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Abstract
This manuscript describes the potential of a cutinase from the fungus Fusarium solani pisi for cotton wax degradation in
order to design an efficient low temperature scouring process. The main characteristics, relevant to cotton wax removal with
F. solani pisi cutinase are given. The additive effect of cutinase on pectinase was investigated and optimum incubation
conditions were determined. Compatibility of cutinase with surfactants, essential for the rapid migration of enzymes into the
fabric, is explored. A clear strategy is presented to achieve a rapid enzymatic cotton scouring process. Wax removal with
cutinase reduces pectinase incubation time and increases the hydrolytic rate of pectinase. Cutinase appears to be effective in
the degradation of cotton waxes at low-temperature, allowing the design and introduction of a competitive innovative
enzymatic scouring process.
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Introduction

The technical feasibility of enzymatic scouring for

cotton fabrics has been recognized by many re-

searchers over the last decade (Li & Hardin 1997;

Hartzell-Lawson & Hsieh 1998; Sawada et al. 1998;

Etters et al. 1999; Buchert & Pere 2000; Lin & Hsieh

2001; Takagishi et al. 2001; Tzanko et al. 2001;

Lenting et al. 2002; Degani et al. 2002; Lu 2005;

Moghe & Nabar 2006). However, enzymatic scour-

ing has not yet been widely implemented by textile

industries. The most important reason identified

was the inability to remove cotton fibre waxes during

enzymatic scouring (Agrawal et al. 2007; Lu 2005).

The cuticle of the cotton fibre is cross-linked to the

primary cell wall by esterified pectic substances,

which hinder pectinase action on the pectin back-

bone. Cutin forms a three-dimensional network

structure in which other amorphous waxy materials

are embedded (Purdy et al. 1975; Kolattukudy

2001). Pre-rinsing in hot water (�908C) with a

surfactant (Hartzell-Lawson & Hsieh 1998) or ex-

traction with boiled n-hexane helps to reduce wax

impurities and, subsequently, results in better pecti-

nase performance towards primary wall destabiliza-

tion (Agrawal et al. 2007). The introduction of such

a high temperature treatment hinders the develop-

ment of a low-temperature scouring process. There-

fore, the main challenge is to remove these cotton

waxes at low-temperature effectively and efficiently

via an environmentally benign route. Degani et al.

(2002) were the first to report on the potential of

cutinase from a bacterial source, Pseudomonas man-

docino for wax degradation in cotton scouring. As

proof of wax degradation, Degani et al. (2002)

confirmed the release of C16 and C18 fatty acids

using reverse phase-HPLC and GC-MS. To assess

changes in hydrophilicity, they applied the ‘drop

test’. These results were encouraging, although their

enzyme incubation times were between 10 and 20

hours, which is far too long to allow industrial

implementation.
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Cutinases are present in fungal and bacterial

pathogens (Kolattukudy 2001) and are able to

hydrolyse plant polyesters. Like lipases, cutinases

are lipolytic enzymes with high activity towards their

substrate in aggregated form, hence, they are sui-

table candidates for the cotton wax degradation

(Purdy et al. 1975; Svendsen 2000). Cutinase has

some advantages over lipases for cotton wax degra-

dation. Lipases, in general, require interfacial activa-

tion at the lipid water interface, whereas cutinase

does not. The interfacial activation is an extra energy

required to expose the active site of lipase enzymes

to the substrate. Unlike lipases, cutinase can hydro-

lyse waxes in the absence of Ca2� ions (Egmond &

de Vlieg 2000; Svendsen 2000). The selection of a

suitable pectinase for the destabilization of the

primary wall of the cotton fibre is described earlier

(Agrawal et al. 2007; Klug-Santner et al. 2006). It is

possible to combine cutinase and pectinase for

cotton scouring, because similar to pectinases,

cutinase does not require Ca2� ions for catalysis.

Based on an extensive literature survey we selected a

cutinase (EC 3.1.1.74) from fungal origin: cutinase

from Fusarium solani pisi was identified as potential

candidate for industrial cotton wax degradation.

