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Sericin beads were prepared from ethanol-precipi-

tated sericin. The addition of ethanol into hot-water

extracted sericin solution induced precipitation of seri-

cin and thereby some sericin could be fractionated.

The ethanol-precipitated sericin (EpSS) had narrower

molecular weight distribution than original sericin.

The EpSS had mainly random coil structure with

small portion of β-sheet structure. With the EpSS,

spherical beads could be prepared at lower concen-

tration than with original sericin due to higher vis-

cosity. The EpSS beads had better compressive

strength than the original sericin beads and had rub-

ber-like property. Our results suggest that EpSS is

more compatible in the polymeric field, since it has

better mechanical strength than original sericin.
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Introduction

Sericin derived from silkworm is a useful bioresource as it

can be easily separated from silkworm cocoon. Usually, it

can be obtained from degumming process using distilled

water at high temperature (Lee, 2004). However, degra-

dation occurs during the degumming process and it has

been reported that the main cleavage site is next to the

aspartic acid (Teramoto et. al., 2006). The final molecular

weight of hot-water extracted sericin is usually in the

range of 30-110 kDa, which is far low than the original

molecular weight in the silkworm gland (150-400 kDa)

(Takasu et. al., 2002a).

There were many attempts to reuse the sericin in the

polymeric field, but none of these results got final success

due to their inherent properties. Films made from sericin

were brittle and susceptible to water. Recently, we have

successfully prepared sericin in a bead form by using

LiCl/DMSO solvent system (Oh et. al., 2007). The con-

centration of sericin solution could be increased up to 30

% (w/v). However, their mechanical strength was not suf-

ficient to use in general applications.

There are many factors that affect the mechanical

strength of polymeric materials. Molecular weight of a

polymer is one of these factors, and a polymer of high

molecular weight shows better mechanical strength than

that of low one. The molecular weight distribution is also

an important factor. In general, polymers do not have a

definite molecular weight; instead they use “average”

molecular weight. Therefore, it is a mixture of various

molecular weights, and their properties are also an aver-

age of each molecular weight. Usually a polymer with

narrow molecular weight has better mechanical strength

than that with wider one.

In this paper, we added ethanol into sericin solution and

recovered the precipitates thereafter. The ethanol-precip-

itated sericin had narrower molecular weight distribution

and has better mechanical properties.

Materials and Methods

Preparation of ethanol-precipitated silk sericin (EpSS)

Sericin solution was obtained from silkworm cocoons by

boiling them in the distilled water at 120oC for 1 hour.

After quenching the solution to room temperature, ethanol

was added in ratio of 25, 50, and 75% (v/v). It was stirred

for 1 hour and the precipitated sericin was recovered after
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centrifugation at 10,000 g for 30 mins. Finally, it was

freeze dried for 3 days.

Preparation of beads with EpSS

The dope solution of EpSS was prepared by dissolving a

given amount of EpSS in 10ml of 1M LiCl/DMSO solu-

tion for 2 hours at 50oC. The dope solution was dripped

into ethanol bath, and the height of needle from the sur-

face of ethanol was carefully controlled in order to obtain

well-shaped beads. The SS beads were kept in the coag-

ulant for additional 1 hour and washed at least 10 times

with the same coagulant. Finally, it was washed 3 times

with distilled water.

Characterization of EpSS

The secondary structure of EpSS was observed with FT-

IR spectrometer (MIDAC, USA). The molecular weights

of EpSS were observed by SDS-PAGE. The compression

curves of a single EpSS bead were measured using Mim-

imat (Rheometric Scientific, USA), after applying 0.1 N

to EpSS bead. The pictures of solidified EpSS were taken

with a digital camera (Olympus, Japan).

Results and Discussion

Takasu et. al. (2002a) adopted ethanol to isolate three

main sericin components from silkworm cocoon. The

addition of ethanol into sericin solution induced aggre-

gation of sericin molecules. In general, the solubility of

protein is determined by the dielectric constant of the sol-

vent. The addition of ethanol changes the dielectric con-

stant of the system, and therefore, sericin became

insoluble. While they added ethanol into non-degraded

sericin solution obtained from LiSCN extraction method,

we used sericin solution from hot-water extraction

method, which is more economically valuable method to

extract sericin from cocoon. The precipitated sericin was

collected by centrifugation and further experiments were

conducted.

