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Eco-nutrition and Silkworm Productivity: A Comprehensive Review on Mulberry leaf Fortification in Bombyx mori Rearing

ABSTRACT
 (
Mulberry leaves (
Morus
 spp.) serve as the sole source of nutrition for the silkworm (
Bombyx mori
 L.), providing essential macro- and micronutrients vital for larval development and silk production. However, the nutritional composition of these leaves is often compromised due to environmental fluctuations, agronomic limitations, and seasonal variability. Fortification of mulberry leaves with additional nutrients such as proteins, amino acids, vitamins, minerals, and probiotics has emerged as a promising strategy to enhance silkworm growth, cocoon yield, and silk quality. This review synthesizes current research on various fortification methods including botanical, microbial, and synthetic supplements, and evaluates their effects on biological and commercial traits of silkworms. The outcomes demonstrate improved larval weight, cocoon characteristics, filament length, and fibroin content following dietary enhancement. The paper also highlights the integration of fortified feeding into sustainable and precision sericulture, its compatibility wit
h organic farming, and its potential role in mitigating climate-induced stresses. Despite the progress, challenges such as lack of standardization, economic constraints, limited farmer awareness, and insufficient field-level validation remain significant. Future directions include optimizing supplement concentrations, expanding field trials, and exploring gut microbiota interactions to improve feed efficiency and health resilience. Nutritional fortification of mulberry leaves thus presents a viable and scalable approach to ensure the sustainability and productivity of the sericulture industry.
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1. INTRODUCTION
Silk is a naturally occurring, genetically encoded, protein-based filament produced by various arthropods, particularly members of the Arachnida and Lepidoptera orders (Seidavi et al., 2020; Giora et al., 2022). Among these, the domesticated silkworm (Bombyx mori L.) remains the primary and most economically significant source of commercial silk. Its exceptional properties like biocompatibility, biodegradability, elasticity, and a distinctive luster render it a luxury fiber with applications far beyond those of mass-produced synthetic alternatives such as polyester and viscose (Tang et al., 2021; El-Sayed et al., 2021; Yang et al., 2021). The uniqueness of silk lies not only in its superior physical properties but also in its biological origin, which is deeply influenced by the nutritional and physiological status of the silkworm.
As a monophagous insect, B. mori feeds exclusively on mulberry leaves (Morus spp.) throughout its larval stages. These leaves serve as the sole source of water, energy, and essential nutrients like proteins, carbohydrates, lipids, vitamins, and minerals necessary for the growth, development, and silk biosynthesis of the larvae (Samami et al., 2019; Hajam et al., 2024). The efficiency of nutrient utilization in silkworms is remarkably high; studies indicate that 72–86% of the ingested protein from mulberry leaves is converted into silk proteins. Of this, approximately 60% of the required amino acids are derived directly from the absorbed diet, while the remaining 30% is mobilized from larval tissue and hemolymph (Islam et al., 2023). This highly efficient protein conversion underscores the crucial role of mulberry leaf quality in determining silk yield and fiber characteristics.
However, the nutritional composition of mulberry leaves is not constant. It is subject to significant variation due to environmental and agronomic factors such as soil fertility, irrigation practices, pest incidence, and seasonal fluctuations (Saranya et al., 2019). In regions such as India, where sericulture is a vital agro-based industry, these fluctuations can lead to substantial reductions in cocoon yield and quality (Ito and Niminura, 1966). Such variability presents a major challenge for sustainable silk production, especially in the face of climate change and declining agricultural inputs.
To address these challenges, recent efforts have turned toward the nutritional fortification of mulberry leaves as a promising strategy to stabilize and enhance silkworm productivity. Fortification involves supplementing the silkworm diet with additional nutrients either through soil amendments, foliar sprays, or direct leaf treatments to improve the biochemical profile of the leaves. Research has shown that such interventions can positively impact larval health, silk gland development, and cocoon quality (Masthan et al., 2017; Laskar and Datta, 2000; Islam et al., 2022a, 2022b, 2023). Moreover, the selection of high-performing mulberry cultivars and strategic nutrient enrichment practices have been identified as key determinants for maximizing both biological and economic outputs in sericulture (Majid and Islam, 2022; Islam, 2023).
Given the centrality of nutrition in the life cycle of the silkworm and the dynamic nature of mulberry leaf quality, there is a growing need to explore and consolidate research on mulberry leaf fortification. This review aims to critically examine the current advances, methodologies, and outcomes related to the nutritional enhancement of mulberry leaves, and their implications on silkworm performance and silk production. By understanding the interplay between fortified diets and silkworm physiology, we can contribute to the development of more resilient and productive sericulture systems (Fig. 1).
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Fig. 1. Keyword Co-occurrence Network on Mulberry Leaf Fortification and Silkworm Nutrition Research (2019–2024) Generated Using VOSviewer
2. BIOLOGY AND NUTRITIONAL REQUIREMENTS OF THE SILKWORM