A clear strategy has been developed and adopted,

instead of a black box approach to achieve sufficient

hydrophilicity at lower temperature without using

hazardous chemicals. The proposed strategy for a

new enzymatic scouring process is illustrated in

Figure 1. A systematic study was conducted to

characterize cutinase for the improvement of wet-

ability of raw cotton fabrics, by hydrolysis of cutin in

the cuticle. Cotton wax degradation at low tempera-

ture and within a short time was attempted, which is

a prerequisite for the successful implementation of

cutinase technology at an industrial scale. The effect

of cutinase alone, as well as in combination with

pectinase has been studied on cotton fabrics. Com-

patibility studies were conducted between different

non-ionic surfactants and cutinase, which is essential

for a better and faster scouring process. By specific

degradation of the cuticle, an increase in pectinase

action on the pectin backbone was expected. This

would result in an improved destabilization of the

primary wall and, consequently, an increased hydro-

philicity of the cotton.

Materials and methods

Enzymes

Cutinase (EC 3.1.1.74) from Fusarium solani pisi was

obtained from Unilever Research and Development

Laboratory in the Netherlands. The original enzyme

was in granulated form and was prepared for

incubation according to the procedure describe by

Vertommen et al. (2005). The prepared enzyme

solution was stored at 48C and used within 24 h to

prevent enzyme deactivation. The activity of cuti-

nase was determined with a tributyrin assay in a pH-

stat (Vertommen et al. 2005). 1 unit (U) is defined

as 1 mmol of liberated free fatty acid per minute.

The pH-stat measurements were also used to study

the effect of different non-ionic surfactants on the

cutinase activity, using tributyrin and cotton fabric

as substrate. To study the release of fatty acids from

the fabric, experiments were conducted at pH 9.5

with 0.5 g of cotton fabric, using 2 mM borax buffer,

at 308C for 15 min; pH 9.5 is above the pK value of

most C16 fatty acids present in cotton. At this pH,

the liberated fatty acids have a negative charge which

is easy to monitor with the pH-stat.

Pectinase (EC 4.2.2.2), Bioprep 3000L was ob-

tained from Novozymes. It contains a mono-com-

ponent pectate lyase, which is active in the alkaline

pH range (pH 8�9) and was used as supplied.

Bioprep 3000L activity was determined by measur-

ing the increase in reducing sugars released from the

substrate poly-d-galacturonic acid (Miller 1959). 1U

was defined as the amount of enzyme that released 1

mol reducing groups s�1.

Figure 1. An illustration of various steps identified to achieve a rapid and efficient enzymatic cotton scouring process.
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Fabric

The fabric used was an industrially de-sized 280 g

m�2 plain-woven 100% cotton fabric. The unifor-

mity of the fabric in terms of pore volume distribu-

tion (PVD) was confirmed with an auto-porosimeter

to eliminate the effect of irregular or interconnected

pores. Prior to scouring, fabrics were sometimes

treated with n-hexane (30 min, 758C), to study the

effect of wax removal on enzyme performance and/or

as a benchmark. NaOH scoured cloth was prepared

in batch mode, resembling industrial process condi-

tions (0.25M NaOH in the presence of commercial

scouring additives at 958C for 180 min).

Enzyme incubations

Experiments where performed in a 1 L beaker in

which three fabric samples of 5�12 cm were treated

in an enzyme solution in 500 mL 50 mM Tris-HCl

buffer (pH 8). The beaker was placed in a tempera-

ture controlled water bath at 308 or 508C. After the

treatment, the fabric samples were rinsed in 500 mL

of water at 908C for 15 min, to inactivate the

enzymes. Thereafter, the samples were rinsed twice

for 5 min in water at room temperature. Finally, the

samples were kept on a flat acrylic surface to be dried

in air for at least 24 h before evaluating the fabric

samples. All the experiments were performed in

duplicate if reproducible. Modifications of this

protocol are explained in the text.

Surface tension

A bubble tensiometer (Sita online T60, Sita, Ger-

many) was used to measure the equilibrium and

dynamic surface tension of various surfactant solu-

tions used in this study. By changing the gas flow

rate, it was possible to alter the bubble formation

time and consequently the adsorption time of the

surfactants (from 0.03�60 s). At a bubble life-time of

55 s, the generation of new surface is so slow that the

surface tension approaches the equilibrium value.

Structural contact angle

The hydrophilicity of the fabric samples was mea-

sured in terms of structural contact angle with a TRI

auto-porosimeter (Miller & Tyomkin 1994; Agrawal

et al. 2007). An auto-porosimeter gives additional

information on the inter- and intra-yarn pore size

distribution of the fabric sample. The advantage of

an auto-porosimeter above other wetability experi-

ments is that the results obtained are independent of

the fabric density, and of the structure of the fabric,

e.g. knitted or woven.

