
J. Environ. Res. Develop. 
Journal of Environmental Research And Development        Vol. 8 No. 2, October-December 2013  

243 
 

PREPARATION OF NANO SILK SERICIN BASED 
HYDROGELS FROM SILK INDUSTRY WASTE 

Agrawal Pushpa*, B.V. Goutham Vishnu and Thippa Reddy K.S. 
Department of Biotechnology, R. V. College of Engineering, Bangalore, Karnataka (INDIA)  

 

Received July 05, 2013                                                   Accepted November 07, 2013 

ABSTRACT 
The domesticated silkworm, Bombyx mori is an important economic insect which produces 
massive amount of silk proteins. The major components of silk cocoon fibers are fibroin and 
sericin. The silk industry obtains silk fibers after degumming, processing of 0.4 million tons of dry 
cocoons worldwide, generates about 0.05 million tons of sericin protein as waste which is released 
into environment causing pollution. In the present work, we have prepared pure sericin powder by 
processing silk waste water. The protocols for the efficient extraction and recovery of pure sericin 
protein as well as nano synthesis have been developed. The samples were analyzed for the protein 
concentration and presence of sericin through Lowry’s method, SDS-PAGE and UV-visible 
spectroscopy. The pure sericin preparation was used to synthesize nanometer size sericin using 
Urea method. The size of synthesized nano sericin was analyzed using Particle Size Analyzer 
(PSA) and the surface morphology was studied under Scanning Electron Microscope (SEM). The 
extracted nano sericin (having 32% serine amino acid) is used to produce hydrogels with 
polyethyleneglycol and glutaraldehyde. The protocols have been developed to synthesize sericin 
based various types of hydrogels by manipulating the concentrations of polyethyleneglycol and 
glutaraldehyde. The hydrogels having sericin protein are bioacceptable and antimicrobial in nature 
therefore having wealth of applications, for example, in agriculture (soil conditioners, in seed 
germination, water retention, plant growth etc.) and in biomedical fields (as wound dressing 
membrane and as antimicrobial water absorption layer in baby diapers and sanitary napkins). 
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INTRODUCTION 
Silk is a natural protein fiber mainly used in 
textile industries. Silk is a continuous thread of 
two filaments forming the cocoon of silk worm, 
Bombyx mori.  Silk thread is a double strand of 
the fibroin held together by a substance which is 
gummy in nature; this gummy substance is the 
sericin protein.1, 2 The waste water from silk 
industry largely contains the sericin group of 
proteins which are discarded unused and 
polluting the nearby area. The chemical 
composition of silk filament is fibroin (70-80%), 
sericin (19-28%) and other matter plus ash 
contributes to (1.0-2.0%). Silk fibroin and sericin 
proteins are the major constituents of the cocoon. 
In the process of degumming of cocoon, the 
water soluble sericin is removed during silk fiber 
production for raw silk recovery.3, 4  
The silk threads are held together by a gummy 
sericin  group   of    proteins.  Sericin contains 18  

amino acids including essential amino acids. The 
major amino acid compositions in sericin are 
32% of serine, 18% aspartic acid and 16% 
glycine. The total amount of hydroxyl amino 
acids is 45.8%, polar amino acid 42.3% and non-
polar amino acid residues 12.2% in sericin. 
Sericin occurs mainly in an amorphous random 
coil and to a lesser extent in a β-sheet organized 
structure.2 The present study emphasizes on the 
applications of silk waste generated during 
degumming process. The various methods have 
been adopted for degumming of cocoons by 
different silk industries, few industries used only 
boiling water for degumming purpose some use 
sodium carbonate salt along with water and 
others use certain enzymes for degumming 
purpose.5,6  Sericin group of proteins have 
various applications, as per literature, in 
diversified fields as in the cosmetic, 
pharmaceuticals, moisturizers, antioxidant etc.7, 8 
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of sericin of waste water from silk industry as 
potential biomaterial. The waste water of 
degumming process of silk industry is utilized 
for the extraction of sericin group of proteins 
and its conversion to nano particles which can 
play role in its wide range of application.9 

