


Growth Response of Silkworm (Bombyx mori) Larvae to Spermidine Treatment
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The present study investigated the effect of spermidine (Spd) supplementation on larval growth performance of the silkworm, Bombyx mori. Larval length and weight were measured during the 4th and 5th instars under different concentrations of spermidine (Spd 25, Spd 50, Spd 75, and Spd 100) along with control. In the 4th instar, no significant difference was observed on the first day; however, larval length and weight varied significantly from the third day onwards. On the 5th day of the 4th instar, the highest larval length and weight were recorded in Spd 25 (4.06 cm, 1.00 g) and Spd 50 (4.09 cm, 0.97 g), while the control group showed comparatively lower values (3.94 cm, 0.83 g). Similarly, in the 5th instar, significant differences were observed in larval growth across treatments. On the 7th day, maximum larval length and weight were observed in Spd 25 and Spd 50 (7.27 cm, 4.75 g and 7.27 cm, 4.57 g, respectively), whereas the control recorded the lowest values (6.91 cm, 4.19 g). Analysis of overall growth rate (OGR) and compound periodical growth rate (CPGR) revealed significant improvement in larval length with spermidine treatments, though differences in larval weight were statistically non-significant. These findings suggest that moderate spermidine supplementation (Spd 25 and Spd 50) effectively promotes larval growth in terms of both length and weight, highlighting its potential as a growth-enhancing additive in silkworm rearing.
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3.6.111 Introduction
Bombyx mori L. (Lepidoptera: Bombycidae) is an important insect utilized in the commercial production of natural silk fabric (Mahmoud, 2013). India is second in terms of the worldwide production of silk in raw form after China, besides the sole nation that produces four varied kinds of silk: mulberry, muga, tasar and eri silk. India also consumes the rawest silk and silk textiles in the entire world. Due to favorable climatic circumstances, the UT of Jammu and Kashmir represents the country's sole traditional bivoltine zone, producing bivoltine silk. (Dar et al.,2021).  
Food and Nutrition, like other living beings, play a vital part in the silkworm development and growth. The single plant that serves as a host that sustains silkworms in order to create silk is the mulberry plant Morus alba (L.) (Family: Moraceae). The nutrient value of the leaves of mulberry influences silkworm larval development and growth along with the production of the silk (Seidavi et al., 2005). The excellence of silk obtained is influenced by the degree of leaves quality themselves. The overall quality of food material has a direct impact on the excellent cocoon formation (Nath et al., 2023). Mulberry plants used for food often contain most of the biochemical elements for the silkworm’s growth in addition to development, alongside their influence on both the amount and quality of silk fiber is thought to be significant (Sabhat et al., 2016). Nutrient supplementation is an innovative approach, and the silkworms possess a capability of transforming plant-derived proteins into silk-like proteins, thus allowing an array of synthetic foods which include vitamin-B3, dietary proteins, royal jelly, and amino acids, can be provided, and supplements like these prove to be advantageous for boosting the attributes of silk fiber, and might be utilized for yield improvement across the silk industry (Borgohain, 2015). Fukuda et al. (1959) investigated the silk proteins production during the larvae's development of silkworms and discovered that about 70% of overall silk protein generated by silkworm is drawn exclusively from the leaves of mulberry, with the remainder derived out of the blood and tissue. In accordance with a study by Hamana et al. (1984), HClO4 extracts leaves of mulberry revealed the midst of common polyamines such as spermidine, spermine, and putrescine.
