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Recent Advances in Silk Sericin-Derived Bio-Polymeric Coatings for Sustainable Fruit Preservation

Abstract
The increasing demand for fresh fruits and the significant challenges associated with postharvest losses have accelerate the needs for development of sustainable preservation strategies. , silk sericin, is a hydrophilic protein derived from a by-product generated from the silk industry, which emerged as a promising bio-polymeric material for fruit preservation. This review provides a critical analysis of recent advances in sericin-based coatings focusing on their structural characteristics, functional properties, and underlying preservation mechanisms Sericin exhibits inherent antioxidant, antimicrobial, and film-forming properties, enabling effective regulation of gas exchange, reduction of microbial spoilage, and delay in oxidative degradation rate in fruits. Recent innovations include the development of composite and nano-structured systems incorporating with polysaccharides, bioactive compounds, and nanoparticles, which enhance mechanical strength, barrier performance, and multifunctionality. Despite these advancements, several limitations persist, including poor water vapor resistance, variability in extraction methods, and challenges related to scalability and standardization. Additionally, safety and regulatory concerns, particularly for nanocomposite systems, remain critical barriers to commercialization. The current literature is also constrained by limited real-world validation and a lack of standardized evaluation protocols. This review identifies the key research gaps like economic and scalability assessments, shelf-life modelling and consumer acceptance studies and emphasizes the need for green extraction technologies, mechanistic understanding, and application-driven studies. Overall, sericin-based coatings represent a sustainable and versatile solution for next-generation fruit preservation technologies.
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1. Introduction
The growing global demand for fresh fruits, coupled with substantial postharvest losses, has intensified the need for sustainable preservation strategies. Conventional methods such as refrigeration, modified atmosphere packaging, and synthetic coatings are effective but raise concerns regarding environmental impact, food safety, and consumer acceptance, prompting a shift toward biodegradable, bio-based alternatives (Singhand Packirisamy, 2022; Sun et al., 2022). In this context, biopolymer-based edible coatings have emerged as promising solutions for extending shelf life while maintaining fruit quality. Among natural biomaterials, silk-derived proteins particularly fibroin and sericin have gained attention due to their biodegradability, biocompatibility, and functional versatility (Pandey et al., 2024; Lee et al., 2026). While fibroin has traditionally dominated research, recent focus has shifted to sericin, a hydrophilic protein often discarded during silk processing, aligning with circular economy principles (Rangi and Jajpura, 2015). Sericin exhibits strong film-forming ability, antioxidant and antimicrobial activity, and moisture retention capacity, making it suitable for reducing respiration, delaying ripening, and controlling microbial spoilage (Aad et al., 2024; Shree et al., 2023).Recent advance highlight its compatibility with other biopolymers and bioactive compounds, enabling multifunctional composite coatings (Kavi et al., 2024; Mukherjee et al., 2024). However, its application remains limited by variability in extraction methods, poor mechanical strength, high water sensitivity, and scalability challenges (Kalita et al., 2022; Sone et al., 2025). Moreover, most studies are conducted under controlled conditions, with limited real-world validation (Tarangini et al., 2022; Kishore, 2024). Emerging innovations include nanocomposite and smart coatings with enhanced antimicrobial properties and freshness monitoring capabilities (Pinheiro et al., 2026), though these raise safety and regulatory concerns. Overall, the literature remains fragmented, with limited standardization and comparative analysis (Xie et al., 2025; Wang et al., 2025). This review critically examines recent advances, mechanisms, challenges, and future directions for translating sericin-based coatings into practical applications.
2. Structural and Functional Basis of Sericin in Coatings
2.1 Molecular Structure and Physicochemical Characteristics
Silk sericin is a water-soluble, amorphous globular protein that surrounds fibroin fibres in silkworm cocoons, binding structural filaments together. It is rich in polar amino acids such as serine, glycine, and aspartic acid, which impart strong hydrophilicity and enable extensive hydrogen bonding (Aad et al., 2024). Unlike fibroin’s ordered β-sheet structure, sericin is largely disordered, resulting in higher flexibility but lower mechanical strength (Fatahian et al., 2021). These features support film formation, adhesion to fruit surfaces, and interaction with water. Its physicochemical properties such as molecular weight, viscosity, and thermal stability are highly dependent on extraction methods. Harsh chemical treatments can degrade protein chains and reduce functionality, whereas mild methods preserve structure but may lower yield (Kalita et al., 2022). Sericin exhibits good film-forming ability, oxygen barrier properties, and adhesion (Shree et al., 2023), but its hydrophilicity leads to poor water vapor resistance, limiting performance in humid conditions (Fatahian et al., 2021). Lack of standardized extraction protocols further contributes to variability across studies (Wang et al., 2025).	
2.2 Bio functional Properties Relevant to Fruit Preservation
