
PB       17

IJIE Int. J. Indust. Entomol. 34(2) 17-22 (2017)
ISSN 1598-3579, http://dx.doi.org/10.7852/ijie.2017.34.2.17 

 © 2017 The Korean Society of Sericultural Sciences

Received : 25 May 2017 
Revised : 1 June 2017
Accepted : 2 June 2017

Keywords: 
Silkworm, 
Steamed and freeze-dried 
mature silkworm larval 
powder, 
Silk powder, 
Silk Fibroin, 
Silk Sericin

Cooked mature silkworms have received increasing attention as a new source of income 
for sericultural farms. Quality improvement of these worms as the end-product requires 
prevention of the following: inclusion of unfertilized silkworm eggs, mixing with impurities, 
producing undercooked or overcooked mature larvae, and mixing spewed silk substance. 
Preventing unfertilized eggs and impurities and reducing undercooked or overcooked 
mature larvae can be achieved by sericultural farms. However, the prevention of spewed 
silk substance requires the development of new techniques. This study developed new 
techniques for optimum cold storage temperature, soaking, and hydro-thermal treatment to 
minimize the spewing of mature larvae prior to steaming: when larvae mature after 7 days on 
the 5th instar, they should be soaked in water at room temperature of 25℃ immediately upon 
collection and stored at 8℃ for less than 3 days. They should be soaked in boiling water for 
approximately 10 s immediately before steaming to kill the larvae and cooked with steam. This 
method allows for the production of high-quality mature larvae without spewed silk substance. 
These new techniques will considerably improve the production of well-cooked quality mature 
larvae by minimizing silk substance spewed out from the larvae.

© 2017 The Korean Society of Sericultural Sciences
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Introduction

Sericulture is a traditional industrial sector in Korea and 
it has contributed enormously to the economic growth of 
the nation during the latter half of the 20

th 
century. However, 

the size of the industry has dramatically decreased since the 
1980s because of the deceasing consumption of silk products 
resulting from improved chemical fabrics and decreases 

in international silkworm prices resulting from Chinese 
mass production. Until a few years ago, the foundation of 
the industry was largely shaken. Over the last few years, 
the sericultural industry has transformed into functional 
sericulture by producing 5

th
-instar-3

rd
-day dried silkworm 

larvae (Ryu et al., 1997), male silkworms (Ji et al., 2012; 
Lee et al., 1984), and silkworm-dongchunghacho (Kim et al., 
2002; Yun, 2000), successfully ensuring the foundation of the 
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Materials and Methods

Test silkworms
The test strain used was Backock-jam, which can be reared 

in both spring and fall and are widely distributed on sericultural 
farms, as they are suitable for artificial feed (Lee et al., 1984).

Silkworm rearing method

Silkworms were hatched under the following conditions: 
temperature of 15–25oC, humidity of 75–80%, and 16-h 
light and 8-h dark conditions per day. Silkworms were reared 
according to the guidebook for sericulture research projects 
(Rural Development Administration (RDA), 2010). During the 
1

st
 through 3

rd
 instars, the silkworms were covered at 25–26°C 

with 75–80% humidity. Shoot rearing was employed at 23–24°C 
with 65–75% humidity during the 4

th
 and 5

th
 instars. Mulberries 

were provided 3 times per day for each instar.

Sample treatment and content investigation

Mature larvae are characterized by their tendency to build 
cocoons by spinning. The silk threads spewed out of the larvae 
are extremely tough, and thus are not suitable for intake even after 
cooking. Thus, it is necessary to establish conditions that prevent 
live mature larvae from spewing while considerably extending their 
life during steaming. In the first stage of our investigation, therefore, 
mature larvae were stored at varied temperatures (5oC, 8oC, 10oC, 
15oC, and 25oC) to minimize their spewing and the state of spewing 
was investigated. In the second stage of the investigation, the mature 
larvae were soaked in water at room temperature immediately 
upon collection to determine whether they were still alive. 
Simultaneously, we verified whether spewing was delayed during 
preservation at 8oC. In the third stage, the mature larvae were hydro-
thermally treated in boiling water prior to steaming to completely 
prevent spewing, which occurs at the beginning of steaming of 
mature larvae. The larvae were then cooked in 100oC steam and the 
denatured state of the silk threads inside the larvae was investigated.