Sericin as nano-properties have been tested for 
anti-microbial properties as well as application 
as hydrogel as portrayed in the paper. The anti-
microbial properties for the sericin is tested 
against the Escherichia coli, Bacillus subtilis 
and Proteus mirabilis.10  
Sericin has the property of gel formation. A 
blended hydrogel made of sericin and fibroin and 
PVA is said to have excellent moisture absorbing 
and desorbing properties and elasticity. Serine is 
major component of sericin protein which play 
major role in wound healing process. The 
hydrogel can be used as a soil conditioner in 
medical materials and wound dressing.11 A cross-
linked sericin film can be used for enzyme 
immobilization with glutaraldehyde as the cross- 
linking agent. The heat stability, the electro-
osmosis resistance and the stability of the 
immobilized J-glucosidase on the cross-linked 
sericin film was higher than the free enzyme. 
Silk sericin has good wound healing properties. 
Its component also improves the attachment of 
cultured human skin fibroblast and corneal 
wound healing.12,13 Sericin could suppress lipid 
peroxidation, inhibit tyrosinase (polyphenol 
oxidase) activity in vitro and contributes its 
antioxidant activities to hydroxyl group chelation 
with trace elements such as copper and iron. 
Sericin is a valuable ingredient for cosmetics 
because it can inhibit tyrosinase activity and this 
enzyme is responsible for biosynthesis of skin 
melanin.14 Sericin possesses the biological 
activity of preventing cell death and promoting 
cellular growth after acute serum deprivation. 
Therefore sericin is a potentially useful 
degradable biomaterial as biomedical material in 
cosmetics, nutraceuticals, pharmaceuticals and 
polymers for forming articles, functional 
membranes and hydrogels etc.  

MATERIAL AND METHODS 
Silk industry waste water, urea, dialysis tubing, 
nutrient agar, Whatman filter paper 40, Bovine 
serum albumin, Folin Ciocalteau solution, 
Sodium    Dodecyl  Sulphate  (SDS)  acrylamide,  

