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Abstract 
The main objective of this work is to degum the silk with natural enzyme in 
lieu of conventional degumming to make it sustainable. Fibroin and sericin 
are the main composition of silk. Sericin provides a harsh and stiff effect of 
silk and decreases the valuable property like luster and whiteness and also 
leads to uneven dyeing. It is necessary to remove this sericin for the better 
post processing of silk. The removal process of sericin from silk is called de-
gumming. Usually degumming process is done by using chemicals like soda 
(Na2CO3), detergent and other chemical staffs. But these chemicals are lethal 
to the environment. So, if such component found that can be substitute the 
fatal components and give the same required result or very close then that 
would be considered as an asset. This work deals with the different enzymes 
extracted from natural sources such as papaya skin, pineapple skin and guava 
leaf with variation of enzyme concentrations such as 10 (%), 15 (%) & 20 (%) 
as well as 35˚C 45˚C & 55˚C temperatures that influence the degumming effi-
ciency. By analyzing the various samples on the basis of degumming efficien-
cy and other tests such as tensile strength, water vapor permeability, pilling 
and abrasion, crease recovery, whiteness test and spot test are done by stan-
dard method, it is found that the enzyme extracted from papaya skin shows 
the best degumming efficiency 15.9 (%) and other tests also show the good 
result at 15 (%) concentration and 45˚C temperature whereas degumming ef-
ficiency 16.6 (%) for conventional process. From this work, it can be con-
cluded that enzyme extracted from papaya skin can be substituted of conven-
tional degumming which is also ecofriendly. 
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1. Introduction 

Silk is the long natural protein fiber which is produced by a number of different 
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insects including silkworms, spiders, scorpions, mites and flies, with each pro-
ducing a unique variety of silk [1]. The most popular silk type in worldwide is 
mulberry silk which is produced from Bombyx mori silkworm for its outstand-
ing properties such as softness, strength, dye ability, and luster [2] [3] [4] [5]. 
Natural silk is a continuous protein-filament spun by the silkworm [6]. The 
length of fiber in a single cocoon is 600 - 1500 m [7]. The silk fiber of the cocoon 
consists of two protein components namely fibroin and sericin. Fibroin provides 
the main fibrous structure to the Bombyx mori silkworm while sericin is a 
glue-like protein that holds the cocoon together [8]-[14]. These sericin or waxes 
hammer the post processing of silk due to poor wetting property [15]. Removing 
of sericin from silk is called degumming. Degumming is very important treat-
ment of silk processing because the presence of gum makes the silk harsh, stiff, 
masks its natural lusture [16] and leads to uneven dyeing. Degumming is the 
process of cleavage of peptide bonds of sericin either by hydrolytic or enzymatic 
methods and its subsequent removal from silk [17] [18]. The degumming 
process removes the sericin layer before dyeing using a solution of soap, syn-
thetic detergents, or proteolytic enzymes [19] [20] [21]. Generally degumming is 
done by conventional method with soap and alkali but in this work, it is tried to 
do a different way, where the chemicals were substituted by natural enzymes ex-
tracted from papaya skin, pineapple skin and guava leaf to complete green de-
gumming. Enzymes are eco-friendly and work under mild conditions at low 
temperature, so, consume less energy than any other methods [22]. Green de-
gumming of silk provides a better result and also reduces the load of effluent on 
environment. Degumming improves the sheen, color, hand, and texture of the 
silk [23]. Silk fibroin is not only a valuable textile material but also an attractive 
biomaterial in several medical fields such as tissue engineering, drug delivery, 
optics, sensing, diagnostics [24]-[30]. Previously [18] [31] [32] [33] worked on 
the basis of enzyme extracted from papaya and pineapple skin but there has no 
work carried out with direct concern of degumming silk by guava leaf. This 
work mainly focused on degumming efficiency of silk by enzyme extracted from 
papaya skin, pineapple skin and guava leaf and also focused on different physical 
properties of silk in conventional and natural degummed method with compar-
ison between them in both methods effect. 

2. Materials and Methods 
2.1. Material  

In this work, un-degummed spun silk was used, which was collected from Ban-
gladesh Sericulture Research and Training Institute, Rajshahi-6207. Figure 
and specification of silk fabric is given in Figure 1. 

