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Seasonal variation in eri spun yarn quality enhanced by digestive enzymes-enriched castor leaves


ABSTRACT
Sericulture represents an important agro-based rural sector, particularly in North-East India where eri silk production is widely practiced. The present study aimed to evaluate the effect of digestive enzyme-enriched castor leaves on the quality of eri spun yarn produced by the eri silkworm (Samia ricini Donovan) during the spring (March–April) and autumn (September–October) seasons of 2024–2025. Completely Randomised Design (CRD) were used to set up the experiment. Three α-amylase and lipase concentrations (1%, 3%, and 5%) as well as a combination treatment (1% α-amylase + 1% lipase) were assessed and evaluated with an untreated control. Twist per inch (T.P.I), yarn size, breaking load, tenacity, elongation %, and other aspects of yarn quality were examined. Among treatments, α-amylase at 3% concentration consistently recorded superior performance. In spring, it produced the highest yarn size (19.22 S), breaking load (0.72 kg), tenacity (0.81 g/d), elongation (18.38%), and TPI (18). Similar trends were observed in autumn, though overall values were comparatively lower than spring. The combination treatment also showed improvement over control, particularly in tenacity and elongation. Across all parameters, the control group recorded the lowest values, confirming the beneficial role of digestive enzymes in enhancing silk fibre characteristics. Seasonal comparison indicated that spring conditions were more favourable than autumn, resulting in better yarn quality traits. The study concludes that fortification of castor leaves with digestive enzymes, especially α-amylase at 3% concentration, significantly enhances eri spun yarn quality. This nutritional supplementation strategy offers a practical and effective approach for improving silk productivity and yarn performance under varying seasonal conditions.
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INTRODUCTION
Sericulture is the great invention of the ancient Chinese (Liu et al., 2010; Yilmaz et al., 2015) involves mulberry cultivation of mulberry plants, rearing silkworm, harvesting of cocoons, reeling and weaving of silk (Kawade et al., 2014; Rahmathulla, 2012). Silk fibres are mainly made up of two major proteins i.e., fibroin and sericin, that are produced by silk glands (Qi et al., 2017) and are expelled by spinnerets during the fifth instar, the last stage of larval development (Hossain et al., 2015; Sekar et al., 2016).
Eri silk is believed to have originated in Assam, where its production is mainly concentrated in the Brahmaputra valley. Sericulture in this region is closely linked with tribal communities and is widely practiced across the North-Eastern states, including Meghalaya, Nagaland, Mizoram, Manipur, and Arunachal Pradesh (Bukhari et al., 2019). India produces about 7,886 MT of eri raw silk which contributes 214.85 % of total raw silk (41, 121 MT) production (Anon, 2023). Assam produces about 6108.725 MT of eri raw silk contributing 77.46% of total eri spun yarn silk production (7886 MT) in India (Anon, 2024). 
Eri silkworm is polyphagous, multivoltine (reared indoors 5-6 times a year) which feeds on a wide range of plants, over 30 species (Choudhury, 1982). The host plants are categorized as primary, secondary and tertiary based upon the degree of acceptance by the larvae, their growth, development and cocoon yield (Bindroo et al., 2007), and are therefore easier to rear compared to Bombyx mori, which can be only fed on mulberry leaves (Mazzi et al., 2014; Shanker et al., 2006; Dutta et al., 2020). Castor (Ricinus communis) and kesseru (Heteropanax fragrans) are considered to be the primary hosts, (Sakthivel, 2018). 
