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Abstract 

The Rapid expansion of Eri-culture (Samia ricini Donovan) in India has generated substantial amounts of organic waste, 

including frass, cocoon remnants, pupae, and plant residues, which are traditionally disposed of through environmentally 

harmful methods. This comprehensive review examines innovative utilization and management strategies for Eri-culture waste 

to promote sustainable development and enhance economic viability. The study analyzes various waste streams, revealing that 

frass constitutes 60-65% of total waste generated, containing valuable nutrients (2.5-3.2% nitrogen, 1.8-2.1% phosphorus, 2.2-

2.8% potassium) suitable for organic fertilizer production. Innovative valorization strategies include vermicomposting, which 

reduces processing time by 30-40% while producing nutrient-rich compost, and biogas production yielding 0.35-0.42 m³ 

biogas per kg of dry matter with 55-62% methane content. The high protein content (50-60%) of spent pupae presents 

opportunities for animal feed formulation, successfully replacing 15-20% of conventional protein sources in poultry diets. 

Advanced biotechnological applications include extraction of bioactive compounds such as sericin and fibroin for 

pharmaceutical and cosmetic industries, demonstrating antimicrobial and antioxidant properties. Economic analysis reveals 

potential revenue generation of ₹8-12 per kg of processed waste through organic fertilizer production, while integrated waste 

management systems can reduce carbon footprint by 25-30%. However, challenges include limited processing technology 

accessibility, economic constraints, and inadequate policy support. Future research directions emphasize developing cost-

effective processing technologies, integrated bio-refinery concepts, and advanced biotechnological applications. The 

systematic implementation of these innovative strategies can transform. Eri-culture waste from an environmental burden into a 

valuable resource, supporting sustainable development goals while enhancing farmer incomes and promoting circular 

economy principles in the sericulture sector. 
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Introduction 

India is the sole Nation on the planet that produces all four 

commercially acknowledged varieties of silk, viz., Eri, 

Muga, Mulberry and Tasar, and the world’s second-largest 

producer of raw silk. The Assamese word ‘ERA’ is a 

descendant of the English term ‘ERI’, which signifies 

castor. Eri-culture, the cultivation of Samia ricini Donovan, 

commonly known as the Eri silkworm, represents one of the 

most promising non-mulberry sericulture practices in India. 

Native to northeastern India, particularly Assam, and this 

semi-domesticated silk moth has gained significant attention 

due to its unique characteristics, including its ability to 

produce renewable silk through multiple crops per year and 

its adaptability to various climatic conditions (Mahesh et al., 

2024) [18]. The Eri silkworm feeds primarily on castor 

(Ricinus communis) and kesseru (Heteropanax fragrans) 

plants, making it an economically viable option for farmers 

in regions where these plants grow abundantly. The 

economic significance of Eri-culture extends beyond silk 

production. The industry supports thousands of rural 

families, particularly in Assam, Meghalaya, and other 

northeastern states of India, providing employment 

opportunities and contributing to rural development 

(Mahesh and Kumar, 2020) [17, 19]. However, the rapid 

expansion of Eri-culture has led to the generation of 

substantial amounts of organic waste, including spent pupae, 

cocoon remnants, rearing bed refuse, frass (silkworm 

excreta), and leaf litter. Traditional disposal methods often 

involve burning or dumping these wastes, leading to 

environmental pollution and loss of valuable resources. The 

concept of sustainable development emphasizes the need for 

resource efficiency and waste minimization across all 

industries. In the context of sericulture, this translates to 

developing innovative approaches for waste utilization that 

can generate additional income for farmers while addressing 

environmental concerns. Recent research has demonstrated 

the potential of Eri-culture waste as a source of various 

valuable products, including organic fertilizers, animal feed, 

biogas, and even pharmaceutical compounds (Singha et al., 

2024) [36]. 

Recycling organic waste is an imperative need in agro waste 

sector. Organic waste, including sericulture waste, can 

provide sustainability as well as economic advantages. This 

study aims to provide a comprehensive analysis of 

innovative utilization and management strategies for Eri-

culture waste, examining their potential contributions to 

sustainable development goals. This paper synthesizes 

current research findings, identifies existing challenges, and 

proposes future research directions for maximizing the value 

of Eri-culture waste streams. 