Sericin exhibits significant bio functional properties that enhance fruit preservation. Its antioxidant activity, linked to hydroxyl-rich amino acids, enables free radical scavenging and reduces oxidative damage and enzymatic browning (Ghosh et al., 2017; Seo et al., 2023). It also demonstrates antimicrobial effects by interacting with microbial cell membranes and disrupting metabolic processes (Shaw et al., 2024), thereby reducing spoilage. Additionally, sericin forms semi-permeable films that regulate gas exchange, reducing respiration and transpiration while helping maintain moisture and delay browning (Ravindra et al., 2024; Shree et al., 2023). However, most studies rely on in vitro or simplified systems, making it difficult to quantify its actual effectiveness in real fruit conditions. In composite coatings, isolating sericin’s specific contribution remains challenging.
2.3 Film-Forming Behaviour and Coating Functionality
Sericin forms thin, edible films via casting or dip-coating, acting as semi-permeable barriers to control gas and moisture transfer (Tarangini et al., 2022). These coatings reduce respiration, delay ethylene-driven ripening, and help maintain firmness and colour (Tracey et al., 2023). They can also act as carriers for active agents, enabling controlled release of antimicrobials or antioxidants (Sonu et al., 2025). However, pure sericin films are often brittle and moisture-sensitive, limiting durability. Performance also varies with fruit type due to differences in surface and physiology, highlighting the lack of universally effective formulations.
2.4 Influence of Processing and Environmental Conditions
Processing parameters such as pH, temperature, drying method, and film thickness significantly influence sericin properties by altering protein conformation (Wang et al., 2025). Excessive heat can cause denaturation and reduce film quality, while storage conditions like humidity and temperature fluctuations affect coating stability. Despite their importance, these factors are rarely studied under real supply chain conditions. Most research remains laboratory-based, limiting understanding of practical performance and hindering industrial application. Sericin combines structural flexibility, bioactivity, and film-forming ability, making it a promising sustainable coating material. However, limitations such as hydrophilicity, weak mechanical properties, and processing variability restrict its application. The lack of standardized methods and mechanistic clarity remains a key barrier to scalable and commercial use.
3. Extraction, Purification, and Sustainability Considerations
3.1 Extraction Techniques
Silk sericin is primarily recovered during the degumming of silkworm cocoons, traditionally using chemical methods such as alkaline or high-temperature treatments. While these approaches are effective in solubilizing sericin, they often lead to protein degradation and loss of functional properties, particularly due to peptide chain fragmentation (Wang et al., 2025). In contrast, emerging eco-friendly or chemical-free extraction methods aim to preserve the native structure and bioactivity of sericin, thereby enhancing its suitability for food-related applications (Kalita et al., 2022). However, these greener approaches may suffer from lower extraction efficiency and scalability challenges.
3.2 Influence on Functional Performance
The extraction and purification processes directly influence key attributes such as molecular weight, solubility, and film-forming ability. Variations in these parameters can significantly affect coating performance, including mechanical strength, barrier properties, and bioactivity (Wang et al., 2025). Consequently, inconsistencies in extraction protocols across studies contribute to variability in reported results, complicating direct comparisons and limiting reproducibility.
3.3 Sustainability and Circular Economy Perspective
Sericin has gained attention as a value-added biomaterial derived from sericulture waste, aligning with circular economy principles by converting an industrial byproduct into functional food packaging material (Ravindra et al., 2024; Rangi and Jajpura, 2015). Its biodegradability and non-toxic nature further support its role in sustainable food systems (Pandey et al., 2024). However, the environmental benefits depend on the extraction method employed, as chemically intensive processes may offset sustainability gains.
4. Mechanisms of Fruit Preservation by Sericin-Based Coatings
4.1 Barrier Properties and Gas Exchange Regulation
[image: ]Sericin-based coatings function primarily as semi-permeable barriers that regulate the transfer of gases and moisture between the fruit surface and the surrounding environment. By limiting oxygen ingress and carbon dioxide efflux, these coatings effectively reduce respiration rates and delay metabolic activities associated with ripening (Singh and Packirisamy, 2022). Additionally, the formation of a continuous coating layer minimizes water loss, thereby reducing weight loss and maintaining fruit firmness during storage (Figure.1) (Kishore, 2024). However, due to the hydrophilic nature of sericin, its water vapor barrier properties are relatively weak, which may reduce effectiveness under high-humidity conditions.
Figure 1. Mechanisms of Fruit Preservation by Sericin-Based Coatings
4.2 Antimicrobial and Antioxidant Mechanisms
Sericin contributes to fruit preservation through its inherent antimicrobial and antioxidant activities. It can inhibit the growth of spoilage microorganisms by disrupting cell membranes and interfering with microbial metabolism (Shaw et al., 2024). Simultaneously, its antioxidant properties help neutralize reactive oxygen species, thereby slowing oxidative degradation and enzymatic browning (Mei et al., 2022; Seo et al., 2023). These combined effects are particularly important in extending shelf life and maintaining visual and nutritional quality, as supported by reported antioxidant and antimicrobial performance summarized in Table 1.
Table 1. Antioxidant and Antimicrobial Performance of Sericin Systems
	System
	Antioxidant Activity (DPPH scavenging %)
	Antimicrobial Effect
	Target Microorganism
	References

