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Effects of Sodium Sulfate and Surfactants on Papain Treatment of Wool Fabrics
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Abstract : This study identifies the effects of sodium sulfate and surfactants in the papain treatment of wool fabrics using
L-cysteine and EDTA as activators. The research method involves the use of 2% L-cysteine and 7% EDTA as activators
at optimal conditions, papain treatment of wool fabrics with the joint use of sodium sulfates and surfactants, and mea-
surements of the weight loss rate, tensile strength, and whiteness. Results showed that for both 2% L-cysteine and 7%
EDTA, the maximum papain activity appeared at 0.5% sodium sulfate concentration. In both cases, the papain activity was
enhanced at sodium sulfate concentrations lower than 0.5%. In contrast, the papain activity declined at sodium sulfate con-
centrations higher than 0.5%. The joint use of EDTA with 0.5% sodium sulfate was proven to be very effective in improv-
ing the papain activity. The joint use of 2% L-cysteine with 0.5% sodium sulfate appeared slightly effective in improving
the activity but resulted in excessive decrease in the tensile strength and whiteness, compared to improvement in the
activity. The joint use of surfactants, in the case of L-cysteine, interrupted the papain activity and decreased the tensile
strength regardless of the surfactant type and concentration. In the case of EDTA, however, the joint use with 0.1-5%
non-ionic surfactants, 0.1-0.5% anionic surfactants, and 0.1% cationic surfactant appeared to improve the papain activity.
The maximum papain activity was observed when 0.1% of surfactant was used, regardless of the surfactant type. The non-
ionic surfactant was the most effective in improving the papain activity.
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1. Introduction

In the fiber industry, processing methods that use green-tech-

nology draw significant attention as environmental regulations are

strengthened. One of the most noted processing methods is the use

of enzymes. Novel approaches are being carried out to identify new

enzymes and examine the enzymes that have been used for fiber

processing. Accordingly, papain, a widely known vegetable pro-

tease, is studied multilaterally.

As a preceding study on papain, Song et al.(2009) reported that

in wool/polyester blended fabric treatments using papain, the opti-

mum activation conditions were pH 7.5, 70
o
C, 10% papain, 60

minutes, with L-cysteine and sodium sulfite as activators. Under

these conditions, the hydrophilic properties, whiteness, and dye-

ability increased. Song and Song(2008) proved that in wool/poly-

ester blended fabric treatments using papain, the joint use of L-

cysteine and sodium sulfite was more efficient for surface modi-

fications than the individual use of each material. Lee et al.(2010)

reported that in chitosan non-woven fabric treatment using papain,

the amine bond was hydrolyzed but its internal structure did not

change, and that the optimum activation conditions were pH 8,

60
o
C, 10% papain, and 60 minutes. Sung et al.(2008) reported that

L-cysteine and EDTA were efficient as activators in the treatment

of wool fiber with papain, and that the optimum activation con-

ditions of pH 7.5, 70
o
C, 5% papain, 30 minutes with 2% L-cys-

teine, and 180 minutes with 7% EDTA led to a decreased contact

angle, increased alkali solubility and dyeability. The aforemen-

tioned studies focused on the optimum conditions and activators

for papain.

However, the activation of enzymes is affected by other factors

such as surfactants, chelators, and reducing agents. In particular, sur-

factants facilitate the penetration and adsorption of the enzyme in

addition to fiber swelling, which requires further investigations.

Accordingly, previous studies regarding surfactants and other agents

for enzyme processing were examined, and it was found that most

studies focused on surfactants for cellulase and pectinase for cotton

and cotton/blended fabrics(Kim & Song, 2008; Li & Hardin, 1998;

Losonezi et al., 2004; Seo et al., 2009; Yoshimura et al., 2003; Yu et

al., 2009), which poses the need for further investigations regarding

surfactants and other agents for papain treatment of wool fiber.

This study identifies the effects of sodium sulfate and surfactants

in the papain treatment of wool fabrics using L-cysteine and EDTA

as activators and puts forth new data that can help in the commer-

cialization of shrink-proof treatments of wool fabrics using papain.