 

Eri-Culture 

1. Biology and Life Cycle 

Eri silkworm belongs to the family Saturniidae and 

characterized by its multivoltine nature, producing 5-6 

generations per year under favorable conditions. The life 
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cycle comprises four distinct stages: egg, larva, pupae, and 

adult (moth). The larval stage, lasting approximately 24-26 

days, is the most critical phase for silk production and waste 

generation (Birari et al., 2019) [5]. During this period, the 

caterpillars consume large quantities of leaves and produce 

significant amounts of frass. The unique aspect of Eri-

culture is that the silk extraction process does not require 

killing the pupae, as the moths naturally emerge from the 

cocoons. This characteristic makes Eri silk environmentally 

friendly and ethically acceptable, contributing to its growing 

popularity in sustainable fashion industries (Kalita et al., 

2019) [15]. 

 

2. Production Systems and Waste Generation 

Eri-culture is primarily practiced through two systems: 

outdoor rearing on castor plants and indoor rearing using 

leaf feeding methods. Both systems generate different types 

and quantities of waste materials. In outdoor rearing, waste 

consists mainly of frass, leftover food materials, and natural 

mortality. Indoor rearing generates additional waste 

including rearing bed materials, cleaning refuse, and 

contaminated substrates. The waste generation pattern 

follows the growth cycle of silkworms, with peak 

production occurring during the late larval stages. Studies 

indicate that for every kilogram of fresh cocoons produced 

approximately 8-10 kg of organic waste is generated, 

highlighting the significant potential for waste valorization 

(Swathiga, 2021) [38]. 

 

3. Economic Importance 

The economic value of Eri-culture extends beyond silk 

production to include various by-products. (Ganesan et al., 

2022) [12] reported that Traditionally, Eri pupae have been 

consumed as food in northeastern India, providing high-

quality protein and essential amino acids. However, the 

commercial potential of other waste materials has been 

largely unexploited, representing a missed opportunity for 

enhancing farm income and promoting sustainable practices. 

Naik, (2017) [22] Recycling of sericulture waste using 

vermicomposting technology is a greener way for a 

sustainable agriculture, which improves the soil nutrient 

value, provides a sustainable way to recycle sericulture 

waste as well as create job opportunities for the people in 

rural areas while improving the economy of the country. 

Sadat et al., 2022[28] studied that the nutritional profile and 

bioactive components of (Silkworm Pupae) SWPs, which 

may be used as a dietary supplement and in treating acute 

diseases (either alone or in combination with other drugs). 

The chemical composition of SWPs varies depending on the 

silkworm species and host food plants. Although an 

extensive study on the nutritional composition of SWPs has 

been done, there are scarce reports on their identification 

and characterization. Chaudhary et al., (2021) [6] also 

reported that green economy is beneficial for SDGs. 

 

Types of Eri Waste 

1. Frass (Silkworm Excreta) and Rearing Bed Refuse 

Frass represents the largest component of Eri-culture waste 

by volume, accounting for approximately 60-65% of total 

waste generated. Rich in nitrogen, phosphorus, and 

potassium, frass contains partially digested plant materials 

and metabolic by-products. Chemical analysis reveals that 

Eri frass contains 2.5-3.2% nitrogen, 1.8-2.1% phosphorus, 

and 2.2-2.8% potassium, making it suitable for organic 

fertilizer production. The moisture content of fresh frass 

(Figure1) ranges from 65-75%, requiring proper 

management to prevent decomposition and odor problems. 

The C: N ratio of approximately 12: 1 makes it an excellent 

candidate for composting when mixed with carbon-rich 

materials. The chemical constituents of silkworm excreta 

that predominantly reported are chlorophyll and chlorophyll 

derivatives, xanthophylls, carotenoids, and flavonoids 

(Wani et al., 2020) [40]. The mulberry silkworm (Bombyx 

mori) excreta included chlorophyll derivatives CpD-A, B, 

C, and D. Of these, CpD-A was thoroughly investigated to 

elucidate its function as a "photosensitizer." for 

photodynamic therapy (PDT) of tumors in vitro (Pooja and 

Mariyappanavar 2024) [26]. Indoor rearing systems generate 

substantial amounts of rearing bed refuse, consisting of 

contaminated substrates, leftover food materials, and 

cleaning waste.  