Low-molecular-weight polycationic aliphatic amines called polyamines are produced by the metabolism of arginine (Kusano et al., 2008). Polyamines, such as cadaverine, putrescine, spermidine, and spermine, are natural compounds found in all living organisms (Gevrekci et al., 2017). Because polyamines are polycationic, they are fully protonated at physiological pH and ion concentration levels. Therefore, they can directly converse with negatively charged macromolecules like proteins, ATP, phospholipids, DNA, and RNA (Dam et al., 2002; Igarashi and Kashiwagi, 2010; Schuster and Bernhardt, 2011). Dietary spermidine can be delivered to various parts of the body steadily and quickly. It is said these polyamines in fact are crucial for B. mori development (Rajan et al., 2022).
Spermidine (Spd) was found in considerable quantities, especially in the gonads, mucous glands, sucking stomach, and silk glands. The majority of the polyamines in the silk glands had stable levels during the larval phase, but they drastically decreased through the pupal phase (Hamana et al., 1984). Spermidine plays a vital role in silkworm growth thereby promoting proliferation of cell, synthesis of protein, and metabolic processes (Lattala et al., 2014). Standardizing its concentration ensures that silkworms have the optimal amount needed to support their development without introducing imbalances that could lead to adverse effects like developmental delays or abnormalities.
3.6.112 Material and methods
	This work was carried out in the Division of Sericulture, SKUAST Jammu, Chatha during spring season of 2023-24. Following their third moult, the larval silkworms were split into four separate groups (not including control). Every treatment was replicated thrice and per replication 60 worms were reared. Varying spermidine concentrations were dissolved in distilled water and mulberry leaves were dipped in each concentration of spermidine for 15 minutes, and subsequently air dried. For control, mulberry leaves were dipped in distilled water, air dried and given to control batch. Equal quantities of enriched leaves of mulberry were given to the larvae once daily in morning throughout 4th and 5th instars. By examining its effects on larval characteristics, such as larval weight (g) and body length (cm) during the fourth and fifth larval stages, the minimal effective concentration of spermidine was ascertained.  
2.1. Larval body length
Ten larvae of silkworm were chosen at random from all replicates belonging to various treatments, during alternate days of 4th and 5th instar and through thread and scale the mean value of their body length was expressed in centimeters.
2.2. Larval weight
	Ten randomly chosen larvae from all replicates belonging to various treatments, on alternate days of 4th and 5thinstar and were weighted on electronic balancer. This way initial and final larval weight was recorded in grams.
2.3. Overall Growth Rate (%)
	The instar-wise trend in the silkworm larval growth is known as the Overall Growth Rate (OGR). It is calculated using the relation:

