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Abstract: This research examines how the physical and mechanical traits of
cocoon shells influence the final quality of raw silk, with a focus on the role of
selective breeding. A comparative study was conducted on two silkworm hybrids,
“Xitoy” and “Ipakchi-1xIpakchi-2”, alongside a control group. The evaluation
centered on four key shell parameters: firmness, wall thickness, compactness, and
pore structure. The outcomes indicate that properly bred cocoons are capable of
delivering raw silk that reaches the 4A quality level. Such material is well-suited for
demanding applications in the textile field, as well as in aerospace and healthcare
industries.

Keywords: silkworm, raw silk, porosity, hybrid, silkworm, cocoon shell,
technological indicators

The strength and hardness of silkworm cocoons tend to increase with a decrease
in diameter, a decrease in sericin content, or an increase in the lamellar composition.

Our scientists have conducted several studies on the cultivation of natural raw
silk, the technological indicators of cocoons, the production of high-quality raw silk,
the improvement of the reeling process, and the state and prospects of reeling
enterprises. In addition to being sorted at the enterprise, the cocoons brought for the
study underwent re-sorting once more. Cocoons that underwent re-sorting were
designated as the experimental variant, while cocoons obtained without sorting were
designated as the control variant.

Quality indicators such as cocoon shell hardness, thickness, density, and
porosity were determined using existing tools and equipment at the “Silk and
Spinning Technology” department.

To determine the hardness of the cocoon shell, 300 g of samples were taken
from the “Xitoy” and “Ipakchi-1xIpakchi-2” hybrid cocoons, and the experiment was
conducted on a VK equipment. The research results showed that the cocoon shell
hardness was higher in the experimental variant compared to the control (Table 1).
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Table 1
Cocoon shell hardness

. . Deformation of the cocoon shell, mm
Silkworm hybrid .
Experiment Control
Xitoy 0,83%0,05 0,90+0,05
Ipakchi-1xIpakchi-2 0,84+0,05 0,92+0,05

The cocoon shell thickness was determined using the “Tolstomer” instrument.
The thickness of the shell varies across different parts of the cocoon. To increase the
cocoon shell thickness and ensure an even distribution of the shell thickness across
the parts, the silkworm must wrap the cocoon horizontally during the cocoon winding
period. The cocoon shell thickness was higher in the experimental variant compared
to the control (Table 2). This reduces premature breakage during the cocoon
unwinding process and allows for the production of high-quality raw silk. The results
obtained for determining the cocoon shell thickness are presented in Table 2. The
average cocoon shell thickness in the “China” hybrid was 0,87 mm, and in the
“Ipakchi-1x Ipakchi-2” hybrid, it was 0,92 mm. The unevenness decreases by 5,5%
in the “China” hybrid and by 11,5% in the “Ipakchi-1xIpakchi-2” hybrid compared to
the control.

Table 2.
Analysis of cocoon shell thickness
Average cocoon shell thickness, mm
Hybrids Average shell Average quadratic Quadratic
thickness, mm deviation, mm unevenness, %
Xitoy Experiment 0,870,025 0,129 20,97
Control 0,78+0,025 0,131 23,52
Ipakchi-1xIpakchi-2

Experiment 0,92+0,020 0,081 21,24

Control 0,84+0,032 0,150 23,14

The capacity of the cocoon shell (M) is defined as the ratio of the cocoon shell
mass ((m,) to the surface area (/) and is calculated using the following formula:

m
M=—

UNG)

The strength of the cocoon shell, as well as its thickness, varies in different parts

of the cocoon: the largest value is in the shortened lumbar part of the cocoon, the
smallest value is in the upper part of the main hemispheres, and the average values
are in the lateral parts of the hemispheres. The cocoon thickness of the “Chinese”
hybrid cocoons decreased by 9,33% compared to the control, while the “Chinese”
silkworm hybrid cocoons decreased by 9,05%. The density of the cocoon shell is an
indicator expressing the weight of the cocoon shell per specific volume, calculated
using the following formula:
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where, & is the shell density, mg/mm?; /- is the disk area, mm?; ¢- is the shell

thickness, mm.
The research results were calculated using formula (2), and the indicators of
cocoon shell density and density irregularities are presented in Table 3.

Table 3.
Unevenness of cocoon shell density
Average cocoon shell density, mg/mm?
Silkworm hybrid Average shell density, Average quadratic Quadratic
mg/mm?> deviation, mg/mm? unevenness, %
Xitoy
Experiment 0,350%0,005 0,026 7,32
Control 0,375%0,007 0,041 10,96
Ipakchi-1xIpakchi-2
Experiment 0,305+0,004 0,023 7,55
Control 0,33740,005 0,029 8,8

During the silkworm's cocoon winding process, the arrangement of rings and
ring packets along the layers of the cocoon, as well as the adhesion of individual
short-length cocoon threads, gives the cocoon a porous structure, which is calculated
using the following formula:

1= (1 - mloo
L\ 137-¢) (3)

where P- is the porosity, %, and 1,37- is the density of the silk, mg/mm?’.

The porosity of the “China” hybrid cocoon in the experimental variant varied
within the range of 76,86-78,37% in the shell parts, while in the control variant, it
was 77,08-78,91%. The porosity of the cocoons of the “Ipakchi-1x Ipakchi-2” hybrid
increased by 2,82% compared to the control, and by 2,34% for the “China” hybrid.

The conducted research showed that the technological properties of the hybrid
cocoons in the experimental variant are higher than in the control variant.

The cocoon shell strength of the “China” hybrid was 25% higher than the
control, its thickness was 34%, and its porosity was 2,8% (abs), while in the
“Ipakchi-1xIpakchi-2” hybrid, it was 7%, 18,5%, and 2,3% higher, respectively, and
it was proven that the unevenness of the cocoon shell sections decreased according to
these indicators.

From the results of the above research, it can be seen that raw silk of class 4A
can be obtained from selected cocoons. Such raw silk is widely used not only for
clothing, aviation, and special purposes, but also in the field of medicine.
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