bis-acrylamide, ammonium persulphate, beta-
mercapto-ethanol, glycerol, Tris-HCl, glycine, 
commessive blue, polyethyleneglycol (PEG) and 
glutaraldehyde. 
Cultures 
Escherichia coli, Bacillus subtilis and Proteus 
mirabilis 
Extraction of sericin 
The silk waste water was collected from small 
scale silk industry units around Bangalore, 
Karnataka, India. The 5 L waste water was 
centrifuged in a centrifuge (Hermle, Germany) at 
4000 rpm for about 10 minutes to remove the 
suspended particles. The clear supernatant was 
concentrated in a rotary evaporator to about half 
of the original volume 2 L. The concentrated 
solution was analyzed for sericin proteins by UV 
Visible spectroscopy and SDS PAGE the 
concentration of sericin was estimated using 
Lowry’s method. The clear concentrated sericin 
solution was stored at 4oC for further use. 
Preparation of nano sericin 
The 48 g of urea was added to a 100 ml 
concentrated sericin solution to make the final 
concentration of urea to 8M. The solution was 
agitated continuously at 60oC for one hour. 
After cooling at room temperature, the solution 
was dialyzed using dialysis tubing (MWCO: 
10kDa) against distilled water for 48 hrs. The 
distilled water was changed every 3 hrs, to 
remove urea completely.  The solution was 
then subjected to lyophilization using Opera 
freeze dryer at -550C for 24hrs to get nano 
sericin in powder form.15 
Estimation of proteins 
The concentrated sericin solution was analyzed 
for protein concentration by Lowry’s method. 
The UV-visible absorption spectrophotometer 
analysis was carried out to know the presence 
of sericin by confirming the absorption 
maxima of the protein in accordance with 
literature maxima of sericin.9 The molecular 
weights of the sericin were analyzed by SDS-
PAGE using standard protein molecular weight 
markers as reference.  
The protein estimation by Lowry’s method 
The stock BSA solution of concentration 1mg/ml 
was prepared. 0, 0.2, 0.4, 0.6, 0.8 and 1ml           
of   stock   BSA  solution  were taken in different  
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test tubes. The final volume in each of the test 
tubes   was    made 1 ml by adding distilled water 
and 1ml of concentrated sericin solution to 
another test tube. The 5 ml of alkaline copper 
solution were added to all test tubes and mixed 
well. The reaction mixtures were incubated at 
room temperature for 10 min. 0.5ml of Folin 
Ciocalteau reagent was added to each reaction 
mixture and incubated for 30 min in dark.  The 
optical density of samples was measured at 660 
nm.  Absorbance was plotted against protein 
concentration to get the standard calibration 
graph and the concentration of concentrated 
sericin. 
Determination of molecular weight of 
sericin protein by SDS PAGE 
The SDS-PAGE was used to determine the 
molecular weight of the sample.  The 12.5% 
resolving gel was prepared by mixing 15 ml of 
water, 11.25 ml of 1.5 M Tris-HCL (pH 8.8)/ 
0.4% SDS, 18.75 ml of acrylamide/bis-
acrylamide (30%/ 0.8% w/v), 150 µl of 10% 
(w/v) ammonium persulphate and 7.5 µl of 
TEMED. The 4% stacking gel was casted on the 
top of resolving gel. The 5μl each of standard 
protein molecular weight marker, sample 1 and 2 
were mixed well with 5μl of SDS sample buffer 
and were loaded into 3 different wells. The 
Electrophoresis of the gel was carried out at 100 
V for approximately 3 hrs and stained with 
coomassie blue stain. 
Determination of absorption maxima of 
sericin solution 
The Ultraviolet-visible spectroscopy was carried 
out with the help of Elico SL 164 UV-visible 
double beam spectrophotometer. 3 ml of concen-
trated sericin solution in a quartz cell was placed 
in the sample holder to get the absorption spec-
trum from 190 nm to 300 nm wavelength to 
confirm the absorption maxima of sericin 
protein.  
Particle size analysis 
The concentrated sericin solution and urea 
treated nano sericin solution were analyzed for 
particle size using NPA152— 31A Zetatrac 
particle size analyzer. 5 ml of each sample was 
loaded with the help of syringe into the sample 
loader one after the other. The size of the particle 
is analyzed by the emission of 780 nm 
wavelength from a laser diode.  