Results and Discussion

Characteristics of spewing at different preservation 
temperatures of mature larvae

industry. Nonetheless, consumption is low and the industry 
struggles to survive. Therefore, production technologies 
aimed at producing high value-added sericulture products 
must be developed and new forms of sericulture must be 
promoted to expand the industrial foundation (Kim et al., 
2010).

Currently, the most widely produced kin among the 
many silkworm-related products is 5

th
-instar-3

rd
-day dried 

silkworm larvae (MAFRA, 2014), which are used to achieve a 
hypoglycemic effect. The 5

th
-instar-3

rd
-day dried silkworm larvae 

are used because the silk glands composed of protein inside 
the silkworm body grow bulky rapidly after the third day of 5

th
 

instar. Also, the steamed and freeze-dried mature silkworm larval 
powder (SMSP) increased resistance to Parkinson’s disease in 
animal models (Ji et al., 2016).

Silk glands exist in the form of liquid inside the system 
of silkworms when the worms are alive. As the silkworms 
mature and spin, the silk is converted into tough threads. The 
silk becomes very tough when silkworms are dried or kept 
cold in the larval stage, making it difficult to consume the 
worms as food.

To overcome this problem, a technique was developed in 
which mature silkworm larvae are steamed to render them 
edible; thus, steamed mature larvae have recently received 
attention as a new source of income for sericultural 
farms (Ji et al., 2015). Receiving positive responses from 
consumers regarding the newly developed steamed mature 
larvae requires the production of high-quality products. 
The challenges limiting the production of high-quality 
products are unfertilized eggs, impurities, production of 
undercooked or overcooked mature larvae, and mixing 
with spewed silk substances. Among these, unfertilized 
eggs, impurities, and production of undercooked or 
overcooked mature larvae can be prevented by the 
farms using appropriate techniques. In contrast, the silk 
substances spewed by larvae are not easily digestible even 
when consumed after steaming. The presence of such 
substances should be minimized; however, silkworms 
spin to build the cocoon while they are alive and become 
mature. To overcome these limitations, mature larvae 
should be prevented from spewing while alive. Therefore, 
new techniques are required to preserve the mature larvae 
prior to cooking and for improved cooking. 
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also unable to form a cocoon; thus, this condition was considered 
the optimum cold storage temperature for the production of 
mature larvae. 

Soaking prior to cold storage to minimize the 
spewing of mature larvae 

Mature larvae showed spewing behavior after 3 days when 
kept at 8oC; thus, 8oC was confirmed to be the optimum cold 
storage temperature. However, the problem of slight natural 
secretion of silk substance was still observed, although there 
was no spewing activity after one day of cold storage. Therefore, 
this soaking and cold storage method was tested by soaking 
the collected mature larvae prior to cold storage to minimize 
the silk substances naturally produced when preserved under 
refrigeration (Fig. 2).

 Mature larvae were soaked in water at 25oC at 10-min 
intervals for a total of 60 min and the larvae were evaluated to 
determine whether they were still alive. During soaking, the 
larvae were in a syncope state. When they were removed from 
the water and left in open air at 25oC, all larvae survived and 
woke normally from the syncope, showing normal activity. The 
time required for waking increased with an increase in soaking 
time. 

Mature larvae soaked in water at 25oC for 30 min were 
removed and were immediately stored at 5oC, 8oC, and 10oC 
(Table 2). Spewing during cold storage, waking at a room 
temperature of 25oC, and activity of the awakened larvae were 

The spewing state was examined at different temperatures 
applied to preserve the mature larvae. At 25oC, spewing started 
on the same day of larva collection and a complete cocoon 
was formed after 2 days. At 15oC, spewing started 2 days after 
collection and cocoons were formed after 5 days. At 10oC, 
spewing started 2 days later, and the larvae produced the 
maximum amount of spewed silk after 6 days. After 11 days, the 
volume of spewing decreased; however, the larvae did not form 
cocoons. At 5oC, there was only minimal movement of the larvae 
and very little spewed silk product. During both cold storage and 
at room temperature, the larvae were almost completely inactive.