Because the joint use of sodium sulfateis expected to improves the

papain solubility, and the joint use of surfactants is predicted to help
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the penetration and adsorption of enzyme and fiber swell-

ing(Cavaco-Paul & Gubitz, 2003; Glazer & Smith, 1971).

The research method involves the use of 2% L-cysteine and 7%

EDTA as activators at optimal conditions, papain treatment of wool

fabrics with the joint use of sodium sulfates and surfactants, and mea-

surements of the weight loss rate, tensile strength, and whiteness.

2. Experiments

2.1. Materials

The experimental fabric, 100% grey wool, was scoured in a

shaking water bath (Jeio Tech, South Korea) containing 5%

sodium carbonate at liquor-to-fabric ratio of 1:40, at 40
o
C. Sub-

sequently, the mass was dried at room temperature and a 150 rpm

agitation speed was applied for 30 minutes. The characteristics of

the experimental fabric are presented in Table 1.

The enzyme used was papain, a protease originating from Carica

Papaya. The properties of papain are presented in Table 2.

One unit is the amount of papain that liberated 1 µM of N-ben-

zoyl-L-arginine ethyl ester per minute at pH 6.2, 25
o
C.

The buffer solution used was a mixture of Trizma® HCl and

Trizma® Base (Sigma Chemical Co., USA). The pH of the buffer

solution was controlled with 1M hydrochloric acid and 1M sodium

hydroxide (Duksan Pure Chemicals Co., South Korea). L-cysteine

(Yakuri Pure Chemicals Co., Japan) and EDTA (Ducksan Pure

Chemicals Co., South Korea) were used as activators. Tween 85

(Sigma Chemicals Co., USA) and Span 40 (Duksan Pure Chem-

icals Co., South Korea) were used as the non-ionic surfactants,

LAS (Sodium Laurylbenzenesulfonate, Japan) as the anionic sur-

factant, and SnogenCat-800 (Daeyoung Chemicals Co., South

Korea) as the cationic surfactant. The other reagents included

sodium sulfate (Ducksan Pure Chemicals Co., South Korea). All

the aforementioned reagents were first-class products.

2.2. Experiment methods

2.2.1 Papain treatment

The papain treatment was carried out using a shaking water bath

(Jeio Tech., South Korea) under optimal activation conditions at the

liquor-to-fabric ratio of 1:40, pH 7.5, 5% (o.w.f.) papain, and 75
o
C

for 30 minutes with 2% L-cysteine and 7% EDTA as activator. The

buffer solution used was a mixture of 0.5M tris base and 0.5M tris

HCl. The aforementioned papain treatment conditions were the

same as those in the paper of Sung and Kim(2008) reports. To

investigate the effects of sodium sulfate on the treatment of wool

fabrics using papain, the sodium sulfate concentration was changed

to 0.1, 0.5, 1, and 5% (o.w.f.) and the sodium sulfate was used in

conjunction with the activators. For investigating the surfactant

effects on the treatment of the wool fabric using papain, the con-

centrations of the anionic surfactant LAS, the cationic surfactant

Snogen cat-800, and the non-ionic surfactants Tween 85 and Span

40 were changed to 0.1, 0.5, 1, and 5% (o.w.f.), respectively, and

they were used in conjunction with the activators. To inactivate the

enzyme after the treatment, distilled water was used with the

liquor-to-fabric ratio of 1:40 and at 90
o
C for 10 minutes.

2.2.2. Measurement of weight loss rate

The weight loss rate was calculated using the following formula

after measuring the dried weights before and after the enzyme treat-

ment and after the specimen was dried at 105-110
o
C for 90 minutes

using a drier (Jeio Tech, South Korea) and conditioned in a des-

iccator for 30 minutes. The average results of five test runs are

reported.

