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Abstract 
Sericulture is a significant agro-based industry that generates a substantial amount of waste at various stages of silk production, such as mulberry plant residues, silkworm litter, pupae, and reeling by-products. If these materials are not properly managed, they may lead to environmental problems and resource loss. Nevertheless, many of these wastes are rich in nutrients and biologically active compounds, making them useful for several applications. For example, silkworm pupae are a valuable source of protein that can be utilized in animal feed and other industrial uses. Similarly, mulberry waste and silkworm litter can be transformed into organic fertilizers, vermicompost, or used for biogas production. Reeling by-products can also be recycled to produce spun silk and various handicraft items. This review discusses the major types of waste produced in sericulture and explores their possible uses, highlighting their role in sustainable waste management and improved economic returns.
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1. Introduction
Silkworms, Bombyx mori, belong to the order Lepidoptera and the family Bombycidae. This insect is considered economically important because it produces silk by spinning a protective cocoon around its body (Hussain et al., 2011). In India, the major producers of mulberry silk include Karnataka, Andhra Pradesh, Tamil Nadu, Jammu & Kashmir, and West Bengal, while non-mulberry silk is mainly produced in states such as Jharkhand, Chhattisgarh, Odisha, and the northeastern region, particularly Assam (Mariyappanavar, 2024).
Sericulture is an agro-based and labor-intensive activity that provides employment opportunities for many people in both rural and urban areas. The cultivation of mulberry and non-mulberry host plants is essential for silk production. Among these, mulberry is the most widely used host plant for silkworm rearing across the world. Apart from its role in sericulture, mulberry is also valued for its medicinal properties, tasty fruits, use in landscaping, and as animal fodder (Singhal et al., 2005a, 2005b).
Sericulture and agriculture are closely connected, as the quality of silk largely depends on proper cultivation of host plants and efficient silkworm rearing practices. During different stages of silkworm rearing and silk processing, several types of waste are generated, including silkworm castings, damaged cocoons, pupal shells, and other by-products. However, these materials can be effectively utilized for various economic and value-added purposes (Mariyappanavar, 2024).
The sericulture industry generates three main categories of waste: surplus mulberry plant materials such as twigs, leaves, and fruits; waste produced during cocoon reeling, including silkworm pupae; and bed waste generated during the rearing of silkworms. A significant portion of this waste originates from mulberry cultivation. Studies have shown that nearly 45% of the mulberry leaves consumed by silkworms are later discharged as waste. On average, marginal farmers produce around 250–300 kg of such waste, which has the potential to be converted into approximately 2500 kg of organic manure, sufficient to fertilize about 0.067 hectares of agricultural land (Wenhua, 2001).
This review focuses on the various ways sericulture waste can be utilized for different purposes that provide both economic and social benefits. Materials that are often regarded as waste in sericulture actually have the potential to be transformed into valuable resources. Silk, produced by silkworms, is mainly composed of natural proteins, primarily fibroin and sericin. Fibroin is the core structural protein of silk and is responsible for its strength, rigidity, and overall structural integrity (Cui et al., 2018; Koh et al., 2015). Sericin, which constitutes about 25–30% of the silk protein, surrounds the fibroin fibers with adhesive layers, helping to bind them together and form the cocoon structure (Cao & Zhang, 2016).
During silk processing, especially in the reeling stage, most of the sericin is removed to produce raw silk. As a result, large quantities of sericin are released into wastewater from silk processing units, which may contribute to environmental pollution. However, sericin and other silk-related wastes have the potential to replace or complement synthetic materials in several applications. One promising approach is the conversion of silk waste into bio-composite materials. Proper waste management and innovative utilization strategies can therefore transform sericulture waste into valuable products with significant practical applications (Qayoom & Manzoor, 2024).
