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Analysis of biomolecules and economic parameters in silkworm as influenced by supplementation of 
Curcuma longa


ABSTRACT
An attempt has been made in the present investigation to record the effect of mulberry leaf  enriched with turmeric at different concentrations viz., 400, 600 and 800 ppm on biomolecules and economic parameters of silkworm hybrid Fc1 × Fc2 . The results of the study revealed that, the larva supplemented with turmeric at 800ppm expressed maximum activity levels of alanine and aspartate aminotransferase enzymes in the midgut and fat body tissues over control group. Similar results were observed for larval weight, cocoon weight, shell ratio, filament length, filament weight, denier and renditta at the same concentration. However, peaking enzyme activities were noticed in the 6th day of fifth instar larva as compared to fifth instar 1st day old larva.   
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1. INTRODUCTION
The silkworm, Bombyx mori L., is a lepidopteron promising model organism for life science researches.   Due to its monophagy nature, it feed only on mulberry leaf and as consequence larva derive nutrients for the growth and development which ultimately reflect on quality and quantity of silk production. Any variations in mulberry nutrients, drastically affect biological performance as well as economic parameters of silkworm. The success of cocoon crop always influenced by the quality of leaf provided to silkworm Ravikumar (1988) and hence dietary nutrients determines good cocoon production  (Murugan et al., 1998). The nutritional parameters of mulberry and silk production are inherent interlinked factors and nutritional research is thrust area  in sericulture. It has been reported that B. mori requires specific essential sugars, amino acids, proteins and vitamins for their survival and silk production ( Sengupta et al., 1972 ; akthar and Asqhar., 1972; Karaksy., 1990; Madhu Babu., 1992). 
In recent years, good number of botanicals were used as a fortifying agents which gained the attention of several researcher because of their growth regulating property and secretion of juvenile hormone in insects including silkworm. The plant extract viz., T. terrestris, P. corylifolia, P. niruri, Polypodium Sp., P. hysterophorus, T. procumbenshave, L. camara and C. inermae have been used as a fortifying agent which enhance larval growth and cocoon parameters of the silkworm (Rajashekaragouda, 1991; Murugan et al., 1998; Shiva Kumar et al., 1995; Murugesh, 2002; Mamadapur, 1994; Santosh Kumar, 1997). The Curcuma longa (turmeric) is a underground rhizome rich in vitamins, minerals and amino acids and widely used in pharmaceutical industry due to its antioxidant, anti inflammatory  and immune boosting properties and it is used to improve economic parameters of silkworm B. mori (Kunthamalla Sujatha and Sammaiah, 2007; Kunthamalla Sujatha et al., 2007; Harihar Raju et al., 2010; Harihar Raju et al., 2012). Generally, fortifying agents alters both anabolic and catabolic processes, thereby regulating the synthesis of biomolecules, inturn reflects economic and commercial parameters of the silkworms. For instance, increased synthesis of total proteins and free amino acids was observed in larvae fed with turmeric (Harihara Raju et al., 2012). Likewise, Supplementation of Dolicos lablab flour at 7.5% increases activities of AST, ALT and alkaline phosphatase enzymes and also biomolecules such as glucose, cholesterol, urea, total protein in the  haemolymph (Manjula et al., 2010b) and urease, amylase, sucrose and protease in the midgut (Manjula et al., 2010a). Similarly, larvae reared on amla (0.2%) showed maximum protein and carbohydrate contents in the fat body and midgut tissue over control batches (Kiran Kumar et al., 2024). Among thirteen types of aminotransferase enzymes, the alanine and aspertate play a crucial role in the formation of glutamates and pyruvate which are required for growth and development of silkworm (Anil Kumar and Sunil Kumar, 2018; Sivaprasad and Murali Mohan, 1990). The elevated levels of these enzymes indicate disease associated with liver and heart in higher organisms and even toxic chemicals. However, not much more information is not available on the influence of turmeric supplementation on aminotransferace enzymes and economic parameters of silkworm. Hence, present investigation is undertaken. 
2. MATERIALS AND METHODS
Disease free layings of popular bivoltine double hybrid (FC1 X FC2) was procured from National Silkworm Seed Organization (NSSO), Central Silk Board (CSB), Mysuru and reared by employing standard rearing technique as per Dandin and Giridhar (2010).
2.1 Preparation and supplementation of turmeric 
The turmeric powder was procured from Ashwini Ayurvedic Aushadhalaya, Agrahara, Mysuru. The different concentrations of turmeric solutions viz., 400, 600 and 800ppm were prepared by dissolving powder in distilled water. The prepared solution of respective concentrations were sprayed on ventral surface of mulberry leaf and surface dried under shade to remove excess of moisture and then fed to the silkworm. The larvae were divided into four batches namely group 1, 2, 3 and 4. The first three groups larvae were reared on mulberry leaves treated with turmeric at 400, 600 and 800ppm concentrations, respectively. Whereas, group 4 larvae were reared on mulberry leaves sprayed with distilled water (control). The supplementation was provided to silkworm once a day during 4th and 5th instars in the morning hours. Each group comprises 100 larva with three replications. 
2.2 Collection of tissues and estimation of aminotransferase enzymes.
Biochemical analysis was carried out in the fat body and midgut tissue in respective treatments as well as control batch. The midgut and fat body tissues were collected by dissecting 5thinstar 1st to 6th day larvae and preserved at -200C until further use. The aspartate (AST) and alanine (ALT) aminotransferase activities in the tissues were estimated by adopting the method of Reitman and Frankel (1957). 100mg of tissue was homogenized with 10ml of distilled water and centrifuge at 3000rpm for 10 minutes. For 1ml of supernatant, 0.5 ml of glutamic oxaloacetate solution was added and incubate at 37°C for 1h. Afterwards 0.5ml of 2,4-D was added and incubated for about 15 min at room temperature. Finally, 5ml of 0.4N NaOH was added and after 15 minutes optical density was measured at 510nm against blank using spectrophotometer. For estimation of ALT, 0.5ml of glutamic pyruvate was added as a substrate and standard curve was used for calculation. The enzyme activity was expressed in terms of units/g protein/h and is calculated using the following formula.
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)The parameters such as shell ratio, filament length, denier, renditta and raw silk percentage were calculated by using following formula
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Where R is the number of revolutions recorded by an eprouvette and 1.125 is the circumference of eprouvette in meter.
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 The obtained data was statistically analyzed by standard deviation method.
3. RESULTS AND DISCUSSIONS
3.1 Influence of mulberry leaves supplemented with turmeric on alanine and aspartate aminotransferase activites.  
The activity levels of AST and ALT in larvae fed on mulberry leaves fortified with turmeric showed notable variations in both fat body and midgut tissues. The worms reared on mulberry leaves enriched with turmeric at 800ppm concentration recorded maximum activity level of AST with 133.62µ moles of oxaloacetate/g protein/h in the fat body and 109.22 µ moles in the midgut during 6th day of 5th instar larva compared to the respective control batch (122.86 and  98.76 µ moles). It was minimum in midgut (34.51 µ moles) and fat body (51.56 µ moles) at 400ppm concentration during 1st day of 5th instar larvae over respective control (30.73 and 49.05 µ moles) (Fig.1). Similarly, larvae nourished with mulberry leaf fortified with turmeric at 800ppm concentration scored highest ALT activity in the fat body (109.99 µ moles of pyruvate/g of protein/hour) and midgut (93.88 µ moles) during 6th day 5th instar larvae against control batch (97.56 and 81.56 µ moles). Among the treated batches, least ALT activity was noticed in mid gut (15.36µ moles) and fat body (28.87µ moles)at 400ppm during 1st day  5th instar  over control (12.35 and 23.92 µ moles) (Fig.2).
In living organisms, synthesis and inter-conversion of amino acids into keto acids are facilitated by alanine and aspartate aminotransferase enzymes. These enzymes are connecting link between carbohydrate and protein metabolism and their activities varies with changes in physiological and pathological conditions. Moreover enzyme activities were strongly influenced by temperature, larval stages and silkworm breeds (Pezhman and Nabizadeh, 2010).

