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STUDIES ON THE ALTERNATIVE METHOD FOR SOFTENING OF MULTI×BI COCOONS DURING EXTRACTION OF SILK FILAMENT DURING SILK REELING






ABSTRACT

Cocoons are comprised of silk filaments which are cemented together with the help of protein glue called as sericin. The main object of cocoon cooking is to soft the sericin for better unwinding of filament from the cocoon. Conventionally cocoon cooking is done by dipping the cocoon in hot water for certain duration. In present study an alternative method is done to use commonly available Papaya latex reagents for softening of sericin instead of dipping cocoon in hot water. Present study indicated that when Multi×Bi (Nistari×NB4D2) Cocoons were treated with papain reagents at a concentration ranging from 0.01% to 1% and soaking duration ranging from 8 hours to 48 hours, it was observed that softening percentage of cocoon and raw silk percentage of cocoons were increased with the increasing of concentration and soaking time. It was observed that when Multi×Bi (Nistari×NB4D2) Cocoons were treated with papain reagents at a concentration of 1% for duration of 24 hours, percentage of softening was increased to 70%- 75% and simultaneously raw silk percentage was increased to 40%-45%. Present study indicated that when Multi×Bi (Nistari×NB4D2) Cocoons were treated with papain reagents at duration of 48 hours softening percentage was increased to 75% but raw silk percentage reduced to 0%. It was happened due to dissolving of both fibroin and sericin. It was observed that when Multi×Bi (Nistari×NB4D2) Cocoons were treated with Papaya latex reagents at a concentration of 1% for duration of 48 hours, it gives similar result as papain reagents at a concentration of 1% for duration of 24 hours i.e   percentage of cocoon softening was 75% and raw silk percentage was around 45%. Present study revealed that in both the occasions raw silk percentage was far below than normal hot water reeling technique where raw silk percentage was around 70%-80%. Besides that, number breaks were also more in enzyme treated technique. It was happened due to lack of water penetration inside the cocoon in enzyme treated technique and it results in jumping of cocoons during reeling which ultimately increases number of breaks. But present study brings hope that ecofriendly cold reeling technique may become an alternate from of crude hot water reeling technique.  Present investigation invites an ample scope of research in this direction.
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INTRODUCTION

Sericulture is unique in its vast employment and income generating potentialities. From a mere traditional practice, it has now shaped into a viable agro industry. India contributes about 20% to the raw silk produced in the world, ranking next only to China (Sarkar and Majumdar,20161). India is now technologically more equipped than ever before to attempt for a quantum jump, especially in bivoltine silk production. During the last few years, several new technologies have been incorporated in silkworm rearing and many of the old concepts have been changed as a result of which there is stability in cocoon production and crop failures in the field have considerably reduced (Chattopadhyay and Sarkar 20082, Chatterjee and Sarkar, 20263 ).The silk with comparison to other artificial & synthetic fabric holds a unique place in the textile world due to its aesthetic appeal luster feel, suppleness crispness combined with softness & fineness. Natural silk is regarded as the “Queen of Textiles” (Chattopadhyay and Sarkar 20082). It possesses most of the best properties of all the natural textile fibers. This continuous filament is reeled from the cocoon & the woven into luxurious textile fabrics from lace & filmy chiffons to rich brocaded velvets. The highness, combined with high moisture absorption characteristics has made the material highly comfortable to use in hot climate condition normally prevailing in our country as well as in our state (Sarkar,20234). It is stated that most important requirements for the silk industry in West Bengal is the production of high yielding Cross breed or BV cocoons capable of producing quality silk of international standards and it ultimately marks the necessity of establish bivoltine seed zone in West Bengal (Sarkar, 20185; Sarkar, 2020a6; Sarkar, 2020b7; Sarkar & Majumdar, 2017a8, Sarkar and Chatterjee,20259).Sarkar and Majumdar(2017b10) emphasize on shifting  Bivoltine Based Sericulture instead of low yielder multivoltine based Sericulture and mentioned the importance to develop and disseminate high temperature and high humidity tolerant productive breeds which 
ultimately develop multiend reeling based industry in West Bengal (Sarkar and Moorthy,201211). Sarkar and Chatterjee, 202612 indicates that it is important to develop bivoltine seed zone in West Bengal to ensure supply of bivoltine seed cocoon throughout the year so that seed producers may develop crossbreed seed of multi-bi components which ensure flow of quality raw materials throughout the year for high consuming multiend reeling machine. But reeling of cocoon is not so much easier, it requires a sophisticated process. 
Cocoons are comprised of silk filaments which are cemented together with the help of protein glue called as sericin. Sericin constitutes 22-28 percent of silk filament. The main object of cocoon cooking is to soft the sericin for better unwinding of filament from the cocoon.	
The major drawback of this attractive filament is its extraction process from cocoon. It is important to soft the sericin layer of cocoon properly. Otherwise, filaments cannot be drawn back from it. The usual procedure for softening of cocoon is boiling the cocoon filament in hot water Softening of cocoon is more difficult and time consuming in case of high productive bivoltine or cross breed cocoons because sericin-ά is present into inner layer and cannot be easily soften because the inner layer does not come easily into contact of hot water. Sarkar and Chatterjee, 202612 also stated that Multi×Bi cocoons are having comparatively hard shell than multivoltine cocoons so longer duration cooking of different temperature requires for better penetration of water inside the cocoon during cooking particularly for Multi×Bi or productive bivoltine cocoons.  The process is really cumbersome, costly & alarming due to following reasons: 
a. Cost of fuel i.e. coal is day by day increase which was once Rs. 2547 (A grade) / ton that is now Rs. 9800/ton.
b. Gradual exhaustion of resource. Time may come when there will be no availability of coal.
c. Health hazards problem. As worker works in front of fire & hot water, they are frequently attacked by bronchitis & other health problem for example skin is affected by fungi due to constant exposure to hot water. Smoke emitted during cooking of cocoon also creates breathing problem (Chattopadhyay et al, 200813 and Majumdar et al, 201714). 
d. Environment in also polluted. 
e. Using solar energy in impracticable in technical as well as economic part of view. More over in rainy & cloudy weather it is difficult.  
Raw silk formation process can be said to be the process of gradual increase in density of legend fibroin & polymerization of molecules bigger molecules gradually make orderly arrangement leading to fibrillation. The silk substance secreted by silk gland is a kind of strong viscous legend silk. The fibroin with fibrous protein & the Sericin with globular protein are two different types of protein. Fibroin is surrounded by Sericin & the two substances are completely condensed when it researches the anterior part of silk gland & after wards become one silk substance when come through the spinneret by the process of atmospheric coagulation during it becomes a cocoon filament. Fibroin gets covered with Sericin & gradually globular crystal to fibrous crystals forming silk fiber. Silk protein fiber is of fibro-high polymer based on various multi reductions a amino acid found in nature. The following in the chemical formula for its molecular chains. R, R’, R” in the structural formation are dissimilar substation grow up. Each cocoon filaments is made up of two mono filaments arranged parallel to each other, important in gradient of a mono filament are fibroin & Sericin. Fibroin is the real silk & contains crystal line natural protein molecules, Sericin character is very much like animal glue. In cold water Sericin swells & its volume increase but it dissolves to a very minute extent. If it is put in warm water dissolution becomes earlier. Cocoon filaments is fine & uneven its strength in weak with length. The single filaments cannot be directly used. It is necessary to combine many cocoon silk filaments into rather strong raw silk is the raw material for making silk fabrics. Silk reeling is the production process in which proper filaments are taken out from the cocoon which is cooked & combine into raw silk using the property of glue in the silk Sericin, in accordance with the requirements of raw silk. In this junction we feel the necessity to search an alternative method for softening of cocoon so reeling can be done in cold condition. In the present work attempt has been made to introduce non-conventional method by using various chemical treatments without affecting silk yarn & other attractive & aesthetic characteristics of the silk material to a great extent.
	
