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Silk has attracted the attention of numerous research groups because of its unique properties 
as a biomedical material. Recently, studies on the biomedical application of silk cocoon, such 
as membranes for guided bone regeneration, have been conducted. As a preliminary study 
on silkworm cocoons, the morphological structure and crystallinity of cocoon of nine silkworm 
varieties with different sides are examined in this study. The morphological structure of the 
silkworm cocoon is shown to be dependent on silkworm variety and the cocoon layer (i.e. 
outside or inside). It is also shown that the silk filaments of the out layer are more bent and 
twisted compared to those of the inner layer. Furthermore, the crystallinity of the outer surface 
of all silkworm cocoons is found to be higher than that of the inner surface, regardless of the 
silkworm variety. Lastly, it is shown that the crystallinity index of the cocoon depends on the 
silkworm variety, implying that the structure of the cocoon varies with silkworm variety. 
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Introduction 

Silk is a natural biomaterial produced by silkworms and there 
are more than 300 silkworm varieties of Bombyx mori in South 
Korea. It has been reported that the silkworm variety influences 
the molecular weight (MW), solution viscosity, and mechanical 
properties of regenerated silk fibroin (SF) (Chung et al., 2015a) 
and silk sericin (Chung et al., 2015b). Furthermore, Park and 
Um (2015) reported the effect of Korean Bombyx mori silk-
worm variety on the electro-spinning performance of regener-
ated SF while Kweon et al. (2012a, b) reported the degumming 
characteristics, color stability, and cocoon filament quality of a 
special variety of silkworm, GoldenSilk.

Silk has attracted significant attention for biomedical 

applications due to its good blood compatibility (Sakabe et al., 
1989; Um et al., 2002) and excellent cytocompatibility (Minoura 
et al., 1995). Moreover, due to these unique properties, silk 
has been used in various applications including artificial bone 
substitutes (Kweon et al., 2011), tympanic membranes (Kim et 
al., 2010), membranes for guided bone regeneration (Song et al., 
2011), and wound dressing (Lee et al., 2014). 

Recently, researchers have started paying attention to the 
silkworm cocoon. Kim et al. (2016) studied it as a membrane for 
guided bone regeneration using different layers of the silkworm 
cocoon while Seok et al. (2014) compared the effectiveness of 
silk samples with different thicknesses as membranes for guided 
bone regeneration. In addition, Chung et al. (2015a) reported 
different morphologies for the outer and inner surfaces of 
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scanning electron microscopy (FE-SEM, S-4800, Hitachi, Japan) 
and the cocoons were coated with Pt-Pd before observation.

The molecular conformation and crystallinity of the different 
silkworm variety cocoons were evaluated via Fourier transform 
infrared spectroscopy (FTIR; Nicolet 380, Thermo Fisher 
Scientific, USA) using the attenuated total reflection (ATR) 
method. A scan range, scan number, and resolution of 4000 
cm-1 

– 650 cm-1, 32, and 8 cm-1, respectively, were employed. 
Seven samples of each silkworm variety were used for the 
measurements. The crystallinity index was calculated as the 
intensity ratio of the peaks occurring at 1260 and 1235 cm-1 in 
the FTIR spectrum according to Eq. 2. (Chung and Um, 2014; 
Kim and Um, 2014): 

 (2)

A1235cm
-1: Absorbance at 1235 cm-1

A1260cm
-1: Absorbance at 1260 cm-1

Results and Discussion

Morphological structure of silkworm cocoon

Table 1 shows the external feature, dimension and moisture 
regain of the different varieties of silkworm cocoons and it 
was found that most cocoons showed an oval shape. However, 
silkworms MOL, KL20, and M053 showed a peanut cocoon 
shape, which was the most evident in MOL. The length of 
the cocoons ranged from 2.3 cm to 3.0 cm while the width of 
the cocoons varied between 1.2cm ~ 1.5 cm, depending on 
silkworm variety. The moisture regain of the silkworm variety 
cocoons was also different (8.56% ~ 10.76%), indicating that the 
microstructure of the cocoons depends on the silkworm variety. 
Moisture regain of cocoon is related to its hydrophilicity which 
is important in biomedical and cosmetic applications because the 
sample will be wet in those applications. Therefore, the various 
moisture regains of cocoon depending on the silkworm variety 
implies that we have an option to change of moisture regain of 
cocoon by choosing appropriate silkworm variety. 