Pectin removal

Residual pectin on the fabric was analysed by

staining with ruthenium red. The procedure is

essential as suggested by Lange et al. (1998) and

described in Novozymes standard operating proce-

dure (Novozymes 2003).

SEM

SEM is a widely used technique to study surface

topography. Various fabric samples were subjected to

SEM analysis, to visualize changes of the surfaces.

The magnification was varied from�1000 up to

�30,000.

Results and discussion

Wax removal with cutinase

To explore the potential of the fungal cutinase from

F. solani pisi for degradation of cotton waxes, three

different experiments were done with the standard

fabric as a substrate: (A) cutinase, (B) n-hexane

extracted fabric, the benchmark because nearly all

surface waxes will be removed, and (C) a blank for

sample A. The results of the treatments are pre-

sented in terms of the structural contact angle u and

pectin removal (Figure 2). From these results it is

clear that cutinase is able to hydrolyse cuticle waxes.

A structural contact angle of 708 was obtained,

which is quite close to the desired benchmark of

�688 (sample B). The average standard deviation in

the structural contact angle measurements was in the

range of 3�78. The results show that the blank

treatment had no effect on wax removal. Because

all the treatments were targeted towards wax re-

moval, pectin removal was negligible (less than 7%

for all three samples), as expected.

To visualize the effect of the treatments, SEM

pictures were taken (Figure 3). The treatments with

cutinase (Figure 3A), and n-hexane (Figure 3B)

remove surface waxes and unveil the primary wall of

the cotton fibre. In these pictures, the rough and

open primary wall surface is visible; the smooth

waxy layer is absent. A complicated network in

which non-cellulose materials are arranged in a

criss-cross pattern can be seen. The surface of the

cotton fibre of the blank treatment shows the smooth

waxy layer with grooves, caused by the sub-surface

complicated primary wall (Figure 3C).

Cutinase appears to be capable of achieving

nearly the same structural contact angle results as

the benchmark. Thereby, we have confirmed the

potential of cutinase for the low-temperature cotton

wax removal. Even under non-optimized conditions,

our treatment time to remove waxes was only

414 P. B. Agrawal et al.
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30 min, which is much shorter than the 10�20 h

reported by Degani et al (2002). This is most

probably because our cutinase is from a different

source (Fusarium solani pisi vs. Pseudomonas mando-

cino). Therefore, the complex structure of the two

enzymes will be different. Low-temperature fast wax

removal with cutinase from F. solani pisi clearly has

the potential to be applied in an industrial cotton

scouring process. We evaluated the potential of

cutinase using a rational approach instead of a black

Figure 3. SEM pictures of the surface of the treated cotton fabric. A) cutinase incubation, 100 U g�1 of fabric at 308C for 30 min (pH 8 in

50 mM, Tris-HCl buffer), (B) n-hexane extracted fabric and (C) blank for sample A.
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Figure 2. Comparison of cutinase treatment with n-hexane treated fabric. (A) cutinase incubation, 100 U g�1 of fabric at 308C for 30 min

(pH 8 in 50 mM, Tris-HCl buffer), (B) n-hexane extracted fabric and (C) blank for sample A.
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box (Figure 1). It was decided to explore the

cutinase treatment together with surfactants and

pectinase for an efficient cotton scouring process.

Surfactants

Surfactants facilitate the penetration of pectinase

into the yarns, thereby improving the hydrolysis of

pectin. It has been established that wax removal

exposes the pectin surface to pectinase resulting in

more efficient pectin hydrolysis (Agrawal et al.

2007). In order to apply cutinase and pectinase

together, compatibility of cutinase with surfactants is

essential. It is known that anionic surfactants nega-

tively affect the catalytic action of cutinase (Egmond

& van Bemmel 1997; Pocalyko & Tallman 1998;

Creveld et al. 2001). Non-ionic surfactants are well

known to be compatible with enzymes and only a

small concentration is required to achieve a low

surface tension (Egmond & van Bemmel 1997;