Eri silk is commonly known as ‘Endi silk’ or ‘Erandi silk’, is produced by Samia ricini Donovan. Eri silk is considered, economically, the third most important silk in the world after Mulberry and Chinese Tasar silk (Suryanarayana, 2005). It is hardy and disease-tolerant, its productivity per acreage is higher than that of other silkworms. (Patidar et al., 2022). Eri cocoons are open ended cocoons, that cannot be reeled, since only spun silk (Ahimsa silk) can be made from eri cocoons, very little fibre is lost during the spinning process, in contrast to other silks. It is an alternative fibre to wool because of its exceptional durability and unique thermal characteristic. (Suryanarayana, 2005), with its advantage of its strong affinity to dyes and blending properties with other natural and synthetic yarns (Deuri, 2017).
Fortification of mulberry leaves with additive nutrients, silk production and cocoon volume and quality can be improved. (Thangapandiyan et al., 2019). Enzymes are the natural proteins that catalyzes the biochemical reaction and provide energy to meet the energy demands of any organism. It is a large biological molecule that is responsible for the various biochemical inter conversions that assist life. Enzymes function as catalysts by assisting in intricate reactions that occurs in living organisms. (Robinson, 2015). Digestive enzymes play essential role in the body of the insect by breaking down the complex food material into simple micro molecules, simpler forms are essential for energy production, growth, and various functions required for the insect’s survival and development (Wyatt and Kalf, 1957).
Therefore, the present study aimed to investigate the effect of digestive enzyme-enriched castor leaves on the growth performance of Samia ricini and the quality of eri spun yarn during different rearing seasons
MATERIALS AND METHODS
CHEMICALS AND CONCENTRATIONS
Three different concentrations of lipase, α-Amylase viz., 1%, 3%, 5% and the combination of lowest concentration of Lipase and α-Amylase (1% of each) were used in present investigation. The digestive enzyme solution was prepared by the method suggested by (Devi and Yellamma, 2013).
FORTIFICATION AND FEEDING METHOD
 Devi and Yellamma's leaf dip approach (2013).  was used to fortify castor leaves with digestive enzymes. For the fortification purpose the castor leaves are soaked in various concentrations of digestive enzymes for five minutes and left to air dry at room temperature. The larvae were allowed to feed with digestive enzymes fortified leaves every day from the first instar to the fifth instar until maturity. In order to compare the results, distinct control batches of larvae were also kept
REARING METHODS AND SEASONAL CONDITIONS
The experiment was carried out in the spring (march/april) and autumn (september/october) seasons of the two consecutive years i.e., 2024–2025. During two commercial seasons (spring and autumn). Eri silkworm larvae were reared on castor leaves following the rearing method suggested by Chowdhury (1982) from the first instar to the fifth instar under required room temperature and humidity conditions.
DEGUMMING OF ERI COCOONS
After cocoon formation the cocoons are harvested from the Chandraki and Twenty cocoons were selected randomly and degummed by adding 2 g of soap and 1 g of soda in one litre of boiling water for 45 minutes to 1 hour. After that, re-boiling was done in plain water for 10 minutes to 15 minutes to remove the traces of the soap and soda solution. Finally, eri cake was made by tapping with the finger and then shade dried. 
PREPARATION OF SPUN YARN
Spun yarn was drawned from the eri cakes through spinning process by using Choudhury spinning machine, The spun yarn was transferred to the eprouvette from bobbin to find out the length and size of the yarn and then the spun yarn was twisted through skeinning machine. The spun yarn samples are tested for yarn size, breaking load, tenacity, elongation and twist per inch, conducted in Central Silk Technological Research Institute, Central Silk Board at Bangalore. For both seasons each parameter was recorded replication wise for each treatment.
YARN SIZE (YARN COUNT)
The yarn count is the numerical representation that indicates how fine or rough a yarn is. Either length or mass per unit mass length of spun yarn is used to describe the yarn’s size