MATERIALS AND METHODS


Reeling techniques involves the procedure like softening of cocoon, brushing, grouping ends, picking ends, end finding, joining end, winding and drying. The operation is known as silk reeling & is done on silk reeling devices/machines e.g. Charka, Cottage basin, Multi end reeling machine, automatic & semi-automatic machine.
	 
EXPERIMENT

3.1 Materials Used: -

	Multivoltine cocoons were used for the treatment. The details of such cocoon are given below:

A. Types of cocoons: Mulberry F1 cross breed (NxNB9D2) 
B. Crop : February – March
C. Leaf : Mulberry variety S1635
D. Filament Length : 725m
E. Denier : 2.2D
F. Sericin (%) : 26
G. Color : Yellow
H. SR (%) : 17 

3.2 Equipment Used:- 

i) Wrap Reel: Standard warp reel having circumstance of 1.0m manually operated provided with a deal showing the number of revolutions directly in meter.
ii) Balance: Electrical monopan chemical balance having sensitivity of 0.01gm & capacity of 100gm.
iii) Measuring Cylinder: 100ml capacity.
iv) Reeling Machine: Epprouvette.

3.3 Chemical Used:

i) Enzyme : Papain, Papaya latex
ii) Solvents : H2O
iii) Acids : Acetic acid, Oxalic acid, Formic acid 
iv) Alkali : Sodium Silicate, Borax, Soapsoda
v) Salt : Nacl
vi) Oxidizing Agent : H2O2 

3.4 Other Axillaries :
i) Cloth: Ordinary cotton net cloth was used for making cocoon bundle. The idea of using net cloth was the water/chemical solution could easily reach on to the cocoon shell.
ii) Dead Weight: Dead weight made up of having circular shape & sufficient weight was used to prevent the cocoon bundle to float & come up from the solution & keep it in submerged condition in the water/chemical solution.
iii) Vessel: Borosil beaker was used for soaking of cocoons. 
iv) Thermometer: Thermometer of laboratory model having capacity of 100c was used for measuring temperature of water/chemical solution.

3.5 Method of softening of cocoon for reeling: 

Medium 1 – water 
Medium 2 – Alkali 
Medium 3 – Acids 
Medium 4 – Enzymes
Medium 5 – Detergents & wetting agent 
Medium 6 – Oxidizing agents
Medium 7 – Enzymes
Medium 8 – Common Salt 

