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ABSTRACT

	Aims: This study aimed to evaluate the effectiveness of ultraviolet irradiation combined with air ionization for disinfecting incubatory and rearing rooms in sericulture, and to determine its impact on hatching rate, larval survival, disease incidence, larval biomass, and cocoon productivity of Bombyx mori L.
Study Design: A multiyear controlled experiment with four treatment variants, including ultraviolet exposure at different durations and intensities, compared with a non-treated control group.
Place and Duration of Study: The experiments were conducted at the Sericulture Research Institute, Tashkent, Uzbekistan, during the spring seasons of 2023–2025.
Methodology: Larvae of the hybrid “Ipakchi-1 × Ipakchi-2” were incubated and reared in rooms equipped with bactericidal ultraviolet lamps (wavelength 254 nm, 90 W) and an electro-technological air ionization system. Treatments included ultraviolet exposure for 10 minutes and 30 minutes per day, as well as irradiation with two lamps. Each treatment consisted of five replications of 100 eggs. Hatching rate, larval survival, disease incidence, larval weight across instars, and cocoon productivity indicators were recorded. Cocoon, shell, and larval weights were measured using analytical scales, and biological indicators were assessed according to standard sericultural procedures.
Results: Ultraviolet treatment increased the hatching rate to 99.0% compared with 95.0% in the control. Larval survival reached 86.5–90.1%, improving by 2.2–5.8% relative to the control (84.3%). Disease incidence decreased to 1.06–2.1%, compared with 3.1% in untreated groups. The mean weight of 50 fifth-instar larvae increased to 79.9 g compared with 70.4 g in the control, while individual larval weight rose to 1.59–1.60 g versus 1.42 g. Cocoon shell weight reached 0.365 g and silk content 22.8%, exceeding the control values of 0.304 g and 20.9%.
Conclusion: Ultraviolet irradiation combined with air ionization is an effective, environmentally safe method for reducing microbial contamination in sericulture facilities. It enhances larval viability, reduces disease incidence, and improves cocoon yield and quality, making it a practical component of modern industrial sericulture.
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1. INTRODUCTION 

The development of sericulture on a global scale and the achievement of abundant, high-quality cocoon yields largely depend on the prevention of silkworm (Bombyx mori L.) diseases. A key factor in maintaining the health and productivity of silkworm populations is the quality of eggs (grains) used for incubation and rearing, as well as the aseptic conditions in rearing facilities. The sanitary conditions of these environments directly determine larval survival and the quality of the harvested cocoons. By cocoon production volume, the leading countries in the world are the People’s Republic of China (about 782 thousand tons), India (225 thousand tons), and Uzbekistan (25,8 thousand tons) (FAO, 2023; Ministry of Agriculture of Uzbekistan, 2024). These countries are recognized leaders in the field and define global trends in sericulture development. However, despite significant progress, the spread of diseases remains a serious problem: up to 6-8% of larvae die before reaching the cocooning stage (Kundu et al., 2021). The resulting economic losses are substantial, making the development and implementation of modern preventive and control measures a top priority.
In recent years, environmentally friendly and resource-saving technologies aimed at reducing losses and improving cocoon quality have been actively introduced in sericulture (Lobanov, 2020; Chen and Wang, 2022). Among them, ultraviolet (UV) irradiation has attracted special attention due to its pronounced bactericidal and immunomodulatory properties. UV rays are known to be absorbed by all biologically important cell structures, as their energy is sufficient to ionize atoms (Kuznetsov, 2019). Even at low doses, UV irradiation exerts a stimulating effect by enhancing metabolism, activating vitamin D biosynthesis, and strengthening non-specific resistance (Zhang at al., 2020; Platonov, 2017).
The effect of UV irradiation on living organisms depends on dose, wavelength, and exposure conditions. The most effective bactericidal range is around 253.7 nm, which ensures the inactivation of bacteria, viruses, fungi, and even the destruction of bacterial toxins (WHO, 2021; Kowalski, 2019). In agriculture, optimal doses of UV irradiation have been shown to stimulate plant growth, improve immunity, and accelerate physiological processes (Tregenza and Wedell, 2020; Mikhailov, 1983). By analogy, in sericulture UV irradiation can be applied for: air disinfection in incubators and rearing rooms; sterilization of silkworm egg surfaces; suppression of pathogenic microorganisms in the rearing environment; and stimulation of metabolic processes in larvae, thereby increasing their survival (Khan at al., 2022).
Several researchers (Mikhailov, 1983; Roskin, 1972) have noted that light and UV exposure can modify silkworm growth parameters: larvae grow more actively under violet light; additional illumination in the early stages increases cocoon and silk yield by up to 6%; excessive quartz lamp exposure slows larval growth; while UV treatment of eggs increases hatching and larval viability (Zhang et al., 2020; Petrov, 2022). Thus, at moderate doses, UV irradiation serves a dual function: suppressing pathogenic microflora while acting as a biostimulant for silkworm development.
The use of bactericidal lamps for air disinfection and egg treatment is therefore an eco-friendly, cost-effective, and highly efficient method (Bintsis, 2021). Unlike chemical agents, UV irradiation leaves no toxic residues, requires no expensive reagents, and can be applied repeatedly. With proper dosing, it ensures lower larval morbidity, higher survival and productivity rates, and the production of better-quality cocoons. Collectively, these factors make UV irradiation a promising biotechnological tool for disease prevention in sericulture, particularly relevant for industrial and year-round rearing systems (Xue et al., 2025).