Surface morphology analysis using Scann-
ing Electron Microscopy (SEM) 
A scanning electron microscope is a type 
of electron microscope that images a sample by 
scanning it electrons interact with sample. The 
concentrated sericin solution was added on 
carbon tape and dried in an oven and lyophilized 
sericin powder was added on to a carbon tape. 
The tapes later placed on sample holder and were 
analyzed under Hitachi SU-1500 scanning 
electron microscope with a high-energy beam 
of electrons in a raster scan pattern. The atomic 
signals produced by sample gave the information 
about the sample's surface morphology.  
Test for antibacterial properties 
250 ml of nutrient agar medium (5 g of LB in 
250 ml water and 1.5% agar) was prepared and 
autoclaved. The autoclaved medium was 
poured into sterile petri plates under aseptic 
conditions. E.coli, B.subtilis and P.mirabilis 
cultures were used for inoculation. The petri 
plates were inoculated with 100µl of E.coli 
culture. The inoculated petriplates were spread 
uniformly using spreader. Discs prepared by 
punching Whatman paper 1 were autoclaved. 
Discs were dipped in nano sericin solution of 
concentration 360 µg/ml, sterile distilled water 
(control) and urea solution were placed 
(control) on cultured plates prepared in 
triplicates. Similarly the inoculation steps for 
cultures of Bacillus and Proteus were carried 
out in triplicates. The petri plates were 
incubated at 37°C for 24 hrs and were 
observed for formation of zone of inhibition to 
find the antibacterial activities of nano sericin. 
Preparation of hydrogel 
The hydrogel are obtained from materials 
which are biocompatible, biodegradable and 
non-toxic in nature.1 Thus, hydrogel prepared 
can be used for the biomedical applications 
after their characterization studies.   
The hydrogels were prepared using nano sericin 
solution and PEG 4000. 30% (w/v) nano sericin 
solution was mixed with PEG at different 
volume ratios of 1:1, 1:2, 1:3, 1:4 and 1:5. The 
reaction mixture was incubated at 4C for 3 
days. The hydrogels so obtained show gelation 
below 4C and gradually reverts to solution at 
25C in 30-45 minutes. The volume ratio       
1:4  showed   better   gelation compared to other  
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volume ratios. Minimum amount of cross 
linkers like glutaraldehyde was added to the 
tubes. The total reaction mixture volume of 0.5 
ml having 1:4 volume ratio of sericin and PEG 
was treated with 50 μl, 75 μl, 100 μl, 125 μl and 
150 μl of 70% freshly prepared solution of 
glutaraldehyde. Heat treatment was given by 
incubating for 5 minutes using water bath at 
400C. Immediately after the heat treatment, the 
tubes were subjected to freezing conditions. Hot 

and cold treatment initiates the polymerization 
to form gel. 

RESULTS AND DISCUSSION 
The protein estimation by Lowry’s method 
The results show that the sample has sericin 
protein concentration of 360 μg/ml (Table 1 
and Fig. 1) in concentrated sericin solution. 
Therefore, the waste water procured contained 
144 mg/l of sericin. 

Table 1 : Estimation of concentration of sericin protein  

Standard 
BSA/sericin 

(ml) 
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Alkaline 
copper (ml) 
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OD 
660 

Conc. of 
BSA 

(µg/ml) 

0 1 5 0.5 0 0 

0.2 0.8 5 0.5 0.3 200 

0.4 0.6 5 0.5 0.62 400 

0.6 0.4 5 0.5 0.94 600 

0.8 0.2 5 0.5 1.12 800 

1.0 0 5 0.5 1.26 1000 

1.0 
sericin 0 5 0.5 0.56 360 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 :  Standard graph of BSA  

 

 
Protein concentration in (µg/ml) 

O
D

 a
t 6

60
nm

 

Protein estimatior by Lowry’s method 
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Determination of molecular weight of 
sericin protein by SDS PAGE 
The SDS Polyacrylamide gel electrophoresis 
was carried out for sericin samples with 
molecular weight markers of 10-100kDa. The 

SDS PAGE results compared with molecular 
weight marker confirm that the preparation has 
sericin protein which is indicated by the 
presence of band at 25 kDa (Fig. 2) for light 
chain protein of sericin.     

 
 
                
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 :  SDS-PAGE gel pattern of sericin proteins. Lane 1, standard protein molecular weight 
marker (10-100 kDa),  lanes 2 and 3  sericin samples. 

Determination of absorption maxima of 
sericin solution 
The absorption of concentrated sericin solution 
was obtained from 190 nm to 300 nm 
wavelength using UV-visible spectrophotometer. 

The absorption maxima of extracted protein is at 
230 nm (Table 2 and Fig. 3) which is in 
accordance with the sericin protein and  indicates 
that peptide bonds are the major absorbing group 
for sericin in the ultraviolet region.   

Table 2 : Determination of absorption maxima of sericin solution. 