Pocalyko et al. 1998). As presented in Table I, a

homologous series of 4 non-ionic surfactants, differ-

ing in the numbers of oxy-ethylene (EO) groups (6,

8, 10 and 12), was selected to evaluate the effect of

surfactants on cutinase performance. The structural

contact angle was �08 for EO 6, 8 and 10, while for

EO 12 it was �178. Hence, the wetting properties of

EO 6, 8 and 10 are better than that of EO 12. To

evaluate the effect of surfactants on cutinase kinetics,

experiments were done in a pH-stat with tributyrin

as a substrate instead of fabric. The hydrolysis rate of

tributyrin drops were evaluated in the presence of

the different surfactants. The surfactant concentra-

tion was 1 g L�1, which is well above the CMC. The

results are expressed in terms of hydrolytic rate of

tributyrin (Table II). The hydrolytic rate of tribu-

tyrin was calculated from the slope of the initial rate

of reaction between cutinase and tributyrin for the

first 15 min. As presented in Table II, the highest

hydrolytic rate was found for cutinase with EO 8 (D)

and with EO 10 (E). The increase in the rate of

tributyrin hydrolysis is caused by the fact that the

tributyrin drop size reduced in the presence of

surfactants, thereby creating a higher surface avail-

able for cutinase. On the basis of these experiments

and considering its properties from Table I, EO 10

(Triton X-100) was selected for further study.

Petersen et al. (1998) reported that the increased

hydrophilicity of the substrate surface negatively

affects cutinase action. So we have to deal with two

counteracting mechanisms: increased cutinase activ-

ity due to an increase in the surface area and a

decreased cutinase activity caused by the increased

hydrophilicity of the surface. To confirm this, three

experiments were done in a pH-stat at constant

cutinase concentration for increasing Triton X-100

concentration and different amounts of tributyrin.

The results are shown in Figure 4. The hydrolytic

rate of cutinase (without surfactant) at 15 min has

been taken as the point of reference and considered

as 100% activity. All curves in Figure 4 show an

initial decrease in hydrolysis rate corresponding to

the initial increase in Triton X-100, up to the CMC

(i.e. �0.13 g L�1); thereafter, the hydrolytic rate

was proportional to the increase in Triton X-100.

The increase in hydrophilicity had a negative effect

on cutinase activity; this negative effect was counter-

acted by an increase in tributyrin concentration

(1 mL). In this system, cutinase kinetics are sub-

strate limited.

In the experiments described above a model

substrate, tributyrin, was used instead of cotton

fabric. To evaluate the effect of surfactants on

cutinase performance on cotton fabrics the rate of

wax hydrolysis on cotton fabrics was measured in a

pH-stat as a function of the Triton X-100 concentra-

tion. The structural contact angle was determined

after treatment of the fabric. The results are shown in

Figure 5. Initially, the rate decreased to 40% of the

original value. This was due to the increased hydro-

philicity of the fabric surface. 70% of original activity

Table I. Some properties of the different surfactants used (Kissa 1987; Rosen 1978).

Surfactant No. EO

groups

HLB number Cloud point

(8C)

Mol. wt. Equilibrium surface

tension (mN m�1)

Polyoxyethylene 6 myristyl ether 6 11.7 B30 478.7 27.0

Polyoxyethylene 8 lauryl ether 8 12.3 35�38 538.7 27.7

Triton X-100 or Octylphenol ethoxylate 9�10 13.8 65 625 28.1

Tergitol15-S-12 or Secondary alcohol ethoxylate 12 14.5 89 728 31.2

Table II. Effect of different non-ionic surfactants on cutinase

performance with tributyrin as substrate. Experiments in a pH-

stat, with 1 mM Tris-HCl buffer at pH 8, 308C, 50 U cutinase

and 0.5 mL tributyrin.

SN Reaction Hydrolytic rate of tributyrin

(mmol min�1)

A Blank 0.42

B Cutinase only 6.23

C Cutinase�EO 6 10.61

D Cutinase�EO 8 15.15

E Cutinase�EO 10 15.16

F Cutinase�EO 12 13.62

416 P. B. Agrawal et al.
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was retained at the higher surfactant concentrations

(cTriton X-100�0.3 g L�1). It is known that the intra-

yarn pores affect mass transfer and wetting rates

(Rosen 1978; Kissa 1987; Nierstrasz & Warmoesker-

ken 2003). Improved wetting makes a larger surface

area available, partially counteracting the negative

effect of increased hydrophilicity. The explanation of

the results is similar to that given above.

