


Reframing SericultureWaste: Sericin as a Strategic Resource in the Circular Bioeconomy

	
ABSTRACT 
In silk processing, sericin from Bombyx mori cocoons is removed during degumming and usually discarded with wastewater, contributing to organic pollution. However, this protein has gained attention as a valuable biomaterial due to its biocompatibility, biodegradability, antioxidant activity, antimicrobial potential, and moisture-retention ability. This review examines major extraction methods, functional properties, and emerging applications of sericin in biomedical, cosmetic, and food-related fields. It also discusses the role of sericin valorization in supporting circular bioeconomy goals by reducing waste and improving resource efficiency in the sericulture sector. Although promising, large-scale use is still limited by the need for standardized recovery methods, scalable processing, and regulatory validation. Therefore, this review provides a timely and significant contribution to sustainable silk production research.
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INTRODUCTION:
Sericulture is an economically and culturally important agro-based industry in many Asian countries, particularly India and China, where mulberry cultivation and silkworm rearing support rural livelihoods and small-scale enterprises. However, the long-term sustainability of this sector depends not only on cocoon production, but also on the efficient utilization of silk-derived byproducts. Raw silk is composed mainly of fibroin, the structural core protein, and sericin, a gummy protein that surrounds the fibroin filaments. During degumming, sericin is removed by boiling cocoons in water or alkaline solutions, and nearly 20–30% of the cocoon weight is released into wastewater as protein-rich effluent.This practice creates two major problems: environmental pollution and loss of a potentially valuable biomaterial. Sericin-rich wastewater increases biochemical oxygen demand and chemical oxygen demand, and when untreated, it can place considerable stress on aquatic ecosystems. At the same time, the discarded sericin contains functional properties that could be used in high-value applications. Although sericin was once treated as a low-value residue, recent research has shown that it has biocompatibility, antioxidant activity, moisture-retention capacity, and film-forming ability, making it useful in biomedical materials, cosmetics, pharmaceuticals, textiles, and agriculture.From a sustainability perspective, the recovery and valorization of sericin align well with the principles of circular bioeconomy, which promote waste reduction, resource efficiency, and value addition from biological residues. However, the practical use of sericin at industrial scale is still limited by differences in extraction methods, molecular variability, product stability, and economic feasibility. This review therefore examines sericin as a sustainable resource within sericulture, focusing on its generation, physicochemical properties, extraction technologies, and application potential. It also identifies existing research gaps and future prospects for transforming sericin from a processing residue into a valuable biomaterial within circular production systems.
METHODOLGY:
This review was carried out through a structured search of scientific literature using major databases such as PubMed, ScienceDirect, and SpringerLink, covering studies published up to the selected search period. Articles were included if they focused on sericin generation, extraction, physicochemical properties, applications, circular bioeconomy, or sustainability; irrelevant, duplicate, or low-relevance papers were excluded. The selected studies were then grouped thematically and critically synthesized to compare extraction approaches, functional properties, applications, and research gaps.
OBJECTIVES OF THE REVIEW :
· To summarize the generation of sericin as a byproduct during silk processing and its environmental implications.
· To review the physicochemical and functional properties of sericin that support its potential use as a biomaterial.
· To examine the major extraction and recovery methods used for sericin valorization from cocoons and degumming wastewater.
· To discuss the current and emerging applications of sericin in biomedical, cosmetic, pharmaceutical, textile, food, and agricultural fields.
· To evaluate the role of sericin recovery in promoting circular bioeconomy and 
sustainable sericulture.
SERICIN AS A SERICULTURAL BYPRODUCT: ENVIRONMENTAL IMPACT AND VALORIZATION POTENTIAL
Sericin is a naturally occurring globular protein that surrounds fibroin filaments and ensures the structural integrity of the Bombyx mori cocoon. During reeling and silk processing, this outer protein layer must be removed to achieve the characteristic smoothness, softness, and luster of raw silk fibers. The removal of sericin gum from crude silk is based entirely upon its solubility in water (Padamwar&Pawar, 2004). Accordingly, degumming is carried out by boiling silk fibers in water or mild alkaline solutions, resulting in the dissolution of sericin into the processing liquor. Sericin accounts for approximately 20–30% of the total cocoon weight, though the exact proportion varies with silkworm strain, environmental conditions, and rearing practices. Consequently, industrial degumming operations generate substantial quantities of sericin-rich waste water.In many small- and medium-scale silk reeling units, particularly in developing regions, recovery systems are not routinely implemented. Instead, the dissolved protein is discharged along with effluents, significantly increasing biochemical oxygen demand (BOD) and chemical oxygen demand (COD) levels. If not properly treated, such effluents can exert pressure on surrounding aquatic ecosystems and soil environments. Compared with recovery-based processing, direct disposal clearly increases the environmental burden, although the literature also indicates that the feasibility of recovery depends on process efficiency, infrastructure availability, and economic viability. The degradation of waste sericin consumes a large amount of oxygen and heavily pollutes the environment (Al Masud et al., 2021; Bari et al., 2023). This highlights a clear contrast between conventional disposal practices and recovery-oriented approaches, with the latter offering better environmental performance but requiring stronger technical and economic support.Being commonly treated as waste, sericin demonstrates significant functional and biological properties. Sericin has properties such as biocompatibility, biodegradability, and wettability, which have supported its use in cosmetic preparations for skin, nails, and hair (Padamwar&Pawar, 2003). In addition, studies have reported that 8% sericin formulations can promote wound healing in patients with second-degree burns (Aramwit et al., 2013). These findings underscore that the material removed during degumming is not merely an industrial residue but a bioactive protein with therapeutic and commercial potential. When these reports are considered together, sericin appears to offer advantages over conventional waste disposal because it combines environmental value with application potential. Sericin (Bombyx mori) is synthesized from the middle region of the silk gland and forms a sticky coating on the surface