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The variations in aminotransferase enzymes and commercial parameters of the silkworm as influenced by exogenous supplementation of zinc chloride.	Comment by HP: Full stop symbol should not be there in the title.

ABSTRACT
The silkworm, Bombyx mori L. exclusively used as an invertebrate laboratory model and drag the attention of many researchers in the field of nutritional studies. In the current investigation the popular cross breed PM x CSR2 was used in order to know the influence of supplementation of zinc chloride on aminotransferase activity as well as commercial parameters of silkworm. The larvae reared on mulberry leaf treated with zinc chloride at 0.2per cent concentration registered elevated levels of alanine and aspartate aminotransferase activities as compared to remaining treatments viz., 0.6 and 1.0 per cent. Similarly, silkworm administrated with zinc chloride (0.2 %)  also enhance commercial parameters which includes larval weight, cocoon weight, shell weight, shell percentage, filament length, reelability, denier, renditta and raw silk percentage. Comparatively, alanine and aspartate aminotransferase activities were relatively higher in the fat body tissue than silk gland. Irrespective of the treatments, enzyme activities were maximum during 5th instar 6th day old larvae as compared to 5th instar 1st day.
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1. INTRODUCTION
The silkworm, B. mori is a phytophagous holometabolous insect solely depends on mulberry leaf as a source of food and derive the nutritions for its growth and development. The larval stage is the only active feeding phase and restored energy sources are utilized during non-feeding stage for successful completion of its life cycle. The chemical composition of mulberry varies with seasons, varieties and agronomical practices (Datta,1992; and Anantha Raman et al.,1995). The dietary nutrients of mulberry as greater importance and it should match with requirements of silkworm for optimum growth and cocoon yield. Both larval and cocoon parameters are determined by quality and quantum of mulberry leaf fed to silkworm (Chenthilnayaki et al., 2004; Balasundarm et al., 2008). The silk producing capacity of the silkworm is proportionate to mulberry leaf consumption (Muthukrishnan et al., 1978).The major dietary nutrients such as carbohydrates, proteins, lipids, amino acids and vitamins regulate metabolism in turn reflects on larval growth and silk production (Etebariet al., 2004 and ; Shanthi Sree et al., 2024). Beside these biomolecules, mineral salts are also required by silkworm for their growth and survival (Md. Rezuanul Islam et al., 2004) and it may constitute a limiting factor in the growth of insects when fed with certain restricted diets ( Wigglesworth, 1972). Mineral elements are indispensable factor andusually obtained through the diet by the living organism including silkworm. Atleast four kinds of mineral nutrients viz., potassium, phosphorous, magnesium and zinc required by the silkworm for biological performance (Horie et al., 1999). It is well documented that supplementation of mineral nutrients enhance larval, cocoon and egg parameters. For instance, larvae supplemented with nickel chloride, ferric sulphate, potassium iodide, calcium chloride, magnesium chloride, zinc sulphate, zinc chloride, magnesium sulphate, potassium sulphate and potassium chloride at varied concentrations recorded higher larval weight, cocoon weight, pupal weight, shell weight and fecundity (Himanthraj and Sreerama Reddy, 2008; Murugesh et al., 2020 ; Lakshmi Devi and Yellamma, 2013 ).The administration of mineral salts not only enhance economic parameters of silkworm but also brings significant changes in biochemical reactions.	Comment by HP: 	Comment by HP: remove	Comment by Amit: remove, 	Comment by Amit: please check carefully	Comment by HP: Check