Others necessary chemicals such as Disodium Hydrogen Phosphate (Na2HPO4), 
Sodium Chloride (NaCl), Sodium Carbonate or Soda (Na2CO3), Hydrogen Pe-
roxide (H2O2), Hydrochloric Acid (HCl) and 1 (%) direct red dye which all la-
boratory grade without any modification were used in this work. 

https://doi.org/10.4236/msce.2020.88003


M. Rahman et al. 
 

 

DOI: 10.4236/msce.2020.88003 32 Journal of Materials Science and Chemical Engineering 
 

 
Figure 1. Sample of raw silk (40 × 25 c.m.) 

2.2. Enzyme Extraction 

Enzyme is extracted by following [32] with slide change and simply describe 
here. To 1 liter of Phosphate buffer stock solution, 1.42 gm Na2HPO4 and 8 gm 
NaCl were mixed by the formula of  

W CMV=                           (1) 

(W = Mass in gram of solute, C = Concentration of the molecule, M = Mass of 
the molecule in gram, V = Volume of solution require in liters) with 1-liter dis-
tilled water and adjusted the PH range 4.5 - 6. Papaya skin, pineapple skin and 
guava leaf dried by exposure under sunlight until it becomes crunchy and then 
crush it with mortar-shell and to bring powder form as far as possible. Then 
mixed these extracted powders at an amount of 10 gm per 100 ml Phosphate 
buffer and kept in a dark place for 24 hours. Then the solution filtered and fi-
nally the enzyme extracted from Papaya skin, pineapple skin and guava leaf.  

From Table 1 and Table 2, we can observe that, natural enzymes are used in 
natural degumming in lieu of soda and detergent which is the unique difference 
of this manuscript. Also, there is a change in temperature between these two 
tables. 

2.3. Sample Preparation 

Degummed solutions were prepared by the below-mentioned recipe. Then 
un-degummed silk sample added in the solution. GyroWash machine was used 
to degum samples and finally washed and rinsed the sample (See Figure 2). 

2.4. Degumming Efficiency Test 

The degumming efficiency of silk is measured by following formula 

( ) 1 2

1

Degumming Efficien 10% 0cy
W W

W
×=

−
             (2) 

here, W1 = Weight before degumming.  
W2 = Weight after degumming. 
Tensile strength, Water vapor permeability, Abrasion, Pilling, and Crease re-

covery test of fabric is done by ASTM D5034, Cup method, ISO 12947-1, ISO 
12945-2, BS 3086 method respectively.  
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Fiber Mulberry Spun Silk 

Weave Structure Plain Weave 

Ends Per Inch (EPI) 90 

Picks Per Inch (PPI) 85 

Warp count 60 

Weft count 60 

Fabric GSM 80 

Country of origin Bangladesh 

 

 
Figure 2. GyroWash Machine (James Heal). 

 
Table 1. Natural degumming recipe of silk. 

Parameter Quantity 

Enzyme (%) On the amount of liquor 10 (%), 15 (%) and 20 (%) 

H2O2 7.5 gm/L 

Temperature (35˚C, 45˚C and 55˚C) 

Time 1.5 hour 

M:L 1:20 

Machine Gyro wash 

 
Table 2. Conventional degumming recipe. 

Parameter Quantity 

Soda (Na2CO3) 1 gm/L 

Detergent 0.5 gm/L 

H2O2 5 gm/L 

Temperature 80˚C 

Time 1 hour 

M:L 1:20 

Machine Gyro wash 
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3. Result & Discussion 
3.1. Degumming Efficiency 

In this research degummed the raw silk by “papaya skin, pineapple skin and 
Guava leaf” enzymes using 10 (%), 15 (%), 20 (%) concentration at 35˚C, 45˚C 
and 55˚C temperature. Among those temperatures 45˚C show the best result. So, 
result of 45˚C temperature of those samples is given in Figure 3. 

From the diagram, degumming efficiency among naturally degummed sam-
ples the papaya skin enzyme shows the best result 15.9 (%) at 15 (%) concentra-
tion and the conventional method is 16.6 (%). There is little difference of de-
gumming efficiency 0.7 (%) between natural and conventional method. All of 
the other tests were done on the basis of maximum degumming efficiency i.e. 
45˚C temperature degummed samples.  

3.2. Tensile Strength 

From the lower diagram of Figure 4(a), tensile strength along warp direction 
among naturally degummed samples the pineapple skin enzyme shows the 
maximum force 661.4 N at 10 (%) concentration and the conventional method is 
582.2 N. Again, from the lower diagram of Figure 4(b), tensile strength along 
weft direction among naturally degummed samples the pineapple skin enzyme 
also shows the maximum force 566.5 N at 20 (%) concentrations and the con-
ventional method is 467.5 N. Tensile strength, both for warp and weft direction 
of silk fabric degummed by natural enzyme exhibit better result than conven-
tional degumming. 

