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Effect of Lyoprotectant on the Solubility and Structure of Silk Sericin
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To increase the solubility of lyophilized sericin, we

added three types of lyoprotectant: sucrose, trehalose

and dextran. The addition of lyoprotectant increased

the solubility of lyophilized sericin especially when

1.0% of sucrose, 1.0% and 1.5% trehalose are added.

The secondary structure of lyophilized sericin showed

that the content of β-sheet or aggregated structure

reduced in the presence of lyoprotectant. The mor-

phology of lyophilized was also affected by the addi-

tion of lyoprotectant. Whereas flake structure was

obtained in the case of pure sericin, a scattered and

relatively small flake structure was formed in the pres-

ence of lyoprotectant. These finding shows that the

presence of lyoprotectant prevents aggregation of seri-

cin molecules and increases the solubility of lyo-

philized sericin.

Key words: Sericin, Lyophilization, Lyoprotectant, Sucrose,
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Introduction

Lyophilization is a powerful method for storing a biolog-

ical material for a prolonged time with minimum deteri-

oration of its native state. Today, various natural

substances including proteins are provided in a powder

form after lyophilization. The basic principle of lyo-

philization is rapid freezing of the solution of interest and

sublimation of the solvent (Manning et al., 1989;

Arakawa et al., 1993; Tang et al., 2004). Removing sol-

vent, mostly water, is important because a liquid state pro-

tein or peptide is unstable to store. It is due to the

hydrolysis or oxidation of protein in the presence of water,

which results in various kinds of denaturation such as

gelation, aggregation and degradation (Kreilgaard et al.,

1998; Gabellieri et al., 2003; Gabellieri et al., 2006;

Strambini et al., 2007). However, the removal of water

may cause structural changes in the secondary and/or ter-

tiary structure of protein. Since the inherent three-dimen-

sional structure of protein defines the activity of protein,

any change of their structure can cause the loss of activity

of protein. Therefore, an addition of lyoprotectant is rec-

ommended in order to prevent the loss of the activity of

protein during lyophilization. Several kinds of polyols,

such as mono-, di- and polysaccharides, are frequently

used as lyoprotectants due to the existence of the hydroxyl

groups (Prestrelski et al., 1995; Chang et al., 1996; Duddu

et al., 1997; Allison et al., 1999; Allison et al., 2000). The

addition of small quantities of polyols can improve the

protein stability by the interactions between the hydroxyl

groups of polyol and the protein. Theoretically, sugars can

replace the sublimated water molecules and maintain the

hydrogen bonding of the protein second structure (Tanaka

et al., 1991; Belton et al., 1994; Dong et al., 1996; Rem-

mele et al., 1997;). Additionally, they decrease protein

molecules’ mobility by increasing the Tg of protein (Kreil-

gaard et al., 1999; Allison et al., 2000;).

Sericin, one of the two silk proteins, composes 25% of

the total silk protein, and generally, it is removed during

the degumming process in order to get the luster and touch

of silk. However, several functional properties of sericin

are reported and there were efforts to use sericin in cos-

metics and biomedical fields (Kato et al., 1998; Oh et al.,

2007; Ayumu et al., 2010; Hazeri et al., 2012). The hot-

water extraction is the most simple and easiest method for

the extraction of sericin (Oh et al., 2011). After the hot-

water extraction, the sericin solution is only about 1%(w/

v), but even at this low concentration, the solution become

easily aggregated and precipitated at room temperature. In

order to prevent such problems, the sericin solution needs
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to be lyophilized, but the solubility of lyophilized sericin at

room temperature is only about 60% after lyophilization. 

In this study, we added some polyols to the hot-water

extracted sericin solution before freeze-drying. We mixed

trehalose and sucrose as disaccharide and dextran as

polysaccharide with sericin solution and checked their

effect on the solubility and structure of lyophilized sericin.

Materials and Methods 

Materials

The silkworm cocoons were kindly provided by Heung

Jin Co. Ltd. All chemicals are purchased from Sigma-

Aldrich (Yongin, Korea).

Extraction and lyophilization of sericin

Bombyx mori silkworm cocoons (25 g) were boiled in 1 L

of distilled water for 1 hours at 120oC in an autoclave. The

solution was filtered with a nonwoven filter and the final

concentration of solution was adjusted to 1%(w/v). Three

lyoprotectant was used in this study: sucrose, trehalose

and dextran (MW 64,000-76,000). They were added to the

sericin solution and their mixing ratio to sericin solution

was 0.5, 1.0 and 1.5% (w/v). After mixing for 1 hour, each

solution was frozen at −70oC for 4 hours and lyophilized. 

Characterization of lyophilized sericin

The solubility of lyophilized sericin was measured by

adding 1 g of sericin into 10 ml of distilled water. After

1 hour of agitation, the non-dissolved part was removed

with a syringe filter (0.25 µm). Using UV spectrometer

(Optizen UV2120, Duksan Mecasys, Korea), the amount

of dissolved sericin was measured by the absorbance at

280 nm. The standard calibration curve was constructed

using the fresh made sericin solution. The second struc-

tures of lyophilized sericin were measured by FT-IR spec-

trophotometer (Nicolet 6700, Thermo Scientific, USA),

and the morphology of lyophilized sericin was observed

with SEM (Auriga, Carl Zeiss, Germany).