Weight loss (%) =

W1: Fabric weight before the enzyme treatment

W2: Fabric weight after the enzyme treatment

2.2.3. Measurement of tensile strength

The tensile strength was measured using a tensile strength tester

(SS-121A, Sungshin Testing Machine Co., South Korea) in accor-

dance with KS K0520 (Revelled Strip Method). The basic mea-

surement conditions were set at 4 cm position distance and 30 mm/

min for the tensile strength, and only the inclination directions were

measured. The average results of five test runs are reported.

2.2.4. Measurement of whiteness

The whiteness was measured using a Computer Color Matching

System (J × 777, Japan; hereinafter referred to as ‘CCM’). The

average results of five test runs are reported.

3. Results and Discussion

3.1 Effects of sodium sulfate on papain activity

Fig. 1-3 show the weight loss rate, tensile strength, and white-
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Table 1. Characteristics of the experimental fabric

Fiber (%) Weave
Fabric Count

(yarns/inch)

Fabric Weight

(g/m
2
)

Thickness

(mm)

Wool 100 Plain 47×43 86.2 0.275

Table 2. Properties of the enzyme papain

Enzyme Source Activity Form Manufacturer

Papain

(EC 3.4.22.2)
Carica papaya 0.5 unit/mg Powder Fluka
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ness corresponding to the sodium sulfate concentrations in the

papain treatments of wool fabrics, using 2% L-cysteine and 7%

EDTA as activators, under optimal activation conditions.

As presented in Fig. 1, the weight loss observed when the acti-

vator L-cysteine was used jointly with 1% sodium sulfate appeared

similar to that observed for 0% sodium sulfate (referred to as the

control hereinafter). Slightly increased weight loss was observed

when L-cysteine was used jointly with 0.5% sodium sulfate. How-

ever, compared to the weight loss observed for the control, the cor-

responding values observed for 1 or 5% sodium sulfate with L-

cysteine was significantly lower. In the case of EDTA as the acti-

vator, the weight loss observed when EDTA was jointly used with

0.5% sodium sulfate significantly increases up to the maximum

weight loss of 15.62%. The weight loss observed for EDTA jointly

used with sodium sulfate in excess of 5%, however, remained

almost the same as those observed for the control. Therefore, the

joint use of L-cysteine or EDTA with less than 0.5% of sodium sul-

fate increased the papain activity, but the joint use with sodium sul-

fate present in excess of 0.5% did not affect or even hinder the

enzyme activity. This can be attributed to the fact that a small

amount of neutral salt improves the papain solubility, but increas-

ing neutral salt concentrations lowers the solubility of papain, lead-

ing to precipitation of papain in the solution(Glazer & Smith,

1971). The result of Fig. 1 was different with the result of the pre-

vious study without sodium sulfate, that is, weight loss with EDTA

islower than that with L-cysteine(Sung et al., 2010). This is

because the joint use of sodium sulfate improves the role of EDTA

as an activator but did not help the role of L-cysteine.

As shown in Fig. 2, in the both of 2% L-cysteine and 7% EDTA,

the tensile strength decreased than that of the control by the joint

use with all concentration of sodium sulfate. The tensile strength

decreased to its minimum value with the joint use of either 2% L-

cysteine or 7% EDTA with 0.5% sodium sulfate. The joint use with

1 or 5% sodium sulfate presented strengths similar to those of the

control. On comparing the test results of the tensile strength with

the weight loss presented in Fig. 1, we can see that the joint use of

0.1 or 0.5% sodium sulfate leads to increased weight loss but

decreased tensile strengths in both the 2% L-cysteine and 7%

EDTA activators. On the other hand, with the joint use of 1 or 5%

sodium sulfates, the tensile strength increased when 2% L-cysteine

was used, while the weight loss rate decreased; however, when 7%

EDTA was used, the tensile strength appeared similar to that of the

control despite the decrease in weight loss.

Fig. 3 presents the whiteness measurement results. The white-

ness for 2% L-cysteine at 0.1% of sodium sulfate was lower than

that for the control; however, no further decreases in whiteness

were observed with increasing sodium sulfate concentration. With

7% EDTA, however, the whiteness at all concentrations of sodium

sulfate appeared similar the control.