3.3. Water Vapor Permeability 

From Figure 5, water vapor permeability among naturally degummed samples 
the Guava leaf enzyme shows the maximum result 1422 (gm/m2/day) at 15 (%) 
concentration and the conventional method is 1355 (gm/m2/day). Here water 
vapor permeability of silk fabric degummed by natural enzyme showed better 
result than conventional degumming. 

 

 
Figure 3. Degumming efficiency of silk by natural and conventional method.  = 

Papaya skin,  = Pineapple skin,  = Guava Leaf,  = Conventional. 
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Figure 4. Tensile strength of silk by natural and conventional method, (a) for warp 
direction and (b) for weft direction of silk fabric. (a)  = Papaya skin,  = 

Pineapple skin,  = Guava Leaf  = Conventional. (b)  = Papaya skin, 

 = Pineapple skin,  = Guava Leaf,  = Conventional. 

 

 
Figure 5. Water vapor permeability of silk by natural and conventional method.  = 

Papaya skin,  = Pineapple skin,  = Guava Leaf,  = Conventional. 

3.4. Whiteness Test 

From Figure 6, whiteness test among degummed samples conventional method 
shows the maximum reflectance and from the natural method papaya skin en-
zyme shows the maximum reflectance. 
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3.5. Pilling and Abrasion Test 

From Table 3, pilling and abrasion test were not significant effect among the 
samples degummed by enzyme extracted from natural sources and also sample 
degummed by conventional method. All of the results were almost similar. 

3.6. Spot and Crease Recovery Test 

From Table 4, there were not any significant effect of “Spot test” among the 
samples degummed by enzyme extracted from natural sources and also the sam-
ple degummed by conventional method. All of the results were almost similar. 
In case of crease recovery test, there were not any significant effect among the 
samples degummed by enzyme extracted from natural sources and also the sam-
ple degummed by conventional method.  
 
Table 3. Pilling test and abrasion test result. 

Sample 
no. 

Enzyme type 
Concentration 

(%) 
No. of  

revolution 

Result of pilling and abrasion test 

Grade of pilling Result of abrasion 

1 Papaya skin 10 5000 5 No thread breakage 

2 Papaya skin 15 5000 5 No thread breakage 

3 Papaya skin 20 5000 5 No thread breakage 

4 Pineapple skin 10 5000 4 No thread breakage 

5 Pineapple skin 15 5000 5 No thread breakage 

6 Pineapple skin 20 5000 4 No thread breakage 

7 Guava leaf 10 5000 5 No thread breakage 

8 Guava leaf 15 5000 5 No thread breakage 

9 Guava leaf 20 5000 4 No thread breakage 

10 conventional conventional 5000 5 No thread breakage 

 
Table 4. Spot test and Crease recovery test result. 

Sample no. Enzyme type Concentration (%) Condition of spot test Crease recovery angle (˚) 

1 Papaya skin 10 Uniform 57˚ 

2 Papaya skin 15 Uniform 65˚ 

3 Papaya skin 20 Uniform 60˚ 

4 Pineapple skin 10 Uneven 53˚ 

5 Pineapple skin 15 Uniform 55˚ 

6 Pineapple skin 20 Uniform 58˚ 

7 Guava leaf 10 Uneven 62˚ 

8 Guava leaf 15 Uneven 57˚ 

9 Guava leaf 20 Uneven 55˚ 

10 conventional conventional Uniform 61˚ 
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Figure 6. Whiteness test of silk by natural and conventional method. 

4. Conclusion 

Normally silk is popularly degummed by conventional method all over the 
world. Enzymes are natural products, totally biodegradable and finish their work 
efficiently without leaving pollutants behind. The enzyme prepared as men-
tioned way and the samples were degummed in natural and conventional me-
thod. In natural degumming this project deals with different natural enzymes 
extracted from papaya skin, pineapple skin and guava leaf with variation of en-
zyme concentration 10 (%), 15 (%) and 20 (%) as well as 35˚C 45˚C and 55˚C 
temperature that influences the degumming efficiency. Every sample was de-
gummed at each temperature with each concentration. It was found that, the 
enzyme extracted from papaya skin shows the best result at 15 (%) concentration 
and 45˚C temperature. On the basis of degumming efficiency other test results 
were also satisfactory comparing with the conventional method. It is concluded 
that green degumming can be better than conventional degumming method and 
this natural method can be altered considering the environmental issue. 
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