The oral supplementation of potassium and magnesium chloride has resulted increased synthesis of biomolecules namely glycogen, protein, lipid, trehalose in the fat body tissue of the silkworm (Bhattacharya and Kaliwal, 2005). Similarly, supplementation of calcium and magnesium chloride showed enhanced sericin and fibroin content (Subburathinum et al., 1990). Further, larva treated with potassium permanganate expressed maximum trehalase enzyme activity in the haemolymph (Bhattacharya and Kaliwal, 2004). Similarly, highest carbohydrate content in the silk gland and haemolymph was noticed when silkworm treated with zinc chloride (Kavitha Sampath et al., 2014). The zinc is a mineral element with strong antioxidant property and is required for the synthesis of vitamin A. It is also constituent of many enzymes such as carbonic anhydrase, alkaline phosphatase and carboxy peptidase. Higher concentration of zinc was found in haemolymph of pharate adult next in the order were pupa and larval stage (Malik and Malik, 2009). Moreover, zinc is accumulated in the fat body of female pupa and utilized for the synthesis of egg components in the silkworm. The two main enzymes involved in amino acid metabolism that maintain the equilibrium of amino acid concentrations in the different silkworm tissues are the alanine and aspartate aminotransferases. The administration of silkworm with different types of fortifying agents such as turmeric, amino acids, honey and lemon juice leads to increase in aminotransferase enzymes and economic parameters (Hari Hara Raju et al., 2012; Jayaraju and Anil Kumar, 2021; Saritha and Siva Prasad, 2023). However, information available on supplementation of zinc chloride on aminotrasferase enzymes and commercial parameters of the silkworm is rather scanty. Keeping this in view current investigation is necessitated.	Comment by HP: Check
2. MATERIALS AND METHODS
2.1 Silkworm rearing and supplementation of zinc chloride
The commercial exploited silkworm hybrid PM×CSR2 (Kolar Gold) larvae were reared with popular elite V1 tropical mulberry variety as per the methods of Krishnaswami (1986).The zinc chloride of analytic grade procured from Padmashri Scientific, Jayalakshmipuram, Mysore. The stock solution was prepared by dissolving appropriate quantity of zinc chloride powder and further diluted at the rate of 0.2, 0.6 and 1.0%. The prepared solutions were refrigerated until further use. For the experimentation, after third moult larvae were divided into four batches each with 200 worms. The batch I, II and III larvae were reared on mulberry leaves treated with zinc chloride of respective concentrations. After spraying zinc chloride solution, the leaves were dried under shade at room temperature. The treated leaves were fed to silkworm daily once as first feed during 4th and 5thinstars and remaining two feeding with normal leaves. On the other hand, control batch (IV) worms were fed with mulberry leaves soaked with distilled water. Twenty larvae were used from each treatment in three replications to analyse aminotransferase activities and commercial parameters of silkworm. 
2.2 Estimation of alanine (ALT)  and aspartate (AST) aminotransferase enzymes
Both enzymes were estimated as per the methods of Reitman and Frankel (1957) in the fat body and silk gland tissues. 100mg of tissue was homogenized with 10ml of distilled water and centrifuge at 3000rpm for 10 minutes. Alanine aminotransferase was estimated by using 1ml of supernatant with 0.5 ml of glutamic pyruvate solution and reaction mixture was incubated at 37°C for about 1h. Thereafter 0.5ml of 2, 4-D was added and again incubated at room temperature for about 15 minutes. Finally, 5ml of 0.4N NaOH was added and after 15 minutes optical density was measured at 510nm against blank. For aspartate aminotransferase, 0.5ml glutamic oxaloacetate was used as a substrate and standard curve was used for calculation. The ALT and AST activities were measured in μ moles of pyruvate /g protein/h and μ moles of oxaloacetate /g protein/h, respectively.Theparameters, specifically shell ratio, filament length, reelability, raw silk percentage, denier, and renditta, were computed using the following formulae
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Unit quantity of cocoon required to produce one unit of raw silk.
The obtained data was statistically analysed by standard deviation method.	