3.6 Method of evolutions of cooking efficiency:

The treated cocoons were tested in order of to know the efficiency of cooking/softening namely:
i) Deflossing with hand 
ii) Single cocoon reeling on epprouvette
iii) Mass reeling on epprouvette

i) Deflossing: Upper layer of soaked cocoon was peeled off. In the case where the upper layer easily come out end of continuous filament it was estimated that the cocoon were soft/cooked which may be either fully or partially. Filament it was estimated that the cocoon were soft/cooked which may be either fully or partially. 
ii) Single Cocoon Reeling: The end of continuous filament was tied on the bar of epprouvette & reeling was done individually & finally evaluated the reel able filament length. In the case where reel able filament length was obtained optimum & reeling went up to innermost layer it was assumed that the cocoons were softened/cooked & weight be suitable for mass reeling. i.e. commercial reeling.
iii) Mass Reeling: Mass Reeling in the actual largest of softening/cooking for production raw silk of commercial grade. 5 replication each under each treatment where made taking 50 cocoons each. The hard cocoons were rejected & the soft effective cocoons were utilized for reeling finally softening/cooking efficiency was evaluated on the basis of :

Method of Calculation: 

Cooking efficiency (%)	:  Number of cocoons completely reeled
				   Number of Cocoon treated 			x 100
Raw Silk (%)		: Weight of reeled silk 
				  Weight of reeled silk weight of waste silk	x 100
Denier (%)			: Weight of silk (in gm) 
				  Length of silk (in m) 				x4000	
Production			: Weight of reeled silk obtain 
				  Total time of reeling (hr)			x 8
Reliability			: Total No of Tully reeled cocoon 
				  Total no of cocoons				x 100     
		
                                                      RESULTS
         Table – 1

Treating of Multi×Bi (Nistari×NB4D2) Cocoons with Papain reagent   in different concentration and duration

	Treatment
	Reagent
	Concentration
	Soaking duration
	Soft Cocoon
	Raw Silk Percentage
	Remarks

	T1 
	Papain 
	0.01 %
	10 Hours
	0 %
	0 %
	The Sericin 
Is not soft enough

	T2
	Papain 
	0.02 %
	10 Hours
	0 %
	0 %
	

	T3
	Papain 
	0.03 %
	10 Hours
	0 %
	0 %
	

	T4
	Papain 
	0.04 %
	10 Hours
	0.5 %
	0%
	

	T5
	Papain 
	0.05 %
	10 Hours
	0.5 %
	0%
	



If Multi×Bi (Nistari×NB4D2) Cocoons were treated with papain reagents at a concentration ranging from 0.01% to 0.05% for duration of 10 hours did not results into enough softening of sericin. In this treatment percentage of soft cocoon was 0%-0.5% and simultaneously raw silk percentage was only 0% (Table-1).








Table – 2
Treating of Multi×Bi (Nistari×NB4D2) Cocoons with Papain reagent   in different concentration and duration
	Treatment
	Reagent
	Concentration
	Soaking duration
	Soft Cocoon (%)
	Raw Silk Percentage
	Remarks

	T1 
	Papain 
	0.01 %
	12 Hours
	         5
	0.5 %
	The Sericin 
Is not soft enough

	T2
	Papain 
	0.02 %
	12 Hours
	5
	0.5 %
	

	T3
	Papain 
	0.03 %
	12 Hours
	5
	0.5 %
	

	T4
	Papain 
	0.04 %
	12 Hours
	5 - 10 %
	0.5 %
	

	T5
	Papain 
	0.05 %
	12 Hours
	5 - 10 %
	0.5 %
	



If duration of soaking time was increased to 12 hours at same range of concentration of Papain (0.01%-0.05%), percentage of softening was slightly increased to 5-10% but it was still not enough to ensure proper reeling of Cocoons. In this treatment raw silk percentage was around 0.5%. (Table-2).






Figure 1 EFFECT OF PAPAIN REAGENT RANGING FROM 0.01-0.05 % CONCENTRATION AT 10 HOURS SOAKING DURATION








Table – 3
Treating of Multi×Bi (Nistari×NB4D2) Cocoons with Papain reagent   in different concentration and duration

	Treatment
	Reagent
	Concentration
	Soaking duration
	Soft Cocoon
	Raw Silk Percentage
	Remarks

	T1 
	Papain 
	0.01 %
	16 Hours
	      8 %
	      1%
	The Sericin 
Is not soft 

	T2
	Papain 
	0.02 %
	16 Hours
	8 %
	1%
	

	T3
	Papain 
	0.03 %
	16 Hours
	8 %
	1%
	

	T4
	Papain 
	0.04 %
	16 Hours
	8 %
	1%
	

	T5
	Papain 
	0.05 %
	16 Hours
	8 %
	1%
	




If duration of soaking time was increased to 16 hours at same range of concentration of Papain (0.01%-0.05%), percentage of softening was   increased to 8% but it was still not enough to ensure proper reeling of Cocoons. In this treatment raw silk percentage was increased to   around 1 %. (Table-3)


Figure 2 EFFECT OF PAPAIN REAGENT RANGING FROM 0.01-0.05 % CONCENTRATION AT 16 HOURS SOAKING DURATION






Table – 4
Treating of Multi×Bi (Nistari×NB4D2) Cocoons with Papain reagent   in different concentration and duration
	Treatment
	Reagent
	Concentration
	Soaking duration
	Soft Cocoon
	Raw Silk Percentage
	Remarks

	T1 
	Papain 
	0.01 %
	24 Hours
	10 - 12 %
	2 - 5 %
	Cocoons are 
not cooked
properly 

	T2
	Papain 
	0.02 %
	24 Hours
	12 - 15 %
	5 - 10 %
	

	T3
	Papain 
	0.03 %
	24 Hours
	15 - 18 %
	5 - 10 %
	

	T4
	Papain 
	0.04 %
	24 Hours
	18 - 20 %
	5 - 10 %
	

	T5
	Papain 
	0.05 %
	24 Hours
	20 - 22 %
	5 - 10 %
	




If Multi×Bi (Nistari×NB4D2) Cocoons were treated with papain reagents at a concentration ranging from 0.01% to 0.05% for a duration of 24 hours, percentage of softening was increased to 10-22%. Simultaneously raw silk percentage was increased to 5-10%. Filament was started to come out from the cocoon but breaking percentage was more at that treatment (Table-4).  It was happened due to lack of water penetration inside the cocoon (Cocoons were not cooked properly) in enzyme treated technique and it results in jumping of cocoons during reeling which ultimately increases number of breaks.






