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Silkworms are very sensitive to changes in temperature and humidity, and unless it is a 
suitable temperature and humidity to grow, the productivity and quality of silkworms are 
greatly reduced. Therefore, it is very important to manage temperature and humidity for 
silkworm feeding facilities. In particular, it is essential to install heating facilities in Asian 
countries with distinct seasonal changes. During the feeding period, many farms manage 
the temperature and humidity of feeding facilities by installing and using electric heaters 
inside the facilities. However, it is very difficult to manage the room temperature stably 
by the heaters. In addition, unlike the temperature inside the facility, silkworms could 
undergo severe temperature changes as the inside of the rearing tray could not be warm 
enough. In this study, in order to improve the previous heating method, the new rearing 
method that directly heats the bottom of the rearing tray was developed. Compared to the 
previous room-heating system, the novel heater-installed tray (HIT) system significantly 
reduced the change in temperature during the experimental period. In addition, the 
number of days of silkworm growth up to harvest was shortened, which was effective in 
growth performance, and it was also found that silkworms grew more uniformly in HIT 
system than in previous system. Moreover, as the heater tubes were installed directly 
under the rearing tray, it quickly dried mulberry leaves and silkworm feces after feeding, 
and as a result, the environment in the tray was greatly improved with decrease the labor 
of breeder. In conclusion, these results suggest that the heater-installed rearing tray 
method greatly improves silkworm quality, increases weight of silkworms, and final profits 
compared to the previous room heating system with electric heaters.
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Introduction

The silkworm breeding has a very long history. The oldest 
record of silkworm breeding is from China more than 4,600 

years ago (Kurin, 2002). As the history of silkworm breeding 
is long, methods and techniques for silkworm breeding have 
been developed for a long time. The silkworm varieties have 
diversified according to climate, soil properties, and country 
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under the breeding table to directly transfer heat. This study 
measured and analyzed the period of reaching 5th instar, 
growth performance, and weight to compare the growth effect 
of silkworms in new heating methods, and discussed the 
utilization of newly developed heating methods.

Materials and Methods

Silkworm strains
Silkworm Bombyx mori, Baekokjam was used for all 

experiments, and silkworm breeding was carried out 
in accordance with the breeding standards of the Rural 
Development Administration (RDA), except temperature. 
Fresh mulberry leaves were raised in 16L8D conditions. The 
experiment with uniformly grown 4

th
 instar silkworms was 

started, and they were raised until the 4
th
 day of the 5

th
 instar and 

measured to analyze growth performance.

Heating facility setting method
The previous heating method for raising silkworms installs 

electric heaters inside the facility. In the new heating method, 
boiler tubes with a diameter of 25 mm were installed at intervals 
of 40 cm under the breeding seat. Both heating systems operated 
heating at dawn when the air became cold. The measurement of 
temperature was measured by installing digital thermometer at 
regular intervals in the center of all breeding seats.

Measurement of silkworm growth
The period of silkworm growing was measured from the 

2
nd

 day of 4
th
 instar (4L2D) silkworm to the first feeding of the 

5
th
 instar silkworm using each heating system. The average 

and weight distribution of silkworm were calculated with the 
4L2D, 7

th
-fed 5L3D, 8

th
-fed 5L3D and 5L4D silkworms in the 

two heating systems. In all experiments, 60 silkworms were 
randomly collected as 3 repetitive experiments in the conditions.

Statistical analysis
All experimental results are represented by Mean value (M) 

± Standard deviation (SD), and a Oneway Analysis of Variation 
(ANOVA) using IBM SPSS Statistics 23 (IBM, USA) was 
performed, and the significance of each mean value was tested 
by Duncan's multiple (P<0.05).