The growth, development, and silk-producing potential of the silkworm (Bombyx mori L.) are intricately linked to its nutritional intake. Nutritional requirements in insects, including silkworms, refer to the essential chemical components of ingested food that support normal metabolism, growth, and physiological functions (House, 1962). These requirements are dynamic and may vary across developmental stages and between sexes, particularly during the larval instars when nutrient demand is at its peak (Borah and Boro, 2020).
Mulberry leaves, the exclusive diet of B. mori naturally contain the essential macronutrients and micronutrients necessary for silkworm development, including proteins, carbohydrates, lipids, vitamins, amino acids, minerals, and water (Shamsuddin, 2009). These nutrients are metabolized through the digestive system of the larvae and are critical for tissue development, energy production, silk gland activity, and cocoon formation. Notably, the majority of leaf consumption occurs during the 4th and 5th instars, with approximately 80% of the total leaf intake concentrated in these stages, which are therefore the primary focus of feed utilization and conversion studies (Junliang and Xiaofeng, 1992).
Feed conversion efficiency (FCE), defined as the larval capacity to convert ingested food into body biomass and silk is a key physiological indicator used to assess silkworm performance. It is also an important determinant of the cost-benefit ratio in sericulture. Variability in FCE is observed across different silkworm breeds, influenced by genetic traits as well as environmental conditions, quality, and quantity of the consumed food (Junliang and Xiaofeng, 1992 ; Mathur et al., 2002). This conversion efficiency directly affects a range of economically relevant traits, such as larval and cocoon weight, silk yield, pupal viability, and reproductive success.
In terms of dietary composition, mulberry leaves offer a complex mixture of nutrients vital for silkworm health. They are rich in proteins, carbohydrates, sterols, phagostimulants, vitamins, and particularly minerals, which play diverse physiological roles (Borah and Boro, 2020). Minerals are essential not only for maintaining osmotic balance between intracellular and extracellular compartments but also function as cofactors in numerous enzymatic reactions, affecting metabolism, growth, and silk synthesis (Bentea et al., 2012).
Although required in relatively small amounts, micronutrients such as potassium, phosphorus, magnesium, sodium, manganese, zinc, and copper are indispensable for optimal silkworm development (Javid, 1991; House, 1961). Deficiencies in these elements can significantly impair larval growth, food assimilation, feed utilization efficiency, and silk output (Bora et al., 2024). For instance, B. mori larvae require substantial concentrations of potassium (8000–9000 ppm), phosphate (2000–6000 ppm), and magnesium (approximately 1000 ppm) for healthy growth and silk protein biosynthesis (Muniandy et al., 1995)
Moreover, it has been reported that mineral content constitutes about 28% of the larval body structure at various developmental stages, underlining their biological significance (Ito, 1978). Supplementation of these trace elements has been shown to modulate key physiological systems such as the hormonal, neuromuscular, and reproductive systems, thereby improving overall silkworm performance and cocoon productivity (Devi and Yellamma, 2013). Therefore, a comprehensive understanding of the qualitative and quantitative mineral requirements of B. mori is crucial for optimizing its diet, particularly in the context of nutritional fortification strategies.
3. NUTRITIONAL COMPOSITION OF MULBERRY LEAVES
Mulberry leaves (Morus spp.) serve as the exclusive source of nutrition for the silkworm (Bombyx mori L.) throughout its larval development. These leaves provide essential chemical constituents including proteins, carbohydrates, lipids, minerals, amino acids, vitamins, and water, which are indispensable for larval growth, metabolic functions, and silk biosynthesis (Awquib Sabhat et al., 2016) (Table 1). Among these, protein holds particular significance, as approximately 70% of the silk protein synthesized by the silkworm is directly derived from the proteins present in the mulberry leaves (Fukuda, 1960). The larval growth rate and cocoon yield are strongly correlated with the protein and carbohydrate content of the leaves, making the nutrient profile of mulberry a key determinant of sericultural productivity (Krishnaswami, 1978; Das and Sikdar, 1970).
The nutritional quality of mulberry leaves is not constant and is influenced by multiple factors, including leaf maturity, cultivar type, season, climatic conditions, and exposure to sunlight, irrigation practices, and soil fertility (Krishnaswami et al., 1970a; Srivastava and Elangovan, 2011; Das and Sikdar 1970; Kasiviswanathan et al, 1973). Even within the same variety, nutrient composition varies with the age and position of the leaf on the plant (Srivastava and Elangovan, 2011). High-quality leaves are typically characterized by a total nitrogen content of at least 3–3.5% and soluble carbohydrates ranging from 5–8% (Arsenev and Bromelei, 1957). Younger silkworm instars, being physiologically delicate, require tender leaves with high moisture and protein content for easy ingestion and assimilation, whereas late instars can efficiently utilize mature leaves that are tougher but richer in structural carbohydrates. However, over-mature leaves often exhibit reduced nutritional quality particularly lower protein and water content and may hinder optimal larval growth across all stages. Furthermore, inadequate or imbalanced nutrients in the leaves can induce metabolic disturbances and negatively affect silk yield and quality (Ito, 1972; Takeuchi, 1960). Thus, matching the nutritional requirements of different larval stages with the appropriate quality of mulberry leaves is critical for ensuring optimal silkworm development and successful cocoon production.
Table 1. Nutritional Composition of mulberry leaves 
	Sl. No.
	Nutritional Components
	Quantity
	Reference