of silk fibroin (Gamo et al., 1977; Saad et al., 2023). Its biological origin helps explain its adhesive, moisture-retaining, and film-forming behavior, which makes it more suitable for biomaterial applications than many synthetic alternatives.Despite its diverse biological properties including antioxidant, antimicrobial, and moisturizing effects, it is often discarded as a waste by-product in the silk industry (Zhaorigetu et al., 2003; Aramwit et al., 2010). This routine disposal represents both an environmental liability and an economic loss, as a potentially valuable biomaterial is released into wastewater streams rather than being recovered and valorized. At the same time, comparative studies suggest that the quality of recovered sericin can differ markedly depending on the extraction route, with milder methods generally preserving functional properties better than harsher thermal or alkaline treatments. This indicates that the main limitation is not the value of sericin itself, but the lack of standardized recovery methods that preserve its structure and bioactivity. In this sense, sericin valorization should be viewed not only as a waste management solution but also as a biomaterial development opportunity.From a circular bioeconomy perspective, sericin should be repositioned as a recoverable secondary resource within the silk value chain. Effective recovery strategies at the degumming stage could reduce pollutant loads, improve environmental compliance, and create additional revenue streams through downstream product development. However, successful integration depends on optimizing extraction techniques, preserving molecular stability, ensuring purity standards, and evaluating cost-effectiveness at industrial scale. Without standardized recovery protocols and techno-economic validation, sericin remains underutilized despite its documented multifunctional properties.
FUNCTIONAL PROPERTIES AND APPLICATION POTENTIAL OF SERICIN
With its beneficial properties, sericin has found growing applications in cosmetics, biomedical, pharmaceutical, and food industries (Sharma et al., 2022). This expanding interest is largely driven by the multifunctional nature of sericin, a protein historically discarded during silk degumming but now increasingly recognized for its bioactive and material properties. The shift from viewing sericin as industrial waste to considering it a functional biomaterial reflects broader efforts to enhance resource efficiency within sericulture-based production systems. However, although these applications are widely reported, the strength of evidence differs across sectors, with biomedical and cosmetic uses receiving far more attention than food-related applications. This uneven research focus suggests that the technological maturity of sericin utilization is still uneven.
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                          Fig : 1 - Properties of Sericin. [Source by N.B.R.Pravallika]
Moreover, it is worth noting that the biocompatibility associated with sericin, as well as its biodegradability, reinforces its role as an eco-friendly biomaterial with advanced applications in drug delivery systems and tissue engineering scaffolds (Teramoto et al., 2005). These characteristics make sericin particularly attractive for biomedical applications where material safety, controlled degradation, and compatibility with biological tissues are essential. In scaffold fabrication and drug delivery matrices, sericin’s hydrophilic nature and reactive side chains facilitate interactions with therapeutic agents and cellular environments, although long-term stability and reproducibility remain areas requiring further investigation. Compared with synthetic biomaterials, sericin offers a more sustainable profile, but its performance consistency is still a concern when different extraction methods produce variable molecular weights and bioactivities.As a naturally occurring antimicrobial agent, sericin can be considered an effective alternative to synthetic antimicrobials in various application domains, including biomedicine and food preservation (Manesa et al., 2020). In addition to antimicrobial activity, sericin exhibits further antiinflammatory and antioxidant properties, contributing to its therapeutic potential by reducing tissue damage and facilitating the enhancement of the healing process (Das et al., 2021). These bioactivities are often attributed to its amino acid composition and capacity to scavenge reactive oxygen species, thereby mitigating oxidative stress in biological systems. However, most supporting evidence derives from laboratory-scale or controlled experimental studies, and comprehensive clinical validation remains limited. This indicates that sericin’s promising bioactivity has not yet been matched by sufficient translational evidence for routine commercial or medical use.Sericin exhibits a good wound-healing effect (Aramwit et al., 2013), good water retention (Padamwar et al., 2005), antioxidant effects (Kato N et al., 1998; Chlapanidas T et al., 2013), antibacterial properties (Jassim et al., 2010; Saha et al., 2019; Schäfer et al., 2023) and functions as a good ultraviolet light block (Gulrajani et al., 2009). Collectively, these properties underpin its incorporation into wound care materials, protective coatings, cosmetic formulations, and functional packaging systems. Moisture retention and film-forming capabilities are particularly relevant for topical and cosmetic applications, while UV absorption and antioxidant activity expand its utility in protective formulations. In comparison with single-function biomaterials, sericin is more versatile because it combines multiple useful traits, although its practical performance still depends strongly on processing conditions and formulation design.From a circular bioeconomy perspective, the convergence of these functional traits strengthens the argument for systematic recovery of sericin during degumming rather than its disposal as effluent. Transforming sericin into high-value formulations not only reduces environmental load but also creates opportunities for diversified revenue streams within the silk value chain. Nevertheless, challenges related to molecular heterogeneity, extraction-induced degradation, scalability, and regulatory approval must be addressed before widespread industrial integration can be achieved. Thus, while sericin demonstrates significant multifunctional potential, its sustainable valorization depends on coordinated advances in processing standardization and techno-economic assessment.Sericin also acts as an immune response modulator and reactive oxygen species scavenger, therefore being an active biological factor of novel wound dressings (Monika et al., 2024; Munir et al, 2023). Its biocompatibility and biodegradability make sericin unique and an environmentally friendly alternative to lower the risk of toxic accumulation in the body (Hassan M.A. et al., 2024). Sericin is generally divided into three layers from the outside to the inside (V instarlarvae), and the molecular weight of each layer is different (Lee et al., 2023). This layered structural variability is important because it explains why sericin recovered by different extraction conditions may show different biological performance, reinforcing the need for method-specific characterization before application.
	