2. material and methods 

In the spring of 2023-2025, experimental studies on the incubation and rearing of Bombyx mori L. larvae of the hybrid “Ipakchi-1 × Ipakchi-2” were carried out at the Scientific Research Institute of Sericulture (Tashkent).
The following equipment was used in the experiments:
· bactericidal UV lamps (λ = 254 nm, 90 W),
· an electro-technological air ionization system.
The purpose of this equipment was to disinfect the air and surfaces in incubators and rearing rooms. Rearing was performed in accordance with standard agrotechnical practices for white-cocoon silkworm breeds (Mikhailov, 1983; Lobanov, 2020).
The experimental site consisted of 3 incubator-feeding rooms with a volume of 60 m3 each, which were respectively equipped with bactericidal lamps. The lamp power was calculated according to the standard of 1 W of UV irradiation per 1 m³ of air (San.PiN, 2010). The lamps were placed in opposite directions to ensure uniform light distribution, and the intensity of irradiation was monitored using a dosimeter.
A review of the literature and our own data confirm that electrophysical factors (electric and magnetic fields, optical irradiation, ultrasound, spark discharge, etc.) have a pronounced effect on living cells (Kuznetsov, 2019; Petrov, 2022; Setlow, 1966). The main effect is the activation of metabolism and stimulation of development.
Ultraviolet radiation (UVR) represents electromagnetic waves in the range of 100–400 nm, subdivided into UV-A (315–400 nm), UV-B (280–315 nm), and UV-C (200–280 nm). The most effective bactericidal action is exerted by UV-C, with maximum efficiency at wavelengths of 253.7–254 nm (Kowalski, 2019; WHO, 2021).
The mechanism of UV irradiation on microorganisms located on the surface of silkworm eggs is based on two main processes:
1. Photochemical DNA damage – photon absorption induces thymine dimer formation and replication blockage, leading to microbial death in the first or subsequent generations (Roskin, 1972).
2. Protein and enzyme denaturation – local heating and intermolecular friction in membranes cause enzyme inactivation and membrane disruption (Bintsis, 2021).
Pathogenic microorganisms, which have higher cellular water content compared to silkworm eggs, are selectively heated, resulting in their destruction. At the same time, the structure of silkworm eggs remains intact, which makes the method safe and environmentally friendly (Zhang et al., 2020).
Additionally, exposure to a direct-current electric field causes polarization of the phospholipid bilayer, altering the membrane potential (50-70 mV), thereby disturbing K⁺ and Na⁺ ion transport and leading to blocked metabolism in microbial cells (Kundu and Natarajan, 2021).