	1
	Total soluble carbohydrates
	3.1 g per 100 g fresh weight 
	(Dimitrova et al., 2015)

	2
	Sucrose
	1.1 g per 100 g fresh weight 
	(Dimitrova et al., 2015)

	3
	Fructose and glucose
	0.3 g per 100 g fresh weight 
	(Dimitrova et al., 2015)

	4
	Crude proteins
	15.31-30.91 %
	(Butt et al., 2008)

	5
	Crude fat
	2.09-7.92 %
	(Butt et al., 2008)

	6
	Crude fibre
	9.9-13.85 %
	(Butt et al., 2008)

	7
	Total phenolic 
	8.76–20.26 mg gallic acid equivalents (GAE) per g dry weight 
	(Yu et al., 2018)

	8
	Total flavonoid content 
	21.36–56.41 mg rutin equivalents (RE) per g dry weight 
	 (Yu et al., 2018)

	9
	1-Deoxynojirimycin (1-DNJ)
	0.20-3.88 mg per g
	(Ji et al., 2016)

	10
	Ascorbic acid
	100-200 mg per 100 g
	(Butt et al., 2008)

	11
	Beta-carotene
	8.44-13.13 mg per 100 g
	(Butt et al., 2008)

	12
	Zinc (Zn)
	0.72-3.65 mg per 100 g
	(Butt et al., 2008)

	13
	Iron (Fe)
	19-50 mg per 100 g
	(Butt et al., 2008)

	14
	Calcium (Ca)
	786.66-2,726.66 mg per 100 g
	(Butt et al., 2008)

	15
	Phosphorus (P)
	970 mg per 100 g
	(Butt et al., 2008)

	16
	Magnesium (Mg)
	720 mg per 100 g
	(Butt et al., 2008)


4. NEED FOR FORTIFICATION OF MULBERRY LEAVES
The nutritional adequacy of mulberry leaves is fundamental to the successful rearing of silkworms (Bombyx mori L.), as these leaves serve as the sole source of nourishment throughout the larval period. They provide proteins, carbohydrates, lipids, amino acids, vitamins, and minerals—each essential for larval development and silk biosynthesis (Masthan et al., 2017; Saranya et al., 2019). However, the nutritive value of mulberry foliage is subject to seasonal and agronomic fluctuations influenced by climatic conditions, pest and disease outbreaks, soil fertility, and cultivation practices. Such variations often result in suboptimal larval growth, reduced cocoon yields, and ultimately significant crop losses, particularly in countries like India where sericulture is practiced intensively (Ito and Niminura, 1966; Benchamin and Jolly, 1986).
To mitigate these inconsistencies and support consistent silk production, the fortification of mulberry leaves with additional nutrients has emerged as a promising approach. This strategy involves supplementing mulberry leaves with beneficial additives such as proteins, carbohydrates, vitamins, amino acids, sterols, antibiotics, and hormones to improve their nutritive profile and promote larval performance (Aparupa, 2015; Hassan et al., 2020). Supplementation of mulberry leaves, particularly during late instar stages, has been shown to enhance larval growth, reduce developmental duration, and significantly increase cocoon quality and quantity (Salimath et al., 2007).
Numerous studies have demonstrated the efficacy of fortifying mulberry leaves using plant extracts, organic compounds, and synthetic additives to enhance silk productivity. For instance, researchers have explored the effects of nutritional supplements such as soybean flour, bovine milk, and amino acids, which were found to enhance larval weight gain and silk filament characteristics (Konala et al., 2013; Radjabi, 2010). Early works also documented the application of chemicals, hormones, and plant growth regulators including auxins and gibberellins to stimulate growth and metabolism in B. mori larvae (Bhattacharyya and Medda, 1981, 1983; Mujamdar, 1982; Gomma et al., 1976; Akapanthu, 1987; Garel, 1983; Singh, 1991; Agarwal, 1984; Kamda and Ito, 1984).
The nutritional demands of silkworms vary with their developmental stage, and a mismatch in nutrient availability—especially during critical instars—can hamper metabolic efficiency and silk production (Murugan et al., 1998; Mesbah et al., 2000). Studies have confirmed that enriching mulberry leaves with specific supplements enhances larval immunity, improves nutrient assimilation, and reduces silk floss (a major post-cocoon processing waste) (Singh et al., 1993; Zannoon, 1994; Ashour, 1997; El-Sayed et al., 1998; Moniruzzaman et al., 2014). Furthermore, the bioactive constituents present in natural supplements like honey—including proteins, sugars, amino acids, vitamins, and trace minerals—have also been observed to positively influence silk yield and quality (Nagaraju, 2002; Falco et al., 2003; Garcia et al., 2005; Ball, 2007).
Although mulberry leaves inherently contain a balanced array of nutrients suitable for silkworm development, the quantity and bioavailability of these nutrients often fall short due to inherent varietal limitations and inconsistent cultivation practices (Manjula et al., 2011; Seidavi et al., 2005; Kantwa et al., 2006). This necessitates feeding silkworms with high-quality, nutrient-augmented foliage in adequate quantities to achieve consistent and economically viable cocoon yields. In this context, silkworm nutrition has emerged as a critical focus area in sericulture research. The success of commercial cocoon production depends not only on the genetic potential of the silkworm but also on the quality and nutritional consistency of its feed (Laskar and Datta, 2000).