Figure 3 EFFECT OF PAPAIN REAGENT RANGING FROM 0.01-0.05 % CONCENTRATION AT 24 HOURS SOAKING DURATION






Table – 5
Treating of Multi×Bi (Nistari×NB4D2) Cocoons with Papain reagent   in different concentration and duration
	Treatment
	Reagent
	Concentration
	Soaking duration
	Soft Cocoon
	Raw Silk Percentage
	Remarks

	T1 
	Papain 
	0.01 %
	36 Hours
	22-25%
	5-8 %
	Cocons are 
Over 
cooked

	T2
	Papain 
	0.02 %
	36 Hours
	25-35%
	8-10 %
	

	T3
	Papain 
	0.03 %
	36 Hours
	35-40 %
	10-12 %
	

	T4
	Papain 
	0.04 %
	36 Hours
	40-50 %
	12-14 %
	

	T5
	Papain 
	0.05 %
	36 Hours
	50-60 %
	14-16 %
	





If duration of soaking time was increased to 36 hours at same range of concentration of Papain (0.01%-0.05%), percentage of softening was   increased to   22-60% but it started to emit bad smell. In this treatment raw silk percentage was increased to around 5-16% (Table-5). Cocoons seemed to be overcooked at that treatment.


Figure 4 EFFECT OF PAPAIN REAGENT RANGING FROM 0.01-0.05 % CONCENTRATION AT 36 HOURS SOAKING DURATION




Table – 6
Treating of Multi×Bi (Nistari×NB4D2)   Cocoons with Papain reagent   in different concentration and duration

	Treatment
	Reagent
	Concentration
	Soaking duration
	Soft Cocoon
	Raw Silk Percentage
	Remarks

	T1 
	Papain 
	0.01 %
	48 Hours
	60-65%
	0 %
	Cocons are 
Dissolved

	T2
	Papain 
	0.02 %
	48 Hours
	60-65%
	0 %
	

	T3
	Papain 
	0.03 %
	48 Hours
	60-65%
	0 %
	

	T4
	Papain 
	0.04 %
	48 Hours
	60-65%
	0 %
	

	T5
	Papain 
	0.05 %
	48 Hours
	60-65%
	0 %
	




If Multi×Bi (Nistari×NB4D2) Cocoons were treated with papain reagents at a concentration ranging from 0.01% to 0.05% for a duration of 48 hours, percentage of softening was drastically increased to 60-65%. But both sericin and fibroin were dissolved at that treatment.  Raw silk percentage was decreased to 0%. (Table-6).  





Figure 5 EFFECT OF PAPAIN REAGENT RANGING FROM 0.01-0.05 % CONCENTRATION AT 48 HOURS SOAKING DURATION





Table – 7
Treating of Multi×Bi (Nistari×NB4D2) Cocoons with Papain reagent   in different concentration and duration

	Treatment
	Reagent
	Concentration
	Soaking duration
	Soft Cocoon
	Raw Silk Percentage
	Remarks

	T1 
	Papain 
	0.06 %
	10 Hours
	0 %
	0 %
	Cocoons are 
not 
Cooked properly

	T2
	Papain 
	0.07 %
	10 Hours
	0 %
	0 %
	

	T3
	Papain 
	0.08 %
	10 Hours
	0 %
	0 %
	

	T4
	Papain 
	0.09 %
	10 Hours
	0.5-1 %
	0%
	

	T5
	Papain 
	0.10 %
	10 Hours
	0.5-1 %
	0%
	




If Multi×Bi (Nistari×NB4D2) Cocoons were treated with papain reagents at a concentration ranging from 0.06% to 0.10% for duration of 10 hours did not results into
enough softening of sericin. In this treatment percentage of soft cocoon was 0.5-1% but raw silk percentage was 0% (Table-7).

Figure 6 EFFECT OF PAPAIN REAGENT RANGING FROM 0.06-0.10 % CONCENTRATION AT 10 HOURS SOAKING DURATION






Table – 8
Treating of Multi×Bi (Nistari×NB4D2) Cocoons with Papain reagent   in different concentration and duration
	Treatment
	Reagent
	Concentration
	Soaking duration
	Soft Cocoon
	Raw Silk Percentage
	Remarks

	T1 
	Papain 
	0.06 %
	12 Hours
	         5
	0.5 %
	Cocons are 
not 
Cooked properly

	T2
	Papain 
	0.07 %
	12 Hours
	5
	0.5 %
	

	T3
	Papain 
	0.08 %
	12 Hours
	5
	0.5 %
	

	T4
	Papain 
	0.09 %
	12 Hours
	5 - 10 %
	0.5 %
	

	T5
	Papain 
	0.10 %
	12 Hours
	5 - 10 %
	0.5 %
	



If duration of soaking time was increased to 12 hours at same range of concentration of Papain (0.06%-0.10%), percentage of softening was slightly increased to 5-10% but it was still not enough to ensure proper reeling of Cocoons. In this treatment raw silk percentage was 0.5% (Table-8).