3. RESULTS
3.1 Imapct of mulberry leaves supplemented with zinc chloride on alanine and  aspartate aminotransferase enzymes.	Comment by HP: Check the spelling	Comment by Amit: remove
The data pertaining to alanine aminotransferase enzyme depicts that silkworm hybrid PM x CSR2 larvae reared on mulberry leaves extra foliated with zinc chloride at 0.2 per cent  concentration registered highest activity levels of ALT in the fat body (159.36 µ moles of glutamate pyruvate/g protein/hour) and in silk gland tissue (158.88µ moles) as compared to its control (87.05 and 87.50 µ moles) during 5th instar 6th day old larvae. While it was lowest in 5th instar 1st day old larvae (20.09 and 20.88 µ moles) in silk gland and fat body tissue at 1.0 per centover respective control (19.16 and 19.61µ moles) (Fig.1). Additionally, the data clearly shows showed that 5th instar 6th day larvae fed on mulberry leaves enriched with zinc chloride at 0.2 per cent expressed maximum activity levels of AST in the fat body (156.32μ moles of oxaloacetate/g protein/hour) and silk gland tissues (150.91μ moles) as opposed to control (96.66 and 98.48μ moles).Among treatments it was minimum in 5th instar 1st day old larvae (37.47 and 60.00 µ moles) at 1.0 pre cent concentration in fat body and silk gland tissues, respectively when compared to control (33.95 and 48.18µ moles) (Fig. 2).



3.2 Effect of supplementation of zinc chloride on larval and cocoon parameters.
Silkworms nourished with mulberry leaves enriched with zinc chloride at 0.2 per cent concentration recorded higher larval weight, cocoon weight and shell weight of 2.61 ,1.76 and 0.38g over control (2.41, 1.45 and 0.23g),respectively and it was lowest (2.44, 1.51 and 0.26g) at 1.0 per cent when compared to remaining treatments. However, maximum shell ratio of 21.59 per cent was observed at 0.2 per cent concentration against control batch (15.86%). Out of three concentrations, shell ratio was minimum (17.21%) at 1.0 per cent concentration (Table. 1).
3.3 Effect of zinc chloride supplementation on reeling parameters.
Silkworms reared on mulberry leaves treated with zinc chloride at 0.2 per cent concentration exerted longest filament length and highest reelability percentage of 821.83m and 93.93 per cent as against control batch (717.37m and 71.40%), respectively. Among the treatments it was shortest (754.20m) and lowest (77.22%) at 1.0 per cent when compared to rest of the concentrations (0.2 and 0.6 %). Maximum raw silk percentage of 15.59 per cent was observed at 0.2 per cent as opposed to control batch (14.23%). The larvae fed with 0.2 per cent zinc chloride registered lowest denier and renditta of 2.56 and 6.43. However, larvae reared with mulberry leaves sprayed with distilled water scored highest denier and renditta (2.90 and 7.27) 
(Table. 1).
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	Concentrations
(%)
	Matured larval weight                (g)
	Cocoon weight                 (g)
	Shell weight
(g)
	Shell
ratio
(%)
	Filament length                    (m)
	Reelability   (%)
	Raw silk percentage (%)
	Denier
	Renditta

	0.2
	2.61 ±0.02
	1.76 ±0.02
	0.38 ±0.02
	21.59±0.98
	821.83 ±8.76
	93.93 ±5.25
	15.59 ±0.09
	2.56 ±0.09
	6.43 ±0.02

	0.6
	2.45±0.09
	1.57 ±0.03
	0.31 ±0.01
	19.74 ±0.63
	785.93±12.96
	81.19 ±3.70
	14.81 ±0.62
	2.66 ±0.05
	6.75 ±0.13

	1.0
	2.44 ±0.05
	1.51 ±0.01
	0.26 ±0.01
	17.21 ±1.11
	754.20 ±9.29
	77.22 ±5.96
	14.80 ±0.29
	2.73 ±0.21
	7.02 ±0.19

	Control
	2.41 ±0.05
	1.45 ±0.06
	0.23 ±0.03
	15.86 ±0.73
	717.37 ±7.49
	71.40 ±0.11
	14.23 ±0.38
	2.90 ±0.17
	7.27 ±0.30


 (
Table 1: Impact of mulberry leaves supplemented with 
zinc chloride 
on 
commercial parameters in 
PM X CSR
2
 larva.