2.4. Compound Periodical Growth Rate (%)
The day-wise trend in the silkworm larval growth is known as Compound Periodical Growth Rate (CPGR). It is computed by using the relation: 

The value obtained from the relation is converted to percentage by multiplying with 100. In the relation, the start value refers to the growth of larvae at the initial stage of the experiment, the end value relates to the growth of larvae after a certain time, and ‘n’ is the time component which is fragmented into a number of days (Sivaprasad, 2012).
3. Results 
On first day of 4th instar no significant difference was observed (F=0.17; df=14; P=0.95) in larval length. However, on third and fifth day of treatment significant difference was observed (F=4.09; df=14; P=0.03 & F=33.72; df=14; P=0.00). On third day larval length was higher in Spd 75 (3.33 ± 0.01cm), Spd 50 (3.33 ± 0.01cm), Spd 25 (3.32 ± 0.00cm) and Spd 100 (3.31 ± 0.01cm) in comparison to control (3.29 ± 0.01cm). However, larval length on fifth day was higher in Spd 25 (4.06 ± 0.01cm), Spd 50 (4.09 ± 0.01cm), Spd 75 (4.07 ± 0.00cm) and Spd 100 (4.06 ± 0.01cm).  Whereas, control recorded lower larval length (3.94 ± 0.01cm) (Table 1).
On first day of 5th instar larval length was varied significantly after treatment (F=11.92; df=14; P=0.00). However, Spd 75 showed longest larval length (4.94 ± 0.01cm) followed by Spd 50 and Spd 100 (4.91 ± 0.01cm). Spd 25 and control recorded lower larval length (4.90 ± 0.02cm & 4.84 ± 0.00cm). Similarly, larval length was higher on day third (F=4.95; df=14; P=0.01), fifth (F=67.32; df=14; P=0.00) and seventh (F=59.95; df=14; P=0.00) in Spd 25 and Spd 50. Larval length in Spd 25 and Spd 50 on fifth day was observed to be at par (6.18 ± 0.02cm & 6.18 ± 0.00cm). Larval length recorded on day seventh was found to be higher in Spd 25 and Spd 50 (7.27 ± 0.02cm & 7.27 ± 0.01cm) then in Spd 75 and Spd 100 (7.24 ± 0.02cm & 7.24 ± 0.02cm). However, in control group larval length was minimum in 3rd, 5th and 7th day (5.46 ± 0.01cm, 5.96 ± 0.01cm & 6.91 ± 0.03cm) (Table 2).
Significant difference was observed in overall growth rate (OGR) and Compound periodical growth rate on larval length of 4th instar silkworm larvae (F=13.49; df=14; P=0.00 & f=13.69; df=14; P=0.00). Spd 25, Spd 50, Spd 75 and Spd 100 recorded significantly higher OGR and CPGR when compared to control (44.35± 0.39% & 6.31± 0.05%). The OGR and CPGR on larval length of 5th instar also reported significant variation when treated (F=19.42; df=14; P=0.00 & F=19.22; df=14; P=0.00). However, treated groups (Spd 25, Spd 50, Spd 75 & Spd 100) showed significantly higher 5th instar larval length in comparison to control (42.79 ± 0.73% & 6.11 ± 0.09%).
Table 1: Impact of mulberry leaves supplemented with various spermidine concentrations on larval length of 4th instar silkworm larvae
	Supplementation of mulberry leaves with Spermidine
	Larval length (cm) 4th instar
	OGR (%)
	CPGR (%)

	
	1st Day
	3rd Day
	5th Day
	
	

	Spd 25
	2.72 ± 0.01a
	3.32 ± 0.00 ab
	4.06 ± 0.01b
	49.39
	6.92

	Spd 50
	2.72 ± 0.00a
	3.33 ± 0.01 b
	4.09 ± 0.01b
	50.15
	7.01

	Spd 75
	2.72 ± 0.01a
	3.33 ± 0.01 b
	4.07 ± 0.00b
	49.55
	6.94

	Spd 100
	2.73 ± 0.01a
	3.31 ± 0.01 ab
	4.06 ± 0.01b
	48.94
	6.86

	Control
	2.73 ± 0.01a
	3.29 ± 0.01 a
	3.94 ± 0.01a
	44.35
	6.31


Values are Means ± SE 
Means within a column followed by different letters are significantly different by Tukey's Post Hoc test.
Table 2: Impact of mulberry leaves supplemented with various spermidine concentrations on larval length of 5th instar silkworm larvae
	Supplementation of mulberry leaves with Spermidine
	Larval length (cm) 5th instar
	OGR (%)
	CPGR (%)

	
	1st Day
	3rd Day
	5th Day
	7th Day
	
	

	Spd 25
	4.90 ± 0.02b
	5.53 ± 0.03ab
	6.18 ± 0.02c
	7.27 ± 0.02b
	48.20
	6.78

	Spd 50
	4.91 ± 0.01b
	5.54 ± 0.01b
	6.18 ± 0.00c
	7.27 ± 0.01b
	48.02
	6.75

	Spd 75
	4.94 ± 0.01b
	5.53 ± 0.01ab
	6.14 ± 0.01bc
	7.24 ± 0.02b
	46.56
	6.58

	Spd 100
	4.91 ± 0.01b
	5.47 ± 0.02ab
	6.12 ± 0.01b
	7.24 ± 0.02b
	47.59
	6.70

	[bookmark: _Hlk203087789]Control
	4.84 ± 0.00a
	5.46 ± 0.01a
	5.96 ± 0.01a
	6.91 ± 0.03a
	42.79
	6.11