Fig. 1. Weight loss of wool fabrics treated by papain with the L-cysteine,

EDTA andsodium sulfate.
Fig. 2. Tensile strength of wool fabrics treated by papain with the L-

cysteine, EDTA and sodium sulfate.

Fig. 3. White index of wool fabrics treated by papain with the L-

cysteine, EDTA and sodium sulfate.
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3.2. Effects of surfactants on papain activity

While handling water-insoluble substrates in an enzyme treat-

ment process, surfactants are used to improve the interactions

between the enzyme and the substrates and to enhance the activity.

Surfactants are divided into four kinds (cationic, anionic, zwitte-

rionic, and nonionic), and the charged surfactants interact electro-

statically with the charged amino acid chains present on a protein

surface. However, the surfactants can also sometimes lead to the

deactivation of the enzymes depending on the kinds of substrates

and the origin of the enzymes. The suitability of the surfactant

should thus be verified before its application(Cavaco-Paul &

Gubitz, 2003). Therefore, L-cysteine and EDTA were used as the

activators to verify the surfactant effects in treating wool fabrics

using papain under optimal vitalization conditions.

Fig. 4-9 present the measurement results of the weight loss, ten-

sile strength, and whiteness in the papain treatments of wool fabrics

under optimal vitalization conditions in the presence of different

surfactant types (anionic surfactant LAS, non-ionic surfactants

Tween 85 and Span 40, and cationic surfactant Snogen Cat-800)

and concentrations.

As shown in Fig. 4, the weight loss observed for 2% L-cysteine

used jointly with the surfactants was lower than that observed for

the 0% surfactants (referred to as the control hereinafter) for all the

four different surfactants used; the magnitude of the decrease in

weight loss increased with surfactant concentration. This is attrib-

uted to enzyme deactivation at high surfactant concentration, as its

secondary and tertiary structures denature due to surfactant adhe-

sion on the enzyme(Yurika et al., 2003). As presented in Fig. 5, the

weight loss observed for 7% EDTA in conjunction with the non-

ionic surfactants Tween 85 or Span 40 was higher than the control

(no surfactant) at all concentrations of the surfactant. The highest

weight loss was observed at 0.1% surfactant and decreased as the

concentration increased. For samples containing 7% EDTA along

with the anionic surfactant LAS, increased weight loss was

observed at LAS concentrations lower than 1%, when compared to

the control, and decreased at concentrations of surfactant higher

than 1%. The highest rate was observed at 0.1% LAS, and the rate

gradually decreased as the LAS concentration increased. When 7%

EDTA was jointly used with the cationic surfactant Snogen Cat-

800, an increased weight loss rate, compared to that of the control,

was observed only at the 0.1% concentration, and gradually

decreased as the concentration increased. The decrease in enzyme

activity at higher surfactant concentrations occurs because the

enzyme activity is interrupted by the micelles formed by the sur-

factant at increasing surfactant concentration. The magnitude of

weight loss varied with the surfactant type in the following order:

non-ionic surfactants Tween 85 and Span 40 > anionic surfactant

LAS > cationic surfactant Snogen Cat-800. It has been reported

that the non-ionic surfactants have high enzyme suitability,

whereas the anionic surfactants have lower suitability. According

to previous studies(Yurika et al., 2003), the enzyme structure is bro-

ken and destroyed by the microenvironment constructed by the

anionic surfactant SDS. On the other hand, the interruption of the

enzyme activity caused by a cationic surfactant is because cationic

surfactant is absorbed by the wool fabric and adheres to the neg-

atively charged enzyme.

As presented in Fig. 6 and 7, the tensile strength observed when

either 2% L-cysteine or 7% EDTA was jointly used the surfactant

was mostly lower than that of the control. For all the surfactants

tested, the lowest value of tensile strength was obtained at 0.1% of

the surfactant; however, the tensile strength gradually increased

Fig. 4. Weight loss of wool fabrics treated by papain with the L-cysteine

and surfactants.

