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Cellulasos are increasingly being |
used in cotton finishing. The most
widely used application is the replace-
ment of the slone washing process to
produce the fashionable aged appear-
ance of denims. Other cellulase treal-
ments are used to improve the appear-
ance of cotton fabrics by removing |
fuzz-fiber and pills from the surface.’
Such processes also modify the fabric’s
mechanical properties in ways that
lead 1o the perception of improved
handle, particularly softness.?
Cellulases are secreted by various
fungi as complex mixtures of three
major types of enzymes—endoglu-
canases (EGs, EC 3.2.1.4), cellobio-
hydrolases (CBHs, EC 3.2.1.91), and
cellobiases (EC 3.2.1.21)." A general
model for the action of these different
enzyme components in the hyvdrolysis
of cellulose is that EGs cause random
hydrolvtic chain scission at the most
accessible parts of cellulose chains,

ABSTRACT ‘

Cellulase enzymes are usually
characterized by evaluation of their
activities towards different forms of
cellulose and their derivatives. For
textile applications, it was suggested ‘
that the comparative evaluation

should also include the measurement

of the activities in tests that simulate
the large scale treatments with

different degrees of mechanical |
agitation.

Comparisons were made between
three cellulase mixtures with known
compositions and two commercial
cellulases by the proposed
methodologies. The relations between
cellulase activities of these enzyme
mixtures and finishing effects
obtained for different processes with
various degree of mechanical
agitation are shown.
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CBHs split cellobiose from the ends of

cellulose chains in a stepwise manner
along cellulose chains, and cellobiase
hydrolyzes cellobiose to glucose. Effi-
cient hydrolysis of crystalline cellulose
by cellulases requires the synergistic
action of the EGs and CBHs.7

Advances in biotechnology have
lead to the development of recombi-
nant DNA techniques and have made
possible the manipulation of the genes
of cellulase-secreting fungi. Using
these techniques, new strains can be
developed enabling industrial produc-
tion of novel cellulase compositions.*”
These may provide the opportunity for
achieving radically new ce Ilulase fin-
ishing effects, as well as improving the
existing ones.

Cellulolytic enzymes are currently
applied in textiles processes where
mechanical action is alwavs present
such as in jets or rotating drum wash-
ers.’ It is already recognized that cel-
lulases with strong EG activity are pre-
ferred for ddllevmg the aged look on
denims and this effect is best obtained
in machines that provide vigorous
beating action.” ¥ It is also known that
a careful balance between cellulase
activity and mechanical action is re-
quired to achieve efficient fuzz-fiber
and pill removal without excessive fab-
ric strength loss.!?# These facts indi-
cate that cellulase composition and
mechanical action are key features dur-
ing cellulase processing of cotton.

Cellulase Activities

The characterization of cellulase en-
zymes poses special problems related
to the multicomponent nature of the
enzymes and their complex synergis-
tic action in various substrates. Crys-
talline or amorphous forms of cellu-
loses as well their derivatives are all
degraded by cellulases.!” Therefore,
the specific action of cellulases is re-
lated to the hydrolysis of the 1.4-B-D
glycosidic bonds and it is incorrect just
to relate them to the hydrolysis of cel-
lulose polymers.

The activity towards cellulose is
measured as soluble-reducing sugars
formed and is understood as the full
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activity of all cellulolytic compo-
nents.'™!! Amorphous substrates are
also used because there are some cel-
lulase components not active in rys-
talline cellulose.” The activity towards
carboxymethylcellulose (CMC), or
hydroxyethylcellulose, is measured as
reducing sugars formed or by viscosi-
metric methods and is understood as
endoglucanase activity.’®'! The pres-
ence of side groups in CMC seems to
have inhibitory action on most CBH
enzymes produced by fungal sys-
tems.'” The activity in cellobiase is
measured towards cellobiose. /¢!

There are specific recommenda-
tions by IUPAC in measuring cellulase
activities based on the following sub-
strates: filter paper, CMC (HEC) and
cellobiose.” However, these recom-
mendations have been ignored by most
researchers who have -ldOI)tt :d meth-
ods appropriate to their specific stud-
ies. '’

Cellulase preparations used in cot-
ton processing may be characterized
using substrates like CMC, cellobiose
and amorphous cellulose such as swol-
len Avicel (phosphoric acid swollen
Avicel), or swollen cotton. The source
of crystalline cellulose should, how-
ever, be fully scoured cotton. Since tex-
tile chemists are interested in which
activities deliver certain finishing ef-
fects, the activity on scoured cotton
fabrics should be measured at differ-
ent levels of mechanical action (to
simulate large scale treatments) and the
properties of the treated fabrics should
be carefully evaluated.