 

 
 

Fig 1: Silkworm excreta (Frass) 

 

This waste stream typically contains high levels of organic 

matter and nutrients but may also harbor pathogens and 

contaminants that require proper treatment before 

utilization. (Nath et al., 2024) [24] The study explores the 

innovative transformation of sericulture waste into nutrient- 

rich substrates for mushroom cultivation, addressing global 

food insecurity and waste management challenges. The 

study also emphasizes how adaptable mushrooms are at 

using a variety of lignocellulosic wastes, especially oyster 

mushrooms (Pleurotus spp.). It delves into the nutritional 

superiority of sericulture by-products over conventional 

substrate. 

 

2. Cocoon Waste 

Cocoon waste includes pierced cocoons, defective cocoons, 

and cocoon shells remaining after silk extraction. These 

materials contain sericin, fibroin, and other proteins that 

have potential applications in biotechnology and 

pharmaceutical industries. The protein content of cocoon 

waste ranges from 45-55%, with significant amounts of 

essential amino acids (Swathiga, 2021) [38]. Cocoon craft is 

one of the very remarkable utilities of by-products, which 

can provide scope to develop human skills in adding up 

generating self-employment and revenue. The value 

addition in post cocoon sector is predictable to generate 

income ranging from 10 to 25 % in total returns. Various 

products like garlands, flower vase, wreath, pen stand, dolls, 

jewelry, wall hangings, wall plates, clocks, bouquets and 

greeting cards are being prepared by using the waste silk 

cocoons (Pooja and Mariyappanavar, 2024) [26]. Some 
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laboratories of Japan have produced silk paper in different 

colors for making craft products like flowers and lamp 

stands. A paint containing silk powder known as silk leather 

is used to decorate plastics, steel and fabrics (Sharma et al., 

2022) [33]. 

 

3. Leaf Litter and Plant Residues 

Leaf harvesting and processing activities generate 

significant amounts of plant residues, including damaged 

leaves, stems, and pruning materials (Figure2). These 

materials have high lignin and cellulose content, making 

them suitable for biogas production and composting 

applications. Research has demonstrated that both breeding 

waste and caterpillar excreta provide biogas yields that are 

on par with those of other agriculturally derived substrates, 

including manures from cattle, pigs, and chickens. 

Fermented silkworm excreta under mesophilic conditions 

produces 167.32 m3/Mg TS of methane and 331.97 m3/Mg 

TS of biogas, while fermentation of silkworm breeding 

waste yields 256.59 m3/Mg TS of methane and 489.24 

m3/Mg TS of biogas (Lochynska and Frankowski, 2018). 

The experimental study concludes that mass production of 

Bacillus thuringiensis (Bt) employing Seri wastes is an 

excellent method. As far as we are aware, this is the first 

study on using silkworm litter to produce Bt in large 

quantities. Since litter is generated in enormous quantities, 

its usage for cultivation of Bt is an economic approach. Use 

of such substrates represents a better alternative for disposal 

and/or recycling waste and minimizes pollution. The study 

promises to introduce such raw materials with added (Patil 

et al., 2013) [25]. 

 

 
 

Fig 2: Leaf litter and plants residue 

 

4. Pupae as A Nutritional feed 

After silk extraction, spent pupae represents a valuable 

protein source containing 50-60% crude protein on a dry 

weight basis. Rich in essential amino acids, vitamins, and 

minerals, spent pupae have applications in animal feed 

formulation and human nutrition. Dried silkworm pupae 

contain 8 % nitrogen. Since pupa contains a high amount of 

nitrogen and protein along with micronutrients like zinc, 

copper, magnesium, and manganese, there is prospective 

potential the bioconversion of pupal waste to enrich 

compost and utilization as a nutrient source (Mahesh et al., 

2020) [17, 19]. The tribal people use Eri pupae as delicious 

food. Judicial utilization of silkworm as a source of food is 

practiced in many countries of the world. For the tribal in 

northeastern India, the Eri chrysalid (pupae) is a delicacy 

and the cocoon is more or less a byproduct (Sarmah, 2011) 

[31]. Different recipe preparation like boiled pupa, (Figure 3) 

fried pupa, chili pupa, pupa masala etc. are possible from 

Eri pupa. Use of Eri pupal powder as a substitute in broiler 

diets showed significant higher body weight and weight 

gain of (young chicken) broiler (Mahesh et al., 2015; 

Susikaran et al.,2022) [37]. 

 

 
 

 
 

Fig 3: Pupae as a Dish 

 

Innovative Utilization Strategies 

1. Organic Fertilizer and Vermicompost Production 

The conversion of Eri-culture waste into organic fertilizers 

represents one of the most practical and economically viable 

utilization strategies. The high nutrient content and 

favorable C: N ratio of frass make it an excellent base 

material for compost production. Traditional composting 

methods can be enhanced through the addition of microbial 

inoculants and optimization of environmental conditions. 