Figure 7 EFFECT OF PAPAIN REAGENT RANGING FROM 0.06-0.10 % CONCENTRATION AT 12 HOURS SOAKING DURATION





Table – 9
Treating of Multi×Bi (Nistari×NB4D2) Cocoons with Papain reagent   in different concentration and duration

	Treatment
	Reagent
	Concentration
	Soaking duration
	Soft Cocoon
	Raw Silk Percentage
	Remarks

	T1 
	Papain 
	0.06 %
	24 Hours
	60-70%
	10-15 %
	Silk 
Filament is coming 
out but breaking No
 is more

	T2
	Papain 
	0.07 %
	24 Hours
	60-70%
	15-20 %
	

	T3
	Papain 
	0.08 %
	24 Hours
	60-70%
	25-30 %
	

	T4
	Papain 
	0.09 %
	24 Hours
	60-70%
	25-30 %
	

	T5
	Papain 
	0.10 %
	24 Hours
	60-70%
	25-30 %
	




If Multi×Bi (Nistari×NB4D2) Cocoons were treated with papain reagents at a concentration ranging from 0.06% to 0.10% for a duration of 24 hours, percentage of softening was increased to 60-70%. Simultaneously raw silk percentage was increased to 10-30%. Filament was started to come out from the cocoon but breaking percentage was more at that treatment (Table-9).  It was happened due to lack of water penetration inside the cocoon (Cocoons were not cooked properly) in enzyme treated technique and it results in jumping of cocoons during reeling which ultimately increases number of breaks.
 
Figure 8 EFFECT OF PAPAIN REAGENT RANGING FROM 0.01-0.05 % CONCENTRATION AT 36 HOURS SOAKING DURATION




Table – 10
Treating of Multi×Bi (Nistari×NB4D2) Cocoons with Papain reagent   in different concentration and duration

	Treatment
	Reagent
	Concentration
	Soaking duration
	Soft Cocoon
	Raw Silk Percentage
	Remarks

	T1 
	Papain 
	0.10 %
	10 Hours
	0%
	0%
	Cocoons 
are not 
cooked properly

	T2
	Papain 
	0.20 %
	10 Hours
	0%
	0%
	

	T3
	Papain 
	0.30 %
	10 Hours
	0%
	0%
	

	T4
	Papain 
	0.40 %
	10 Hours
	0%
	0%
	

	T5
	Papain 
	0.50 %
	10 Hours
	0%
	0%
	


If Multi×Bi (Nistari×NB4D2) Cocoons were treated with papain reagents at a concentration ranging from 0.10% to 0.50% for duration of 10 hours did not bring enough softening of sericin. In this treatment percentage of soft cocoon was 0% and simultaneously raw silk percentage was also 0% (Table-10).










Table – 11
Treating of Multi×Bi (Nistari×NB4D2)   Cocoons with Papain reagent   in different concentration and duration
	Treatment
	Reagent
	Concentration
	Soaking Time
	Soft Cocoon
	Raw Silk Percentage
	Remarks

	T1 
	Papain 
	0.10 %
	12 Hours
	5-10%
	0.5 - 1%
	Cocoons 
are not 
Reelable

	T2
	Papain 
	0.20 %
	12 Hours
	5-10%
	0.5 - 1%
	

	T3
	Papain 
	0.30 %
	12 Hours
	5-10%
	0.5 - 1%
	

	T4
	Papain 
	0.40 %
	12 Hours
	5-10%
	0.5 - 1%
	

	T5
	Papain 
	0.50 %
	12 Hours
	5-10%
	0.5 - 1%
	



If duration of soaking time was increased to 12 hours at same range of concentration of Papain (0.10%-0.50%), percentage of softening was increased to 10% but it was still not enough to ensure proper reeling of Cocoons. In this treatment raw silk percentage was around 0.5%-1%. (Table-11). Cocoons are not reelable in that treatment.


Figure 9 EFFECT OF PAPAIN REAGENT RANGING FROM 0.1-0.5 % CONCENTRATION AT 12 HOURS SOAKING DURATION







Table – 12
Treating of Multi×Bi (Nistari×NB4D2)   Cocoons with Papain reagent   in different concentration and duration
	Treatment
	Reagent
	Concentration
	Soaking Time
	Soft Cocoon
	Raw Silk Percentage
	Remarks

	T1 
	Papain 
	0.10 %
	24 Hours
	65-75%
	20-25%
	Cocoons 
are not 
Reelable

	T2
	Papain 
	0.20 %
	24 Hours
	65-75%
	20-25%
	

	T3
	Papain 
	0.30 %
	24 Hours
	65-75%
	20-25%
	

	T4
	Papain 
	0.40 %
	24 Hours
	65-75%
	20-25%
	

	T5
	Papain 
	0.50 %
	24 Hours
	65-75%
	20-25%
	




If Multi×Bi (Nistari×NB4D2) Cocoons were treated with papain reagents at a concentration ranging from 0.10% to 0.50% for a duration of 24 hours, percentage of softening was increased to 65-75%. Simultaneously raw silk percentage was increased to 20-25%. Filament was started to come out from the cocoon but breaking percentage was more at that treatment (Table-12).  