Trichoderma reesei
Engineered Cellulases

The cellulolytic complex of Tricho-
derma reesei is one of the most exten-
sively investigated fungal enzyme sys-
tems.”? [t is known to contain at least
one cellobiase, CBH 1, CBH II, EG I, and
EG 1I. The genes of these hydrolases
can be manipulated such that some

8International style differs from U.S. style by
the use of commas for decimal points. Peri-
ods are used as delimiters. Note the use of
commas with Tables | and IV and Fig. 1.



activities are deleted to produce new
cellulase combinations.”* Further-
more. it has been reported in recent lit-
erature that two more cellulase com-
ponents known as EG 1l and EG V are
always present in the crude mixtures
from Trichoderma reesei.’?*
Characterization of

the Enzyme Mixtures

Comparisons have been made between
the activities (Table 1) of crude cellulase
mixture from Trichoderma reesei (TC)
and mixtures in which the activities of
EG 1 and EG II (C-EGs) or the activities
of CBH1and CBH 11 (C-CBHs) had been
deleted. These activities were deter-
mined as described previously. %74

The measured activities illustrate
the expected increments in classical
endo and exo type activities for
C-CBHs and for C-EGs. respectively.
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. This apparent contradic-
tion shows that care should be exer-
cised in predicting cellulase activity on
cotton from data obtained using other
forms of cellulose or its derivatives.
The result also points to the impor-
tance of synergy between the various
components in the hydrolysis ol cot-
ton cellulose.

The deletion of CBH [ and CBH 1I
activity from the total crude mixture
dramatically reduced the cotton weight
loss thus confirming the importance of
exo tvpe activity in solubilization of
the polymer. The deletion of EG I and
EG Il activity also caused some reduc-
tion in the cotton weight loss which is
expected from the svnergy between
endo and exo type activity. The sur-
prisingly high activity of C-EGs may
possibly be due to the previously re-
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Fig. 2. Weight loss, mean chain length of the soluble sugars and breaking load loss/weight loss
ratio for the various treatments. Treatment conditions: L—65 rpm of Linitest pots at 50C, 1g of
fiber to 10 mL of liquor, enzyme dilution of 1/50 and pH = 4,8 (acetate buffer), 30 min, H—
similar to L but with 15 steel discs used in various fastness tests; PB—pad-batch simulation,
beaker, enzyme dilution of 1/50 and pH = 4,8 (acetate buffer), three days at 20C.

ported synergy between the two CBH
components and/or to some endo ac-
tivity in our C-EGs.’® The latter may
be accounted for the remaining EGs
such as EG Il and EG V.

After short hydrolysis times (one
hour in the Linitest pots), the relative
activity of C-CBHs is higher and the
relative activity of C-EGs is lower when
compared with longer hydrolysis times
(six days in a beaker). This seems to
be due to the rolation of the reactor
where the hydrolysis occurs. A more
detailed analysis of the role of me-
chanical action in cellulase hydrolysis
is discussed next.

The increased slope of the plot of
cotton fluidity versus cotton reducing
power indicates increasing random-
ness of cellulolytic attack.”® Thus
C-CBHs causes the most random hy-

Table |. Enzyme Activity of Trichoderma reesei

Engineered Cellulases

t
|
(

drolysis and C-EGs the most localized
attack, with TC having an intermedi-
ate effect (Fig. 1). The randomness of
cellulolytic action of different EGs is
commonly measured this way using
CMC as a soluble substrate.’®

It is interesting to note that the rela-
tive randomness or localization of cel-
lulase action on cotton or hydrolysis
extension did not change the measured
crvstallinity of the fiber (Table 11).
Similar results has previously been
observed for several other crude cellu-
lases.!* %1% Thus the present work
tends to confirm the view that the ac-
tion of cellulase is not confined ini-
tially to noncrystalline regions, irre-
spective of the cellulase components
present. It has also been reported that
the hvdrolysis of cellulose by cellulase
concentrates of Trichoderma viride is
first order with respect to substrate.””
This suggests uniform reactivity of cel-
lulose (crystalline and amorphous) and
therefore implies that no change in
crystallinity should result from cellu-

