urea bisulphite solubility and area shrinkage was
investigated. The results were evaluated by a central
rotatable design to follow the complex experimental
conditions with more accuracy'’. Moreover, it was
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expected  that  this approach should permit the
objective  evaluation  of  some  similarity  and
differences between the cenzymes used. Tensile
strength - properties  of  enzymatically-treated  wool
were also measured. Chemical and  morphological
changes in the fibre surface were investigated by
FTIR/ATR spectroscopy and SEM respectively.

2 Materials and Methods
2.1 Materials

The knitted wool fabric (Pulligan International S.A.,
Spain) with a cover factor of 1.22 tex""/mm was
cleaned by Soxhlet extraction with dichloromethane,
rinsed with ethanol and water and equilibrated in a
conditioned  room  (20°C,  65%RH). Two specific
enzyme multi-purpose formulations were employed in
this mvestigation: (1) Bactosol WO (Clariant Iberica,
Spain), a biocatalyst based on selected enzymes (new
type hydrolase) which acts specifically on profein
fibres, leading to proteolysis. esterolysis, lipolysis and
keratinolysis (hereinafter called enzyme A); and (b)
Biosoft PW (T. S. Chemiculs. U K), a preparation of
proteolytic  enzymes  proteases  (hereinafter  called
enzyme B). All other chemicals and auxiliaries were of
laboratory reagent grade.

2.2 Methods
2.2.1 Enzyme Treatment

Enzyme treatments were carried out by exhaustion
method at a liquor-to-wool ratio of 15:1. The treatments
were  performed  in o round-bottomed  flasks by
thermostatically-controlled — shaking  bath OB 14
(Memmert, Germuny) at 55°C and pH 9 wvsing a
N, COYNaHCO; buffer. The level of agitation was low
during the tremtment. After the weatment, the wool
sumples were hand squeezed, rinsed in HCL at pH 4 for
5 min to stop the enzymatic action, then rinsed twice in
distilled water and finally dried in air on a flat surfice.

2.2.2 Experimental Design

The experimental  levels  of  applied  enzyme
coneentration (1-8 % o.w.i.) and treatment time (15-
105 min) were caleulated 1 accordance with the Box-
Hunter central rotatable experimental design (Table
I). The complete central composite rotatable design
for two variables at five experimental levels requires
thirteen experiments  and includes  five repeated
experiments carried out to obtain an estimate (or the
within-treatments variation'” ™", Further details about
the central rotatable experimental design. analysis of
the  measured  responses  for  each  experimental
condition, as well as the mode of obtaining the

Tahle | —Experimental values of variables for differens
coded levels

Vaunable Coded level 4

140 -l 0+ +1.41

| 7 T | 8

Treatment time (vs), min 15 0 0 90 105

Lnzyme concentranon (xy). &

adjusted  polynomial  equations  and  so-culled
isoresponse (contour) diagrams can be found in the

. 8, 1921
literature 3

2.2.3 Tests

Degree of whiteness (CIEGanz 82) was measured
using a spectrophotometer Color-Eye 3000 (Macbeth,
USA) with D65 illuminant and 10" observer. The
higher the value of the degree of whiteness, the more
white is the wool. Weight loss was determined on
samples conditioned for at least 48 h at 20"C und 63%
RH. The results are expressed as the percentage of the
weight loss of the treated samples compared with an
untreated  sample. Urea  bisulphite  solubility (LB
solubility) was determined in accordance with UNE
40020572, It was calculated as the percentage of
weight loss of the wool sample treated for 60 min
with 50 ml of a stundard urea bisulphite solution at
65'C. Area shrinkage was determined according to
Woolmark TM 31 by the Wascator model FOM 71
washing machine using 1SO 6330 SA wash ¢ycle
programme as a base to determine the total felting
shrinkage of wool samples™. When the area shrinkage
is lower than 8% after two SA cycles, the wool can be
considered as machine washable™.