In recent decades, researchers have attempted various fortification strategies, including spraying or dusting mulberry leaves with antibiotics, botanical extracts, juvenoids, and dietary flours. These interventions have yielded encouraging results in terms of enhancing larval growth, improving cocoon parameters, and maximizing silk output (Murugan et al., 1998; Gomma et al., 1976; Moniruzzaman et al., 2014). Thus, fortifying mulberry leaves represents an innovative and practical technique to overcome nutritional deficiencies in silkworm diets, especially under challenging environmental or agronomic conditions. It not only improves the biological performance of B. mori but also holds the potential to stabilize cocoon production and ensure the sustainability of the sericulture industry.
5. EFFECTS OF FORTIFIED MULBERRY LEAVES ON SILKWORMS
The fortification of mulberry leaves with additional nutrients has demonstrated significant potential to enhance the biological and commercial traits of Bombyx mori L. Protein supplementation, in particular, plays a crucial role in improving larval growth and silk yield. Lentil seed extract, when used as a protein fortificant at concentrations ranging from 2–10 mg/ml, has been shown to increase larval weight, cocoon weight, shell weight, shell ratio, and filament length. The most effective concentration was reported to be 8 mg/ml, indicating an optimal level of protein enrichment for enhanced performance (Islam et al., 2023).
Phyto-fortification using various plant extracts has also been explored to improve silkworm productivity. Mulberry leaves treated with Psoralea corylifolia extract have been associated with superior cocoon traits, including higher larval and cocoon weight, compared to other botanical fortificants such as Phyllanthus niruri and Parthenium hysterophorus (Gobena and Bhaskar, 2015). Nutritional enhancements using maize (Zea mays) extract similarly contributed to improvements in cocoon weight and shell ratio (Bhat et al., 2022). The relationship between effective rate of rearing (ERR) and cocoon output has also been positively influenced by dietary fortification, which directly contributes to economic benefits for sericulturists.
Amino acid supplementation has emerged as another effective approach for improving silk production. Alanine, glycine, and serine are recognized as major amino acid components of fibroin the structural protein of silk and have been extensively tested in fortified diets. Mulberry leaves enriched with 1% alanine have been associated with an increase in larval weight, silk gland-to-body weight ratio, and enhanced cocoon parameters (Muzamil et al., 2023; Radjabi, 2010). These amino acids contribute to protein synthesis, energy metabolism, and nutrient assimilation, thereby supporting improved growth and silk gland development. Additional studies have reported increases in cocoon length, shell ratio, and fibroin content following glycine and serine fortification (Murugesh et al., 2022).
Beyond macronutrient and amino acid fortification, microbial supplementation has also been identified as an effective strategy for improving silkworm health and productivity. Probiotic strains such as Staphylococcus gallinarum, Bacillus licheniformis, and Bacillus niabensis have been incorporated into silkworm diets to modulate gut microbiota, enhance immunity, and promote nutrient absorption. Feeding silkworms with mulberry leaves supplemented with these probiotics resulted in increased larval weight (4.12 g), cocoon weight (1.97 g), shell weight (0.37 g), shell ratio (18.78%), filament length (1170.84 m), and reduced larval mortality (3.64%) (Saranya et al., 2019; Mala and Vijila, 2018).
Microbial additives enhance silk productivity through multiple physiological mechanisms. They produce bioactive compounds such as bacteriocins that suppress pathogenic microbes and stimulate the host’s innate immunity (Masthan et al., 2017). Additionally, the use of blue-green algae such as Spirulina at 300 ppm concentration has been shown to increase cocoon weight, filament length, and shell percentage (Venkatesh Kumar et al., 2009). Similar effects have been reported following supplementation with Saccharomyces cerevisiae, Lactobacillus acidophilus, and Lactobacillus sporogens (Masthan et al., 2017; Singh et al., 2005), with improvements noted in both fibroin content and silk filament characteristics.