Substrate/Enzyme? TC C-CBHs C-EGs lase hydrolysis.
Cellobiose? (U/g) 22 4.4 47
CMC*(U/g) 94 159 120
Phosphoric Acid <
Swollen Avicel® (Uig) 194 93 275 III lf,' idity (1/n sp)
Cottond (%) 63 3 52 S
Weight Loss® (%) 1.40 0,47 1,05 18
dEnzyme samples kindly supplied by Primalco, Ltd. bOne unit yields 2 umol of {0 7'17
glucose per minute in the cellobiase hydrolysis. €One unit yields 1 pmol of re- 1,74 O CCBHs
ducing sugars as glucose per minute, “Six days, beaker, 50C, 1g of fiber to 20 1 A C-EGs
mL of liquor, enzyme dilution of 1/60, pH = 4,8 (acetate butfer). ®One hour. 65 1.6
rpm of Linitest pots, 50C, 1g of fiber to 10 mL of liquor, enzyme concentration of 1
img/mL, pH = 4,8 (acetate buffer) 1.5 1
./'_1 ‘:‘ ‘:‘
1.4 T T T v T T r v T T .
Table II. Crystallinity Index of the Treated Cotton Samples’” 0.4 0.6 0.8 1.0 12

Enzyme Untreated TC C-CBHs C-EGs
Time (days) 6 6 6 6
Crystalline Index (%} 83 a3 83 81

hina 1008 (TN

Cotton Reducing Power (mg glu./g cel.)

Fig. 1. Relation between cotton reducing power and fluidity. 4 Treat-
ment conditions indicated in Table |-d during 0-13 days of hydrolysis.
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The Role of Mechanical Action

During Hydrolysis

The relative activities of the three cel-
lulases are different for the different
processes and fabrics (Fig. 2). Increas-
ing the mechanical action will increase
the activities of all enzymes, particu-
larly of the C-CBHs (EG richer) cellu-
lase. The mean length of the leaving
sugars is always higher for C-CBHs,
confirming their endo action. Mechani-
cal action also increases the length of
the leaving sugars, and cotton powder
deposits appear at the bottom of the
reactors pots afler processes with a
high level of mechanical agitation. The
fabric strength loss is essentially due
to the endo action as shown in Fig. 2.

Previous adsorption studies indi-
cate that increasing the mechanical
action will decrease enzyme adsorp-
tion, thus increasing the number of free
sites where enzyme can attack.This is
verified in particular for the crude rich
in EG activity.?!

The pad-batch simulation (PB) pro-
cess gave similar weight loss (Fig. 2),
length of the leaving sugars, and fab-
ric strength loss ratio for both fabrics
types. But for the other processes with
higher mechanical action, the flannel-
ette has a higher weight loss, longer
leaving sugars, and relatively low loss
of fabric strength. This seems ta indi-
cate that the cooperation between
cellulase and mechanical action on
flannelette results mainly in the deg-
radation of pills, while for the poplin
this cooperative action results mainly
in the degradation of the underlying
structure (Table I1I).

[ Control [ |
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poplin.H
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Fig. 3. Bending hysteresis (KES-F2) of the cellulase-treated fabrics. See treatment conditions

in Fig. 2.
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Fig. 4. Pilling Level (ASTM 3512—Level 5 =

Properties of the Treated Fabrics

Previous studies on cellulase-treated
fabrics indicate that bending hysteresis
and pilling level are the most represen-
tative parameters for poplin and flan-
nelette type fabrics, respectively.??
The reduction of bending hysteresis
was verified for the cellulase with all
components (Fig. 3). The PB process
giving higher weight loss, also gave a
greater reduction in bending hyster-
esis. The process with higher mechani-
cal friction increased bending hyster-
esis for the treatment with C-CBHs
cellulase. These changes in bending
hysteresis are related to the formation
and removal of microfibrils at the fi-
ber surface with consequent variations
in interfiber friction. An upcoming sec-

Table IIl. Fabric Specifications

Fabric Ends/Picks Thickness at Weight per Area Pilling Level Previous

per cm 2.5 gf/em? (mm) (g/m?) (ASTM 3512)  Treatments
Poplin, 60/32 0.5 100 5 scoured and
100% Cotton bleached
Flannelette, 21115 1.0 160 1 scoured, bleached

100% Cotton

and raised

Table IV. Enzyme Activity of Two Commercial Cellulases

Substrate\Enzyme?

