Effect of Phytofortified Mulberry Leaves on the Growth and Development of Silkworm (Bombyx mori L.)


ABSTRACT
The nutritional quality of mulberry (Morus spp.) leaves plays an important role in the growth and development of the silkworm, Bombyx mori L. The present study was conducted at the College of Temperate Sericulture, SKUAST-K, Mirgund during spring 2022, to evaluate the influence of phytofortified mulberry leaves on larval growth parameters. Mulberry leaves were fortified with botanical extracts of Glycine max (soybean), Arachis hypogaea (groundnut), and Taraxacum officinale (dandelion) at concentrations of 2%, 4%, and 6%. These fortified leaves were administered to CSR2 × CSR4 hybrid silkworms during the 4th and 5th instar. Results showed significant improvement in larval weight, reduced larval period, lower mortality, enhanced growth index, and increased silk gland weight compared to control batches. Among treatments, Glycine max at 2% concentration recorded the best performance, with maximum larval weight (4.40 g), shortest larval period (628 hrs), minimum mortality (1.066%), highest growth index (4.170), and silk gland weight (1.653 g). The findings demonstrate that phytofortification of mulberry leaves is an effective approach to enhance larval development and establish a foundation for higher cocoon productivity.
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INTRODUCTION
Silkworm (Bombyx mori L.) is a monophagous insect that feeds exclusively on mulberry (Morus spp.) leaves, and its growth and development depend entirely on the nutritional quality of these leaves (Ito & Niminura, 1966). Proper nutrition not only supports larval weight gain and silk gland development but also determines the survival and vigor of larvae. Poor-quality mulberry leaves often result in prolonged larval duration, reduced growth, and higher mortality (Krishnaswami et al., 1971). Mulberry leaf quality is influenced by a variety of factors including soil fertility, environmental fluctuations, and pest attack (Nagesh & Devaiah, 1996). To overcome this variability, researchers have attempted enrichment of mulberry leaves with supplementary nutrients. Phytofortification, i.e., fortifying mulberry leaves with botanical extracts, has shown promise in providing proteins, amino acids, vitamins, and phytochemicals that accelerate growth and metabolism in silkworms (Murugan et al., 1998).
Several studies have demonstrated that supplementation with protein-rich botanicals such as soybean (Glycine max) and groundnut (Arachis hypogaea) improved larval weight and silk gland growth (Rathinam et al., 1992; Sundar Raj et al., 2000). Similarly, extracts from medicinal plants such as Aloe vera, Spirulina, and Vigna unguiculata have been reported to enhance larval physiology and silk gland activity (Saravanan et al., 2011; Khyade & Shendage, 2012).
In this context, the present investigation was undertaken to evaluate the influence of mulberry leaves fortified with Glycine max, Arachis hypogaea, and Taraxacum officinale on larval traits of Bombyx mori L. Particular emphasis was placed on larval weight, larval duration, larval mortality, growth index, and silk gland weight, which together provide reliable indicators of silkworm growth and developmental physiology.
2. MATERIAL AND METHODS
Experimental site and material
The experiment was conducted at PG lab of College of Temperate Sericulture, Mirgund, Sher-e-Kashmir University of Agricultural Sciences and Technology of Kashmir during spring season 2022. The silkworms were reared in mass up to 3rd instar, hybrid silkworm breed CSR2 x CSR4 was used. Three botanicals were selected for fortification. 
	S. No.
	Botanical Name
	Local Name
	Part of the plant

	1
	Taraxcum officinale
	Dandelion
	Leaf

	2
	Arachis hypogaea
	Groundnut
	Seeds

	3
	Glycine max
	Soybean
	Seeds


Preparation of extracts
The plant namely Dandelion (Taraxacum officinale), Groundnut (Arachis hypogaea), Soybean (Glycine max) were collected from the local market. Plant parts were shade dried, powdered and dissolved in distilled water to prepare concentrations of 2%, 4% and 6%. Leaves were sprayed with the solutions before feeding. The supplementation was given during 4th and 5th instar once in a day
Experimental design
Design: Completely Randomized Design (CRD)
Treatments: 12 (3 botanicals x 3 concentrations + control)
Replications: 3
Larvae per replication: 150
Feeding: Fortification was applied during 4th and 5th instars of silkworm larvae. Control batches were fed with distilled water sprayed leaves.
Parameters Recorded
1. Larval weight (g).
5th /6th day old of 5th instar larvae were weighed separately.
2. [bookmark: 2.Larval_period_(hrs)]Larval period (hrs)
It was recorded from the time of brushing of silkworm up to the time of mounting.
3. [bookmark: 3.Larval_Mortality_(%).]Larval Mortality (%).
It was calculated by using the following formula:

[bookmark: No._of__dead_larvae_after_3rd_moult][bookmark: Total_no._of_larvae_retained_after_3rd_m]No. of dead larvae after 3rd moult	× 100 Total no. of larvae retained after 3rd moult
4. [bookmark: 4.Growth_Index]Growth Index
It was calculated by using the following formula:
[bookmark: Final_wt._of_larvae_(5th_day_of_5th_inst]Final wt. of larvae (5th day of 5th instar) - Initial wt. of larvae (just







[bookmark: GI_=]GI =

after 4th moult)

	Initial wt. of larvae (g)	


5. [bookmark: 5.Silk_gland_weight_(g).]Silk gland weight (g).
During 5th instar, 6th day old 10 larvae were randomly picked from each replication for dissection and silk gland weight was calculated by using the following formula:
[bookmark: Single_silk_gland_weight_=][bookmark: Total_weight_of_silk_glands]Single silk gland weight =		Total weight of silk glands	
No. of larvae taken for dissection

RESULTS
Larval weight (g)
Fortification of mulberry leaf with the selected botanical extracts showed significant effect on the larval weight which ranged from (4.40-4.06g) and was higher as compared to control batch. Highest larval weight was recorded in Glycine max (4.40g) at 2 percent concentration followed by Arachis hyopogeya (4.38g) at 2 percent concentration. Lowest larval weight was recorded in control group (4.06g)
Table 1:  Effect of selected botanical extracts on larval weight of silkworm Bombyx mori L.

	Larval Weight (g)

	Treatments Concentration %
	Taraxacum officinale
	
Glycine max
	Arachis hypogaea
	
Mean

	2.0
	4.33
	4.40
	4.38
	4.37

	4.0
	4.30
	4.33
	4.36
	4.33

	6.0
	4.26
	4.36
	4.26
	4.29

	Control
	4.07
	4.09
	4.06
	4.07

	Mean
	4.24
	4.30
	4.26
	


C.D (p≤0.05)
	Extracts (E)	:
	0.0391

	Concentration (C)	:
	0.0491

	E x C	:
	0.0411



Larval period (hrs)
Fortification of mulberry leaf with the selected botanical extracts showed significant effect on the larval period which ranged from (668.33-628.00hrs) and was lower as compared to control batch. Least larval period was recorded in Glycine max (628.00hrs) at 2 percent concentration followed by Arachis hyopogeya (630.00hrs) at 4 percent concentration. Highest larval period was recorded in control group (668.33hrs)
Table 2:  Effect of selected botanical extracts on larval period of silkworm Bombyx mori L.

	Larval Period(hrs)

	Treatments Concentration %
	Taraxacum officinale
	Glycine max
	Arachis hypogaea
	Mean

	2.0
	631.00
	628.00
	633.00
	630.66

	4.0
	634.00
	632.33
	630.00
	632.00

	6.0
	635.00
	632.00
	632.66
	632.55

	Control
	663.6
	666.66
	668.33
	666.22

	Mean
	638.91
	639.75
	642.41
	


C.D (p≤0.05)

	Extracts (E)	:
	0.0712

	Concentration (C)	:
	0.0854

	E x C	:
	0.091



Larval Mortality (%)
Fortification of mulberry leaf with the selected botanical extracts showed significant effect on the larval mortality which ranged from (2.533-1.066%) and was lower as compared to control batch. Least larval mortality was recorded in Glycine max (1.066%) at 2 percent concentration followed by Arachis hyopogeya (1.266%) at 2 percent concentration. Highest larval mortality was recorded in control group (2.533)
Table 3:  Effect of selected botanical extracts on larval mortality of silkworm Bombyx mori L.

	Larval Mortality %

	Treatments Concentrations %
	Taraxacum officinale
	Glycine max
	Arachis hypogaea
	Mean

	2.0
	1.268
	1.066
	1.266
	0.977

	4.0
	1.425
	1.300
	1.500
	1.344

	6.0
	1.600
	1.466
	1.600
	1.200

	Control
	2.533
	2.200
	1.933
	2.222

	Mean
	1.425
	0.977
	1.325
	


C.D (p≤0.05)
	Extracts (E)	:
	0.0391

	Concentration (C)	:
	0.0491

	E x C	:
	0.0411


Growth Index
Fortification of mulberry leaf with the selected botanical extracts showed significant effect on the growth index which ranged (4.170-3.370) and was higher as compared to control batch. Highest growth index was recorded in Glycine max (4.170) at 2 percent concentration which was followed by Arachis hypogaea (4.113) at 2 percent concentration and minimum growth index was recorded in control group (3.370).
Silk Gland weight (g)
Fortification of mulberry leaf with the selected botanical extracts showed significant effect on the silk gland weight which ranged from (1.653-1.497g) and was higher as compared to control batch. Highest silk gland was recorded in Glycine max (1.653g) at 2 percent concentration which was followed by Arachis hypogaea (1.646g) at 2 percent concentration and minimum silk gland weight was recorded in control group (1.497g).