At 8oC, spewing started after 3 days. The maximum amount of 
spewed product was observed after 7 days, and the larvae were 
nearly unable to spin after 11 days (Fig. 1, Table 1). They were 

Fig. 1. Forms of spewing in mature larva at various cold storage 
temperatures and time periods.

Table 1. Characteristics of spewing at different temperatures for mature larva preservation.

Test temperature Starting day of spewing Day of maximum spewing Period of cocoon formation

25°C First day of preservation - After 2 days

15°C After 2 days - After 5 days

10°C After 2 days After 6 days Not formed

8°C After 3 days After 7 days Not formed

5°C - - Not formed

Fig. 2. Images of soaked mature larvae after returning to open air 
after soaking
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The larvae did not secret any silk substance or demonstrate 
spewing behavior until the end of the third day of cold storage at 
10oC. Minimal spewing was observed after 3 days, but spewing 
increased after the fifth day of cold storage. The larvae became 
highly active when they were awakened at room temperature 
(Table 3).

Based on these results, soaking mature larvae in water at 25oC 
for approximately 30 min and preservation at 8–10oC enables the 
production of high-quality cooked mature larvae without natural 
secretion of silk substance or spewing (Fig. 3).

examined over several days.
At 5oC cold storage, natural secretion of silk substance and 

spewing behavior were minimal after 5 days of cold storage. When 
the samples were left in open air, some dead larvae were observed at 
4 days, and the awakened larvae were not sufficiently active.

At 8oC, no natural secretion of silk substances or spewing was 
observed until the end of the third day of cold storage. Slight 
spewing was observed from 3 days onwards, and the awakened 
larvae were highly active when they were returned to room 
temperature.

Table 2. Life sustainability of mature larvae after soaking.

Mature larva soaking duration (Soaking temperature: 25°C) 10 min 20 min 30 min 40 min 50 min 60 min

Survival rate after 25°C after being left in the air (%) 100% 100% 100% 100% 100% 100%

Time taken for awaking after being left in open air 20 min 20 min 30 min 40 min 50 min 60 min

Table 3. State of spewing by soaked mature larvae during cold storage and their subsequent activity (Soaking time: 30 min)

Category
Spewing during cold storage

Awaking of mature larvae when 
left in 25oC room temperature

Activity of silkworm larvae after 
returning to room temperature

5oC 8oC 10oC 5oC 8oC 10oC 5oC 8oC 10oC

One day after cold storage
No 

spewing
No 

spewing
No 

spewing
All awoke All awoke All awoke

Slightly 
inactive

Active Active

2 days after cold storage 〃 〃 〃 〃 〃 〃 〃 〃 〃

3 days after cold storage 〃
Slight 

spewing
Slight 

spewing
〃 〃 〃 〃 〃 〃

4 days after cold storage 〃 〃 〃
8% of dead 

larvae
〃 〃 inactive 〃 〃

5 days after cold storage 〃 〃
Ample 

spewing
3% of dead 

larvae
〃 〃 〃 〃 〃

※ In the experiments conducted at 8oC and 10oC, no movement was observed, but the larvae were awake in the state of cold storage from the second and third day of 
storage.

Fig. 3. Images of soaked mature larvae in cold storage.
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and then steamed (Table 4., Fig. 4). The existence of secreted 
silk substance was verified and the denaturation of silk glands in 
mature larvae was examined.