Research has shown that composting Eri frass with 

agricultural residues produces high-quality organic fertilizer 

with NPK content of 3.5-4.2%, 2.1-2.8%, and 2.8-3.5% 

respectively (Dobre et al., 2014) [10]. 

Vermicomposting contributes too many environmental 

benefits, including waste recycling. It is a simple 

biotechnological process of composting, in which certain 

species of earthworms are used to increase the process of 

waste conversion and produce a profitable end produce 

(Arya 2018) [4]. Vermicomposting using earthworms 

(Eisenia fetida) has proven particularly effective for 

processing Eri waste. The process reduces composting time 

by 30-40% while producing nutrient-rich Vermicompost 

with enhanced microbial diversity. Studies indicate that 

Vermicompost from Eri waste improves soil structure, water 

retention, and plant growth significantly compared to 

conventional fertilizers. Heenkende and Parama (2010) [13] 
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revealed that Seri compost could be used to obtain higher 

yields of French bean. Sharma and Ganguly (2011) [34] 

indicated that the silkworm pupal bio-waste could be 

converted to good quality fuels, which may be used as 

biodiesel additives. The experimental results by Sangeetha 

et al., (2012) [30] concluded in their study that the application 

of SLPW (Silkworm litter-pupal waste) + Vermicompost 

recorded significantly higher leaf yield (32,098.5 kg) and 

NPK content (3.11%, 0.39% and 2.48 %) respectively. 

 

2. Feed Development 

The high protein content of Eri pupae and cocoon waste 

makes them suitable for animal feed formulation. Research 

has demonstrated successful incorporation of processed Eri 

waste into poultry, fish, and livestock feed formulations. 

Dried and processed Eri pupae can replace 15-20% of 

conventional protein sources in poultry feed without adverse 

effects on growth performance or egg quality. The essential 

amino acid profile of Eri pupae closely matches poultry 

requirements, making it an ideal protein supplement 

(Tamuly et al., 2024) [39]. Silkworm pupae, a by-product of 

the silk industry, are rich in crude protein (up to 80% in 

defatted meals) and essential amino acids, particularly 

lysine and methionine. In aquaculture applications, Eri 

pupae meal has shown promising results as a protein source 

for fish feed. Studies with Rohu (Labeo rohita) 

demonstrated that inclusion of up to 25% Eri pupae meal in 

fish feed-maintained growth performance while reducing 

feed costs by 12-15% (Saikia et al., 2021) [29]. 

 

3. Biogas Production 

The anaerobic digestion of Eri-culture waste for biogas 

production offers dual benefits of waste treatment and 

renewable energy generation. The high organic matter 

content and favorable C: N ratio make Eri waste suitable for 

biogas production. Laboratory studies indicate that Eri 

waste can produce 0.35-0.42 m³ biogas per kg of dry matter, 

with methane content ranging from 55-62% (Wani et al., 

2020) [40]. The addition of co-substrates such as kitchen 

waste or agricultural residues can enhance biogas yield by 

20-25%. Insect technology prepares waste mainly as food 

residue mixed with excreta. The anaerobic fermentation 

process uses it as a high-quality substrate to produce biogas 

because it provides an environment that is conducive to the 

growth and optimal metabolic activity of the bacteria 

involved. 

 This substrate contains only biodegradable organic matter; 

its C/N ratio is around the optimal 15–35. Additionally, it 

does not contain inhibitory compounds (Dobre et al., 2014) 

[10]. However, obtaining an effective hydraulic retention 

time and biogas production depend not only on the substrate 

composition, but also on the organic loading rate, 

appropriate process temperature (25 – 35.5o C), and pH (6.7 

– 9.4). The process efficiency increases with an increase in 

organic loading rate; however, an extremely high organic 

loading rate inhibits bacterial activity (Mao et al., 2015) [19]. 

Integrated biogas systems combining Eri waste with other 

organic wastes offer advantages including improved gas 

production, better nutrient balance, and reduced investment 

costs. The slurry from biogas production serves as high-

quality liquid bio fertilizer, creating a closed-loop system 

that maximizes resource utilization. 