When the structural contact angle of cutinase

treated fabrics in the presence or absence of Triton

X-100 is compared with n-hexane treated fabrics,

the benchmark (Figure 6), both of the treatments

are comparable with n-hexane treatment. Interest-

ingly, n-hexane extraction followed by a cutinase

treatment yielded a contact angle of �668,
compared with �688 for n-hexane only. In the

experiment where the n-hexane treatment was fol-

lowed by a cutinase treatment, we have removed all

waxes. The result of the treatment with cutinase and

Triton X-100 is comparable with this. The results

clearly demonstrate that rapid low-temperature wax

removal is possible with cutinase especially in

combination with Triton X-100. Because of the

dramatically reduced time to remove cotton waxes,

cutinase now has the potential to be used in low-

temperature industrial cotton scouring process in

combination with pectinases.

Evaluation of incubation conditions

The sensitivity and optima of parameters such as pH,

temperature, ionic strength, enzyme concentration
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Figure 5. Rate of hydrolysis and equilibrium surface tension as a function of Triton X-100 concentration measured in a pH-stat, j�rate of

hydrolysis and I�equilibrium surface tension (50 U cutinase, 0.5 g cotton fabric).
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and incubation time for cotton fabric were deter-

mined. The effect of pH and temperature was

determined on cotton fabrics, as well as on tributyrin

in the pH-stat. The optimum parameters are listed in

Table III. The evaluated optima for pH and tem-

perature coincide with the results from Degani

et al. (2002). Egmond & van Bemmell (1997)

reported that at alkaline pH, activity and adsorption

of cutinase is favourable towards its substrates. The

temperature optimum found in pH-stat experiments

coincides with the temperature optimum found with

the fabric. Creveld et al. (2001) demonstrated

irreversible inactivation of cutinase above 408C.

The optimum buffer concentration corresponds to

a structural contact angle of �708 (Table III).

Increasing buffer strength above 50 mM did not

result in an additional improvement in structural

contact angle. Cutinase releases free fatty acids from

triglycerides in the bulk liquid. Since the liberated

fatty acids are negatively charged (above pK value),

this may reduce the pH in the system, hence a

stronger buffer is desired.

The effect of cutinase concentration on cotton wax

removal has been explored by increasing the concen-

tration from 10 U g�1 to 300 U g�1 of cotton fabric.

A structural contact angle of 708 was achieved at a

cutinase concentration of 100 U g�1. An increase up

to 300 U g�1 did not improve the structural contact

angle. The benchmark (treatment with n-hexane) has

a structural contact angle of �688, which means that

100 U g�1 cutinase is capable of removing a high

percentage of the surface waxes.

Determination of the incubation time needed to

remove waxes from cotton fibre is essential for

possible industrial application of cutinase in the

scouring process. The incubation time was varied

from 1 to 120 min (Figure 7). The optimal condi-

tions derived in earlier experiments were used

(308C, 50 mM Tris-HCl buffer pH 8 and 100 U

g�1 of cutinase). The results show that the struc-

tural contact angle changes rapidly from �778 to

�718 in the first 15 min and reaches �708 after just

30 min. A longer incubation time did not lead to an

improved structural contact angle. Thus, cutinase

appears to be capable of achieving nearly the same

structural contact angle results as the benchmark

under optimized conditions, with a treatment time

reduced to just 15�30 min. Degani et al. (2002)

reported that cutinase alone can achieve a wetting

time of 20�30 s after incubating for almost 20 h. The

wetting time was measured using a drop test. It was

reported that a wetting time of 20�30 s was the best

result that can be achieved by the commonly used

lipolytic enzymes, such as lipases and, hence,

considered to be the benchmark value (Degani

et al. 2002). In this study, we consider n-hexane

extracted fabric as a benchmark, assuming that

almost all the waxes from the cotton surface are

removed. However, as mentioned earlier, it is

Table III. Optimum incubation conditions determined for cuti-

nase for F. solani pisi on cotton fabrics as a substrate.

SN Parameter Optima

1 PH pH 8�9
2 Temperature 25�308C
3 Ionic strength of the buffer

medium

50 mM Tris-HCl buffer,

pH 8.0

4 Enzyme concentration 100 U cutinase g�1 cotton

fabric

5 Time 15�30 min
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Figure 6. Structural contact angle of cotton fabric as a function of different treatments: A) cutinase (100 U g�1, 308C for 30 min, pH 8,

50 mM Tris-HCl buffer), B) 1 g L�1 Triton X-100 and cutinase (100 U g�1 of fabric 308C for 30 min, pH 8, 50 mM Tris-HCl buffer), C)

n-hexane extraction at 758C for 30 min.
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complicated to compare our results with those of

Degani et al. (2002) due to the many other experi-

mental variables.