Figure 10 EFFECT OF PAPAIN REAGENT RANGING FROM 0.1-0.5 % CONCENTRATION AT 24 HOURS SOAKING DURATION









Table – 13
Treating of Multi×Bi (Nistari×NB4D2)   Cocoons with Papain reagent   in different concentration and duration
	Treatment
	Reagent
	Concentration
	Soaking Time
	Soft Cocoon
	Raw Silk Percentage
	Remarks

	T1 
	Papain 
	0.60 %
	10 Hours
	5-10%
	0%
	Cocoons 
are not 
Reelable

	T2
	Papain 
	0.70 %
	10 Hours
	5-10%
	0%
	

	T3
	Papain 
	0.80 %
	10 Hours
	5-10%
	0%
	

	T4
	Papain 
	0.90 %
	10 Hours
	5-10%
	0%
	

	T5
	Papain 
	1.00 %
	10 Hours
	5-10%
	0%
	




If  Multi×Bi Cocoons were treated with papain reagents at a concentration ranging from 0.60% to 1% for duration of 10 hours did not bring enough softening of sericin. In this treatment percentage of soft cocoon was 5-10% and simultaneously raw silk percentage was 0% (Table-13).




Figure 11 EFFECT OF PAPAIN REAGENT RANGING FROM 0.6-1.0 % CONCENTRATION AT 10 HOURS SOAKING DURATION










Table – 14
Treating of Multi×Bi (Nistari×NB4D2)   Cocoons with Papain reagent   in different concentration and duration
	Treatment
	Reagent
	Concentration
	Soaking Time
	Soft Cocoon
	Raw Silk Percentage
	Remarks

	T1 
	Papain 
	0.60 %
	12 Hours
	10-20%
	2-5%
	The sericin 
are not soft

	T2
	Papain 
	0.70 %
	12 Hours
	10-20%
	2-5%
	

	T3
	Papain 
	0.80 %
	12 Hours
	10-20%
	2-5%
	

	T4
	Papain 
	0.90 %
	12 Hours
	10-20%
	2-5%
	

	T5
	Papain 
	1.00 %
	12 Hours
	10-20%
	2-5%
	



If duration of soaking time was increased to 12 hours at same range of concentration of Papain (0.60%-1%), percentage of softening was increased to 10%-20% but it was still not enough to ensure proper reeling of Cocoons. In this treatment raw silk percentage was 2-5%. (Table-14)






Figure 12 EFFECT OF PAPAIN REAGENT RANGING FROM 0.6-1.0 % CONCENTRATION AT 12 HOURS SOAKING DURATION









Table – 15
Treating of Multi×Bi (Nistari×NB4D2)   Cocoons with Papain reagent   in different concentration and duration

	Treatment
	Reagent
	Concentration
	Soaking Time
	Soft Cocoon
	Raw Silk Percentage
	Remarks

	T1 
	Papain 
	0.60 %
	24 Hours
	60 – 70 %
	25-30%
	Breaking of filament is
more

	T2
	Papain 
	0.70 %
	24 Hours
	60 – 70 %
	28-35%
	

	T3
	Papain 
	0.80 %
	24 Hours
	70 – 75 %
	35-40%
	

	T4
	Papain 
	0.90 %
	24 Hours
	70 – 75 %
	35-40%
	

	T5
	Papain 
	1.00 %
	24 Hours
	70 – 75 %
	40-45%
	




If Multi×Bi (Nistari×NB4D2) Cocoons were treated with papain reagents at a concentration ranging from 0.60% to 1% for a duration of 24 hours, percentage of softening was increased to 60-75%. Simultaneously raw silk percentage was increased to 25-45%. Filament was started to come out from the cocoon but breaking percentage was more at that treatment (Table-15).  


Figure 13 EFFECT OF PAPAIN REAGENT RANGING FROM 0.6-1.0 % CONCENTRATION AT 24 HOURS SOAKING DURATION











Table – 16

Treating of Multi×Bi (Nistari×NB4D2)   Cocoons with Papaya latex reagent   in different concentration and duration

	Treatment
	Reagent
	Concentration
	Soaking duration T
	Soft Cocoon
	Raw Silk Percentage
	Remarks

	T1 
	Papaya latex 
	0.5 %
	8 Hours
	5%
	0 %
	Number of 
Breaks are 
more

	T2
	Papaya latex 
	0.5 %
	12 Hours
	10%
	0 %
	

	T3
	Papaya latex 
	0.5 %
	16 Hours
	15%
	5 %
	

	T4
	Papaya latex 
	0.5 %
	24 Hours
	30%
	10 %
	

	T5
	Papaya latex 
	0.5 %
	48 Hours
	40%
	20 %
	




 When Multi×Bi (Nistari×NB4D2) Cocoons were treated with reagent Papaya latex at a concentration of 0.5% for a duration ranging from 8 hours to 48 hours, it was observed that softening percentage of cocoon and raw silk percentage of cocoons were increased with the increasing of soaking time. When the soaking time was increased to 48 hours, percentage of softening became 40% and raw silk percentage came around 20%. But number of breaks were more at that concentration. (Table-16).