 

4. Protein Extraction and Purification 

The high protein content of Eri cocoons and pupae makes 

them attractive sources for protein extraction and 

purification. Advanced extraction techniques can recover 

high-quality proteins for various applications. (Miguel and 

Alvarez-Lopez, 2020[21] reported that Sericin, a globular 

protein constituting 20-25% of silk proteins, extracted from 

cocoon waste using various methods including alkaline 

extraction, enzymatic treatment, and steam treatment. 

Purified sericin has applications in cosmetics, 

pharmaceuticals, and biomedical industries due to its 

moisturizing, antioxidant, and wound-healing properties. 

(Figure 4) In total, 18 amino acids are present in sericin 

where serine (32%), aspartic acid (18%) and glycine (16%) 

are the most significant compounds. (Dandin and kumar, 

2007) [8] observed that the silk biopolymer used in 

manufacturing contact lenses, tissue regeneration for 

treating burn victims and matrix of wound dressing.  

 

 
 

Fig 4: Uses of Silk Protein (Sericin) 
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The silk fibroin peptides are used in cosmetics due to their 

glossy, flexible, elastic coating power, easy spreading and 

adhesion characters. The silkworm pupal oil is used in 

cosmetics like soap. Hair oil, face powder, creams and body 

deodorants. The enzymatic hydrolysis of Eri proteins 

produces bioactive peptides with potential applications in 

functional foods and nutraceuticals. Research has identified 

several peptides with antioxidant, antimicrobial and 

angiotensin-converting enzyme inhibitory activities. 

 

5. Pharmaceutical and Biomedical Applications 

Recent research has explored the potential of Eri-culture 

waste in pharmaceutical and biomedical applications, 

revealing promising bioactive compounds with therapeutic 

properties. Chitin, a component of pupal skin used in post 

operational treatments such as conchotomy, deviatomy, 

polypectomy because of its easy usability, less hemophase, 

greater pain relief and fastening healing of wounds. Chitin 

used as immuno-adjuvant (antiviral agent), bacteriostatic, 

fungi static, anti-sordes agents in preventing carcinogenic 

bacteria from teeth and biocompatible membrane to check 

bleeding in major surgeries (Aram et al., 2013) [1]. (Kabir et 

al.,2024) [14] Extracts from Eri pupae and cocoon waste have 

demonstrated significant antimicrobial activity against 

various pathogenic bacteria and fungi. The antimicrobial 

properties are accredited to the presence of peptides, 

proteins, and other bioactive compounds. Eri waste extracts 

exhibit strong antioxidant activity, potentially useful in 

preventing oxidative stress-related diseases. The antioxidant 

compounds include phenolic compounds, flavonoids, and 

protein-derived peptides that scavenge free radicals 

effectively. (Figure5) 

 

 
 

Fig 5: Various Products of Sericulture waste 

 

Silkworm pupae has shown diverse biological properties 

including antioxidants, antimicrobial, anti-tyrosinase, 

antidiabetic, antitumor, anti-apoptotic, anti-genotoxic, 

hepatovascular and cardiovascular protective with 

immunomodulatory potential (Sadat et al., 2022) [28]  
 

6. Biotechnological Applications 

Advanced biotechnological approaches offer opportunities 

for developing high-value products from Eri-culture waste. 

Eri waste can serve as a substrate for enzyme production 

through solid-state fermentation. Studies have demonstrated 

successful production of celluloses, proteases, and lipases 

using Eri waste as the primary substrate, with potential 

applications in various industrial processes (Sharma et al., 

2022) [33]. The protein content of Eri waste makes it suitable 

for biodegradable plastic production. Research has shown 

that protein-based bioplastics from Eri waste exhibit good 

mechanical properties and biodegradability, offering 

alternatives to conventional plastics. Arya, 2024[3] 

emphasizes that The Internet of Things (IoT) revolutionizes 

sericulture by enabling real-time monitoring of 

environmental conditions, crop health, and production 

processes.  

IoT devices, such as sensors, cameras, and weather stations, 

collect data on temperature, humidity, light levels, and other 

variables, and transmitting this data to cloud-based  

platforms for analysis and visualization. By accessing real-

time insights into their operations, Seri culturists can 

identify issues, optimize workflows, and make informed 

decisions to improve productivity and profitability. 

 

Environmental Impact and Sustainability 

1. Waste Reduction and Resource Recovery 

The systematic utilization of Eri-culture waste contributes 

significantly to waste reduction and resource recovery. 