	Pure sericin
	40-70%
	Moderate inhibition
	Bacteria/fungi
	Ghosh et al., 2017; Wang et al., 2025

	Sericin + nanoparticles
	70-90%
	Strong inhibition
	E. coli, S. aureus
	Shaw et al., 2024

	Sericin + plant extracts
	60-85%
	Enhanced
	Mixed flora
	Xia et al., 2025


(DPPH-2,2-diphenyl-1-picrylhydrazyl)
4.3 Modulation of Physiological and Biochemical Processes
Beyond acting as a passive barrier, sericin coatings actively influence physiological processes within fruits. By altering internal gas composition, they delay ethylene production and respiration, which in turn slows ripening and senescence (Tracey et al., 2023). This results in improved retention of texture, color, and overall quality. Studies on various fruits, including tomatoes and bananas, demonstrate that sericin coatings can effectively reduce softening and prolong marketability (Cuervo Osorio et al., 2025).
4.4 Synergistic Effects in Composite Systems
In many applications, sericin is combined with other biopolymers or bioactive agents, leading to synergistic preservation effects. For example, incorporation with antimicrobial compounds or nanomaterials enhances microbial inhibition, while blending with polysaccharides improves barrier performance (Phan et al., 2025). These multifunctional systems can simultaneously address multiple deterioration pathways, including microbial spoilage, oxidation, and moisture loss.
5. Advances in Sericin-Based Composite and Functional Coatings
5.1 Sericin-Polymer Composite Systems
To overcome the inherent limitations of pure sericin particularly its poor mechanical strength and high-water sensitivity, recent research has increasingly focused on the development of sericin-based composite coatings. Among these, blends with polysaccharides such as chitosan and pectin have shown considerable promise. Sericin-chitosan systems, for instance, exhibit enhanced film integrity, improved tensile strength, and superior antimicrobial performance due to the complementary properties of both biopolymers (Phan et al., 2025; Kavi et al., 2024). Similarly, incorporation into pectin matrices has enabled the formation of flexible and functional biofilms with improved barrier characteristics and compatibility with food systems (Tran et al., 2026). These composite formulations also demonstrate improved adhesion to fruit surfaces and better control over gas permeability, which are critical for maintaining postharvest quality. In practical applications, such as coatings for chilli and other horticultural produce, multi-component systems combining sericin, chitosan, and natural additives have shown significant improvements in shelf-life extension compared to single-component coatings (Mukherjee et al., 2024). However, while these systems enhance functionality, they also introduce formulation complexity, making optimization and reproducibility more challenging.
5.2 Incorporation of Natural Bioactive Additives
Another major advancement lies in the integration of natural bioactive compounds into sericin-based coatings to enhance preservation performance. Additives such as Aloe vera, plant extracts, and phenolic compounds contribute additional antimicrobial and antioxidant functionalities. For example, sericin-based formulations enriched with Aloe vera have demonstrated improved physicochemical stability and microbial inhibition in banana preservation (Cuervo Osorio et al., 2025). Likewise, composite films incorporating natural extracts or bioactive molecules have shown enhanced resistance to oxidative degradation and microbial spoilage (Xia et al., 2025). These approaches align well with consumer preferences for clean-label and naturally derived food preservation systems. However, the incorporation of such additives can also affect film structure, permeability, and sensory attributes of coated fruits. In many cases, the interactions between sericin and added compounds are not fully characterized, leading to uncertainties regarding stability, release kinetics, and long-term effectiveness.
5.3 Nanotechnology-Enabled Sericin Coatings
The integration of nanotechnology represents a significant frontier in the development of high-performance sericin-based coatings. Nanomaterials such as silver nanoparticles and carbon dots have been incorporated into sericin matrices to enhance antimicrobial activity, mechanical strength, and functional responsiveness. For instance, sericin-based silver nanocomposites exhibit strong antibacterial effects, making them effective in controlling postharvest pathogens (Shaw et al., 2024). Similarly, carbon dot-reinforced sericin films have demonstrated improved antioxidant activity, UV protection, and application potential in preserving fruits like litchi (Mei et al., 2022). While these innovations substantially improve performance, they also raise important concerns. The potential toxicity of nanoparticles, their migration into food systems, and regulatory uncertainties present significant barriers to commercialization. Moreover, the environmental implications of nanomaterial use may contradict the sustainability goals that initially motivate the use of sericin-based systems.