(Kumari et al., 2011; Vijayan et al., 2010). The reason why 
silkworm breeding has such a long history and development 
is, above all, that silkworms have high industrial value. 
Since a long time ago, silkworm silk has accelerated the 
textile industry and brought national economic benefits, and 
silkworm larvae, silk fiber, and pupae have been used as 
useful protein sources and medicinal materials (Herold and 
Scheibel, 2017; Kim et al., 2019; Wang et al., 2020; Jo et al., 
2020; Kim et al., 2021). It was announced that silkworms are 
effective in diabetic nephropathy and play an important role 
(Zhang et al., 2016). Recently, the technique for producing 
useful substances such as antiviral proteins in silkworm was 
developed, and the industrial value of silkworms is drawing 
attention again (Okano et al., 2000; Ueda et al., 1993). In 
addition, academia is discussing the possibility of studying 
human diseases using a silkworm as a model organism 
(Tabunoki et al., 2016). However, despite many advances, 
silkworm rearing is laborious and difficult. Most silkworms 
are well known for eating only fresh mulberry leaves. In 
order to improve the discomfort of monophagy, efforts are 
being made to develop methods or varieties of polyphagous 
silkworms, but no meaningful results have been produced 
yet (Asaoka, 2000; Iizuka et al., 2012; Zhang et al., 2013). 
Silkworms are very sensitive to environments, especially 
temperature and humidity (Rahmathulla and Suresh, 2012). 
In addition, silkworms are very vulnerable to bacteria, fungi, 
viruses, and chemicals. In most cases, silkworms damaged 
from the outside die immediately or have no product value 
even if harvested. Therefore, it is very important for farmers 
to create and maintain the proper environment conditions for 
silkworm rearing. 

In Asian countries with clear seasonal changes, it is 
essential to maintain the proper temperature and humidity 
for silkworm rearing. In order to prevent low temperatures 
during the autumnal season, electric heaters are installed 
inside the facility to prevent silkworms from being damaged 
by low temperatures in Korea. However, most heating 
facilities do not make the inside of the facility warm enough 
in autumn. Therefore, many researchers are constantly 
striving to improve the current breeding method and raise 
silkworms under optimal conditions. In this study, a new 
heating method was introduced to improve the problems 
of the existing heating method for silkworm breeding. The 
novel method applied boiler tubes which were installed 
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heating a room with electronic heaters showed a drastic decrease 
in temperature at dawn and a rapid increase in temperature 
(Fig. 2A). During the experiment, the silkworm in previous 
heating system experienced a minimum temperature of 17.9 ℃ 
and a maximum temperature of 30.3 ℃, and the inside of the 
breeding seats recorded an average temperature of 23.9 ℃. On 
the other hand, the HIT system made the range of temperature 
changes inside the breeding seat moderate. The silkworms in 
the HIT system experienced a minimum temperature of 23.0 ℃ 
and a maximum of 29.3 ℃, and the average temperature inside 
the breeder was 25.6 ℃ (Fig. 2B). These results show that the 
previous heating system using electric heaters inside the facility 
do not heat the lowered temperature quickly enough, however, 
the HIT system is less affected by the outside temperature and 
can directly and quickly raise low temperature of the inside of 
the breeding seat.

The HIT system accelerated the growth of 
silkworms

The silkworms show differences in growth speed depending 
on the environment and the breeding period changes 
(Osanai, 1978). In particular, silkworms stop eating at low 
temperatures and greatly adversely affected by growth (Liang, 
1985; Zhou and Wang, 1982). Considering the space, food, 
and labor for silkworm rearing, silkworm rearing is more 
economical as the breeding period is shorter. In this study, 
to confirm the growth promotion effect of silkworms in HIT 
system, the silkworm growth rate was measured and the 
change was analyzed by comparing the two heating systems. 

Results and Discussion

The new heating system reduced the fluctuation 
of temperature changes in the breeding seats

The heater-installed rearing tray (HIT) system is a new heating 
method in which boiler tubes are directly installed under the 
breeding seat to transfer a direct heating effect (Fig. 1). In order 
to confirm the heating effect of the HIT system, the temperature 
inside the breeding seat were measured at intervals of 4 hours 
for 6 days during the experiment. The previous system which is 

Fig. 1. Boiler tubes used in HIT system and silkworm rearing tray 
with them. (A) Boiler tubes with a diameter of 25 mm. An operated 
oil boiler allows hot water to flow through the tubes. (B) Boiler 
tubes were installed at intervals of 40 cm under the silkworm rearing 
tray.