Traditional disposal methods, including burning and 

landfilling, not only waste valuable resources but also 

contribute to environmental pollution. Innovative utilization 

strategies can divert 85-90% of Eri waste from disposal, 

reducing environmental impact while generating economic 

value. (Qadir et al.,2024) [27]. The defective cocoons or cut 

cocoons, which are rejected as waste in grainages and 

reeling sector, can be utilized in making crafts. Particularly 

women folk can take cocoon crafting (Figure 6) as a 

commercial activity of low socio-economic status and in 

turn bargain good economic return, simply utilizing 

cut/pierced cocoon waste with their creative skill. The 

conduct of awareness programs and trainings can persuade 
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rural women to take up cocoon designing as a side activity. 

This will ultimately help in the upliftment of rural women 

and value addition to sericulture industry. 

 

 
 

 
 

 
 

Fig 6: Crafts items made by defective cocoons 

 

2. Carbon Footprint Reduction 

Life cycle assessment studies indicate that waste 
valorization strategies can reduce the carbon footprint of 
Eri-culture by 25-30% compared to traditional disposal 
methods. The production of organic fertilizers from Eri 
waste eliminates the need for synthetic fertilizers, reducing 
greenhouse gas emissions associated with fertilizer 
production and application. Wani et al., 2020[40] found that 

the Silkworm debris were used as predecessor for 
production of activated carbon via chemical activation 
method on the one hand, and using new activating agents on 
the other hand. Chemical activation of silkworm debris uses 
different activating agents’ results in solids possessing 
different surface functional groups of basic and acidic 
nature. In addition to that, obtained solids with microporous 
texture of high internal surface area showed high adsorption 
activity of methylene blue from aqueous solution in the pH 
range 4-10, and cadmium at pH =8. However, efficiency 
levels recorded in these adsorption processes in addition to 
the cheap precursor used in obtaining the activated carbons 
are encouraging to conduct further experiments (ElShafei et 
al., 2013) [11]. 

 

3. Soil Health Improvement and water conservation 

The application of Eri waste-derived organic fertilizers 

improves soil health through enhanced microbial activity, 

improved soil structure, and increased organic matter 

content. (Chen et al., 2011) [7]. Long-term studies 

demonstrate that regular application of Eri compost 

increases soil organic carbon by 15-20% and improves soil 

fertility indicators. Organic fertilizers derived from Eri 

waste improve retention capacity, reducing irrigation 

requirements by 20-25% of soil water. This water 

conservation effect is particularly important in regions 

facing water scarcity and helps enhance agricultural 

sustainability. Pooja and Mariyappanavar (2024) [26] found 

that the utilization of byproducts, waste, and water effluents 

generated during silk production can contribute to resource 

efficiency, waste reduction, and environmental 

sustainability in the silk industry. Adopting innovative 

technologies and sustainable practices can further enhance 

the beneficial use of these materials while minimizing their 

environmental impact. 

 

Economic Analysis and Market Potential 

Economic analysis of Eri waste utilization reveals 

significant potential for generating additional income for 

farmers. The production of organic fertilizers from Eri waste 

can generate revenue of ₹8-12 per kg of waste processed, 

while biogas production can provide energy savings of ₹3-5 

per kg of waste utilized. The growing demand for organic 

fertilizers, driven by increasing awareness of sustainable 

agriculture, creates significant market opportunities for Eri 

waste-derived products. (Devi et. al, 2025) [9]. The organic 

fertilizer market in India is projected to grow at 8-10% 

annually, providing favorable conditions for waste 

valorization initiatives. (o)India's sericulture industry, 

producing various types of silk such as Mulberry, Tasar, Eri, 

and Muga, is witnessing a surge in demand for eco-friendly 

products. The Indian sericulture market was valued at INR 

612.7 billion in 2024 and is projected to reach INR 2,217.5 

billion by 2033, growing at a CAGR of 14.6%. This growth 

is attributed to factors like sustainable aggrotech 

innovations, low investment costs for food plants 

cultivation, and increased focus on sustainable development. 