EXTRACTION TECHNOLOGIES	
The efficient isolation of sericin from Bombyx mori cocoons represents a crucial initial step in transforming sericulture residues into high-value biomaterials. To obtain and utilize sericin from cocoons, several extraction approaches have been developed. These primarily include thermal treatment with or without elevated pressure (such as autoclaving), acid-based extraction using agents like citric acid, alkaline processing typically involving sodium carbonate, and chemical treatment with urea (Padamwar M. N., Pawar A. P. 2004; Rajput S. K., Kumar M. 2015). These conventional techniques differ not only in extraction efficiency but also in their ability to preserve molecular integrity, minimize environmental burden, and support large-scale application. Among them, thermal methods are widely used because of their simplicity, but they may cause partial hydrolysis and reduce molecular weight when processing conditions are not carefully controlled. Heat-based techniques continue to be extensively employed in large-scale silk processing operations. In this approach, sericin is detached from the silk fibers by exposing the material to elevated temperatures, sometimes combined with pressure. The application of intense heat disrupts hydrogen bonding within the protein structure, particularly those associated with hydroxyl groups, thereby enabling water molecules to penetrate and interact with the polar amino acid residues of sericin, leading to its solubilization (Silva et al., 2012). While such treatment facilitates effective solubilization, excessive heat may cause partial hydrolysis and molecular weight reduction, potentially affecting downstream applications that require structural stability. Compared with mild extraction routes, hot-water processing is less selective, although it remains attractive for industries seeking low-cost and technically simple methods.
Chemical extraction approaches, particularly alkaline treatments, are also extensively employed. The use of detergents and soap-based agents can cause structural alteration of silk proteins, resulting in denaturation and partial breakdown of the filament chains through hydrolytic reactions (Cao & Zhang, 2016). Sodium carbonate (Aramwit et al., 2010b; Yang et al., 2013), calcium hydroxide (Zhao et al., 2018) and non-ionic detergents (Mahmoodi et al., 2010) have been utilized for the degumming process. Although alkaline degumming is cost-effective and efficient, it may compromise protein integrity and generate effluents requiring further treatment, raising sustainability concerns within the circular bioeconomy framework. In comparison with thermal methods, alkaline extraction often provides faster sericin removal but typically at the cost of greater environmental load and lower molecular preservation. Enzymatic degumming is regarded as a milder alternative to traditional extraction techniques. This method employs specific proteolytic enzymes to selectively degrade and detach the sericin coating that envelops the silk fibroin fibers, thereby facilitating its removal with reduced structural damage. Both neutral and alkaline proteases have demonstrated high effectiveness in facilitating sericin removal while maintaining fiber integrity. This strategy offers improved selectivity and reduced processing severity compared to traditional chemical treatments. Enzymatic processes generally offer better control over molecular degradation and reduced environmental burden; however, enzyme cost, process optimization, and scale-up feasibility remain practical limitations. Thus, although enzymatic recovery is more sustainable, it still faces barriers in industrial adoption when compared with simpler but harsher conventional approaches.In addition to primary extraction, recovery of sericin from industrial effluents has gained attention as a waste valorization strategy. The sericin from industrial degumming water was recovered up to 86% through this complex technique (Cao & Zhang, 2016; Li et al., 2015). Such recovery systems significantly reduce organic load in wastewater while enabling the reintroduction of sericin into value chains, thereby supporting resource efficiency and pollution mitigation. This route is particularly relevant in the context of circular bioeconomy because it addresses both pollution control and resource recovery simultaneously.Further extraction methods such as alternative techniques such as ultrasonic-assisted extraction and polymeric membrane-based separation have been explored by several researchers as potential methods for sericin recovery (Mahmoodi et al., 2010; Sonjui et al., 2009). These emerging approaches aim to improve extraction efficiency, reduce chemical inputs, and maintain protein functionality. However, their industrial viability depends on cost–benefit assessments, operational complexity, and integration into existing sericulture infrastructure. Compared with conventional methods, these technologies appear more environmentally promising, but their scale-up remains limited. Traditional hot-water extraction can dissolve sericin without adding chemical agents and may help retain its bioactive properties. However, inadequate control of temperature and time can result in thermal degradation (Aad et al., 2024). Emerging techniques such as microwave-assisted extraction, steam treatment, supercritical CO2, and ultrasonication are more sustainable alternatives but remain technically complex and challenging to scale for small sericulture enterprise (Aad et al., 2024). This contrast shows that the main challenge is not only extraction efficiency, but also balancing sustainability, cost, and product quality.