Cutinase and pectinase

To explore whether an increased hydrophilicity due

to wax removal with cutinase also leads to improved

pectinase performance, the removal of pectin from

the cotton fibre was determined as a function of

time. Four different experiments were done: (A)

only pectinase, (B) n-hexane extracted fabric fol-

lowed by pectinase treatment, (C) cutinase followed

by pectinase treatment, and (D) cutinase and Triton

X-100 treatment followed by pectinase treatment.

The results are presented in Figure 8. In earlier

work, we showed that the rate of pectin removal

increases nearly 1.65 times if waxes are removed

with n-hexane prior to the pectinase treatment

(Agrawal et al. 2007). For treatments C and D,

56�58% of the pectin was removed in the first 5 min,

which is slightly less than with n-hexane extraction

(treatment B). After treatment with cutinase alone

and in combination with Triton X-100, the rate of

pectin removal was increased nearly 1.65 times. This

is comparable with the benchmark. The total

amount of pectin removed for treatment C and D

was the same as for n-hexane extracted fabrics. It

can be concluded that cutinase removes waxes

efficiently, thereby exposing non-cellulose intercon-

nections to the pectinase. The structural contact

angle measurements and SEM pictures support

these results.

It was also shown that cutinase and pectinase can

be applied effectively together in one reactor vessel.

Because the optimum temperature for cutinase is

lower that for pectinase, the optimum temperature

for cutinase was used. To compensate for the lower

temperature the dosage of pectinase was increased

from 13 to 52 U g�1 of fabric. It is important to

realize that enzymes are relatively large molecules

and mass transfer is known to be slower in enzymatic

wet textile processes (Lu 2005). Therefore, mechan-

ical energy using a wedge apparatus was used to

improve mass transfer. The role of mass transport in

enzymatic scouring process is discussed in detail

elsewhere (Agrawal et al. 2008). To complete the

picture as illustrated in the last part of strategy

(Figure 1), the best results are presented in Figure 9

and are compared with conventionally scoured

fabric. The results are very encouraging. One-step

scouring with cutinase, pectinase, Triton X-100 and

mechanical energy is achievable at 308C in just 15

min. The benchmark, a structural contact angle of

less than 538, is achieved with cutinase and pecti-

nase. This is comparable with conventionally

scoured cotton fabrics.

Conclusions

A feasible strategy was developed to achieve a rapid

benign bio-scouring process for cotton textiles.

Application of cutinase for efficient low-temperature

and rapid wax removal of cotton fibres is an

important step towards achieving low-temperature

scouring. We have shown that a fungal cutinase from

F. solani pisi degrades and removes cotton waxes at a

low-temperature (308C). Cutinase can achieve al-

most the same degree of wax removal as solvent

extraction within 15 min, which is far better than

10�20 h as reported by Degani et al. (2002). The

results were obtained by measurement of the struc-

tural contact angle, pectin removal and SEM.

Surfactants play an important role in the efficiency

of the scouring process. The compatibility of cutinase

with surfactants was explored. Experiments were

done in pH-stat to demonstrate that the increased

surface area for cutinase action counteracts the

negative effect of increased hydrophilicity caused by

Figure 7. Effect of incubation time for optimal cutinase performance. Experiments were conducted with 100 U g�1 cutinase using 50 mM

Tris-HCl buffer at pH 8. I�blank without cutinase and j�cutinase treatment.
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surfactant. Cutinase is capable of removing cotton

waxes even in the presence of high concentrations of

Triton X-100.

An increase in the hydrolytic rate of pectinase was

achieved after treatment with cutinase (with and

without Triton X-100). The results clearly demon-

strate that cutinase was able to increase the rate of

pectin removal, equivalent to an n-hexane treatment

prior to the pectinase treatment. Various parameters

were evaluated such as pH, temperature, ionic

strength, enzyme concentration and incubation

time. Cutinase is an effective tool in degrading and

removing cotton wax at low-temperature without

organic solvents. Cutinase from F. solani pisi has the

potential in combination with pectinase to achieve a

viable efficient low-temperature industrial cotton

scouring process.
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