5.4 Smart and Functional Packaging Systems
Recent developments have extended sericin applications beyond passive coatings to smart and active packaging systems. These include films capable of monitoring freshness or responding to environmental changes. For example, sericin-based films incorporating natural pigments such as anthocyanins or red cabbage extracts can act as pH-sensitive indicators, providing visual cues of fruit spoilage (Pinheiro et al., 2026). Such systems integrate preservation and sensing functions, representing a shift toward intelligent food packaging.
In addition, multifunctional coatings capable of controlled release of antimicrobial agents are being explored to provide sustained protection throughout storage (Sonu et al., 2025). Despite their promise, these technologies are still in early development stages, with limited validation under real supply chain conditions. Challenges related to cost, scalability, and regulatory approval remain significant.
6. Application Case Studies in Fruit Preservation
6.1 Application Across Different Fruits and Produce
Sericin-based coatings have been evaluated across a diverse range of fruits and horticultural products, demonstrating their versatility in postharvest preservation. In tomatoes, sericin coatings have been shown to effectively delay ripening, reduce weight loss, and maintain firmness by forming a protective barrier that modulates respiration and moisture loss (Tarangini et al., 2022). Similarly, in bananas, formulations incorporating sericin particularly when combined with natural additives such as Aloe vera have exhibited improved antimicrobial protection and preservation of physicochemical properties (Cuervo Osorio et al., 2025).
Applications extend beyond climacteric fruits to other perishable commodities. For instance, sericin-based coatings optimized for mushrooms (Agaricus bisporus) demonstrated significant extension of shelf life through reduced microbial growth and moisture loss (Jeyanth Allwin et al., 2026). In high-value produce such as litchi, sericin-based nanocomposite films reinforced with carbon dots have been reported to enhance antioxidant protection and maintain visual quality during storage (Mei et al., 2022). Likewise, composite coatings incorporating sericin, chitosan, and plant-based additives have shown effectiveness in preserving chilli by reducing spoilage and maintaining quality attributes (Mukherjee et al., 2024). These case studies collectively indicate that sericin-based coatings can be adapted to different types of produce with varying physiological characteristics. However, the degree of effectiveness is often product-specific, depending on factors such as surface morphology, respiration rate, and susceptibility to microbial attack.
6.2 Performance Metrics and Preservation Outcomes
The evaluation of sericin-based coatings typically involves multiple performance indicators, including shelf-life extension, weight loss reduction, microbial load suppression, and maintenance of sensory quality. Across various studies, coated fruits consistently show reduced respiration rates, delayed ripening, and improved retention of firmness and color (Tracey et al., 2023;). In addition, antimicrobial effects contribute to lower decay incidence, particularly when sericin is used in combination with other active agents (Shaw et al., 2024).
Quantitative improvements, however, vary widely across studies due to differences in formulation, coating methods, and storage conditions. While some reports demonstrate substantial shelf-life extension, others show more moderate benefits, highlighting the influence of experimental design and system-specific factors. As summarized in Table 1, sericin-based coatings generally reduce weight loss by approximately 15-40% and extend shelf life by several days across different fruits, although the extent of improvement remains highly dependent on the specific coating composition and storage environment. Furthermore, sensory attributes such as taste, aroma, and appearance are not consistently evaluated, despite their importance for consumer acceptance.
Table 2. Quantitative Effects of Sericin-Based Coatings on Fruit Preservation
	Fruit
	Coating System
	Storage Period (Days)
	Weight Loss Reduction (%)
	Microbial Reduction
	Shelf-Life Extension
	References