Were, 

 BREAKING LOAD (Kg)
The maximum degree of stress that can be created in a yarn by applying loads, before the yarn breaks is represented by the breaking load of the yarn.
 TENACITY (g/d)
The ultimate breaking force or load of a yarn expressed in grams, divided by its linear density, and it is measured in denier or tex.

 ELONGATION (%)
The maximum expansion that occurs when the yarn is stretched to its breaking point is termed as elongation. It is expressed in percentage (%).
TWIST PER INCH
Total numbers of spirals per unit length of silk yarn is known as twist per inch.
T.P.I = Twist factor 
STATISTICAL ANALYSIS
 For different estimations of eri silkworm larval growth, cocoon parameters, reproductive characteristics and nutritional indices parameters of the present experiment was analysed by using a completely randomised design (CRD), with four replications of each treatment. To eliminate all potential errors, the results of several studies have been put to ANOVA. By calculating F- values as given by Panse and Sukhatme (1989), experimental errors of the various effects were determined

	The significance or otherwise of the difference between individual means of a significant variable was ascertained by calculating the critical differences, at 0.05 level of probability.
Critical difference (CD) = S.Ed.(±) x t0.05 for error degrees of freedom.

RESULTS AND DISCUSSION
Table 1. Effect of digestive enzymes on yarn size (S) of eri spun yarn in spring and autumn season
	Enzymes
	Concentrations
	Seasons

	
	Spring
	Autumn

	
α-Amylase
	1%
	18.25b
	12.33b

	
	3%
	19.22a
	13.02a

	
	5%
	16.85c
	10.11c

	
Lipase
	1%
	12.95e
	9.91cd

	
	3%
	12.31f
	9.66de

	
	5%
	14.58d
	10.21c

	Combination
	α-Amylase 1% + Lipase 1%
	18.75a
	12.93a

	Control
	9.40g
	9.31e

	Overall Mean
	15.28
	10.93

	S.Ed (±)
	0.240
	0.181

	CD (P=0.05)
	0.496
	0.374





Fig 1: Effect of digestive enzymes on yarn size (S) of eri spun yarn in spring and autumn season



Table 2. Effect of digestive enzymes on breaking load (kg) of eri spun yarn in spring and autumn season
	Enzymes
	Concentrations
	Seasons

	
	Spring
	Autumn

	
α-Amylase
	1%
	0.49b
	0.36c

	
	3%
	0.72a
	0.40a

	
	5%
	0.45b
	0.28f

	
Lipase
	1%
	0.49b
	0.29e

	
	3%
	0.37b
	0.27f

	
	5%
	0.61a
	0. 31d

	Combination
	α-Amylase 1% + Lipase 1%
	0.62a
	0.37b

	Control
	0.37b
	0.26g

	Overall Mean
	0.53
	0.32

	S.Ed (±)
	0.054
	0.004

	CD (P=0.05)
	0.111
	0.008












Fig 2: Effect of digestive enzymes on breaking load (kg) of eri spun yarn in spring and autumn season




Table 3. Effect of digestive enzymes on tenacity (gm/d) of eri spun yarn in spring and autumn season
	Enzymes
	Concentrations
	Seasons

	
	Spring
	Autumn

	
α-Amylase
	1%
	0.51f
	0.50d

	
	3%
	0.81a
	0.58b

	
	5%
	0.67c
	0.58b

	
Lipase
	1%
	0.55e
	0.45e

	
	3%
	0.54e
	0.45e

	
	5%
	0.59d 
	0.56c

	Combination
	α-Amylase 1% + Lipase 1%
	0.69b
	0.64a

	Control
	0.40g 
	0.38f

	Overall Mean
	0.59
	0.51

	S.Ed (±)
	0.006
	0.007

	CD (P=0.05)
	0.014
	0.014











Fig 3. Effect of digestive enzymes on tenacity (gm/d) of eri spun yarn in spring and autumn season




Table 4. Effect of digestive enzymes on elongation (%) of eri spun yarn in spring   and autumn season
	Enzymes
	Concentrations
	Seasons

	
	Spring
	Autumn

	
α-Amylase
	1%
	14.17c
	14.60b

	
	3%
	18.38a
	17.36a

	
	5%
	14.26c
	12.45d

	
Lipase
	1%
	11.39e
	12.98c

	
	3%
	13.36d
	12.80cd

	
	5%
	15.98b
	14.85b

	Combination
	α-Amylase 1% + Lipase 1%
	16.05b
	15.04b

	Control
	11.36e
	11.25e

	Overall Mean
	14.37
	13.92

	S.Ed (±)
	0.286
	0.241

	CD (P=0.05)
	0.592
	0.498




Fig 4. Effect of digestive enzymes on elongation (%) of eri spun yarn in spring   and autumn season



Table 5. Effect of digestive enzymes on twist per inch of eri spun yarn in spring and autumn season
	Enzymes
	Concentrations
	Seasons

	
	Spring
	Autumn

	
α-Amylase
	1%
	15c
	15a

	
	3%
	18a
	15a

	
	5%
	17b
	14b

	
Lipase
	1%
	17b
	14b

	
	3%
	17b
	14b

	
	5%
	17b
	15a

	Combination
	α-Amylase 1% + Lipase 1%
	17b
	15a

	Control
	14d
	12c

	Overall Mean
	14.37
	14.25

	S.Ed(±)
	0.217
	0.203

	CD(P=0.05)
	0.449
	0.419



Data are means of four replications
Means followed by different superscript letters are significantly different at p≤0.05
Means followed by same superscript letters are on par with each other p≤0.05