The chemicul changes on the wool surface were
determined wsing a FTIR Spectrophotometer 510
(Nicolet, Germany) in the ATR reflection mode with
KRS-5 45 crystal. The spectra were normalized
against the peak intensity of 1232 ¢m' (amide 111).
The peak intensity of cach selected band frequency
(1040, 1075 and 1124 cm' assigned to cysleic acid,
cystine monoxide and cystine dioxide respectively)
were compared with the corresponding peak intensity
of untreated wool™,

For SEM observations, untreated and enzymatic-
ally-treated wool samples were accordingly sputier-
coated with a thin layer of gold and viewed at 15KV in
the scanning electron  microscope  (Model 570,
Hitachi. Japan).

Yarn tensile strength was determined using an
Instron 3500R Tensile Tester in accordance with
ASTM D 2256-80. Twenty repeated meuasurements
per sumple were carricd out and the results were
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expressed as tensile strength at maximum load rather
than as load at break.

3 Results and Discussion

The complete experimental design and the results
obtained for the degree of whiteness, urea bisulphite
solubility, weight loss and area shrinkage for enzyme
A and enzyme B as well as for the untreated sample
are given in Tuble 2.

To obtain the regression coeflicients and adjusted
polynomial equations containing only the variables
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(ANOVA) were employed with the aid of a computer
program specially made for this purpose. Based on the
data from the regression coefficients and adjusted
polynomial equations, the isoresponse diagrams as
projections of the response surlaces were drawn. The
adjusted  polynomial equations obtained for both
cnzymatic treatments are given in Table 3.

The results indicate that wool whiteness. when
compared with that of untreated wool, is enhanced for
all the combinations of enzyme concentration und
treatment time (Table 2). As can be scen in Fig. 1. the

with o significance  above 95%, the multiple  whiteness  is  improved by increasing  enzyme
regression  analysis  and  analysis  of - variance  concentration and treatment time. The increase is
Tuble 2-—Lxpernmental conditions and results obtained for the parimelers
Exp. Level of vanable Response
1o, Coded Experimental Whiteness CIE uB Weight Area shrinkage. %
iy Ya Giune 82 Soluhility, % loss™, % 5A Wash cyeles
X vy o min | 2 3
Enzyme A

I -1 I 2 30 —h.8 51.5 (140 279 442 550
s +1 | 7 30 -2.2 4.2 ()82 304 450 345
3 -1 +1 2 o0 -3.7 S0.9 104 247 442 524
-+ +1 +1 7 o 22 By 1.63 260 428 535
5 141 0 | 60 ~14 49.2 (.58 274 457 5435
f +141 () 8 Ol 1.4 0.2 2.07 S5 AN 3K
i ) ~1.41 4.3 15 .3 S48 (.89 29.1 4400 358
0 414 4.5 105 -2 52.5 1.28 200 454 663

Y 0 {] 4.5 Hl) -1.7 540 .23 29.7 488 589
10 1] () 4.5 o0 3.0 541 1.30 245 492 540
I {) () 4.5 Ot 34 530 1.26 289 489 S5K.7
I3 1] () 4.5 60 —4 1) 54.5 1.20) 206 499 580
13 1] 0 4.5 i 3,2 AT 110 324 495 596

Enzyme B

| -1 —| 2 Al 153 8.9 1.67 5.0 442 545
2 +1 -1 7 30 3.4 60.0 L 26,3 424 51T
3 =] +1 3 9() S 0. 5.3 226 400 503
4 +1 +1 7 e [ AN 630 6.78 228 3.6 468
3 ~1.41 0 | i) 4.4 57.3 242 2677 43T HZ6
6 +1.41 0] 8 i Fizl 62.0 5.15 196 378 456
7 Y —1.41 4.5 I5 4.1 574 1.39 294 4260 545
b () +1.41 4.5 103 8.9 605 381 221 373 A6
4 1] 0 4.5 nl %3 01,2 378 21.5° 375 4648
10 () () 4.5 Ol 8.4 601 3.93 244 39.6 534
I () 0 4.5 ) 9.0 6.3 BN 195 385 465
12 () () 4.5 ) 10.2 59.9 391 248 393 3505
13 (0 { 45 (] hit] 605 397 223 400 49
Unireated sample -5.3 49.5 338 5700 639