To observe the morphology of the silkworm cocoon in detail, 
FE-SEM was used to examine the cocoon structure and the 
results are shown in Table 2. The morphological structure of both 
the inside and outside of the cocoon was observed at different 

silkworm cocoons. 
Because of the importance of both silkworm cocoon 

and silkworm variety, the authors have recently conducted 
preliminary and fundamental studies on silkworm variety 
cocoons. That is, Park et al. (2019a, b) examined the molecular 
conformation and crystallinity of both white and yellow colored 
silkworm cocoons and showed that the crystallinity index of 
silk is different depending on the layer (outer surface or inner 
surface) and silkworm variety.

To have a better understanding for morphology, moisture 
regain, and crystallinity of silk cocoon with different silkworm 
varieties will be beneficial to apply the silk cocoon in the 
cosmetic and biomedical fields. Therefore, this study will 
continue exploring the morphological structure and crystallinity 
of new silkworm variety cocoons. Moreover, this study serves as 
a preliminary investigation on the influence of silkworm variety 
on the properties of the silk. 

Materials and Methods

Cocoon preparation and silkworm rearing 

Nine different original Bombyx mori silkworm varieties were 
grown at Kyungpook National University and nine silkworm 
cocoon samples were produced. All varieties of larvae were 
reared at 25 °C on fresh mulberry leaves. Furthermore, pupae 
and cocoons were kept at 25 °C. 

 
Measurement and characterization

The color and external features of the nine silkworm variety 
cocoons were photographed using a digital camera (iPhone XR, 
USA). 

To determine the moisture regain of the cocoons, the cocoons 
were conditioned at standard conditions (20 °C and 65 % relative 
humidity (R.H.)) for 1 day. The moisture regain of the cocoons 
was calculated using Eq. 1 where the dry weight of the cocoons 
was determined with a moisture balance (XM60, Precisa 
Gravimetrics, Dietikon, Switzerland) (Park et al., 2018). 

 

  (1)
The morphologies of the silkworm cocoons were examined by 
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Table 1. External feature, dimension, and moisture regain of a silkworm cocoon. 

Silkworm variety External feature
Length

(cm, n=20)
Width

(cm, n=20)
Moisture regain (%)

AX8032 2.7 ±0.2 1.4 ±0.1 10.57 ±0.12

FB100 2.8 ±0.2 1.5 ±0.1 9.80 ±0.45

KA47 2.7 ±0.2 1.5 ±0.1 10.62 ±0.62

KL20 2.3 ±0.2 1.3 ±0.1 10.13 ±0.31

MOL 2.8 ±0.2 1.4 ±0.1 9.99 ±0.42

M053 2.6 ±0.1 1.2 ±0.1 9.61 ±0.44

MALK16 3.0 ±0.2 1.5 ±0.2 9.64 ±0.35

W41 2.3 ±0.1 1.2 ±0.1 10.76 ±0.65

41UO4 2.3 ±0.2 1.3 ±0.1 8.56 ±0.51
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Table 2. FE-SEM images and fiber diameter (outside) of a silkworm cocoon.

Silkworm 
variety

Outside of Cocoon
(x 50)
(x 200)

Inside of Cocoon
(x 50)
(x 200)

Fiber diameter from 
outside of the cocoon

(μm, n=50)

AX8032 23.4 ±4.8

FB100 25.5 ±6.1
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Table 2. Continued 

Silkworm 
variety

Outside of Cocoon
(x 50)
(x 200)

Inside of Cocoon
(x 50)
(x 200)

Fiber diameter from 
outside of the cocoon

(μm, n=50)

KA47 28.9 ±5.1

KL20 17.4 ±1.7
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Table 2. Continued 

Silkworm 
variety

Outside of Cocoon
(x 50)
(x 200)