Wavelength Absorbance Wavelength Absorbance Wavelength Absorbance 

190 0.125 240 0.278 290 0.121 

200 0.075 250 0.167 300 0.077 

210 0.176 260 0.170 310 0.062 

220 0.748 270 0.206 320 0.062 

230 0.912 280 0.206 330 0.053 

 

                                            

 

                              

Lane 1 Lane 2 

100 kDa 

30 kDa 

50 kDa 

10 kDa 

20 kDa 
25 kDa 

Lane 3 
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Fig. 3  : UV-Visible absorbance spectrum of sericin. 

Synthesis of nano sericin 
The methods used were ultrasonication and urea 
treatment for the synthesis of nano sericin 
materials 
Results of particle size analysis 
The results indicated that the particles obtained 
through  ultrasonication  had  the average particle  

size of 261 nm (Fig. 4), while the sericin treated 
with urea reduced the sericin to much smaller 
size. The average particles size obtained through 
urea method was one nm (Fig. 5). 
Synthesis of nano sericin powder 
The pure nano sericin powder (Fig. 6) obtained 
by lyophilization of urea treated and 
ultrasonicated  sample 

 

Fig.  4 : Particle size analysis result of ultrasonicated sericin 
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Fig. 5 : Particle size analysis result of urea treated sericin  

 
Fig. 6 : Image of lyophilized nano sericin powder 

Study of morphology of nano sericin using 
Scanning Electron Microscopy (SEM) 
The samples of extracted sericin and nano-
sericin prepared by urea method were 
subjected to SEM analysis. The extracted 

sericin shown that the sericin particle are very 
close to each other due to  agglomeration (Fig. 
7(A)) while the nano sericin particle are  
loosely arranged and displaying the reduction 
in size (Fig. 7(B)). 
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(A)                                                                        (B) 
Fig. 7 : The SEM pattern of ultrasonicated sericin (A) and urea treated nano-sericin powder (B) 

Nono sericin displaying antibacterial 
activities 
The nano sericin samples were tested for anti 
bacterial activities using spread plate culture 
and Disc Diffusion method. The two bacteria 
tested displayed the clear zone of         
inhibition  with  no bacterial growth proves the  

antibacterial  properties of nano sericin (Fig.8).  
Preparation of hydrogels 
The hydrogel were prepared successfully using 
sericin and PEG (1:4 ratio) and glutaraldehyde 
at various amount (50-150 μl). The 50 μl of 
Glutaraldehyde is best suited for good gel 
formation (Fig.9) 

              
(A)                                                                      (B) 

Fig. 8 : Antibacterial test result (A) Proteus mirabilis (B) Escherichia coli 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9 : Sericin based hydrogel with PEG and different concentration of glutaraldehyde 
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The hydrogel was prepared in perti-plates 
and in culture flasks for various applications  
using sericin and PEG (1:4 ratio) and 50 μl 
of glutaraldehyde the best suited for good gel 
formation (Fig.10 and Fig. 11). 

The SEM analysis of PEG and nano sericin 
based hydrogels (nano sericin: PEG 1:4) with 
and without 50 μl glutaraldehyde indicated that 
the surface morphology of the gel changes 
(Fig. 12). 

 

 

 

 

 

 

 

Fig. 10 : Sericin based hydrogel 

 
Fig. 11 : Sericin based hydrogel can be used in Irrigation 

   
(A)                                                                        (B) 