2. Types of Sericulture waste and their composition:
2.1.  Mulberry waste
Mulberry (Morus spp.) serves as the main food plant for the silkworm (Bombyx mori), and its cultivation produces various types of plant waste during regular farming and harvesting activities. These residues include pruned branches, stems, roots, bark, unhealthy or unsuitable leaves, leaf midribs, fallen foliage, and overripe or dropped fruits. Routine practices such as seasonal pruning for canopy control, removal of aged leaves, and general plantation maintenance result in the generation of large quantities of lignocellulosic biomass. In addition, unused fruits and damaged leaves further increase the amount of plant residue produced (Kandari et al., 2019). Studies indicate that a single hectare of mulberry plantation can generate approximately 4–5 tonnes of dry pruned biomass each year (Rathore et al., 2018).
2.2.  Silkworm rearing waste
Silkworm fecal matter, commonly referred to as silkworm excreta or litter, is a significant by-product produced during the larval rearing stage. It mainly contains partially digested mulberry leaf remains, fragments of plant cell walls, and associated microbial biomass. Large-scale silkworm rearing generates substantial quantities of this material, with estimates suggesting about 60–70 kg of fecal waste per 100 disease-free layings (DFLs) (Ahmed et al., 2020). In the past, this waste was mostly discarded or used only to a limited extent as manure. However, it is now increasingly recognized as a useful resource with potential applications in agriculture, pharmaceuticals, and various bioresource-based industries.
2.3.  Cocoon waste
Pierced or cut cocoons are primarily produced during grainage operations, where silkworms are allowed to emerge as moths for breeding. Unlike intact cocoons used for silk reeling, these cocoons are damaged by the emergence hole made by the moth, which breaks the continuous silk filament. Consequently, they are unsuitable for reeling into raw silk. However, they remain rich in silk proteins, including fibroin and sericin, making them useful for various applications (Kumaresan & Sannappa, 2013). In India, thousands of kilograms of pierced cocoons are produced each year. Despite their potential for higher-value uses, much of this material is still sold to spun silk industries at relatively low prices (Rathore et al., 2018).
2.4.  Reeling and processing waste
Silk reeling waste consists of fibrous residues generated during the process of unwinding silk filaments from cocoons in reeling units. This waste includes floss silk, pelade, pierced or cut cocoons, reeling noil, and short fibers that cannot form continuous yarn. It also encompasses unreelable cocoon portions, broken silk threads during reeling, and residual gum left after degumming (Kumaresan et al., 2019). In commercial silk production, such reeling waste can account for approximately 25–30% of the total cocoon weight (Zhou et al., 2020).
Silkworm pupae represent another important by-product of the silk industry, obtained after extracting silk from the cocoons. During commercial reeling, cocoons are boiled to soften the sericin, allowing the continuous silk filament to be unwound. The leftover pupae, which typically make up 50–55% of the cocoon’s weight, are collected as a by-product (Kumar & Rajkhowa, 2019). Large-scale silk production generates enormous amounts of pupae; for instance, India produces over 25,000 tonnes annually, much of which remains underutilized despite its high nutritional and industrial potential (Zhang et al., 2021).
2.5.  Other waste products:
Chrysalis (pupal shells) and adult moth bodies are by-products of sericulture, primarily generated during seed production (grainage) when silkworms are allowed to complete their life cycle and emerge as moths. After mating and laying eggs, the spent moths are typically discarded, and in some cases, the empty pupal casings are separated from grainage residues. Although often ignored, these materials are rich in biopolymers and bioactive compounds, offering potential applications in industries, pharmaceuticals, and agriculture (Rajkhowa et al., 2013) .
3. Circular Economy Models in Sericulture:
The circular economy model promotes the reuse and recycling of all sericulture by-products within the production cycle, helping to reduce environmental pollution while increasing economic benefits (Qayoom & Manzoor, 2024). For instance, cocoon shells and sericin extracted during degumming can be utilized in biomedical, cosmetic, and industrial applications (Altman et al., 2022; Menaka et al., 2025). Mulberry leaf residues and silkworm rearing bed waste can be converted into compost to enrich soil for organic mulberry cultivation, whereas silkworm pupae can be used as livestock feed or for nutraceutical products. By reintegrating these waste streams into the production process, sericulture can operate as a closed-loop system, optimizing resource use and reducing environmental impact. This strategy also generates multiple income sources for farmers, supporting rural livelihoods and promoting sustainable practices.