	Tomato
	Sericin coating
	10-15
	20-35% lower than control
	Moderate
	4-6 days
	Tarangini et al., 2022; Kishore, 2024

	Banana
	Sericin + Aloe vera
	7-12
	25-40% reduction
	Significant
	3–5 days
	Cuervo Osorio et al., 2025

	Mushroom
	Sericin edible coating
	6-10
	15-30% reduction
	High
	2–4 days
	Jeyanth Allwin et al., 2026

	Litchi
	Sericin + carbon dots
	8-12
	30% reduction
	Enhanced antioxidant protection
	4–5 days
	Mei et al., 2022

	Chilli
	Sericin composite coating
	10-14
	20-35% reduction
	Moderate-high
	3–6 days
	Mukherjee et al., 2024



7. Comparison with Other Biopolymer-Based Coatings
7.1 Positioning Sericin Among Biopolymer Coatings
Biopolymer-based edible coatings, including polysaccharides, proteins, and lipids, have been extensively explored for fruit preservation due to their biodegradability and functional versatility (Singh and Packirisamy, 2022). Within this landscape, sericin occupies a unique position as a protein-based coating derived from industrial waste, offering both sustainability and intrinsic bioactivity (Pandey et al., 2024). Compared to conventional polysaccharide coatings such as starch, cellulose, or pectin, sericin provides inherent antioxidant and antimicrobial properties without necessarily requiring additional active agents (Shree et al., 2023). 
However, unlike more established biopolymers, sericin has not yet achieved the same level of industrial maturity. Its performance is often benchmarked against other silk-derived proteins, particularly fibroin, which has demonstrated strong mechanical properties and stability in food coating applications (Marelli et al., 2016). This comparison highlights a key distinction: while fibroin excels in structural robustness, sericin offers greater bioactivity and hydrophilicity, making it more suitable for specific functional roles but less effective as a standalone barrier material.
7.2 Functional Advantages and Limitations
One of the major advantages of sericin-based coatings lies in their multifunctionality, combining film-forming ability with antioxidant, antimicrobial, and moisture-retention properties (Sonu et al., 2025). This reduces the need for synthetic additives and aligns with clean-label trends in food preservation. Additionally, sericin’s origin as a byproduct enhances its sustainability profile, supporting waste valorisation and circular economy principles (Rangi and Jajpura, 2015). Despite these benefits, sericin exhibits several limitations when compared to other biopolymers. Its high hydrophilicity leads to poor water vapor barrier properties, which can limit effectiveness in high-moisture environments (Fatahian et al., 2021). In contrast, lipid-based coatings provide superior moisture resistance, while certain polysaccharides offer better mechanical strength and structural stability (Xie et al., 2025). Furthermore, sericin films are often brittle and require blending with other materials to achieve desirable performance characteristics.
7.3 Need for Hybrid and Multi-Component Systems
Given the complementary strengths and weaknesses of different biopolymers, recent research increasingly emphasizes the development of hybrid coating systems. Sericin is frequently combined with polysaccharides such as chitosan or pectin to improve mechanical strength and barrier properties, while maintaining its bioactive functionality (Phan et al., 2025; Tran et al., 2026). These hybrid systems demonstrate enhanced overall performance compared to single-component coatings, particularly in terms of microbial inhibition and shelf-life extension.
Recent trend suggests that sericin is rarely sufficient as a standalone material and is more effectively utilized as a functional component within composite systems. While this approach enhances performance, it also introduces additional complexity in formulation design, scalability, and regulatory approval.
8. Challenges, Limitations and Research Gaps
Sericin-based coatings, despite their promising bioactivity and sustainability, face several critical challenges that limit their standalone application in fruit preservation. A primary limitation is their high hydrophilicity, which results in poor water vapor barrier properties and reduced effectiveness under high-humidity conditions, alongside low mechanical strength and brittleness that compromise durability during handling and transport (Fatahian et al., 2021). Although blending with other biopolymers can improve performance, it increases formulation complexity. Additionally, variability in physicochemical properties due to differences in extraction and purification methods affecting molecular weight and protein integrity leads to inconsistencies across studies and hinders standardization (Sone et al., 2025). From an industrial standpoint, large-scale application remains constrained by raw material variability, extraction efficiency, and cost-effectiveness, despite sericin’s abundance as a silk industry byproduct (Ravindra et al., 2024).