Fig. 2. Changes in temperature of silkworm seat in previous heating system or heater-installed tray (HIT) system. These experiments were 
conducted with 2

nd
 day of 4

th
 instar. (A) Changes in silkworm seat temperature of the control during experiment. (B) Changes in silkworm 

seat temperature of the HIT system during experiment. Blue line means the measurement temperature in the silkworm seat and red line 
means the average temperature in the silkworm seat. A digital thermometer was placed in the middle of the feeding tray, and the temperature 
was measured at intervals of 4 hours.



24       25

Int. J. Indust. Entomol. 
Vol. 45, No. (1), pp. 22-28 (2022)

normally at a relatively moderate temperature in the HIT 
system.

The weight of silkworms in the HIT system was 
heavier than that in previous system

In order to determine whether the difference in growth speed 
due to temperature of the breeding seat leads to a change in the 
quality of the silkworm, the weight of the 5

th
 instar silkworm 

after 7
th 

or 8th feeding was measured. The weight of silkworm in 
the two groups showed a big difference when they were raised up 
to 5L3D from 4L2D silkworms (Table 1). The average weight of 
5

th
 instar silkworms after 7

th
 or 8

th
 feeding in the previous heating 

method was 1.4448 g and 1.6670 g, whereas the silkworms in 
the HIT system showed an average weight increase of 53% and 
46% with 2.2140 g and 2.4400 g, respectively. These results 
imply that the HIT system, which regulates a stable temperature 
environment in silkworm breeding seats, has an effect on the 
growth performance of silkworm, showing a large difference in 

The mulberry leaf feed amount of the two groups was the 
same. In the case of the HIT system, the warm air from boiler 
tube caused the silkworm seat to dry quickly. Rapid drying 
was prevented by feeding with mulberry shoots, and the 
amount of mulberry leaves was adjusted so that there was no 
problem with silkworms eating mulberry leaves. So in the 
HIT system, the amount of mulberry leaf didn't have to be 
particularly high. In the previous heating system, the period 
until 5L3D from 4L2D silkworm took 3 days and 22 hours. It 
took two days from the 4L2D to the last feeding of 4

th
 instar, 

and 22 hours a day by 5L3D silkworm (Fig. 3A). However, 
in the case of silkworms raised by the HIT system, it took 22 
hours a day from the 4L2D to the last feeding of 4

th
 instar, 

and 21 hours a day to reach the 5L3D silkworm, which took a 
total of 3 days and 19 hours (Fig. 3B). These results show that 
silkworms in the previous heating method experienced low 
temperatures in which silkworm growth was inhibited, and 
thus had low growth performance, however, silkworms grew 

Fig. 3. Comparison of the period of reaching the 5
th
 instar silkworm. The number of days taken from the 2

nd
 day of 4

th
 instar to 5

th
 instar 

silkworm of the control or HIT system was compared. Compared to the control, it was shortened by 2 hours from the 2
nd

 day of 4
th
 instar 

silkworms to the last feeding of 4
th
 instar silkworms in the HIT system, and finally, by 3 hours to the 5

th
 instar silkworms.

Table 1. Comparison of the weight of silkworms in previous heating system or HIT system. Each of the 5
th
 instar 60 silkworms after 7

th
 

feeding or 8
th
 feeding was used for weight measurement. The error bar represents the standard deviation.
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only robustly and uniformly, but also consequently have a strong 
positive effect in weight increase on silkworm breeding.

In this study, silkworms were raised by applying the newly 
developed heater installed tray system called as the HIT system 
improve the previous heating system for silkworm feeding. In 
order to conform the difference of the HIT system, the growth 
period of silkworms, the weight of specific stage, the growth 
uniformity, and the weight of the final harvested silkworms were 
measured. Compared to the previous system, the HIT system 
showed a shortened silkworm growth period, an increase in 
weight by stage, in growth uniformity, and in weight of the final 
harvested 5L3D silkworms. In particular, the 5L3D silkworm in 

growth compared to room-heating system.