3. results and discussion

A review of the literature on electro-technological methods of disinfecting biological objects, as well as our own studies on silkworm stimulation through electrophysical treatments, confirms that such impacts share common patterns. Any electrophysical effect—including electric and magnetic fields, optical irradiation, electromagnetic waves, spark discharge, electric current, or ultrasound—affects living cells, triggering metabolic activation that results in accelerated development and increased viability.
Experiments on incubation and hatching of silkworm (Bombyx mori L.) eggs tested different exposure regimes of bactericidal UV lamps (λ = 254 nm).
Experimental variants:
I. Irradiation 10 min × once daily.
II. Irradiation 30 min × once daily.
III. Irradiation of 2 lamps for 30 min × once daily.
IV. Control (no irradiation).
Each variant was replicated 5 times, with 100 eggs placed in each replicate. The hatching rate of silkworm eggs was measured in this experiment, and the data are presented in Table 1.

Table 1.	Hatching rates of “Ipakchi-1 × Ipakchi-2.” silkworm eggs (2023–2025) 
	Variants
	Number of eggs incubated, pcs
	Number of hatched eggs, pcs
X̄±SD
	Number of unhatched eggs, pcs
X̄±SD
	Hatching rate, %
X̄±SD
	Pd

	I
	100
	95.0 ± 1.3
	5.0 ± 0.9
	95.0 ± 0.93
	0.884

	II
	100
	97.0 ± 1.0
	3.0 ± 0.93
	97.0 ± 0.93
	0.825

	III
	100
	99.0 ± 1.3
	1.0 ± 0.9
	99.0 ± 0.9
	0.806

	IV
	100
	95.0 ± 0.9
	5.0 ± 0.93
	95.0 ± 0.9
	-



The results showed that in the experimental groups the hatching percentage of eggs was higher than in the control (95.0%). Under 10-minute irradiation, the hatching rate reached 99.0% (+4,0%), while 30-minute exposure also improved the outcome, although the effect was less pronounced. In the third experimental variant, using two lamps for 30 minutes, the hatching rate was 95.5%, which was comparable to the control. Similar findings were reported by (Roskin, 1972) and (Mikhailov, 1983), who noted that moderate doses of UV irradiation increase hatching rates and larval viability.
During the rearing of larvae in rearing rooms with the use of ultraviolet irradiation, the absence of diseases was strictly monitored at each stage of larval molting. In addition, starting from the third instar and continuing until cocoon spinning at the fifth instar, larval mass was recorded by weighing randomly selected samples of 50 larvae, see Table 2.

Table 2. Average body weight of mulberry silkworms in the 3rd–5th instars (2023–2025)
	[bookmark: _Hlk208401726]Variants
	Year
	III instar 50 larvae weight, g
	1 larva weight, g
	IV instar 50 larvae weight, g
	1 larva weight, g
	V instar 50 larvae weight, g
	1 larva weight, g

	I
	2023
	4.20
	0.084
	16.94
	0.339
	80.02
	1.60

	
	2024
	3.92
	0.078
	16.62
	0.332
	78.30
	1.57

	
	2025
	4.10
	0.082
	16.80
	0.336
	79.16
	1.58

	Average
	
	4.07± 0.082
	0.081 ± 0.002
	16.79± 0.093
	0.336 ± 0.002
	79.16± 0.497
	1.583± 0.003