‘Compared w the untreated sample
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Tuble 3—The adjusted polynomul equations for the parametrers
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Fig. I—Whiteness degree obtained alter treatment with (a) enzyme A

more pronounced with enzyme B, indicating that it is
more effective than enzyme A (Fig. 1bh). At the central
point of experimenial design (experiments from 9 o
13 in Table 2), the whiteness alter treatment with
enzyme B is considerably superior to that obtained
after ireatment with enzyme A, the difference being
11.62 CIE units (Table 3). This could be attributed to
enzyme efficiency in eliminating the natural-coloured
pigments ol the wool surlace which are bonded to the
wool protein and lie mainly in the cuticle layer™ '
The enzymatic treatments were only partially
effective in relation 1o wool shrinkage reduction. The
effect was slightly improved by increasing uuwnc
concentration and treatment time, as reported™ " . A
comparative analysis ol the shrink resistance obtained
after treatment with enzymes A and B is shown in

and (b enzyme B3

Figs 2a and 2h. [t can be observed that wool shrink
resistance after the enzyme treatments is  lairly
comparable.  However, at  a  higher enzyme
concentration and a longer treatment time. the
shrink-resist obtained by enzyme B s
approximately 109% higher than the effect obtained by
enzyme A (Tables 2 and 3).

It is clear that enzyme B is more effective than
enzyme A not only in regard to whiteness improve-
ment but also in regard 1o shrink resistance. However,
this effect is associated with excessive fibre damuge,
expressed as weight loss (Figs 3a and 3b), and urea
bisulphite solubility (Figs 4a and 4b). Both the
parameters increase when the treatment time and
enzyme concentration e riised. ICis well known that
urea bisulphite solubility of wool decreases as a result

eifect
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Fig. 4—Urea bisulphite solubility obtained alter treatment with () enzyme A; and (b) enzyme B
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of alkaline treatments due to lanthionine and
lysinoalanine formation™ and increases because of the
damage caused by acids or oxidising agents™ >, In
this case, increased urea bisulphite solubility atter the
enzyme (reatment is probably due to hydrolysis of
some of the wool peptide and isodipeptide bonds.

The results show that in the case of enzyme A, the
concentration exerts a decisive influence on wool
whiteness, urca bisulphite solubility, weight loss and
shrinkage properties, whereas in the case of enzyme
B. the treatment time plays an important role (Tables
2 and 3). Bearing in mind that a weight loss of 3-4.5%
could be excessive for wool™ ", it is clear that enzyme
A could be applied all over the experimental zone. By
contrast, in the case of enzyme B, the concentration
over 3% and treatment time over 60} min should be
avoided.

The SEMs of wool treated under different
conditions  generally  show  that  the  enzymatic
treatment s not  woniform.  Some  fibhres can  be

practically intact or slightly affected, whereas others

. L ) - o fn -
are considerably damaged™ . To evaluate the effect ol

the dilferent enzymatic treatments on  the  wool
surface, SEMs were prepared (some of the most
representatives ones are shown in Fig. 5). These
SEMs also demonstrate that the enzymes produce
different effects on the wool fibre surface.

Enzyme A significantly attacks the wool fibre only
at higher concentrations. Some scale edges are raised
at the enzyme concentration of 8% (Fig. 5d). The
SEMs of wool treated with enzyme B show that even
at the lowest enzyme concentration the wool fibres
can be completely descaled (Fig. 5e). The biggest
elfect on the scale structure or on the fibre cortex was
produced by a higher enzyme concentration (Figs 5f
and 5g). However. the enzymatic treatment did not
produce a uniform effect on wool (Fig. 5g).

As the proteases generally have a large molecule,
they preferentially attack the highly swellable cell
membrane complex (CMC), a non-keratinic part of
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wool fibre, by penctrating between cuticular scales.
causing scale stripping and weakening o wool
fibre®’. Moreover. if the CMC is attacked by enzymes
it will result in the liberation of individual cortical
cells™. Since enzyme A leaves the wool scales intact
and does not cause excessive damage 1o the wonl
(values of weight loss did not exceed 4.5% ). it could
be sugeested that it produces superficial protealysis o
Keratinolysis. By contrast, enzyme B removes the
surface scales or even Dhiberates individual cortical
cells at higher enzyme concentrations. Therefore. it
should be strongly controlled or used only at lower
coneentrations,

It is well known that the mechanical properties ol
wool fibre are closely related to the structure of the
cell membrane complex™ . Hence, the mechanical
properties such a8 tensile strength of wool remuin
unchanged after any treatment restricted to the wool
surface™. The yarn tensile strength was determined
(Table 4) to confirm this. At the central point of
experimental design, the treatment using enzyme A
does not cause the excessive tensile strength drop
(2.83%) in contrast to the treatment with enzyme B
(9.62%). Moreover. the tensile strength drop hecomes
progressive as the enzyme concentration is increased
regardless of the enzyme used.