Fig. 12 : SEM images: (A) nano sericin: PEG (1:4) and (B) nano sericin: PEG + glutaraldehyde 
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The presence of glutaraldehyde enhances the 
cross linking capacity of gel makes them more 
stable and suitable for various application. The 
waste water of silk industries was procured and 
pure sericin powder was prepared. The presence 
and concentration of sericin was determined by 
Lowry’s method, UV-visible spectroscopy and 
SDS-PAGE analysis. The concentration of 
protein using Lowry’s method was found out to 
be 144mg/l. The UV-visible spectroscopy 
analysis suggest that the peptide bonds are the 
major absorbing group for sericin as the 
absorption maxima is 230 nm. The SDS-PAGE 
carried out with molecular weight markers of 10-
100kDa, confirms the presence of light chain of 
sericin with 25 kDa. The sericin in concentrated 
solution was subjected to urea treatment 
followed by dialysis, ultrasonication and 
lyophilization to synthesize sericin nano-
particles. The particle size analysis revealed the 
average particle size of concentrated sericin as 
260 nm and that urea method synthesized nano 
sericin in 1 nm. Antibacterial test on Escherichia 
coli, Bacillus subtilis and Proteus mirabilis, 
showed zone of inhibition confirming the anti 
bacterial effect of nano sericin for Escherichia 
coli and Proteus mirabilis. The nano sericin and 
PEG hydrogels were successfully formed by the 
two methods, with and without glutaraldehyde.  
The second method where glutaraldehyde is used 
involved better cross-linking reaction of sericin, 
PEG and glutaraldehyde. The hydrogel can be 
dried to thin films/membrane which absorbs 
water and swells. The surface morphology of the 
hydrogel was studied in the SEM images. The 
presence of glutaraldehyde enhances the cross 
linking capacity of gel makes them more stable 
and suitable for various application. 

CONCLUSION 
The waste water of silk industries can be utilized 
and exploited for the preparation of potential 
nano biomaterials. The presence of sericin in the 
waste water is sized down to nanometer size. The 
protocol for the synthesis of nano sericin 
particles was standardized.  This is a relatively 
simple cost effective method. With the outcome 
of this research work one can utilize the silk 
waste waters and avoid the pollution of the 
ground waters and thereby protect the 
environmental threat. The  current   study opens a  

new door for the synthesis of nano sericin 
particles and its applications in various fields. 
Urea treatment was carried out on extracted pure 
sericin to get the nano size. The particles exhibit 
least mean size in comparison to other methods. 
This method of extraction is effective and simple. 
The pure sericin powder and nano sericin thus 
obtained from silk waste may be tested for 
various applications such as production of 
Hydrogel, biopolymers, biomaterials, and 
antioxidant and for other antimicrobial 
applications which have to be exploited in future 
studies.  
Sericin extracted shows antibacterial properties 
and this property can be exploited for various 
applications. Sericin absorb and release moisture 
easily, inherent gelling property of sericin to 
prepare hydrogels showed better gelation on 
addition of cross linkers like Glutaraldehyde 
which can be used for wound dressing and as soil 
conditioner.  We succeed in obtaining membrane 
having sufficient strength to be used as wound 
dressing membrane. Toxicology tests are further 
to be carried out on the obtained membrane 
taking its mechanical strength and diffusion 
coefficient into consideration for practical use. 
This displays potential utilization of the waste for 
wide range potential applications. 

APPLICATIONS 
The sericin in nano form can be used in various 
applications 
Cosmetics  
The sericin has good moisture absorbing 
characteristics so it can be used as a moisturizer 
in the cosmetics and it also gives glow to the 
skin.  
Replacing binding material in perfume sticks  
The sericin shows gelling property at all 
conditions. This property can be used to replace 
the artificial binding agent used in perfume 
sticks. By making the sericin stable it is possible 
to increase the porosity in the perfume sticks 
which makes it easy for burning. 
Scaffolds  
One of the major applications of tissue-
engineered skin substitutes for wound healing is 
to promote the healing of cutaneous wounds. As 
the sericin based hydrogel has the three 
dimensional cross linking property, it can be used 
as a scaffold in the tissue engineering effectively. 
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Anti microbial products  
The sericin shows antibacterial properties. It can 
be widely used in the pharmaceutical products as 
an antibacterial agent. It is an excellent treatment 
for the cuts, wounds, burns, sores and skin 
infections. 
Use of gels in diapers and sanitary napkins  
The sericin based hydrogel can be used in these 
applications as it can absorb moisture and as the 
sericin has antimicrobial property. This property 
can be utilized to prevent the urinary tract 
infections. 
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