Values are Means ± SE 
Means within a column followed by different letters are significantly different by Tukey's Post Hoc test.
[bookmark: _Hlk194786145]	Figure 1 depicts that the 4th instar larval weight showed no significant difference on first day (F=0.02; df=14; P=0.99) of treatment. Significant difference was observed on third (F=22.14; df=14; P=0.00) and fifth (F=40.33; df=14; P=0.00) day. On the third day, the maximum larval weights were recorded in Spd 25 (0.57 ± 0.00g) and Spd 50 (0.56 ± 0.00g) in comparison with Spd 75 and Spd 100 (0.53 ± 0.00g & 0.52 ± 0.00g). Whereas, minimum larval weight was recorded in control group (0.48 ± 0.01g). Moreover, on fifth day higher larval weight was recorded in Spd 25 (1.00 ± 0.00g), Spd 50 (0.97 ± 0.01g), Spd 75 (0.95 ± 0.01g), Spd 100 (0.92 ± 0.02g) in comparison to control (0.83 ± 0.01 g).
	Data presented in figure 2 revealed that the 5th instar larval weight showed no significant difference on first day (F=19.18; df=14; P=0.00). Whereas, varied significantly on third (F=57.15; df=14; P=0.00), fifth (F=302.26; df=14; P=0.00) and seventh day (F=28.52; df=14; P=0.000) of treatment. Higher larval weight was recorded in Spd 25 on first, third, fifth and seventh day of fifth instar (1.24 ± 0.01g, 2.12 ± 0.03g, 3.20 ± 0.01g& 4.75 ± 0.02g) whereas lower larval weight was recorded in control (1.13 ± 0.01g, 1.80 ± 0.01g, 2.79 ± 0.01g& 4.19 ± 0.04g). 
	No significant difference was observed in OGR and CPGR on larval weight of 4th instar silkworm larvae (F=3.00; df=14; P=0.07 & F=3.12; df=14; P=0.07). Additionally, OGR and CPGR in 5thinstar also showed no significance (F=3.09; df=14; P=0.07 & F=3.02; df=14; P=0.07) (Figure 1& 2).
Table 3: Impact of mulberry leaves supplemented with various spermidine concentrations on larval weight of 4th instar silkworm larvae
	Supplementation of mulberry leaves with Spermidine
	Larval weight (g) 4th instar
	OGR (%)
	CPGR (%)

	
	1st Day
	3rd Day
	5th Day
	
	

	Spd 25
	0.26 ± 0.01a
	0.57 ± 0.00 c
	1.00 ± 0.00d
	259.31
	23.72

	Spd 50
	0.26 ± 0.01a
	0.56 ± 0.00 c
	[bookmark: _Hlk194786098]0.97 ± 0.01cd
	271.18
	24.40

	Spd 75
	0.26 ± 0.01a
	[bookmark: _Hlk194785697]0.53 ± 0.00 b
	[bookmark: _Hlk194786120]0.95 ± 0.01bc
	278.32
	24.82

	Spd 100
	0.26 ± 0.01a
	0.52 ± 0.00 b
	0.92 ± 0.02b
	292.16
	25.55

	Control
	0.26 ± 0.01a
	0.48 ± 0.01 a
	0.83 ± 0.01a
	226.40
	21.77


Values are Means ± SE 
Means within a column followed by different letters are significantly different by Tukey's Post Hoc test.
Table 4: Impact of mulberry leaves supplemented with various spermidine concentrations on larval weight of 5th instar silkworm larvae
	Supplementation of mulberry leaves with Spermidine
	Larval weight (g) 5th instar
	OGR (%)
	CPGR (%)

	
	1st Day
	3rd Day
	5th Day
	7th Day
	
	