The results of FTIR/ATR measurements show tha
the enzymatically-treated  wool  exhibited  poor
chunges in the redox state of -S-5- cystine bonds (Fig.
6G). The peak intensity of cystine monoxide and
cystine dioxide are slightly changed alter enzyme
treatments, Untreated wool has a certain amount of
cysteie acid, probably due to weathering or photo-
oxidation™ . The cysteic ucid content slightly
reduces on increasing the enzyme A concentriation
with respect to the untreated sample (Fig. 6u), The
cysteie acid content of enzyme B treated wool also
follows the same pattern (Fig. 6h). However, an
increase in the enzyme B concentration does not give

rise to significant differences in the cysteie acid

Table d—Culculated var tensile strength properties after enzymatic reatiments

Enzyme Duration of Enzyme A

Enzyime B

cone. treatment Tensile strength?
T min cN/tex
| ) 6.9440) 22
4.5 6 O.R7THO1G
by () 0. 770,12

(Untreated) 7.07H0).20)

! Errors are indicuted at 5% confidence level.

Tensile strength

Tensile strength Tensile strength

drop, % cN/lex drop,
.84 0O.83+0,23 3.39
283 63940, 10 .62
4.24 SHEIL038 17.82

7072020 -
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Fig.5—SEMs of wool: (a) untreated; (b-d) treated for 60 min with 1%, 4.5% and 8% respeetively of enzyme A; and (e-g) treated for 60
min with 1%, 4.5% and 8% respectively of enzyme B
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content of wool. This is probably due to the loss of

sulphur-rich material at the wool surlace even at low
enzyme concentrations (Fig. Se).

Despite  smoothening  or descaling, only slight
shrink resistance is obtained. It seems that to achieve
a pood level of shrink resistance. it is not only neces-
sary to modify the cuticular scales but also to generate
anionic groups, especially cysteie acid and/or cys-
teine-S- sulphonate groups, on the wool surface’

To confer shrink resistance, an enzyme should be
highly specific toward the outer sulphur-rich cuticuliar
layer, preferably after the wool has been modified to
enhance this specificy”. Disulphide bond splitting by an
oxidative or sulphite pre-treatment ol wool™" ™
makes the wool fibre surface more accessible with the
result that the consequent enzymatic attack on the
cuticle is selectively activated. It has been found that
as a consequence of a combined peroxide-enzyme
treatment of wool, the enzyme action could be limited
o the wool surface because of its ionic interaction
with the new sulphonic groups formed on the wool
surface™,

4 Conclusions
Wool treatment with applied enzyme formulations
exerts & positive influence on whiteness and shrink
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resistunce, but has a detrimental effect on the
physico-mechanical characteristics. ol the  wool
which are expressed as weight loss, tensile strength
and urea bisulphite solubility. Wool suffers some
damage owing o the type of enzyme. cozvime
concentration and treatment time. Enzyme A could
be applied all over the experimental zone (enzyme
concentration 1-8% and treatment time 15-105 min).
whereas in the cuse of enzyme B. the enzyme
concentration over 3% and treatment time over 60)
min should be avoided. FTIR/ATR analysis confirms
the absence of significant changes in the redox state
of cystine disulphide bonds after the enzyme
treatments used in the study.

The SEMs suggest o clear difference between
cnzymes A and B owith respect to the enzyme
proteolytic activity on the wool surfuce as well as in
the enzyme attack pathways. Enzyme A leaves the
wool scales intact and does not cause excessive
damage to wool. Thus, this enzyme preferentially
produces a superficial proteolysis or keratinolysis. By
contrast, enzyme B can attack the non-keratinic parts
of wool fibre structure and should. therefore. he
strongly controlled or used at lower concentrations.
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