Cellobiose? (U/g)
CMC® (U/qg)

Phosphoric Acid Swollen Avicel® (U/g)

Cotton Weight Loss? (%)
Flannelette Weight Loss (%) (L)
Flannelette Weight Loss (%) (H)

Cellusoft L®

Denimax T €

0,75 0,85
159 115
361 144
1,33 0,91
1.9 1,0
4 2,0

4Enzyme samples kindly supplied by Novo Nordisk A/S. The names of com-
mercial products are given for information only and their mention does not con-
stitute a recommendation. ®One unit yields 2 pmol of glucose per minute in the
cellobiase hydrolysis. ©One unit yields 1 umol of reducing sugars as glucose

per minute. %One hour, 65 rpm of Linit

est pots, 50C, 1g of fiber to 10 mL of

liquor, enzyme concentration of 1mg/mL. PActivities measured at pH = 4.8 (ac-
etate) for Cellusoft L and pH = 7,0 (phosphate) for Denimax T. (L) is identical to
d. (H} is identical to d, but with 12 steels discs in the Linitest Pots,

an
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flannelette. H

flannelette. PB

low degree of pills, Level 1 = high degree of pills)
of the cellulase-treated fabrics. See treatment conditions in Fig. 2.

tion includes a discussion of these
changes as well as scanning electron
micrograph photos.

Mechanical action is essential to
efficient removal of pills from the flan-
nelette surface (Fig. 4). These effects
are best obtained with C-EGs which
give good microfibril removal and low
strength loss.

Cellulase Treatment of Denim Fabrics

The color loss in denim fabrics is best
obtained with the total crude. but it
seems by comparison of C-EGs and
C-CBHs effects that the endo action is
the most important in removing the in-
digo dye from fabric surface. The ratio
between the percentages of dve re-
moved and dye backstained is higher
for the crude richer in CBHs action
(Fig. 5). These results indicate that both
pH and enzyme composition influence
backstaining. CBH action produced
higher soluble sugars in solution and
these sugars could reduce indigo in-
creasing the redeposition of dye.”
Backstaining is also dependent on the
reducing ends formed in the fabric
during hydrolysis. The reduction of
indigo is moderate at pH 5-7 (indigo is
best reduced at alkaline pH), suggesi-
ing that physical adsorption could also
be important in dye redeposition.
Thus, indigo redeposition during cel-
lulase treatment is a complex process
which is dependent on several mecha-
nisms occurring at the same time,

Commercial Cellulases

The enzyme activity of two commer-
cial cellulases—Cellusoft L, used to
obtain depilling effects, and Denimax
T, used to obtain the aged look of den-
ims—is shown in Table IV. The activ-
ity measured as weight loss on flannel-
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Fig. 5 Intensities (ACS CS 5 Chroma Sensor) measured at 640 nm for denim fahbnes treated
with T reeser crude mixtures. Treatment condiions 14 of iber to 40 mL of IGUOT. enzyme
dilution of 1/100 and pH = 4,8 (acetate bufter), 45 min. 65 rpm of Linitest pots at 50C, mechani-
cal action provided with 15 steel discs used in vanous fastness tests

ettes treated under conditions ol low zvme bt Denimax T has o relative
and high medhiamical action s also higher enda activity. The relabive
shown because we intend to show the werght loss produced by the high me
relationship between the activities of chanical action treatment also con-
froms the relative endo character o
Deninux T {Table V).

The niechanical propertivs of the

these commercial products and 1he
parameters of the treated flannelettes
Cellusolt Tois the most active on

® !naed ’ , ©

A Cellulase Treated I
M N

b LA
2hys \
. <
Ty < R "

Lo

I

Fig. 6 Vectors map between extracted factors 1 a 2 1Al parameters are represented by
thewr small letter according to KES nomenciature, TA —thermal absorptivity, pili—piling level
(ASTM 3512) WLf.'cngght loss, CEL—Cellusott L DEN--Denimax T. See treaiment condi
tions in Table IlI-H. L) 2

Den |

Fig 7. Scanning electron micrographs of cotton fabrics (see Fig 6 for abbreviations)

June 1996

treated flannelettes were neasig| e

ing the Kawabata Evaluation Sy stenm

for Fabrics.” The pilling level i e

tabric thermal absorptivity (1A} wepe

also measured hecanse of the nature of

flannelette fabrics (Table BT .