Fig 5. Effect of digestive enzymes on twist per inch of eri spun yarn in spring and autumn season

The experiment was conducted by following Completely Randomized Design (CRD) with different enzyme treatments and a control group, it revealed significant variation among the treatments for all yarn quality parameters studied during both spring and autumn seasons. Analysis of variance indicated that fortification of castor leaves with digestive enzymes had a significant effect (P ≤ 0.05) on eri silkworm spun yarn characteristics. Enzyme-treated groups consistently outperformed the control, with α-amylase at 3% concentration showing superior performance across most parameters.
The results clearly demonstrated that fortification of castor leaves with digestive enzymes significantly improved the quality parameters of eri silkworm spun yarn compared to the control group across both spring and autumn seasons. Yarn size was markedly higher in enzyme-treated groups, with α-amylase 3% recording the maximum values in spring (19.22 S) and autumn (13.02 S) (Table 1 and Fig 1), was on par at combination fortified batch (18.75 S) in spring and (12.93 S) in autumn. By comparing the overall mean value of both the seasons yarn size was comparatively more in spring (15.28 S) than autumn (10.93 S). Similar positive trends were observed for breaking load, tenacity, elongation, and twist per inch (TPI), indicating enhanced yarn parameters due to enzyme fortification. 
In spring season, the breaking load of α-Amylase 3%, combination and Lipase 5% fortified group are at par which each other by holding the values of 0.72 kg, 0.622 kg and 0.61 kg, respectively (Table 2 and Fig 2). But the breaking load of the autumn season was found to be the highest in the α-amylase 3% (0.40 kg) enrichment and seasonal comparison revealed superior strength parameters during spring (0.53 kg) over autumn (0.32 kg). Breaking load of spring season (0.53 kg) was found to be superior than the autumn season (0.32 kg) by comparing the overall mean values. 
Tenacity followed the same pattern, with α-amylase 3% (0.81 gm/D) treatment showing significantly higher values than the control (0.40 gm/D), suggesting better molecular alignment and fibre cohesion in spring season. In autumn, combination group recorded the highest tenacity value (0.64 gm/D) followed by α-Amylase 3% and α-Amylase 5% (0.58 gm/D). Results showed that tenacity was better in spring season (0.59 gm/D) spun yarn than autumn (0.518gm/D) by comparing the mean values of both the season as showed in table 3 and fig 3.
Elongation percentage was also maximized under α-amylase 3% (18.38% in spring and 17.36% in autumn) treatment in both seasons, reflecting improved extensibility of the yarn, based on comparison of overall mean value, elongation % was superior in spring 14.37% than in autumn 13.92% (Table 4 and Fig 4).
 While digestive enzymes had a positive effect on T.P.I in both the seasons among the treated groups amylase 3% had most pronounced effect on the T.P.I (18) TPI values were consistently higher in enzyme-treated groups, especially under α-amylase 3% application (Table 5 and Fig 5). Across all parameters, the control group recorded the lowest values, confirming the beneficial role of digestive enzyme fortification. Overall, spring season performance was superior to autumn, likely due to favourable environmental conditions, and α-amylase 3% emerged as the most effective treatment for enhancing eri spun yarn quality. Optimum concentration of α-Amylase  (i.e., 3%) enhances the spun yarn parameters like yarn size, breaking, tenacity, load, elongation and twist per inch it was strengthened by Murugesh et al., (2021), Saranya et al. (2019), Dyana et al. (2015) and Asaf & Mahavishnu (2018) through supplementation of amino acid, S. gallinarum strain SWGB 7, extracts of noni and spirulina respectively for improvising the silk filament properties like filament length and weight. A comparable result with supplementation of soybean, corn, and multigrain flour, leading to increased silk productivity (Shah et al., 2024).
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Fig 6: Eri spun yarn of spring season
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Fig 7: Eri spun yarn of autumn seasonFig. 6 and 7: e) Lipase 3%
Fig. 6 and 7: f) Lipase 5%
Fig. 6 and 7: g) combination (1%+1%)
Fig. 6 and 7: h) control
Fig. 6 and 7: a) α-Amylase 1%
Fig. 6 and 7: b) α-Amylase 3%
Fig. 6 and 7: c) α-Amylase 5%
Fig. 6 and 7: d) Lipase 1%