	Pd
	
	0.833
	
	0,106
	
	0.006
	

	II
	2023
	4.21
	0.084
	17.55
	0.351
	80.15
	1.60

	
	2024
	4.09
	0.082
	16.78
	0.336
	78.47
	1.57

	
	2025
	4.19
	0.084
	17.10
	0.342
	79.95
	1.59

	Average
	
	4.16± 0.037
	0.083 ± 0.001
	17.14± 0.223
	0.343 ± 0.006
	79.52± 0.53
	1.59± 0.009

	Pd
	
	0.196
	
	0.045
	
	0.005
	

	III
	2023
	4.30
	0.086
	17.95
	0.359
	80.67
	161

	
	2024
	4.18
	0.084
	16.98
	0.34
	78.97
	1.58

	
	2025
	4.28
	0.086
	17.45
	0.349
	80.15
	1.60

	Average
	
	4.25±0.037
	0.085±0.001
	17.46±0.28
	0.349±0.006
	79.93±0.503
	1.60±0.009

	Pd
	
	0.030
	
	0.025
	
	0.004
	

	IV
	2023
	4.11
	0.082
	16.23
	0.325
	72.3
	1.45

	
	2024
	4.05
	0.080
	15.10
	0.302
	68.7
	137

	
	2025
	4.12
	0.082
	16.12
	0.322
	70.2
	1.40

	Average
	
	4.09± 0.022
	0.082 ± 0.001
	15.82± 0.36
	0.316 ± 0.007
	70.4 ± 1.044
	1.408± 0.008



Significant differences were observed at the fifth instar: the total weight of 50 larvae in the experimental groups (Variants I–III) ranged from 79.87 to 79.92 g, compared with 70.40 g in the control (Variant IV). This represents an increase of about 13.5%, which is substantial for sericulture productivity. The mean weight per larva increased from 1.42 g in the control to 1.59–1.60 g in the experimental treatments, yielding a gain of 0.17–0.18 g per individual. While these increments may appear modest, when extrapolated to population scale they result in a considerable increase in cocoon yield and raw silk production.
Based on the data in the table, the following histogram was compiled, reflecting the average weight of silkworm caterpillars of the III-V age with the best indicators. Figure 1 clearly shows the difference between the experimental and control variants. According to literature, larval body weight is strongly correlated with cocoon weight and shell yield (Kundu and Natarajan, 2021; Zhang et al., 2020). Our findings confirmed this relationship: UV irradiation not only disinfected rearing rooms, reducing microbial load, but also enhanced larval productivity. The observed improvement in biomass accumulation at later instars suggests that UV treatment may positively influence metabolic efficiency and feed conversion, thereby leading to heavier and better-quality cocoons.
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These results highlight the dual role of UV irradiation: as a prophylactic measure that minimizes disease incidence, and as a growth stimulator contributing to improved productivity. Such combined effects make UV-based technologies a valuable, eco-friendly component of modern sericulture.
During the experiments, biological indicators (viability of the silkworm, morbidity, duration of the larvae stage) were determined, and these indicators are shown in Table 3.

Table 3. Biological indicators of mulberry silkworms treated with UV-B
	Variants
	Duration of larval period, days
	Disease incidence, %
	Pd
	Larval survival rate, %
	Pd

	I
	27
	2.10 ± 1.30
	0.294
	86.5 ± 5.78
	0.151

	II
	27
	1.10 ± 0.67
	0.679
	89.6 ± 1.23
	0.591

	III
	26
	1.06 ± 0.69
	0.679
	90.1 ± 1.36
	0.673

	IV
	27
	3.10 ± 0.97
	
	84.3 ± 3.53
	



After UV irradiation, larval survival improved to 86.5–90.1% compared with 84.3% in the control, corresponding to an increase of 2.2–5.8%. Among the treatments, the third variant (two UV lamps for 30 minutes) demonstrated the highest survival rate of 90.1%. Similarly, disease incidence declined from 3.1% in the control to 1.06–2.1% in the treated groups. The lowest incidence (1.06%) was observed in the third variant, again confirming the superior efficiency of dual-lamp irradiation. This suggests that more intensive UV exposure, when properly controlled, provides a stronger bactericidal effect without compromising larval health. Importantly, the duration of the larval period remained consistent at 26–27 days across all treatments, including the dual-lamp variant.
Figure 2 clearly shows the difference between the experimental and control variants.
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Fig. 2 clearly shows the difference between the experimental and control variants.