Inside of Cocoon
(x 50)
(x 200)

Fiber diameter from 
outside of the cocoon

(μm, n=50)

MOL 27.7 ±3.8

M053 26.0 ±3.5
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Table 2. Continued 

Silkworm 
variety

Outside of Cocoon
(x 50)
(x 200)

Inside of Cocoon
(x 50)
(x 200)

Fiber diameter from 
outside of the cocoon

(μm, n=50)

MALK16 24.9 ±2.9

W41 22.8 ±2.9
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other at the outer surface of cocoon regardless of silkworm 
variety. On the other hand, depending on the silkworm variety, 
fused silk filaments were found at the inner surface of cocoon 
where the space between the silk filaments was filled with a 
known material, such as fibroin or sericin. 

When determining the fiber diameter of the silk filaments, it 
was difficult to measure the exact diameter of the silk filaments 
from the inside of the cocoon because of the fused fiber and 
filled space between the silk fibers. Therefore, only the diameter 
of the silk filament from the outside of the cocoon was measured 
and it was found to vary between 17.4 to 28.9 μm, depending on 
the silkworm variety. 

Molecular conformation and crystallinity of 
silkworm cocoon

Fig. 1. shows the FTIR spectra of silk filaments from both the 
outside and inside of the different silkworm variety cocoons. 
It was found that, regardless of the silkworm variety and 

magnifications (x50 and x200) because they were reported to 
have different morphologies (Chung et al., 2015a). The FE-
SEM results showed that the cocoons exhibit some interesting 
morphological features. First, regardless of the silkworm variety, 
it seems that the diameter of the silk filament from the outer 
surface of the cocoon is greater than that of the inner surface. 
Considering that 1) silkworms spin silk from the outside inward 
and 2) there is more amount of silk protein in gland that can 
be spun at the start of the process than at the end, it is readily 
understood that the silk filament at the outside of the cocoon is 
thicker than that at the inside. 

The next interesting feature is that the silk filaments at the 
outside of the cocoon are more twisty than those at the inside. 
Although the exact reason for this cannot be clearly elucidated 
in this study, the twisty silk filament might be related to water 
evaporation of outside of silk cocoon. That is, the silk filaments 
might become bent and twisty when the water in filament is 
removed by the evaporation. 

Also, individual silk filaments could be separated from each 

Table 2. Continued 

Silkworm 
variety

Outside of Cocoon
(x 50)
(x 200)

Inside of Cocoon
(x 50)
(x 200)

Fiber diameter from 
outside of the cocoon

(μm, n=50)

41UO4 23.7 ±3.5
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silkworm variety, all silk cocoons showed a higher crystallinity 
index for the outer surface than for the inner surface, which 
indicates that the outer layer of the cocoon is more crystalline 
than the inner layer. It was also found that for the same cocoon 
layer (outer surface or inner surface) the crystallinity index is 
affected by silkworm variety. Therefore, it can be said that the 
crystallinity index of a silkworm cocoon is dependent on the 
silkworm variety and the cocoon layer. 

Conclusions

In this study, the morphological structure and crystallinity of 
cocoons of different silkworm varieties with different layers were 
examined. It was shown that the morphology (including fiber 
diameter) and moisture regain of silkworm cocoons depended on 
the silkworm variety and the cocoon layer (i.e. outside or inside 
of cocoon). Also, all silkworm cocoons had β-sheet crystallites 
regardless of the cocoon layer and silkworm variety. However, 
the crystallinity index of the cocoon depended on the cocoon 
layer and silkworm variety.

Considering that 1) silkworm cocoons can be used in 
membranes for guided bone regeneration and 2) the morphology 
and crystallinity of the cocoons are important structural factors 
influencing the properties of silk, including porosity, swelling 
ratio, and mechanical properties, the findings of this study 
indicate that the performance of a silk cocoon for biomedical 
applications can be diversely controlled by choosing an 

measurement site, all samples showed IR absorption peaks at 
1620 and 1510 cm-1 as well as a shoulder at 1260 cm-1, which is 
attributed to β-sheet crystallites (Um et al., 2001; Park and Um, 
2018). This result is not surprising considering raw silk filaments 
have β-sheet crystallites (Chung et al., 2015a). Furthermore, 
although the crystalline structure of the various silk cocoons is 
similar, the degree of crystallinity may be different depending 
on the samples. Therefore, the crystallinity index of each sample 
was calculated from the FTIR spectra and the results are shown 
in Fig. 2. 