)
4. DISCUSSION
The zinc is a trace element and required by mammals in larger proportion next only to iron. Despite strong antioxidant property, it is needed for DNA synthesis, protein production, immune functioning, cell division, balancing metabolism and growth of living organism. It serves as co-factor for more than 300 enzymes and two thousand binding proteins (transcription factors) which regulate gene expression (Nascimento Marreiro et al., 2017). Concrete efforts has been made by several researchers to establish relation between various biomolecules including enzymes with silk yield attributes. The aminotransferase enzyme responsible for maintaining amino acid pool in tissues and haemolymph of silkworm. They play a significant role in connecting carbohydrate and amino acid metabolic pathways (Martin et al., 1981).They transfer rapid exchange amino group of an amino acid to an alpha keto acid to form a new amino and keto acids by reversible reactions (Ralston and Kuchal, 2009). Among 13 different types of aminotransferases, the alanine aminotransferase catalyse reaction to form pyruvate and alpha ketoglutarate whereas aspartate aminotransferase help to form glutamate and oxaloacetate. Studying these enzymes has greater importance in silkworm. For instance, elevated levels of these enzymes indicates occurrence of diseases and induced pesticide toxicity. The variations in aminotransferase activities in silkworm were also noticed due to change in diet, development stage, temperature and even within breeds (Pezhman Nabizadeh, 2010). Mass spectrometer analysis revealed that alanine aminotransferase activity was maximum in posterior part of silk gland followed by midgut, fat body, middle part of silk gland and trachea of silkworm (Guohua Wu et al., 2023).	Comment by HP: check	Comment by HP: check
It is evident from the current study is that the silkworm larvae reared on mulberry leaves fortified with zinc chloride at varied concentrations registered highest alanine and aspartate aminotransferase enzyme activities in the fat body and silk gland tissues. Increased ALT and AST enzyme activities in the tissues might be due to additional supplementation of zinc chloride through the diet likely stimulate metabolic activity and even maintaining  ionic concentration at cellular level. Elevated levels of these enzymes were observed at lower concentration (0.2%) of zinc chloride supplementation than the higher concentrations. The findings of the current study are consistent with those of Manjula et al. (2010), wherein silkworm larvae reared on mulberry leaves supplemented with Dolichos lablab flour at 7.5 per cent concentration registered highest activity levels of AST and ALT. The trend was similar with Vigna unguiculata at 7.5 per cent (Manjula et al., 2011). It is presumed that silkworm required zinc element at lower concentration for its biological performance and is supported by higher activity levels of both aminotransferase enzymes. Perhaps, zinc supplemented at higher concentrations (0.6 and 1.0%) registered decreased trend in aminotransferase activities as a result of oxidative stress. The high concentration of zinc can disrupt the nature of antioxidant defence properties resulting in more production reactive oxygen species (ROS) and thereby adversely affect physiological process at cellular level (Nascimento Marreiro et al., 2017).  Irrespective of the treatments, both ALT and AST activities found more in fat body as compared to silk gland. It clearly indicates that fat body is the synthetic site for various metabolites and its function is analogue to mammalian liver. On the other hand, lower aminotransferase activity was observed in the silk gland because of rapid synthesis of silk proteins viz., fibroin and sericin. It is well documented that supplementation of zinc and magnesium sulphate and potassium and zinc chloride either in individually or in combinations helps to synthesis silk proteins in the silk gland (Murugesh, 2020 and ;Sivaprasad et al., 2012). Further, gradual increase in enzyme activity was noticed during  5th instar 1st day to prior spinning stage and it depicts more synthesis of silk proteins takes place as the larval age proceeds. The present findings on par with the observations of  Hari Hara Raju et al. (2012) who have opined that silkworm treated with turmeric at 1.0 per cent concentration showed increased AST and ALT activities over control during 4th and 5th instar larvae and their activities were relatively higher in the silk gland next best once were intestine, muscle and haemolymph. According to Anil Kumar (2018), larvae reared on mulberry leaves fortified with phenylalanine recorded maximum ALT at 1.5 per cent and AST at 0.5 per cent in the fat body. Similar trend was also noticed with supplementation of soya flour (Anil Kumar and Prashanth, 2018) and with methionine (Anil Kumar and Sunil Kumar, 2018). 	Comment by HP: check	Comment by HP: check	Comment by HP: check the citation pattern	Comment by HP: check