BIOMEDICAL, NUTRACEUTICAL, AND FUNCTIONAL APPLICATIONS OF SERICIN
  Tissue engineering fundamentally relies on biomaterials that can function as temporary scaffolds, mimicking the architecture of native tissues while permitting progressive cellular infiltration and regeneration. In this context, naturally derived polymers have attracted increasing attention due to their biological compatibility and degradability. Among them, sericin has emerged as a promising candidate owing to its multifunctional bioactivity and structural adaptability. Its hydrophilic amino acid composition, presence of reactive functional groups, and ability to form stable matrices under physiological conditions enhance its suitability for scaffold fabrication and surface modification strategies. However, the performance of sericin-based materials is not uniform across studies, since their biological and mechanical behavior depends strongly on extraction conditions, molecular weight distribution, and formulation strategy. 
   With its potent antimicrobial properties, wound-healing, and regenerative abilities, sericin finds application as a versatile biomaterial suitable for advanced medical therapies and preventive approaches (Çalamak et al., 2014; Munir et al., 2023; Sarangi et al., 2023). Antimicrobial properties in medical technology, sericin can also be utilised in medicine as a nanomaterial with anti-inflammatory properties, aiding wound healing through various immune responses (Jaiswal et al., 2020). These attributes enable sericin to modulate inflammatory pathways, regulate cytokine activity, and minimize oxidative stress at the injury site. By maintaining a moist microenvironment and supporting extracellular matrix deposition, sericin-based systems enhance granulation tissue formation and accelerate reepithelialization. Its ability to be processed into films, sponges, injectable hydrogels, and nanoparticles further strengthens its adaptability across diverse therapeutic platforms. Compared with many synthetic biomaterials, sericin offers a more sustainable profile, although its clinical translation still remains limited.Consequently, several studies have focused on sericin for various cosmetic and biomedical applications, including wound dressing (Teramoto et al., 2008) tissue engineering scaffolds (Lamboni et al., 2015) and mask packs (Chongjun et al., 2016; Jang et al., 2017; Bianchet et al., 2020). Its hydrophilic nature, film-forming capacity, and compatibility with other biopolymers further expand its utility in composite scaffolds, hydrogels, nanoparticles, and drug delivery systems. Blending sericin with polymers such as chitosan, gelatin, alginate, or polyvinyl alcohol improves mechanical stability, porosity, and controlled degradation behavior, making the resulting constructs more suitable for both soft and hard tissue engineering applications. Such versatility aligns well with the evolving paradigm of bio-based, patient-specific therapeutic materials. At the same time, the literature suggests that composite systems generally perform better than sericin alone, which indicates that sericin is often more effective as a functional component of blends than as a stand-alone scaffold material. 
    Beyond biomedical domains, sericin also demonstrates relevance in the food sector. Sericin could have multiple attributes as a food ingredient due to its role in food preservation ( Sarovart et al., 2003; Doakhan et al., 2013) and in human health promotion as well. Its antioxidant and antimicrobial characteristics may contribute to extended shelf life and functional food formulations, indicating its broader industrial potential. Additionally, its proteinaceous nature and digestibility support exploration as a nutraceutical ingredient, although large-scale safety validation and regulatory approval remain necessary. Compared with biomedical applications, however, food-related uses of sericin remain less developed and less validated, which shows that the evidence base is uneven across sectors.Studies have demonstrated that sericin-based scaffolds promote the regeneration of skin, bone, and nerve tissues, owing to their antioxidant and immunomodulatory properties (Kundu et al., 2013). Blending sericin with biopolymers such as gelatin, chitosan, or alginate in composite scaffold systems has been reported to enhance both structural integrity and biofunctional properties. This combination improves the mechanical stability and cellular compatibility of the constructs, thereby increasing their effectiveness for tissue engineering applications for load-bearing and complex tissue regeneration applications (Dash et al., 2008). Sericin-based films, hydrogels, and scaffolds