Moreover, nutritional interventions using animal-based supplements, including raw whey protein, egg white, and royal jelly, have also yielded positive outcomes. These additions contributed to higher larval weight and silk gland development, supporting enhanced cocoon traits (Muzamil et al., 2023). Although synthetic compounds such as pyridoxine, methoprene, and zinc chloride have shown efficacy in improving larval weight and silk yield, their high cost and limited accessibility have led to a preference for more economical alternatives like amino acid and microbial fortification (Devi and Yellamma, 2013).
Overall, the fortification of mulberry leaves with nutrients such as proteins, amino acids, and probiotics represents an efficient and cost-effective strategy for improving the physiological and commercial traits of Bombyx mori (Fig. 2). These interventions address the nutrient variability in mulberry foliage, particularly under fluctuating agro-climatic conditions, and contribute to enhanced larval performance, increased cocoon yield, and better silk quality. Continued research into dose optimization, cost-efficiency, and field-scale application is necessary to further integrate fortified feeding practices into mainstream sericulture.
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Fig. 2. Schematic Representation of Vitamin-Mineral Fortification in Mulberry Leaves and Its Impact on Silkworm Performance
6. INTEGRATION WITH SUSTAINABLE SERICULTURE
The fortification of mulberry leaves aligns closely with the principles of sustainable sericulture by enhancing silk production efficiency without compromising environmental integrity. One of the key advantages of nutrient fortification is its compatibility with organic farming systems. When bio-based additives such as plant extracts, amino acids, biofertilizers, and probiotics are used, fortified feeding strategies can comply with organic certification standards while improving larval health and cocoon yield. This makes fortification a viable approach for eco-friendly and residue-free silk production. Moreover, in the context of climate change, where mulberry leaf quality is adversely affected by temperature extremes, drought, and soil degradation, fortified nutrition offers a climate-resilient solution. It compensates for nutrient deficiencies arising from poor agronomic conditions, ensuring consistent silkworm performance across seasons. Additionally, fortified feeding strategies can be effectively integrated into precision sericulture practices through data-driven nutrient management, real-time monitoring of leaf quality, and targeted supplementation. This not only reduces input waste but also enhances resource-use efficiency. By promoting better cocoon output from limited resources and utilizing low-cost, locally available supplements, fortification contributes to the circular economy model in sericulture minimizing waste, maximizing value, and supporting sustainable livelihoods for rural silk farmers.
7. CHALLENGES AND FUTURE DIRECTIONS 
While the fortification of mulberry leaves offers significant potential to enhance the growth and silk productivity of Bombyx mori, several challenges must be addressed to ensure its successful and sustainable adoption in commercial sericulture systems.
7.1 Standardization and Quality Control
One of the primary challenges in mulberry leaf fortification is the lack of standardization in the preparation and application of nutrient supplements, particularly plant extracts. The biochemical composition of botanical materials can vary widely depending on the species, growth conditions, extraction method, and storage. Such inconsistencies may lead to variable results in silkworm performance. To address this, it is essential to develop standardized protocols for extract preparation, dosage, and application methods to ensure uniformity and repeatability across experiments and field practices.
7.2 Optimal Dosage and Nutrient Toxicity
Determining the right concentration of supplements is critical, especially in the case of amino acids, vitamins, and synthetic additives. Studies have indicated that while moderate doses can enhance silkworm growth and silk productivity, excessive supplementation may result in toxicity and metabolic imbalance (Muzamil et al., 2023). Therefore, future research must focus on establishing scientifically validated dosage thresholds tailored to different silkworm strains and developmental stages to maximize benefits while avoiding adverse effects.
7.3 Limited Farmer Awareness and Adoption