Comparison of weight distribution in two heating 
systems

It is important to grow silkworms uniformly as well as robustly 
in silkworm rearing. If silkworms do not grow uniformly, there 
is a difference in the feeding time within the same breeding 
seat, and as a result, it makes a difference in quality of harvested 
silkworms. As shown in Figure 4, the weight distribution of 
5L3D silkworms after the 7

th
 or 8

th
 feeding had a difference in the 

previous method and the HIT system. The weight of silkworms 
raised in the HIT system showed a denser distribution of in the 
median value. Moreover, this tendency appeared stronger in the 
5L3D silkworm after 8th feeding. This result suggests that the 
heating method of the HIT system makes silkworms grow more 
uniformly than the previous heating method. It is considered that 
the positive effect from moderate temperature treatment of HIT 
system during silkworm breeding is a key factor.

Comparison of weight of the final harvested 
5L4D silkworms of two heating systems

This experiment ended with harvesting 5L4D silkworms. The 
silkworms were raised from 1

st
 day of 4

th
 instar, and the heating 

methods was treated in different systems for seven days until 
the 4

th
 day of the 5

th
 instar. As shown in figure 5, the average 

weight of the 5L4D silkworms in the previous heating method 
was 43.12 g per 20 silkworms. However, the average weight 
in the HIT system was finally 56.76 g per 20 silkworms. This 
was an increase of 31.6% from the results of silkworm breeding 
in the previous heating method. These results show that a new 
heating method called HIT system is able to raise silkworms not 

Fig. 4. The inter-quartile range (IQR) of the weight of silkworms by individual in previous heating system or HIT system. Each of the 5
th
 

instar 60 silkworms after 7
th
 feeding (A) or 8

th
 feeding (B) was used for weight measurement. The weight of each individual was converted 

according to the percentage ratio of the average and was indicated by yellow dots.

Fig. 5. Comparison of the final weights of silkworms harvested 
from previous heating system or HIT system. In this measurement, 
4

th
 day of 5

th
 instar silkworms were finally harvested. Each of 

the 20 silkworms was harvested three times, and the weight was 
measured and averaged. Error bar represents standard deviation. 
The silkworms harvested from HIT system showed a 31.6 percent 
increase in weight compared to those from previous heating system. 
The asterisks represent significant differences with control system 
(P<0.05).
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the HIT system showed a 31.6 percent weight increase from the 
previous system, which resulted in a decisive benefit on farm 
income. In addition, the HIT system had the advantage of being 
able to use space to every edge of the facility, being applied 
to simple facilities that have difficulty heating the whole, and 
being easy to clean up facilities due to fast drying of residues 
after feeding. Due to the continued warmth in the HIT system, 
the drying of the rearing seat was done easily. However, there 
was no difference between the two systems in the humidity. The 
humidity remained high while eating mulberry leaves due to 
enough mulberry leaves in the rearing seat. In the case of 1

st
 to 3

rd
 

instar, the mulberry leaves are cut into small pieces, so there is a 
possibility that the mulberry leaves dry much faster and become a 
problem. Therefore, this experiment was supplied in the form of 
mulberry shoots without cutting mulberry leaves, and conducted 
by using from 4

th
 instar silkworms. However, in case of 1

st
 to 3

rd
 

instar silkworms that need to supply chopped mulberry leaves, it 
is not easy to apply the HIT system because drying of mulberry 
leaves is likely to occur rapidly. Methods to improve this will 
need to be studied next. The new HIT system costs additional 
expenses to install heater tubes under the rearing tray and new 
oil boilers. However, it was calculated as earning more than the 
cost (data not shown). In conclusion, the newly introduced HIT 
system was proven to be a useful method of greatly improving 
the previous heating system for silkworm rearing and eventually 
maximizing the income of silkworm rearing farmers.
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