	
Figure 14 EFFECT OF PAPAYA LATEX REAGENT RANGING FROM 0.5 % CONCENTRATION AT DIFFERENT SOAKING DURATION







Table – 17
Treating of Multi×Bi (Nistari×NB4D2) Cocoons with Papaya latex reagent   in different concentration and duration

	Treatment
	Reagent
	Concentration
	Soaking T duration
	Soft Cocoon
	Raw Silk Percentage
	Remarks

	T1 
	Papaya 
latex 
	1 %
	8 Hours
	5%
	0 %
	Number of 
Breaks are 
more

	T2
	Papaya latex 
	1 %
	12 Hours
	10%
	0 %
	

	T3
	Papaya latex 
	1 %
	16 Hours
	40%
	10 %
	

	T4
	Papaya latex 
	1 %
	24 Hours
	50%
	25 %
	

	T5
	Papaya latex 
	1 %
	48 Hours
	75%
	45 %
	




Similar observation was found when Multi×Bi (Nistari×NB4D2) Cocoons were treated with reagent Papaya latex at a concentration of 1% for a duration ranging from 8 hours to 48 hours, it was observed that softening percentage of cocoon and raw silk percentage of cocoons were increased with the increasing of soaking time. When the soaking time was increased to 48 hours, percentage of softening became 75% and raw silk percentage came around 45%.But number of breaks were more at that concentration. (Table-17).
s
Figure 15 EFFECT OF PAPAYA LATEX REAGENT RANGING FROM 1 % CONCENTRATION AT DIFFERENT SOAKING DURATION
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DISCUSSION


The present study was undertaken to know the Effect of Papain and Papaya Latex reagents on the Commercial Characteristics of Multi×Bi (Nistari×NB4D2) Cocoons. The major outcomes of the study are discussed below.

Present study indicated that when Multi×Bi (Nistari×NB4D2) Cocoons were treated with papain reagents at a concentration ranging from 0.01% to 0.05% and soaking duration ranging from 8 hours to 48 hours, it was observed that softening percentage of cocoon and raw silk percentage of cocoons were increased with the increasing of concentration and soaking time. When the soaking time was increased to 36 hours and concentration 0.05%, percentage of softening became 60% and raw silk percentage came around 16%. But number of breaks was more at that concentration and bad smell also came from the soft cocoons. Cocoons seemed to be overcooked at that treatment (Table-5). But most interesting result was observed at a concentration of 0.5% and duration of 48 hours when softening percentage was increased to 65% but raw silk percentage reduced to 0%. It was happened due to dissolving of both fibroin and sericin (Table-6). 

Almost similar observation was found when Multi×Bi (Nistari×NB4D2)   Cocoons were treated with papain reagents at a concentration ranging from 0.06% to 0.10% and soaking duration ranging from 8 hours to 24 hours. When the soaking time was increased to 24 hours and concentration 0.10%, percentage of softening became 60- 70% and raw silk percentage came around 25- 30%.But number of breaks was more at that concentration (Table-9).From this treatment onwards soaking duration was restricted to 24 hours because in 36 hours soaking duration bad smell came from the cocoons and in 48 hours duration raw silk percentage reduced to 0% due to dissolving of both fibroin and sericin.

If Multi×Bi (Nistari×NB4D2) Cocoons were treated with papain reagents at a concentration ranging from 0.10% to 0.50% for a duration of 24 hours, percentage of softening was increased to 65%-75% and simultaneously raw silk percentage was increased to 20-25%. Filament was started to come out from the cocoon but breaking percentage was more at that treatment (Table-12). Peak result was observed at a concentration of 0.5% in 24 hours soaking time when percentage of softening was increased to 65- 75% and simultaneously raw silk percentage was increased to 20- 25% (Table-12).

If Multi×Bi (Nistari×NB4D2) Cocoons were treated with papain reagents at a concentration ranging from 0.60% to 1% for a duration of 24 hours, percentage of softening was increased to 60-85%. Simultaneously raw silk percentage was increased to 25-45%. Filament was started to come out from the cocoon but breaking percentage was more at that treatment (Table-15). Peak result was observed at a concentration of 1% in 24 hours soaking time when percentage of softening was increased to 70%-75% and simultaneously raw silk percentage was increased to 40%-45% (Table-15).

When Multi×Bi (Nistari×NB4D2) Cocoons were treated with reagent Papaya latex at a concentration of 0.5% for a duration ranging from 8 hours to 48 hours, it was observed that softening percentage of cocoon and raw silk percentage of cocoons were increased with the increasing of soaking time. When the soaking time was increased to 48 hours, percentage of softening became 40% and raw silk percentage came around 20%. But number of breaks were more at that concentration. (Table-16).