Fig. 5. Weight loss of wool fabrics treated by papain with the EDTA and

surfactants.
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with further increase in the surfactant concentration. Compared

with the trend in weight loss presented in Fig. 5, in the case of 2%

L-cysteine, although the weight loss observed at all concentrations

of all surfactants was lower than that of the control, the tensile

strength was lower than that of the control. In the case of 7%

EDTA, the tensile strengths observed in the presence of cationic

surfactant concentrations higher than 0.5% and anionic surfactant

concentration of only 5% was lower than that of the control

although the weight loss was lower than that of the control. This is

because papain was penetrated deep into the fibers by surfactants

and hydrolyzed the endo-cuticle layers and cortexes of wool

fibers(Na, 2001). Fig. 6 and 7 show that the increase in tensile

strength depends on the surfactant type in the following order: non-

ionic surfactants Tween 85 and Span 40 < anionic surfactant LAS <

cationic surfactant Snogen Cat-800.

As shown in Fig. 8 and 9, the whiteness observed for the control

was similar to those observed for 2% L-cysteine used in conjunc-

tion with the nonionic surfactants Tween 85 and Span 40 and the

anionic surfactant LAS at all concentrations. In contrast, the white-

ness observed for 2% L-cysteine with the cationic surfactant Sno-

gen Cat-800 decreased at all concentrations of the surfactant

compared to the control. In the case of 7% EDTA, similar or

slightly higher whiteness values, compared to the control, were

observed for all concentrations of the non-ionic surfactants Tween

85 and Span 40 and the anionic surfactant LAS. However, slightly

decreased whiteness values were observed for all concentrations of

the cationic surfactant Snogen Cat-800 in the presence of 7%

EDTA. The maximum whiteness was observed for 0.1% for all the

surfactants, which gradually decreased as the concentration

increased. The results of the whiteness measurements correspond

to the result of the weight loss measurements. Therefore, the white-

ness measurement results also show that the surfactant effects

Fig. 6. Tensile strength of wool fabrics treated by papain with the L-

cysteine and surfactants.

Fig. 7. Tensile strength of wool fabrics treated by papain with the EDTA

and surfactant.

Fig. 8. Whiteness index of wool fabrics treated by papain with the L-

cysteine and surfactants.

Fig. 9. Whiteness index of wool fabrics treated by papain with the

EDTA and surfactants.
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papain activity. Previous studies reported that during the papain

treatments of wool fabrics, the whiteness of the wool fabric

increased as the papain reacted with the colored wool proteins,

parts of which were hydrolyzed to water-soluble amino acids.

Thus, the papain activity was enhanced(Na, 2001).

4. Conclusion

The effects of sodium sulfate and surfactants on the papain activ-

ity in the shrink-proof treatments of wool fabrics using papain are

summarized below: 

For both 2% L-cysteine and 7% EDTA, the maximum papain

activity appeared at 0.5% sodium sulfate concentration. In both

cases, the papain activity was enhanced at sodium sulfate concen-

trations lower than 0.5%. In contrast, the papain activity declined at

sodium sulfate concentrations higher than 0.5%. The joint use of

EDTA with 0.5% sodium sulfate was proven to be very effective in

improving the papain activity. The joint use of 2% L-cysteine with

0.5% sodium sulfate appeared slightly effective in improving the

activity but resulted in excessive decrease in the tensile strength

and whiteness, compared to improvement in the activity. The joint

use of surfactants, in the case of L-cysteine, interrupted the papain

activity and decreased the tensile strength regardless of the sur-

factant type and concentration. In the case of EDTA, however, the

joint use with 0.1-5% non-ionic surfactants, 0.1-0.5% anionic sur-

factants, and 0.1% cationic surfactant appeared to improve the

papain activity. The maximum papain activity was observed when

0.1% of surfactant was used, regardless of the surfactant type.

Among the various surfactant types, the non-ionic surfactant was

proven to be the most effective in improving the papain activity.
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