have been developed for topical wound applications, owing to the protein’s ability to modulate various phases of the wound-healing process (Aramwit et al., 2013; Chen et al., 2018). Furthermore, sericin has been observed to increase cellular adhesion sites and stimulate mitogenic responses in mammalian cells, accelerating tissue regeneration and reepithelialization (Kato et al., 2005). Sericin exhibits further antiinflammatory and antioxidant properties, contributing to its therapeutic potential by reducing tissue damage and facilitating the enhancement of the healing process (Das et al., 2021). Together, these findings suggest that sericin is most promising in multifunctional composite systems rather than in isolated use, because combined formulations better address both biological and mechanical requirements. Antimicrobial properties in medical technology, sericin can also be utilised in medicine as a nanomaterial with anti-inflammatory properties, aiding wound healing through various immune responses (Jaiswal et al., 2020).With its potent antimicrobial properties, wound-healing, and regenerative abilities, sericin finds application as a versatile biomaterial suitable for advanced medical therapies and preventive approaches (Çalamak et al., 2014; Munir et al., 2023; Sarangi et al., 2023).Sericin can be successfully incorporated into various medical devices, such as wound dressings, artificial skin, and tissue engineering scaffolds, thereby playing a significant role in regenerative medicine due to sericin’s medicinal properties in epithelial corneal regeneration (Sarangi et al., 2023). Considering the role of sericin in generating stable hydrogels and films, sericin holds immense future potential in developing advanced wound dressing products and tissue engineering scaffolds (Chouhan & Mandal, 2019; Sarangi et al., 2023). The ease with which sericin can be processed into scaffolds, films, hydrogels, microspheres, and nano-particles greatly increases its utility in a wide array of medical disciplines, including wound dressing (Tian et al., 2025; Wani et al., 2022). These reports collectively indicate that sericin’s strength lies in platform versatility, although reproducibility and long-term performance still require stronger validation.Sericin-based nanoparticles have been shown to possess targeting capability for delivering drugs to tumour cells, including doxorubicin-loaded sericin nanosystems, which show both cytotoxicity and genotoxicity in MCF-7 human breast adenocarcinoma cells (Hudiță & Gălăţeanu, 2023). This is an important example of the opportunities and risks associated with sericin nanocarriers: while targeted delivery is attractive, the cytotoxic and genotoxic findings also show that safety cannot be assumed and must be carefully evaluated before clinical translation.Sericin incorporated into the artificial diets of silkworms can lead to increased larval development and higher silk production due to its proven nutritional efficacy (Brahma, 2023). This adds another dimension to sericin valorization, showing that its utility is not limited to post-processing recovery but may also extend to production-stage enhancement.
ROLE IN CIRCULAR BIOECONOMY
Sericin is also biocompatible, biodegradable, sustainable, and has antioxidant properties (Fan et al., 2009). These characteristics make it suitable not only for biomedical use but also for environmentally responsible material development. Because sericin originates from Bombyx mori cocoons and can naturally degrade after use, it represents a renewable and low-impact alternative to petroleum-based polymers. Moreover, it is worth noting that the biocompatibility associated with sericin, as well as its biodegradability, reinforces its role as an eco-friendly biomaterial with advanced applications in drug delivery systems and tissue engineering scaffolds (Teramoto et al., 2005). Within a circular bioeconomy framework, these properties support the recovery and reuse of sericin from degumming wastewater rather than its disposal as industrial effluent. Converting sericin-rich waste streams into functional biomaterials can reduce environmental pollution while creating additional economic value for the sericulture sector.Beyond waste valorization, sericin plays a broader role in strengthening the bioeconomy by promoting resource efficiency, rural entrepreneurship, and diversified product development. Its conversion into high-value products such as biodegradable packaging materials, nutraceutical ingredients, cosmeceuticals, and agricultural biostimulants expands market opportunities beyond traditional silk fiber production. Compared with conventional synthetic materials, sericin offers the advantage of renewability and lower environmental burden, although its practical adoption still depends on consistent recovery, purification, and product standardization. This diversification enhances income stability for silk-based industries and farming communities. Furthermore, integrating sericin recovery technologies into existing silk reeling systems encourages cleaner production practices, reduces dependence on synthetic inputs, and supports sustainable industrial transitions. However, the literature also suggests that these benefits remain largely conceptual unless supported by scalable processing, techno-economic feasibility, and regulatory validation. By linking environmental protection with economic returns, sericin exemplifies how by-products from traditional agro-industries can be transformed into strategic bioresources that contribute to green growth and circular economic development.