Despite the proven benefits of dietary fortification, its adoption at the grassroots level remains limited due to poor awareness among sericulture farmers. Many farmers are unfamiliar with fortification techniques or perceive them as labor-intensive or costly. Bridging this knowledge gap through structured training programs, field demonstrations, and extension services can significantly improve acceptance and encourage widespread adoption.
7.4 Environmental Sustainability
Sustainable sourcing of botanical materials and minimizing environmental impact is another major concern. Large-scale harvesting of wild plants for extract production may lead to ecological imbalances if not regulated. Additionally, the use of synthetic chemicals or non-biodegradable carriers in fortified formulations could harm soil and water systems. Promoting the use of organically derived, biodegradable, and locally available additives can ensure that fortification practices align with broader environmental goals.
7.5 Economic Viability for Small-Scale Farmers
High costs associated with certain supplements, especially commercially synthesized amino acids, vitamins, and probiotics, may hinder their adoption by resource-limited farmers. Future strategies should prioritize cost-effective alternatives such as edible seed flours (e.g., lentil, soybean), honey, Spirulina, and fermented plant extracts. Simplified preparation methods and the use of regionally available materials can enhance economic feasibility for smallholder sericulturists.
7.6 Field-Level Validation and Scalability
Most studies on mulberry leaf fortification have been conducted under controlled laboratory conditions. There is a lack of large-scale field trials assessing the real-world feasibility, cost-benefit ratio, and long-term impacts of fortification on different agro-climatic zones. To promote widespread use, multi-location, multi-season trials are necessary to validate the effectiveness of fortified diets under variable field conditions.
7.7 Integration with Sustainable and Precision Sericulture
In many cases, fortified feeding is treated as a standalone intervention rather than part of an integrated sericulture management approach. Future systems should incorporate fortification within precision sericulture frameworks, combining real-time nutrient monitoring, optimized feeding schedules, and data-driven decision-making. This would ensure resource efficiency, minimize input waste, and support resilient silk farming practices.
7.8 Complexity in Preparation and Application
The practical complexity involved in preparing and applying fortified diets can discourage adoption, particularly among farmers with limited training or access to resources. To overcome this, ready-to-use fortification products, such as commercial sprays or powders, should be developed. These formulations should be user-friendly, affordable, and suitable for direct application on leaves before feeding.
7.9 Limited Understanding of Gut Microbiota Interactions
The interactions between fortified diets and the silkworm gut microbiome are not yet well understood. Given the role of gut bacteria in digestion, immunity, and nutrient assimilation, future research should explore how dietary supplements influence gut microbial composition and function. Probiotic-based fortification strategies may further enhance larval health, reduce disease incidence, and improve silk quality.
7.10  Lack of Policy and Institutional Support
Another challenge is the absence of structured policy support or institutional backing for promoting and regulating mulberry leaf fortification. Inclusion of fortified nutrition strategies in national sericulture development programs, along with funding support for research and farmer training, can provide a formal framework for adoption and scalability.
8. CONCLUSION
Fortification of mulberry leaves is a scientifically validated and practical approach to overcome the limitations of natural leaf variability in silkworm rearing. By enriching the nutritional composition of the primary feed source, fortified diets significantly enhance larval health, silk gland development, and commercial cocoon traits. This strategy not only addresses the challenges posed by fluctuating agro-climatic conditions but also aligns with sustainable, organic, and precision sericulture practices. Nevertheless, the successful adoption of fortified feeding systems will depend on standardizing formulations, improving accessibility, increasing farmer awareness, and ensuring environmental compatibility. With continued research and institutional support, mulberry leaf fortification can play a pivotal role in advancing the quality, resilience, and profitability of silk production globally.
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