This indicates that while survival and health parameters were improved, developmental timing was not negatively affected. Maintaining the normal growth cycle is crucial, as any extension would increase feeding costs and management risks. Cocoon productivity indicators (average of 5 repetitions) are shown in Table 4 and Figure 3.

Table 4. Productivity indicators of raw cocoons (average of 5 replications)
	Variants
	Weight of 1 cocoon, g
	Weight of 1 cocoon shell, g
	Silk content of cocoons, %

	
	♀
	♂
	Average 
X̄±SD
	♀
	♂
	Average
X̄±SD
	♀
	♂
	Average
X̄±SD

	I
	1.6
	1.5
	1.54±0.03
	0.350
	0.353
	0.352±0.007
	21.8
	22.9
	22.4±0.2

	II
	1.6
	1.5
	1.55±0.04
	0.349
	0.344
	0.346±0.010
	21.9
	23.1
	22.5±0.1

	III
	1.7
	1.5
	1.6±0.01
	0.379
	0.352
	0.365±0.005
	22.3
	23.3
	22.8±0.2

	IV
	1.5
	1.4
	1.5±0.05
	0.307
	0.301
	0.304±0.006
	20.7
	21.1
	20.9±0.1



Cocoon productivity data (mean of five replicates) demonstrate consistent advantages of UV-treated groups over the control. Both cocoon and shell weights were higher in the experimental variants, suggesting improved nutrient assimilation and larval vigor under disinfected and bio-stimulated rearing conditions. The shell ratio (silk content of cocoons) reached 22.4–22.8% in UV treatments, compared with 20.9% in the control, reflecting a clear improvement in raw silk yield. The differences, although numerically modest (0.1–0.4% above other UV groups and 1.5–1.9% above control), are statistically meaningful when projected to industrial scale.
Particular emphasis should be placed on Variant III (30-minute irradiation with two lamps). This treatment achieved the highest cocoon weight (1.60 g) and shell weight (0.365 g), along with the maximum silk content (22.8%). These indicators surpass both the control and other experimental groups, confirming that prolonged but balanced UV exposure creates optimal sanitary and physiological conditions for silkworm development. 
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Fig. 3. Cocoon and shell weights with Silk content (%).

Our findings are in line with both international and domestic research. (Zhang et al., 2020) demonstrated that UV irradiation enhances insect immunity, while (Ali at al., 2022) reported its effectiveness in pathogen inactivation without chemical agents. Classic works by (Mikhailov, 1983; Roskin, 1972) also confirmed that bactericidal lamps reduce silkworm disease incidence and improve survival. (Kundu and Natarajan, 2021) highlighted UV disinfection as an efficient tool for lowering microbial loads in sericulture facilities.
An important factor associated with UV irradiation is the formation of ozone, which adds a secondary disinfecting effect (Kowalski, 2019; Bintsis, 2021). However, excessive ozone levels may negatively affect both larvae and workers (Grgić et al., 2018). Therefore, a short ventilation period (5–10 minutes) after irradiation is strongly recommended to maintain safe sanitary conditions.

4. Conclusion

The experimental results demonstrated that in rearing facilities treated with UV irradiation, no cases of disease, developmental delay, or mass larval mortality were observed. The risk of microbial infection from feed or external sources was significantly reduced. Moreover, larval viability and weight improved, leading to higher cocoon yield and enhanced cocoon quality. Overall, these results confirm that ultraviolet irradiation—particularly the two-lamp 30-minute regime—represents an effective, eco-friendly, and economically justified agro-electrotechnological approach. 
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