As can be seen in Figure 2, the crystallinity index of the 
outer surface of the cocoon varies from 51 ~ 53 %, depending 
on the silkworm variety. On the other hand, the inner surface 
of the cocoon showed a crystallinity index between 47 ~ 51%, 
depending on the silkworm variety. Moreover, regardless of 

Fig. 1. FTIR spectra of (A) Outside and (B) Inside of silkworm 
cocoon with different silkworm variety. 

Fig. 2. Relationship between the crystallinity indexes of outside and 
inside of silkworm cocoons
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(2012b) Cocoon filament quality of a special silkworm variety, 
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Kweon HY, Lee KG, Park KY, Kang SW, Seok YS (2012a) Degumming 

characteristics and color stability of GoldenSilk cocoon. Int J Indust 

Entomol 24, 1-5.

Lee WY, Um IC, Kim MK, Kwon KJ, Kim SG, Park YW (2014) 

Effectiveness of woven Silk dressing materials on full-skin thickness 

burn wounds in rat model. Maxillofac Plast Reconstr Surg 36, 280-

284.

Minoura N, Aiba S, Gotoh Y, Tsukada M, Imai Y (1995) Attachment 

and growth of cultured fibroblast cells on silk protein matrices. J 

Biomed Mater Res 29, 1215-1221.

Park BK, Um IC (2015) Effect of Korean Bombyx mori variety on 

electro-spinning performance of regenerated silk fibroin. Fiber Polym 

16, 1935-1940.

Park BK, Um IC (2018) Effect of molecular weight on electro-spinning 

performance of regenerated silk. Int J Biol Macromol 106, 1166-

1172. 

Park BK, Nho SK, Um IC (2019a) Molecular conformation and 

crystallinity of white colored silkworm cocoons with different 

silkworm varieties. Int J Indust Entomol 38, 18-23. 

Park BK, Nho SK, Um IC (2019b) Crystallinity of yellow colored 

silkworm variety cocoons. Int J Indust Entomol 38, 51-55. 

Park CJ, Ryoo JY, Ki CS, Kim JW, Kim IS, Bae DG et al. (2018) Effect 

of molecular weight on the structure and mechanical properties of silk 

sericin gel, film and sponge. Int J Biol Macromol 119, 821–832.

Sakabe H, Ito H, Miyamoto T, Noishiki Y, Ha WS (1989) In vivo blood 

compatibility of regenerated silk fibroin. Sen’i Gakkaishi 45, 487-

490.

Seok H, Kim MK, Kim SG, Kweon H (2014) Comparison of silkworm-

cocoon–derived silk membranes of two different thicknesses for 

guided bone regeneration. J Craniofac Surg 25, 2066-2069.

Song JY, Kim SG, Lee JW, Chae WS, Kweon HY, Jo YY et al. (2011) 

Accelerated healing with the use of a silk fibroin membrane for the 

guided bone regeneration technique. Oral Surg Oral Med Oral Pathol 

Oral Radiol Endod 112, e26-e33.

Um IC, Kweon HY, Hwang CM, Min BG, Park YH (2002) Structural 

characteristics and properties of silk fibroin/polyurethane blend films. 

Int J Indust Entomol 5, 163-170.

Um IC, Kweon HY, Park YH, Hudson S (2001) Structural characteristics 

and properties of the regenerated silk fibroin prepared from formic 

acid. Int J Biol Macromol 29, 91-97.

appropriate cocoon layer and silkworm variety. 
Because this study is a preliminary study on the variety of 

silkworm cocoons, it is suggested that further preliminary and 
basic studies should be conducted in the future to facilitate 
the use of silkworm cocoons in biomedical and cosmetic 
applications. 
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