RESEARCH GAPS AND CRITICAL ANALYSIS :
The main research gaps in sericin valorization are the lack of standardized extraction protocols, limited direct comparison of different recovery methods, insufficient techno-economic and life-cycle analysis, and weak scale-up and regulatory validation. Although sericin shows strong potential for biomedical, cosmetic, food, and agricultural applications, most evidence is still based on laboratory studies, and its performance varies depending on extraction conditions and molecular characteristics. Conventional methods are simple and cost-effective but may damage protein quality, while greener methods are more sustainable but still need improvement in cost, efficiency, and industrial feasibility. Future research should therefore focus on standardized extraction, comparative evaluation, and application-specific validation to support practical industrial use.
CHALLENGES AND FUTURE DIRECTIONS IN SERICIN VALORIZATION	
Although sericin has demonstrated considerable promise as a multifunctional biomaterial, several constraints continue to limit its widespread industrial adoption. A major issue is the absence of standardized extraction and purification protocols, which leads to wide variation in molecular weight, structure, purity, and bioactivity across studies. In comparison with milder recovery routes, high-temperature and alkaline treatments are often more efficient in sericin removal but can compromise molecular integrity and reduce functional performance. Integrating sericin production into circular economy frameworks could minimize waste and promote resource efficiency, enhancing its appeal for industrial applications (Capara et al., 2024; Sorlini et al., 2020). By contrast, greener alternatives such as enzymatic and membrane-based recovery are more selective and environmentally favorable, but they still require further optimization to become economically competitive at scale. Economic constraints also remain a major barrier, especially for small- and medium-scale silk reeling units where investment in recovery infrastructure may be limited. In addition to the initial setup cost, downstream steps such as purification, drying, stabilization, and quality testing further increase production expenses and reduce market competitiveness. Although recovery-based systems are clearly superior to direct disposal from an environmental perspective, the literature still lacks sufficient life-cycle and techno-economic evidence to prove their full practical advantage in real industrial settings. This gap makes it difficult to compare the long-term feasibility of sericin valorization with conventional degumming practices.In biomedical, cosmetic, and food applications, regulatory approval requires rigorous evidence on toxicity, stability, and long-term performance. However, most published work remains laboratory-based, and comparatively few studies have advanced to pilot-scale or clinically validated systems. This creates a mismatch between promising experimental results and actual commercial readiness. Future research should therefore focus on environmentally sustainable extraction methods, standardized molecular characterization, and integrated industrial recovery models. Stronger interdisciplinary collaboration, policy support, and techno-economic validation will be essential to convert sericin from an underutilized by-product into a scalable, value-added resource within sustainable sericulture systems.
LIMITATIONS:
This review was based on available published literature, which showed variability in extraction methods, characterization, and reporting across studies. As a result, direct comparison among findings was sometimes limited. In addition, most studies were laboratory-scale, so further pilot-scale, industrial, and techno-economic validation will be needed to support broader application of sericin.
CONCLUSION:
Sericin, long dismissed as a sericultural waste stream, emerges as a versatile biomaterial with untapped potential to drive sustainable innovation in the silk industry. Through optimized extraction methods and creative applications in biomedicine, cosmetics, and beyond, its recovery from degumming effluents can slash environmental impacts while unlocking new revenue for rural economies. Embracing sericin within circular bioeconomy models not only curbs pollution and resource loss but also fortifies sericulture's resilience against modern challenges. Moving forward, standardized protocols, scalable technologies, and robust policy frameworks will be pivotal to convert this byproduct into a cornerstone of green growth, ensuring sericulture's enduring viability in Asia's agro-based landscapes.
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Reframing SericultureWaste:

 

Sericin as a Strategic Resource in the Circular 

Bioeconomy

 

 

 

 

ABSTRACT 

 

In silk processing, sericin from Bombyx mori cocoons is removed during degumming and 

usually discarded with wastewater, contributing to organic pollution. However, this protein 

has gained attention as a valuable biomaterial due to its biocompatibility, biodegradability, 

antioxidant activity, antimicrobial potential, and moisture

-

retention 

ability. This review 

examines major extraction methods, functional properties, and emerging applications of 

sericin in biomedical, cosmetic, and food

-

related fields. It also discusses the role of sericin 

valorization in supporting circular bioeconomy goals

 

by reducing waste and improving 

resource efficiency in the sericulture sector. Although promising, large

-

scale use is still 

limited by the need for standardized recovery methods, scalable processing, and regulatory 

validation. Therefore, this review provi

des a timely and significant contribution to 

sustainable silk production research.
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Sericin, 
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, Sustainable silk processing.

 

INTRODUCTION:

 

Sericulture is an economically and culturally important agro

-

based industry in many Asian 

countries, particularly India and China, where mulberry cultivation and silkworm rearing 

support rural livelihoods and small

-

scale enterprises. However, the long

-

term

 

sustainability 

of this sector depends not only on cocoon production, but also on the efficient utilization of 

silk

-

derived byproducts. Raw silk is composed mainly of fibroin, the structural core protein, 

and sericin, a gummy protein that surrounds the fib

roin filaments. During degumming, 

sericin is removed by boiling cocoons in water or alkaline solutions, and nearly 20

–

30% of 

the cocoon weight is released into wastewater as protein

-

rich effluent.This practice creates 

two major problems: environmental poll

ution and loss of a potentially valuable biomaterial. 

Sericin

-

rich wastewater increases biochemical oxygen demand and chemical oxygen 

demand, and when untreated, it can place considerable stress on aquatic ecosystems. At 

the same time, the discarded serici

n contains functional properties that could be used in 

high

-

value applications. Although sericin was once treated as a low

-

value residue, recent 

research has shown that it has biocompatibility, antioxidant activity, moisture

-

retention 

capacity, and film

-

fo

rming ability, making it useful in biomedical materials, cosmetics, 

pharmaceuticals, textiles, and agriculture.From a sustainability perspective, the recovery 

and valorization of sericin align well with the principles of circular bioeconomy, which 

promote 

waste reduction, resource efficiency, and value addition from biological residues. 

However, the practical use of sericin at industrial scale is still limited by differences in 

extraction methods, molecular variability, product stability, and economic feasi

bility. This 