It is understood from the investigation is that silkworm supplemented with turmeric lead to an increase in AST and ALT enzyme activities in the fat body and midgut. This suggests that the nutrients in turmeric are being utilized with enhanced metabolic processes and synthesis of biomolecules including enzymes. The increased activity is more evident as the larva get older and reach highest peak on sixth day of the fifth instar. Interestingly, AST activity was consistently higher than ALT indicating utilization of turmeric nutrients differ within the larval stage. These result are in concurrence with Harihara Raju et al. (2012) who have found increased AST and ALT activities when worms fed with turmeric at 800 ppm.Furthermore, results agreement with other studies showing similar metabolic responses to various dietary supplements. As per Anil Kumar (2018), larvae reared on mulberry leaf treated with phenylalanine and methionine showed elevated levels of both ALT and AST. The trend was same with supplement of Dolichos lablab and Vigna unguiculata flour (Manjula et al., 2010a and 2011) and with soya flour (Anil Kumar & Prashanth, 2018) collectively indicate elevated levels of these enzymes are common for beneficial metabolic response to a nutrient rich diet.
3.2 Impact of mulberry leaves fortified with turmeric on economic parameters of silkworm.

3.2.1  larval and cocoon weight
Silkworm nourished with mulberry leaves enriched with turmeric at different concentrations exhibited notable influence on larval and cocoon weight. The worms supplemented with turmeric at 800ppm concentration recorded higher larval and cocoon weight of 5.45g and 2.16g, respectively over control batch 4.95and 1.93g (Table 1).These results are in accordance with those of Harihara Raju et al. (2010) who have reported that larvae supplemented with turmeric at the rate of 1.0% registered higher larval and cocoon weight when compared to 10 and 100% cocentrations. Similarly, silkworm dusted with turmeric powder during moulting as a disinfectant at low dose 100mg/100 larvae registered higher larval weight and cocoon weight against control (Kunatamalla Sujatha and Sammaiah, 2007). According to Krishna Prasad et al. (2001), worms supplemented with potato leaf extract showed enhanced larval weight. Similarly, larvae administrated with P. corylifolia and T. terrestris plant extracts at the rate of 10µg per larva exhibited higher cocoon weight (Rajashekharagouda, 1991) and with  P. niruri  (Takhlique,2012).