Ivze all data produced on all g

fabrics, Multivariate Analvsis M, thpin

Methodology was used. This techin e

which was recenthv sugoestod |y

Bishop and Cox. allows the trestment

and further analvsis of laree dataliases

with minimal loss of the origingl
data 7 The statistical Treatmient wis
developed using SPSS for Win
dows =725 The relative positions of the
vector parameters indicate how these
paramelers are interrelated For the
studied fabrics. four growps were dis
tinguished where the paraniters are

positively intercorrelated (Fie n)

e Group 1: ENVTUSMDLWT aned palling
level; the last two being hohilv caor-
related

e Group 2: 2HG. 2HG5 and ||

e Group 3: Tm, To, 2HB e B

e Group 4: LO and W(

Further analvsis i ates oot
intercorrelation between

e Group 1 and 2

* G and Group 4

e TA and Group 2
All cellulase treatments lod o gen-

eral increase of paransetig <ol v

and 4 and to o derrease o Sl 2

These changes are expectind s the cel

tulase treatment lod to o weie it fass of

the flannelettes duc to dip e il

the claimed improvement ol softiess

due to a decrease of shiar [roneties
Cellusoft L vielded a hiohier werght
loss and depilling etiecr thin Denimas

T, Increasine the med b

emphasized these eltecis Cellusoft |,

increased TA ind decreasod thickness
and bending propertios wilinle lop

Denimax T the reserse ooonred. 1t

seems that the action of Cellusoft |

decreased hending and shear proper
lies by cleaning microfibrils from the
fiber surfaces. A higher mechaneal
action breaks the free sorface fihers,
thus cleaning the Labric sorface anid
decreasing thickness, Denmax T wilh

@ more superbicial action can create

some microfibrils at liher suraces (Fig,

7). leading to an increase of mterfiber

triction and increasing bhending prop-

erties and thickness- Thus Collusolt

Lowith its cleanine action makes fah-

rics more permeable to Leat, eiving a

cool feeling (TA changest and the re-

verse oceurs for Dennmnas |

sl

o

The fiber surlace varations (Fie. 7|
are consistent with the vinrations of the
mechanical properties ol the treated
labrics as well aswith the ooty na-
ture of both enzyvmes 10is reported that
cellulase-tragted cortan faliries will

TAautilan MNhamint and (O Alavnt 21



increase their water retention due to
microfibril formation.” The photos in
Fig. 7 suggest that a microfibril forma-
tion is best obtained by a treatment
with an EG-rich cellulase and higher
mechanical action. Similar changes for
other endoglucanases have been re-
ported.?”

Conclusion

The characterization ol enzyme mix-
tures is essential to the understanding
and control of the finishing effects ob-
tained by cellulase enzymes. This char-
acterization should be done in condi-
tions that simulate the real conditions
of processing. The fabric structure and
the presence of pilling at the fabric sur-
face are important factors that deter-
mine cellulase activity particularly at
high levels of mechanical action.
Cellulase treatments change all
properties that can be related to pill
and microfibril remotion or formation
and in accordance with the specific
activities of the enzymes used.
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AATCC

AATCC Shrinkage Scale

The AATCC Shrinkage Scale provides for the precise measurement of dimensional
changes in fabrics and garments.The Shrinkage Scale is a plastic template used
to mark fabric with either a 10 inch and/or 18 inch
benchmarks. After the fabrics/garments have been
laundered or dry cleaned, the dimensional change
can be read in percent change directly from a gradu-
ated scale on the template.The Shrinkage Scale can
be used with AATCC Test Methods 96, 99, 135, 150,

Order NO. B375....ciccuwiissiississssseisssiss 955,00

Marking Pens

A set of two marking pens with orange ink that is
colorfast to home and commercial laundering is available to be used with the

AATCC Shrinkage Scale. Order NoO. 8376. .........cccccccrviiiniiinieiiciienieennians $20.00
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