Most research is limited to laboratory-scale studies, with insufficient attention to industrial processing techniques and pilot-scale validation. Safety and regulatory concerns further complicate adoption, particularly with nanomaterial incorporation, which may pose risks related to toxicity, migration, and environmental accumulation (Shaw et al., 2024). Moreover, the sustainability benefits of sericin depend on environmentally friendly extraction methods (Pandey et al., 2024). Methodologically, the lack of standardized evaluation protocols and limited real-world storage studies restrict comparability and practical relevance (Tracey et al., 2023). Furthermoreinsufficient attention has been given to sensory and consumer acceptance studies, including taste, texture, and visual appeal. These factors are crucial for market adoption but are often overlooked in experimental research., highlighting key gaps that must be addressed for successful commercialization.
9. Future Perspectives and Research Directions
Future research on sericin-based coatings is need to focus toward smart, sustainable, and high-performance systems. The development of intelligent coatings incorporating natural pigments such as anthocyanins enables pH-responsive colour changes for real-time freshness monitoring, integrating preservation with sensing functions. Additionally, coatings with controlled release of antimicrobial and antioxidant agents offer sustained protection throughout storage, although their performance requires validation under real supply chain conditions. Sustainability will depend on optimizing green extraction and processing methods, as the environmental impact of sericin is strongly influenced by recovery techniques. In this context, comprehensive Life Cycle Assessment (LCA) studies will be essential to evaluate environmental impacts across production, application, and disposal stages, ensuring true sustainability. Integration into existing sericulture systems could further enhance efficiency and scalability. Given the limitations of pure sericin, future materials will likely focus on hybrid systems, combining sericin with polysaccharides or bioactive compounds to improve mechanical strength and functionality. Moreover, AI-driven formulation design can accelerate the optimization of coating compositions by predicting interactions, stability, and performance, reducing experimental time and resource consumption.
Advancing the field also requires deeper mechanistic understanding and standardization, particularly in quantifying preservation mechanisms and establishing uniform evaluation protocols. Ultimately, commercialization will depend on pilot-scale validation, economic feasibility, regulatory approval, and consumer acceptance, especially for advanced formulations involving nanomaterials.
10. Conclusions
Silk sericin has emerged as a promising bio-polymeric material for sustainable fruit preservation due to its biodegradability, bioactivity, and film-forming capability. As a byproduct of the silk industry, its utilization supports circular economy principles by converting waste into value-added functional coatings. Its intrinsic antioxidant, antimicrobial, and moisture-retention properties enable effective delay of fruit ripening, reduction of microbial spoilage, and maintenance of postharvest quality. Recent advances have shown that the inherent limitations of pure sericin, particularly its low mechanical strength and high water sensitivity, can be overcome through composite formulations. Blending with polysaccharides, incorporation of natural bioactive compounds, and integration of nanotechnology have significantly improved its mechanical, barrier, and functional properties, while the development of smart packaging systems highlights its potential in advanced food preservation.
Despite these advancements, key challenges remain for practical application. Variability in extraction methods, lack of standardized evaluation protocols, and limited real-world validation hinder reproducibility and scalability. Additionally, concerns related to economic feasibility, regulatory approval, and safety particularly for nanocomposite systems must be addressed. Therefore, successful commercialization will depend on developing standardized, cost-effective, and environmentally sustainable processing methods, alongside comprehensive validation under realistic storage and supply chain conditions.
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