4. Utilization of sericulture waste
4.1.  Waste as Vermicomposting:
Vermicomposting is the process of converting organic waste into nutrient-rich compost with the help of earthworms (Lim et al., 2016; Lee et al., 2018). By-products from silkworm rearing can serve as feedstock for vermicomposting, while silkworm litter alone can be used in pharmaceutical applications or for biogas production (Sharma et al., 2022a, 2022b). Annually, one hectare of mulberry cultivation generates approximately 15 tonnes of sericulture waste, containing around 280-300 kg of nitrogen, 90-100 kg of phosphorus, and 150-200 kg of potash from silkworm rearing and farm residues (Das et al., 1997).
According to Altman et al. (2022) and Menaka et al. (2025), one of the main applications of surplus mulberry leaves is composting. Through composting or vermicomposting, these leaves are converted into organic manure rich in nutrients, which enhances soil fertility, stimulates microbial activity, and promotes sustainable agricultural practices (Dhakal et al., 2024; Qayoom & Manzoor, 2024). In addition, mulberry leaves can be dried and processed into animal feed, offering a high-protein supplement for livestock, poultry, and goats, thereby improving growth and productivity (Hassan, 2025). Beyond agricultural uses, mulberry leaf extracts are employed in herbal supplements and functional foods due to their medicinal properties, including anti-diabetic, antioxidant, and immune-boosting effects, highlighting the significant value of this sericulture by-product (Menaka et al., 2025).
4.2.  Waste in Value-addition
Sericulture waste, once seen primarily as an environmental issue, is now increasingly viewed as a valuable resource for producing high-value products. Transforming these by-products into economically and socially useful materials not only addresses waste disposal problems but also generates additional income for farmers and rural entrepreneurs. Studies by Singha et al. (2024), Kaushik et al. (2025), and Prajapati et al. (2022) indicate that effective use of sericulture residues-including mulberry leaves, silkworm pupae, defective cocoons, and silk sericin can promote sustainable rural livelihoods while supporting circular bioeconomy initiatives. Such advancements in waste management are helping to make the sericulture industry more resource-efficient and environmentally sustainable.
4.3.  Silkworm pupae
Defatted silkworm pupae meal serves as an excellent protein source for livestock, poultry, and aquaculture species. Research indicates that substituting up to 40% of soybean meal with pupae meal in poultry diets maintains comparable growth rates while enhancing feed efficiency (Dong et al., 2018). In aquaculture, pupae meal promotes fish growth, improves feed digestibility, and enhances flesh quality (Wang et al., 2020). Its high lipid content also provides essential fatty acids beneficial for aquatic species. In several Asian countries, such as China, Korea, Thailand, and Vietnam, silkworm pupae are traditionally consumed, prepared in forms such as boiled, fried, roasted, or incorporated into snacks, soups, and sauces (Rumpold & Schlüter, 2013). Additionally, pupal oil obtained through mechanical or solvent extraction is rich in polyunsaturated fatty acids and is utilized in cosmetics, skincare products, and soap manufacturing (Kumar & Rajkhowa, 2019).
4.4.  Defective cocoons
Around 5–10% of the total cocoon production during silk reeling is classified as defective or leftover (Menaka et al., 2025; Dhakal et al., 2024). These cocoons can be processed into silk waste and spun into yarn, which is then used to produce lower-grade silk textiles and handicrafts. Although spun silk is of lower quality compared to filament silk, it finds wide application in textiles, embroidery, and home furnishings. Additionally, damaged cocoons can be creatively repurposed into decorative items such as garlands, ornamental vases, and other craft products, providing opportunities for rural entrepreneurship and cottage industries (Qayoom & Manzoor, 2024; Hassan, 2025). Such initiatives not only generate economic value but also help preserve traditional craft skills.