	Spd 25
	1.24 ± 0.01d
	2.12 ± 0.03c
	3.20 ± 0.01c
	4.75 ± 0.02c
	266.35
	24.16

	Spd 50
	1.21 ± 0.01cd
	1.97 ± 0.01b
	3.11 ± 0.01b
	4.57 ± 0.03b
	270.62
	24.39

	Spd 75
	1.19 ± 0.01bc
	1.93 ± 0.01b
	3.08 ± 0.01b
	4.42 ± 0.05b
	276.70
	24.74

	Spd 100
	1.17 ± 0.01ab
	1.86 ± 0.01a
	2.82 ± 0.01a
	4.23 ± 0.05a
	287.35
	25.32

	Control
	1.13 ± 0.01a
	1.80 ± 0.01a
	2.79 ± 0.01a
	4.19 ± 0.04a
	270.55
	24.40


Values are Means ± SE 
Means within a column followed by different letters are significantly different by Tukey's Post Hoc test.
4. Discussion
	The findings indicated that varying concentrations of spermidine led to a significantly increase of body length in fourth instar. The OGR and CPGR per cent on larval length of 4th instar increased significantly in Spd 25, 50, 75 and 100, contrast to control. Similarly, larval weight of 4th instar significantly higher in spermidine fed treatments than in control. These results were in tune with that of Thulasi and Sivaprasad (2015a), whom calculated the ideal dosage of alfalfa, for the growth of silkworm larvae. They found that if larvae of silkworms were supplied with a 5% alfalfa-fortified mulberry leaves throughout the fourth instar, the OGR increased by 271%, leading to a CPGR of 58.87 per cent, which was a 4% increase than control. Sivaprasad and Thulasi (2015) recorded that in 4th instar 1 per cent nutralite dosage recorded OGR and CPGR of larval weight increased by 181.3 and 41.16 per cent respectively over control. Likewise, Madhavi et al. (2018) examined the optimal honey concentration for optimizing growth of silkworm larvae, B. mori, and found that 2% concentration of honey elicited superior results across all larval characteristics. The OGR of body weight and length of 4th instar increased by 20.0 and 9.3 per cent, respectively, in comparison to the control. Muhammed and Ayoub (2023) observed that 4th and 5th instar reared with vitamin C significantly improved weight (3.690 ± 0.129 g) and length (6.953 ± 0.248 cm). Chavan et al. (2023), who observed a gradual increase in 4th and 5th instar larval length for silkworms reared with various nutritional supplements.
	Larval length of 5th instar showed significant increase in length from first day of treatment to seventh day. Similarly, OGR and CPGR per cent was reported higher in spermidine fed groups. Additionally, 5th instar larval weight also showed variation as compared to control. Larval weight on first day of fifth instar was significantly higher in Spd 25 (1.24g) in comparison to other treatments and control (1.13g). Similarly, on 3rd, 5th and 7th day Spd 25 (2.12g, 3.20 & 4.75g) showed better growth in comparison to higher concentrations. Our results were in line with the study conducted by Yerra and Mamillapalli (2016) also recorded weight increases in larvae given leaves of mulberry enriched with spermidine and spermine for various parental and hybrid silkworm strains. Their study showed maximum body weight in CSR2 × CSR4 hybrid Spd 50 (4.60 ± 0.096g) and Spd 100 (4.59 ± 0.139g). Uppula and Gangupanthula (2021) observed that tasar silkworms fed with spermidine recorded highest larval weight in Spd 50 and Spd 100 (29.28g & 34.977g) in contrast to control (28.34g). Muhammed and Ayoub (2023) observed that larvae fed vitamin C significantly increased in weight (3.690 ± 0.129 g) and length (6.953 ± 0.248 cm) during 4th and 5th instar.
5. Conclusion 
	The present study demonstrates that dietary supplementation of spermidine plays a significant role in enhancing the growth and development of silkworm larvae. Moderate concentrations of spermidine were found to be more effective in improving larval weight and body length, suggesting a dose-dependent response. The findings indicate that spermidine may act as a growth-promoting factor by influencing metabolic activity, nutrient utilization, and overall physiological performance of the larvae. Excessively high concentrations, however, did not show further improvement, highlighting the importance of maintaining an optimal dosage. These results provide valuable insights into the potential application of spermidine as a feed additive for promoting silkworm health and productivity, which may contribute to improved cocoon yield and sericulture practices.
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