Similar observation was found when Multi×Bi (Nistari×NB4D2) Cocoons were treated with reagent Papaya latex at a concentration of 1% for a duration ranging from 8 hours to 48 hours; it was observed that softening percentage of cocoon and raw silk percentage of cocoons were increased with the increasing of soaking time. When the soaking time was increased to 48 hours, percentage of softening became 75% and raw silk percentage came around 45%. But number of breaks were more at that concentration. (Table-17).Present study indicates that both in case of papain and Papaya latex reagents 1% concentration was best for softening of sericin and unwinding of filament from the cocoons. But ideal soaking duration in case of   papain reagent and Papaya latex were 24 hours and 48 hours respectively. But in both the occasions raw silk percentage was far below than normal hot water reeling technique where raw silk percentage was around 70%-80%. Besides that, numbers of breaks were also more in enzyme treated technique. It was happened due to lack of water penetration inside the cocoon in enzyme treated technique and it results in jumping of cocoons during reeling which ultimately increases number of breaks. But it is still hope that ecofriendly cold reeling technique may become an alternate from of crude hot water reeling technique.  Because hot water dependent cooking also creates health hazards problem. It is similar to observation laid by Chattopadhyay et al, 200813 and Majumdar et al, 201714, according to them as worker works in front of fire & hot water, they are frequently attacked by bronchitis & other health problem like skin affected by fungi due to constant expose of skin with hot water. Smoke emitted during hot water cooking   also creates breathing problem. So present investigation invites an ample scope of research in this direction.
Performances of papain reagents and Papaya latex were almost same in terms of softening of cocoon and unwinding of filament from the cocoons. So more research work may be conducted in future at this direction because papaya latex is easily available at farmers level and can be used as an alternate source of raw material for the softening of sericin of cocoon. Present study also indicated that softening percentage of cocoons might be comparatively less at each dipping duration and concentration for both the reagents in case of Multi×Bi (Nistari×NB4D2) batch as compared to multivoltine cocoons. The main reason behind that is Multi×Bi cocoons are having comparatively hard shell than multivoltine cocoons. This observation is similar to observation laid by Sarkar and Chatterjee, 202612 who stated that Multi×Bi cocoons are having comparatively hard shell than multivoltine cocoons so longer duration cooking of different temperature requires for better penetration of water inside the cocoon during cooking particularly for Multi×Bi or productive bivoltine cocoons.  Even the pattern of sericin is also differed in both types of cocoons. According to solubility percentage sericin can be divided in to three types’ i.e sericin-ά, sericin-β and sericin-γ. Among them it is very difficult to soft sericin ά and it is very easier to soft sericin γ.  In case of multivoltine cocoons sericin-ά is present in outer layer and can be easily soften because the outer layer easily comes into contact with enzyme. So softening of multivoltine cocoons are comparatively easier but in case of bivoltine cocoons sericin-ά is present into inner layer and cannot be easily soften because the inner layer does not come easily into contact with enzyme. So softening of bivoltine cocoons are comparatively difficult. In case of Multi×Bi (Nistari×NB4D2) batch, due to presence of bivoltine component it may also difficult to soft sericin layer and it ultimately reflects the result. 
 CONCLUSION

Though present study reveals that raw silk percentage was far below than normal hot water reeling technique. Enzyme treated technique cannot fulfil sufficient water penetration inside the cocoon and it results in jumping of cocoons during reeling which ultimately increases number of breaks. But present study brings hope that ecofriendly cold reeling technique may become an alternate from of crude hot water reeling technique.  Present investigation invites an ample scope of research in this direction. Present study promises of more research work in future at this direction because papaya latex is easily available at farmers level and can be used as an alternate source of raw material for the softening of sericin of cocoon.
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soft cocoon%	t1	t2	t3	t4	t5	11	13.5	16.5	19	21	raw silk%	t1	t2	t3	t4	t5	3.5	7.5	7.5	7.5	7.5	



soft cocoon%	t1	t2	t3	t4	t5	23.5	30	37.5	45	55	raw silk%	t1	t2	t3	t4	t5	6.5	9	11	13	15	



soft cocoon%	t1	t2	t3	t4	t5	62.5	62.5	62.5	62.5	62.5	raw silk%	t1	t2	t3	t4	t5	0	0	0	0	0	



soft cocoon%	t1	t2	t3	t4	t5	0	0	0	1	1	raw silk%	t1	t2	t3	t4	t5	0	0	0	0	0	



soft cocoon%	t1	t2	t3	t4	t5	5	5	5	7.5	7.5	raw silk%	t1	t2	t3	t4	t5	0.5	0.5	0.5	0.5	0.5	



soft cocoon%	t1	t2	t3	t4	t5	23.5	30	37.5	45	55	raw silk%	t1	t2	t3	t4	t5	6.5	9	11	13	15	



soft cocoon%	t1	t2	t3	t4	t5	7.5	7.5	7.5	7.5	7.5	raw silk%	t1	t2	t3	t4	t5	1	1	1	1	1	



soft cocoon%	t1	t2	t3	t4	t5	70	70	70	70	70	raw silk%	t1	t2	t3	t4	t5	22.5	22.5	22.5	22.5	22.5	



soft cocoon%	t1	t2	t3	t4	t5	7.5	7.5	7.5	7.5	7.5	raw silk%	t1	t2	t3	t4	t5	0	0	0	0	0	



soft cocoon%	t1	t2	t3	t4	t5	15	15	15	15	15	raw silk%	t1	t2	t3	t4	t5	3.5	3.5	3.5	3.5	3.5	



soft cocoon%	t1	t2	t3	t4	t5	65	65	72.5	72.5	72.5	raw silk%	t1	t2	t3	t4	t5	27.5	30	37.5	37.5	42.5	



soft cocoon%	t1	t2	t3	t4	t5	5	10	15	30	40	raw silk%	t1	t2	t3	t4	t5	0	0	5	10	20	



soft cocoon%	t1	t2	t3	t4	t5	5	10	40	50	75	raw silk%	t1	t2	t3	t4	t5	0	0	10	25	45	



soft cocoon%	t1	t2	t3	t4	t5	5	5	5	7.5	7.5	raw silk%	t1	t2	t3	t4	t5	0.5	0.5	0.5	0.5	0.5	



soft cocoon%	t1	t2	t3	t4	t5	8	8	8	8	8	raw silk%	t1	t2	t3	t4	t5	1	1	1	1	1	