Table 4:  Effect of selected botanical extracts on growth Index of silkworm Bombyx mori L.

	Growth Index

	Treatments Concentrations %
	Taraxacum officinale
	Glycine max
	Arachis hypogaea
	Mean

	2.0
	4.103
	4.170
	4.113
	4.126

	4.0
	3.990
	4.096
	4.046
	4.043

	6.0
	3.936
	4.026
	3.960
	3.973

	Control
	3.393
	3.370
	3.370
	3.391

	Mean
	3.857
	3.915
	3.867
	


C.D (p≤0.05)
	Extracts (E)	:
	0.0712

	Concentration (C)	:
	0.0854

	E x C	:
	0.091


Table 5:  Effect of selected botanical extracts on silk gland weight of silkworm Bombyx mori L.

	Silk Gland Weight(g)

	Treatments Concentrations %
	Taraxacum officinale
	Glycine max
	Arachis hypogaea
	Mean

	2.0
	1.622
	1.653
	1.646
	1.640

	4.0
	1.620
	1.615
	1.638
	1.623

	6.0
	1.593
	1.638
	1.604
	1.624

	Control
	1.510
	1.506
	1.497
	1.504

	Mean
	1.586
	1.608
	1.592
	


C.D (p≤0.05)
	Extracts (E)	:
	0.0321

	Concentration (C)	:
	0.0460

	E x C	:
	0.0420



DISCUSSION
The present study clearly demonstrates that fortification of mulberry leaves with selected botanicals had a significant impact on the growth and development of silkworms. Among the treatments, soybean (Glycine max) at 2% concentration proved to be the most effective, enhancing several larval traits when compared with the control. 
The higher larval weight obtained in fortified treatments, particularly with Glycine max (4.40 g), indicates that protein-rich supplements contribute directly to increased body mass. The additional protein and amino acid content likely improved digestion and assimilation, thus supporting enhanced larval growth. These findings are in agreement with Rathinam et al. (1992), Sundar Raj et al. (2000) and Anil Kumar & Prashanth (2018), who also reported a positive effect of soybean on larval growth performance.
Another important observation was the reduction in larval duration under fortified diets, with Glycine max (2%) recording the shortest larval period of 628 hrs compared to 668 hrs in control. Reduced larval period suggests accelerated metabolism and better feed efficiency, consistent with the reports of Nagesh & Devaiah (1996) and Saravanan et al. (2011). Shorter larval cycles are desirable as they enable quicker cocoon harvests, thereby improving rearing efficiency.
Larval survivability also improved, as indicated by the lower mortality rate in fortified batches. Mortality was reduced to just over 1% with soybean supplementation, compared to more than 2.5% in the control. This highlights the role of balanced nutrition in improving stress tolerance and immune response, as supported by the earlier findings of Murugan et al. (1998). Improved survivability not only increases rearing success but also ensures consistency in cocoon yield. The growth index, which combines weight and duration parameters, was also highest in fortified groups, reaching 4.170 in Glycine max (2%) compared to 3.370 in control. This improvement suggests efficient nutrient utilization and enhanced metabolic activity, which is in line with the conclusions of Achouri et al. (2005) and Khyade & Shendage (2012).
Equally important was the increase in silk gland weight, with Glycine max recording 1.653 g compared to 1.497 g in the control. Since the silk gland is directly responsible for fibroin and sericin production, its enlargement reflects the higher potential for silk synthesis. Earlier studies by Elkaraksy & Moustafa (1990) and Rathinam et al. (1992) reported similar enhancements in silk gland development under protein supplementation.
Overall, the discussion confirms that fortification of mulberry leaves, particularly with soybean extract, significantly improves larval traits of B. mori. The combined effects of increased larval weight, reduced duration, lowered mortality, higher growth index, and improved silk gland weight establish phytofortification as a practical feeding strategy. The findings reinforce earlier studies and provide strong evidence for the adoption of soybean-based fortification in sericulture to promote healthier larvae and better productivity.
CONCLUSION
The present study establishes that fortification of mulberry leaves with botanical supplements significantly improves larval performance in silkworms. Among the treatments, soybean (Glycine max) at 2% concentration consistently produced superior results across growth and developmental parameters, including larval weight, larval period, larval mortality, growth index, and silk gland weight. The enhanced larval weight and reduced duration highlight efficient nutrient utilization and faster development, while lower mortality rates reflect improved survivability. Increased silk gland weight further confirms the potential of fortified feeding to enhance silk protein synthesis. These findings confirm that phytofortification of mulberry leaves, especially with protein-rich botanicals like soybean, is an effective strategy to promote robust larval health and better rearing efficiency. The practice is simple, eco-friendly, and can be adopted by farmers to ensure more consistent silkworm growth and productivity, even under conditions of fluctuating mulberry leaf quality.
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