The molecular weights EpSS were shown in Fig. 1. The

molecular weight of hot-water extracted sericin (HS) was

in the range of 17-140 kDa. As the amount of added eth-

anol increased, the molecular weight distribution was get-

ting narrower. At present, we are not sure why the

molecular weight distribution of EpSS is narrower than

HS. One assumption could be made on the fact that sericin

is composed of various molecules (Hu et. al., 1992). Each

molecule will have different amino acid composition, and

thereby, they will have different solubility in different sol-

vent system. In the case of EpSS75, there are 75% of eth-

anol and 25% of water in the solvent system. Therefore, it

could be thought that sericin molecules in the range of 36-

72 kDa are insoluble in this solvent system while others

are remained soluble.

The secondary structure of HS and EpSS did not much

differ (Fig. 2). The amide I peak in between 1700 and

1600 cm−1 indicates random coil structure in all samples.

However, there is a shoulder at 1630 cm−1 on amide I peak

in EpSSs, indicating the existence of β-sheet structure. The

amide V peak also shows an increase at 690 cm−1, which is

due to the β-sheet structure of EpSS. The addition of eth-

anol induces structural transition of sericin from random

coil to β-sheet structure. It has been reported that silk pro-

Fig. 1. SDS-PAGE of hot-water extracted sericin (HS) and eth-

anol-precipitated sericin (EpSS25, EpSS50 and EpSS75).

EpSS25 : EpSS from ethanol 25% ; EpSS50 : EpSS from etha-

nol 50% ; EpSS75 : EpSS from ethanol 75%.

Fig. 2. FT-IR spectra of hot-water extracted sericin (HS) and

ethanol-precipitated sericin (EpSS50 and EpSS 75). EpSS50:

EpSS from ethanol 50% ; EpSS75 : EpSS from ethanol 75%.
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tein can be made insoluble by treating it with alcohols (Oh

et. al., 2007). Therefore, the addition of ethanol not only ch-

anges the dielectric constant in the solvent system but also

makes sericin insoluble in water by structural transition.

Fig. 3 shows the digital images of beads prepared from

EpSS. Previously, we have reported that a spherical bead

could be formed when the concentration of sericin solu-

tion is above 20% in the case of HS (Oh et. al., 2007). As

shown in Fig. 3a, the shape of solidified sericin from 15%

HS solution has a disk shape rather than a sphere. How-

ever, a spherical bead was formed at the concentration of

15% in case of EpSS. This is due to the differences in vis-

cosity between HS and EpSS solutions. The concentration

of sericin solution has significant effect on the shape of

solidified sericin, since a solution of higher concentration

has higher viscosity. EpSS solution exhibited higher vis-

cosity than HS solution at the same concentration. The

relationship between the molecular weight distribution

and the viscosity is not yet clearly understood.

The mechanical properties of sericin beads were also

compared (Fig. 4). The EpSS beads showed better com-

pressive strength than HS beads. As mentioned before, the

mechanical property could be affected by the molecular

weight distribution. If a polymer has a wide molecular

weight distribution, then the molecules of low molecular

weight can act as a defect in the polymer sample. It is

interesting that the EpSS beads did not show any sign of

rupture. In the case of HS beads, there is a sudden

decrease in compressive stress due to the rupture of bead

surface. However, in the EpSS bead, the compressive

stress increases exponentially as the compressive strain

increases. This kind of behavior could be found in rubbery

materials.

Our results suggest that the EpSS is more adaptable in

the polymeric field than the HS. Even though there were

significant efforts to utilize sericin in the polymeric field,

materials prepared from sericin alone had insufficient

strength and were even brittle. Several strategies were

adopted to solve problems through crosslinking or blend-

ing with synthetic polymers (Zhang, 2002). However,

these methods are not appropriate because these are not

truly biodegradable. Another method that might increase

the mechanical strength of sericin is using salt like urea

for extraction of sericin of higher molecular weight

(Takasu et. al., 2002b). But the salts should be removed by

time- and cost-consuming dialysis procedure. The method

that we present in this study is quite simple and efficient.

We use only distilled water for sericin extraction and sim-

ple addition of ethanol can precipitate sericin that has bet-

ter mechanical strength. However, more detailed studies

are needed in the future to identify the precipitated sericin.
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Fig. 3. Images of hot-water extracted sericin (HS) beads (a)

and ethanol-precipitated sericin (EpSS) beads (b). The concen-

tration of each dope solution was equal (15%).

Fig. 4. Compressive stress and strain curve of of hot-water

extracted sericin (HS) beads and ethanol-precipitated sericin

(EpSS75) beads.
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