OVERALL TREATMENT AND SEASONAL EFFECTS
Across all parameters studied, the control consistently recorded the lowest values, confirming the effectiveness of digestive enzyme fortification. Pooled mean analysis revealed that spring season performance was significantly superior to autumn for all yarn quality traits. Among the treatments, α-amylase at 3% concentration emerged as the most effective, indicating its potential applicability for improving eri spun yarn quality under varying seasonal conditions.
CONCLUSION
Among all treatments, α-Amylase at 3% concentration resulted in the highest significant improvement in yarn quality, especially in terms of yarn size, breaking load, tenacity, elongation and twist per inch in spring than autumn season.
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Elongation (%)

Spring	α-Amylase 1%	α-Amylase 3%	α-Amylase 5%	Lipase 1%	Lipase 3%	Lipase 5%	Combination	Control	Overall mean	14.17	18.38	14.26	11.39	13.36	15.98	16.05	11.36	14.37	Autumn	α-Amylase 1%	α-Amylase 3%	α-Amylase 5%	Lipase 1%	Lipase 3%	Lipase 5%	Combination	Control	Overall mean	14.6	17.36	12.45	12.98	12.8	14.85	15.04	11.25	11.25	Column1	α-Amylase 1%	α-Amylase 3%	α-Amylase 5%	Lipase 1%	Lipase 3%	Lipase 5%	Combination	Control	Overall mean	



Twist per inch

Spring 	α-Amylase 1%	α-Amylase 3%	α-Amylase 5%	Lipase 1%	Lipase 3%	Lipase 5%	Combination	Control	Overall mean	15	18	17	17	17	17	17	14	14.37	Autumn	α-Amylase 1%	α-Amylase 3%	α-Amylase 5%	Lipase 1%	Lipase 3%	Lipase 5%	Combination	Control	Overall mean	15	15	14	14	14	15	15	12	14.25	Column1	α-Amylase 1%	α-Amylase 3%	α-Amylase 5%	Lipase 1%	Lipase 3%	Lipase 5%	Combination	Control	Overall mean	



Yarn size (s)

Spring	α-Amylase 1%	α-Amylase 3%	α-Amylase 5%	Lipase 1%	Lipase 3%	Lipase 5%	Combination	Control	Mean	18.25	19.22	16.850000000000001	12.95	12.31	14.58	18.75	9.4	15.28	Autumn	α-Amylase 1%	α-Amylase 3%	α-Amylase 5%	Lipase 1%	Lipase 3%	Lipase 5%	Combination	Control	Mean	12.33	13.02	10.11	9.91	9.66	10.210000000000001	12.93	9.31	10.93	Column1	α-Amylase 1%	α-Amylase 3%	α-Amylase 5%	Lipase 1%	Lipase 3%	Lipase 5%	Combination	Control	Mean	



Breaking load (Kg)

Spring	α-Amylase 1%	α-Amylase 3%	α-Amylase 5%	Lipase 1%	Lipase 3%	Lipase 5%	Combination	Control	Overall mean	0.49	0.72	0.45	0.49	0.37	0.61	0.62	0.37	0.53	Autumn	α-Amylase 1%	α-Amylase 3%	α-Amylase 5%	Lipase 1%	Lipase 3%	Lipase 5%	Combination	Control	Overall mean	0.36	0.4	0.28000000000000003	0.28999999999999998	0.27	0.31	0.37	0.26	0.32	Column1	α-Amylase 1%	α-Amylase 3%	α-Amylase 5%	Lipase 1%	Lipase 3%	Lipase 5%	Combination	Control	Overall mean	



Tenacity (gm/d)

Spring	α-Amylase 1%	α-Amylase 3%	α-Amylase 5%	Lipase 1%	Lipase 3%	Lipase 5%	Combination	Control	Overall mean	0.51	0.81	0.67	0.55000000000000004	0.54	0.59	0.69	0.4	0.59	Autumn	α-Amylase 1%	α-Amylase 3%	α-Amylase 5%	Lipase 1%	Lipase 3%	Lipase 5%	Combination	Control	Overall mean	0.5	0.57999999999999996	0.57999999999999996	0.45	0.45	0.56000000000000005	0.64	0.38	0.51	Column1	α-Amylase 1%	α-Amylase 3%	α-Amylase 5%	Lipase 1%	Lipase 3%	Lipase 5%	Combination	Control	Overall mean	
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