Consequently, no silk substance was secreted in any of the 
experiments. The psychological burden on the researchers was 
also greatly alleviated because they did not witness the larvae 
suffering during the initial period of steaming. In addition, the 
silk glands contained in the body of both the mature larvae 
cooked immediately after hydro-thermal treatment and those 
that had been stored at 8oC and 25oC up to 6 h prior to steaming 
were denatured and thus edible. In contrast, those cooked after 
storage at 8oC and 25oC for more than 9 h underwent a second 
denaturation in the silk glands in the system.

Based on these results, hydro-thermally treated mature larvae 
should be steamed immediately after or within 6 h of treatment.

Hydro-thermal treatment prior to steaming to 
minimize spewing of mature larvae

Clean mature larvae without spewed silk substance were 
cooked. The amount of silk substance spewed from the larvae 
was considerably high after steaming. Thus, the larvae vigorously 
shook their head during the temperature increase starting at 
25oC until reaching 100oC. This caused the secretion of the silk 
substance, as well as a psychological burden to the researchers 
who observed the larvae slowly dying in pain over the course of 
steaming. 

To overcome this problem, the larvae were soaked in boiling 
water for approximately 10 s to instantly end their life. They 
were then steamed at 100oC for 130 min. In this experiment, the 
larvae were cooked with steam immediately after removal from 
boiling water, or were kept at 8oC and 25oC after being removed 

Table 4. Denaturation state of silk glands in the system of hydro-thermally treated mature silkworm larvae after steaming

Time frame of preservation after 
hydro-thermal treatment prior to 

steaming

Denaturation state of silk glands within the system of cooked mature 
larvae according to temperatures for preservation following hydro-

thermal treatment Comment

25°C room temperature 8°C cold storage

No hydro-thermal treatment
(contrast)

First denaturation of silk protein desirable

Vigorously shook the head, 
spewing a considerable 

amount of silk product in the 
initial period of steaming

Immediately after hydro-thermal 
treatment

〃
No larva spewed, no reaction 

observed when cooked

6 h after hydro-thermal treatment First denaturation desirable First denaturation desirable 〃

9 h after hydro-thermal treatment
Partial second denaturation started 

(20%)
Partial second denaturation started 

(13%)
〃

15 h after hydro-thermal treatment Partial second denaturation (53%) Partial second denaturation (27%) 〃

Fig. 4. Process of hydro-thermal treatment and steaming of mature larvae.
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Conclusion

Mature larvae are a new type of sericultural products. Mature 
silkworm has the following advantages such as food. First, 
mature silkworm is the highest silk protein content than 5th-
instar silkworm larvae. Second, mature silkworm is 24% higher 
than the amount of dried silk powder of 5

th
-instar-3

rd
-day dried 

silkworm larvae. Third, mature silkworm is easy to establish 
standardization of silkworm material when producing health 
food.

The development of new techniques is necessary to prevent 
the secretion of silk substance from mature larvae in order to 
improve product quality. Thus, techniques for optimum cold 
storage temperature, soaking, and hydro-thermal treatment 
were developed in this study to minimize the secretion of silk 
substance prior to steaming.

Larvae stored at room temperature (25oC) began spewing 
immediately and built cocoons, while the spewing of those 
stored at 8oC was delayed until the third day. Thus, the optimum 
cold storage temperature before cooking the mature larvae was 
determined.

However, a small amount of silk substance was naturally 
secreted from the larvae one day after cold storage, although 
no spewing behavior was observed. A new technique was 
necessary to minimize this problem, and thus the larvae were 
soaked in water at 25oC for up to 60 min immediately after 
collection. All larvae survived and woke normally. For those 
soaked for 30 min and kept at 8oC, natural secretion of silk 
substance and spewing behavior were delayed until the end of 
the third day.

Mature larvae without spewed silk substance were steamed. 
However, the mature larvae vigorously shook their head while 
secreting the silk substance, as the temperature of the steamer 
increased gradually in the beginning of the steaming process. 
To address this issue, the larvae were soaked in boiling 
water for 10 s to instantly end their life, and then cooked in a 
steamer at 100oC for 130 min. As a result, no silk substance 
was spewed.