Results and Discussion

The effects of lyoprotectant on the solubility of lyo-

philized sericin were shown in Fig. 1. The solubility of

lyophilized sericin without any lyoprotectant was 59.7 ±

7.2%. The addition of lyoprotectant increased the solu-

bility of lyophilized sericin and the effect was significant

in the case of sucrose 1.0%, trehalose 1.0% and 1.5%.

However, dextran had little improving effect on the sol-

ubility of lyophilized sericin. 

Fig. 2 present the amide I peaks in FT-IR spectra of lyo-

philized sericin. The amide I peak provides useful infor-

mation about the secondary structure of protein. Typically,

Fig. 1. The effect of sucrose (a), trehalose (b) and dextran (c)

on the solubility of lyophilized sericin. HS: without lyopro-

tectant, S: sucrose, T: trehalose and D: dextran. * Indicates sig-

nificant differences between HS and other groups (Student t-

Test, p < 0.05).
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the region from 1600 to 1640 cm-1 corresponds to the

intermolecular and intermolecular β-sheet bands, and the

region between 1640 and 1660 cm-1 indicates random

coils and α-helices. The remaining region from 1660 to

1690 cm-1 is mainly from turns (Hu et al., 2010). From

Fig. 2, the lyophilized sericin without lyoprotectant has

relatively high intensity in the region of 1600 to 1640 cm-1,

indicating the existence of β-sheet or aggregated structure.

However, when sucrose and trehalose are added, the over-

all peak shifts to the region of 1640-1660 cm-1. This

shows that the lyophilized sericin with sucrose and treh-

alose exhibit more random coil and β-helix structure than

β-sheet or aggregated structure. In the case of dextran, the

change in peaks can be merely seen. 

The morphologies of lyophilized sericin are shown in

Fig. 3. The morphology of lyophilized sericin without lyo-

protectant (Fig. 3a) and with dextran (Fig. 3d) looks very

similar, which shows a flake structure. However, the mor-

phology of lyophilized sericin with sucrose (Fig. 3b) and

trehalose (Fig. 3c) shows an irregular pattern and the size

of the flake is small. 

Although recent researches reveal the new opportunities

of sericin utilization, commercialization of sericin as a

biopolymer has different aspects. Sericin can be easily

extracted by simple boiling the silkworm cocoon in water.

However, the extracted sericin solution is unstable for

long-term storage. If the concentration of sericin exceeds

1%, gelation occurs within a day. Lowering the concen-

tration may solve this problem but partial precipitation

still occurs after long period of storage. Besides, a solu-

Fig. 2. The effect of sucrose (a), trehalose (b) and dextran (c)

on the secondary structure of lyophilized sericin. HS: without

lyoprotectant, S: sucrose, T: trehalose and D: dextran.

Fig. 3. The SEM images of lyophilized sericin without lyopro-

tectant (a) and with lyoprotectant; sucrose (b), trehalose (c) and

dextran (d). The concentration of lyoprotectant was 1.0%.

Magnification x40.
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tion of low concentration may increase the cost of dis-

tribution. The best way to store sericin for a long period

would be storing the sericin in a powder from after the

lyophilization. However, as shown in Fig. 1, the solubility

of sericin in water is limited. From the FT-IR analysis, we

found the formation of β-sheet or aggregated structure

after lyophilization. Such structure in sericin can be found

when sericin undergoes gelation or in the presence of eth-

anol (Teramoto et al., 2004; Teramoto et al., 2005). In

general, the β-sheet structure is formed when two strands

of protein come into proximity. Because the water is

removed from the protein during the lyophilization, there

is a high propensity of chain aggregation. This will result

in the β-sheet formation, and finally reduce the solubility

of lyophilized sericin. However, the addition of lyopro-

tectant increased the solubility of lyophilized sericin (Fig.

1). Through the FT-IR analysis, we found that the for-

mation of β-sheet or aggregated structure is suppressed

(Fig. 2). Fig. 4 shows the role of polyol during the lyo-

philization. When the polyol is introduced, the hydroxyl

groups of polyol will compete with the water in order to

form hydrogen bond with protein. The polyol will replace

the water that previously attached on the protein. During

the lyophilization, the water will be sublimated but the

polyol will still remain on the protein. The remained

polyol will prevent the aggregation between proteins or

strands in protein. In the case of dextran, the solubility of

lyophilized sericin did not increased significantly. It might

be due to the high molecular weight of dextran. Dextran

would be not able to penetrate inside the sericin due to its

large hydrodynamic volume. Therefore, the chain aggre-

gation inside the protein cannot be prevented. 

This study shows that the solubility of lyophilized seri-

cin can be improved by the addition of some polyols. It

also shows that it is important to prevent the formation of

β-sheet or aggregated structure in order to increase the

solubility of lyophilized sericin. Unfortunately, we failed

to achieve high solubility of the lyophilized sericin but it

can be improved by using some combinations of other

polyols. 
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