3.2.2  Shell weight and shell ratio 
The larvae reared on mulberry leaves fortified with turmeric at 800 ppm concentration exerted maximum shell weight of 0.484g and shell ratio of 22.41%, respectively as against respective controls (0.424g and 21.79%) (Table 1). These results are in agreement with the earlier observations of Harihara Raju et al. (2010) who have observed that larvae treated with 1% turmeric has resulted increased shell weight and shell ratio followed by 10 and 100% over control. Similar results were observed with plant extracts of P. corylifolia, T. terrestris, C. inermae and L. camara (Rajashekaragouda, 1991; Mamadapur, 1994).  Further, worms treated with potato leaf extract and aloe vera (2%) scored higher shell ratio (Krishna Prasad et al., 2001 ; Vitthalrao and Anil , 2012).

3.2.3  Filament length and weight 
Filament length is one of the major contributing quantitative traits in silkworm. The silkworm reared on mulberry leaves extrafoliated with turmeric recorded marked differences in respect of filament length and weight with maximum of 1153m and 0.423g in 800ppm and minimum in control group (1104m and 0.373g(Table 1).The increase in filament weight and length might be due to higher silk protein synthesis by extra supplementation of turmeric. Similarly, larvae treated with turmeric at 1.0 % exerted longer filament length (Harihara Raju et al., 2010; Kuntamalla Sujatha and Sammaiah, 2007). Furthermore, worms supplemented with A. vera at 2% (Vittalrao and Anil, 2012)and C. inermae (Mamadapur, 1994) extract showed increased filament length.

3.2.4  Denier, renditta and raw silk percentage

Marginal variation was noticed with respect to denier when larvae provided with mulberry leaves fortified with turmeric. The larva treated with turmeric at 800ppm concentration registered highest denier of 3.29 as compared to control (3.03). The renditta and raw silk percentage the parameters which represents the silk available in the cocoon and after cocoon  reeling. The lowest renditta of 5.21 and highest raw silk percentage of 19.17 was observed when larva treated at 800 ppm concentration. whereas control group scored highest renditta of 5.62 and lowest raw silk percentage of 17.81 (Table 1). These results are corroborate with earlier findings of Saritha Kumari et al. (2011) and Sridevi (2003) who have noticed that silkworms fed with plant extracts with  P. niruri, A. vasica, W. somnifera, T. arjuna, and T. cordifolia excerted finer denier. Furthermore, the decreased renditta and increased raw silk percentage with the supplementation of  glycine Sridhar and Radha (1987) and with phytochemicals like reserpine and picrotoxin (Sujatha and  Purushotham Rao , 2001).
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Table 1: Effect of mulberry leaves fortified with turmeric at varied concentrations on larval and cocoon characters of F1×FC2 silkworm hybrid

	
	Concentration (ppm)
	Larval weight
(g)
	Cocoon weight
(g)
	Shell weight
(g)
	Shell
ratio
(%)
	Filament length
(m)
	Filament weight
(g)
	Denier
	Renditta
	Raw silk percentage
(%)

	400

	5.250 ± 0.006
	2.033 ± 0.032
	0.451 ± 0.007
	22.17 ± 0.02
	1,127.33 ± 4.626
	0.396 ± 0.003
	3.16 ± 0.012
	5.41 ± 0.009
	18.45 ± 0.05

	600
	5.407 ± 0.009
	2.097 ± 0.009
	0.470 ± 0.006
	22.33 ± 0.02

	1,143.00 ± 2.887
	0.411 ± 0.003
	3.23 ± 0.015
	5.29 ± 0.011
	18.88 ± 0.09

	800
	5.457 ± 0.009
	2.160 ± 0.006
	0.484 ± 0.002
	22.41 ± 0.01
	1,153.67 ± 2.413
	0.423 ± 0.001
	3.29 ± 0.006
	5.21 ± 0.014
	19.17 ± 0.09

	Control (DW)
	4.950 ± 0.006
	1.933 ± 0.009
	0.424 ± 0.005
	21.79 ± 0.01
	1,104.67 ± 1.777
	0.373 ± 0.002
	3.03 ± 0.015
	5.62 ± 0.009
	17.81 ± 0.02
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Fig. 1: Fortification of mulberry leaf with turmeric on aspartate aminotransferase activity in silkworm FC1 X FC2














Fig. 2: Fortification of mulberry leaf with turmeric on alanine aminotransferase activity in silkworm FC1 X FC2


4. CONCLUSION
The silkworm larvae reared on mulberry leaf fortified with zinc at the concentration of 800ppm enhance larval, cocoon and reeling parameters with elevated activities of aminotransfarase enzymes indicating better metabolic response for enriched nutrients. Hence, turmeric could be used fortifiying agent for silkworm rearing after conducting more field trails.
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