4.1  Effect of zinc chloride supplementation on larval and cocoon parameters.
The larvae supplemented with zinc chloride at different concentrations recorded improvement in larval and cocoon parameters. Increased trend was observed for these parameters as the treatment concentration decrease. The gain in the larval weight might be due to extra supplementation of zinc chloride by the diet which helps to maintaining ion concentrations and homeostasis at cellular level and also equilibrate anabolic and catabolic process which reflect on biological performance of silkworm. Both larval weight and cocoon weight are interrelated factors and there is a relationship between amount of mulberry leaf consumed and cocoon production (Takano and Arai, 1978). It is the dietary nutrients determine larval growth, development, reproductive potential and economic parameters of the silkworm (Ramesha et al., 2021). Notable increase in shell weight and shell ratio were also observed with zinc chloride treatment. The results of the study revealed that administration of silkworm with zinc chloride with adequate amount enhanced larval and cocoon parameters, however after the optimum concentration level, decreased trend was noticed. The worms treated with lower concentration of zinc chloride was found promising than the remaining concentrations. These corroborate the earlier findings of Bora et al. (2022) when eri silkworm reared on castor leaves fortified with zinc chloride at different concentrationsduring fifth instar recorded increase in larval weight, cocoon weight, shell weight, shell ratio, ERR, silk gland tissue and somatic index. Similar results were observed when larvae nourished with mulberry leaf treated with inorganic salts viz., zinc sulphide, sodium sulphate, potassium, sodium and calcium @ 0.04gm concentration(Mohd Riaz et al., 2021) and with ferric chloride and selenium (Shrivastava Sudha, 2013; Li Jiang et al., 2020).	Comment by HP: check	Comment by HP: check
4.2 Effect of zinc chloride supplementation on reeling parameters.
The larvae administrated with zinc chloride at varied concentrations recorded notable improvement in reeling parameters. The increase in filament length, reelability and raw silk percentage were observed in treated groups. It is presumed that oral supplementation of zinc chloride with mulberry might have stimulate the silk gland to synthesis more fibroin and sericin silk proteins in turn exerted longer filament length and higher reelability and raw silk percentage. As per Murugesh et al. (2020), larvae supplemented with minerals viz., zinc sulphate, magnesium sulphate, potassium chloride and their combinations showed increased protein content in the silk gland and haemolymph with enhanced silk production. It is also evident from the gelectrophorsis studies is that larva treated with plant extracts viz., T. terrestris, B. diffusa and P. niruri expressed increased protein, DNA and RNA contents in the silk gland depicting higher rate of silk protein synthesis (Murugan et al., 1998). Similarly, oral administration of zinc chloride to the silkworm at varied concentrations registered significant increase in filament length and denier (Hugar and Kaliwal, 1999) and with supplementation of silver, zinc and copper nanoparticles (SaleemaliKannihalli, 2024). The trend was same for filament length and weight when worms fed with zinc and nickel (Chamundeswari and Krishnaiah, 1994) and with potassium iodide (Qader et al., 1993). Lesser denier and low renditta are desirable reeling parameters. In the current investigation worms treated with zinc chloride showed marginal variations in respect of thickness of silk fibre (denier) and least value was obtained for this parameter at lower concentration. These results are in accordance with the findings of Younus Wani et al. (2018) when silkworm supplemented with zinc chloride and zinc sulphate exhibit decrease in renditta and denier, respectively. Furthermore, parameters like reelability and raw silk percentage were also influenced by zinc chloride  treatment and results were supported with supplementation of soya flour and amla juice to silkworm (Anil Kumar and Prashanth, 2018; Kiran Kumara et al., 2024).	Comment by HP: check	Comment by HP: plz see the citation part
5. CONCLUSION
The result of the present study inferred that, silkworm larvae supplemented with zinc chloride at 0.2% concentration enhance commercial parameters. At this concentration, elevated levels of aminotransferase enzyme activities were observed which indicates increased synthesis of silk protein in the silk gland. Hence zinc chloride could be used as fortifying agent individually (or) in combination with other nutrients after necessary formulation for commercial rearing.
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