4.5.  Silk Sericin
Sericin is widely utilized in cosmetic products such as skin moisturizers, anti-aging creams, and hair conditioners because of its ability to form a protective film, retain moisture, and provide antioxidant benefits. It enhances skin elasticity and smoothness while adding shine and manageability to hair by maintaining hydration (Kato et al., 1998). Additionally, sericin recovered from degumming wastewater can be reapplied to fabrics, where it imparts antimicrobial activity, UV protection, and moisturizing properties, thereby increasing the functional value of silk and silk-blend textiles (Yuan et al., 2020).
5. Benefits of waste utilization in sericulture:
Effective use of sericulture waste provides important economic and environmental benefits, contributing to the sustainability of the industry and supporting rural livelihoods. Proper handling and value addition of by-products such as mulberry leaves, silkworm pupae, defective cocoons, and silk sericin can create additional income opportunities while also encouraging environmentally responsible practices (Menaka et al., 2025).
5.1.  Economic benefits
According to Altman et al. (2022), farmers can increase their income beyond traditional silk production by converting sericulture waste into value-added products such as organic manure, animal feed, pupae oil, spun silk, and sericin-based cosmetic products. This diversification helps improve financial security by reducing dependence solely on cocoon sales, especially during periods when silk market prices fluctuate (Menaka et al., 2025). In addition, the utilization of sericulture waste contributes to employment generation. Activities such as composting, vermicomposting, extraction of pupae oil, production of sericin, and development of handicrafts create job opportunities in rural areas, particularly benefiting women and small-scale farmers (Hassan, 2025; Qayoom & Manzoor, 2024).
5.2.  Environmental Benefits: 
The effective use of sericulture waste plays an important role in reducing environmental problems associated with traditional disposal practices. Conventional methods, such as dumping mulberry leaves, pupae, and cocoon residues in landfills or water bodies, can cause soil and water pollution. Converting these by-products into useful materials such as compost, animal feed, or other industrial products helps decrease waste accumulation and reduces environmental contamination (Dhakal et al., 2024; Qayoom & Manzoor, 2024).
Composting and vermicomposting of mulberry leaves and silkworm rearing bed waste also contribute to improved soil quality by increasing nutrient availability, microbial activity, and organic matter content. Studies have shown that soils treated with organic compost derived from sericulture residues exhibit greater fertility and improved structure compared to soils that rely solely on chemical fertilizers (Menaka et al., 2025). Moreover, this practice decreases dependence on synthetic fertilizers, thereby reducing environmental risks such as groundwater pollution and soil degradation (Hassan, 2025).
Table 1. Major sericulture by-products and their applications 
	By- products
	Utilization 
	References 

	Silkworm pupae
	Animal feed, fish feed, oil extraction, protein powder
	Rahman et al., 2013

	Mulberry leaves waste
	Organic manure, compost, biogas production
	Ullal & Narasimhanna 1978

	Silkworm litter
	Biofertilizer and vermicompost
	Jolly, 1987

	Reeling waste / silk waste
	Production of spun silk, handicrafts, textiles
	Gulrajani, 1992

	Sericin (silk protein)
	Cosmetics, pharmaceuticals, biomedical materials
	Aramwit et al., 2010


6. Conclusion
Sericulture waste, including mulberry residues, silkworm litter, pupae, and defective cocoons, is a valuable resource rather than just an environmental burden. Proper utilization through composting, animal feed, spun silk production, and extraction of sericin and fibroin reduces pollution, adds economic value, and supports rural livelihoods. Integrating these practices into sericulture promotes a circular economy, sustainable agriculture, and resource-efficient silk production, making the industry environmentally and economically resilient.
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