(Narzary et al., 2022) [23] 

India's silk and silk products exports reached US$ 220.58 

million in FY23, with key markets including the USA, 

UAE, China, UK, and Australia. Processing Eri waste into 

higher-value products such as protein supplements, 

bioactive compounds, and specialized fertilizers can 

increase revenue generation by 200-300% compared to 
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simple composting. However, these applications require 

additional investments in processing equipment and quality 

control systems. Waste valorization initiatives can create 

employment opportunities in rural areas, particularly for 

women and marginalized communities. Estimates suggest 

that comprehensive waste management programs can 

generate 2-3 jobs per ton of waste processed annually, 

contributing to rural development goals (Savithri et al., 

2013) [32] 

 
Challenges and Limitations 

1. Processing Technology and Quality Control 
The development of cost-effective processing technologies 
suitable for small-scale operations remains a major 
challenge. Many advanced techniques require sophisticated 
equipment and technical expertise that may not be readily 
available in rural areas. Ensuring consistent quality products 
derived from Eri waste requires standardized processing 
protocols and quality control measures. Variability in waste 
composition and processing conditions can affect product 
quality and market acceptance. 
 
2. Economic Constraints and policy support 
The establishment of waste processing facilities requires 
significant initial investment, which may be beyond the 
reach of individual farmers. Lack of access to credit and 
financial support limits the adoption of waste valorization 
technologies. Weak market linkages and limited awareness 
among potential buyers constrain the commercial viability 
of waste-derived products. Developing reliable supply 
chains and marketing networks remains a significant 
challenge. Limited policy support for waste valorization 
initiatives constrains their adoption and scaling up. 
Integrated policies addressing waste management, 
renewable energy, and sustainable agriculture are needed to 
promote comprehensive solutions. 
 
3. Social and Cultural Factors 
Limited awareness about the potential of waste valorization 
and traditional disposal practices hinder the adoption of 
innovative utilization strategies. Cultural attitudes toward 
waste handling and processing need to be addressed through 
education and demonstration programs. The fragmented 
nature of Eri-culture production and lack of farmer 
organizations limit the implementation of large-scale waste 
management initiatives. Collective action and institutional 
support are essential for successful waste valorization 
programs. The absence of specific standards and regulations 
for products derived from Eri waste creates uncertainty for 
producers and consumers. Developing appropriate 
regulatory frameworks is essential for market development. 
 
Future Research Directions 
1. Advanced Processing Technologies 
Future research should focus on developing cost-effective 
and scalable processing technologies suitable for rural 
applications. Areas of priority include:  
▪ Development of mobile processing units for on-site 

waste treatment. 
▪ Integration of digital technologies for process 

optimization. 
▪ Automation of processing operations to reduce labor 

requirements. 
▪ Energy-efficient processing techniques to minimize 

operational costs. 

 

2. Integrated Systems Approach 

Future research should adopt integrated systems approaches 

that combine multiple waste streams and valorization 

techniques. This includes:  

▪ Development of bio refinery concepts for 

comprehensive waste utilization. 

▪ Integration of waste management with renewable 

energy systems. 

▪ Analysis of market development strategies for waste-

derived products. 

 

3. Biotechnology Applications 

Advanced biotechnology approaches offer opportunities for 

developing high-value products from Eri waste. Research 

priorities include:  

▪ Genetic engineering of microorganisms for enhanced 

waste processing. 

▪ Development of enzyme brews for efficient waste 

bioconversion. 

▪ Exploration of synthetic biology approaches for novel 

product development. 

▪ Investigation of nanotechnology applications for waste 

processing. 

 

4. Awareness and Innovation 

▪ Implement technical training programs for farmers and 

entrepreneurs in waste management. 

▪ Create awareness and encourage innovation about 

waste valorization opportunities. 

▪ Establish extension services for waste management. 

▪ Promote collaborative research between institutions and 

industry. 

 

Conclusion 

The innovative utilization and management of Eri-culture 

waste represent a crucial step toward achieving sustainable 

development in the sericulture sector. Eri silkworm rearing 

generates diverse waste materials such as pupal residue, 

silkworm litter, cocoon waste, and rearing bed leftovers, all 

of which hold significant potential for additional value. By 

adopting eco-friendly technologies and circular economy 

approaches, these wastes can be transformed into 

biofertilizers, animal feed, biogas, natural dyes, and 

cosmetic or pharmaceutical ingredients. Such valorization 

not only mitigates environmental pollution but also 

enhances the economic resilience of rural communities 

involved in Eri culture. Integrating Eri waste management 

into broader sustainability frameworks can strengthen 

India’s green economy, promote livelihood security, and 

contribute to national goals of zero waste and climate-smart 

agriculture. Continued research, policy support, and 

stakeholder collaboration will be essential to realize the full 

potential of Eri-culture waste as a renewable bioresource for 

a sustainable future. 
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