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Abstract: The cold storage duration and pre refrigeration period of cocoon, both caused notable impact on the
emergence of moth and fecundity. The emergence percent of moth and fecundity decreased with increasing
duration of refrigeration at all the pre refrigeration periods. The emergence percent of moth (95.55 ± 1.11%) and
hatchability (98.03±0.322 %) was maximum in case of 8 day prerefrigerated-0day refrigerated cocoons and
maximum no of egg layings i.e. fecundity (380±3.60) was observed in case of 6 day pre refrigerated-0 day
refrigerated cocoons. While, the emergence percent of moth (57.77±1.113%), fecundity (120±2.51) and
hatchability (64±0.424%) were minimum in 2 days pre refrigerated cocoon, refrigerated for 30 days. The cocoon
of Bombyx mori may safely be refrigerated for 10 days without causing any notable decline in the emergence
percent of moth and fecundity of eggs. Thus it may solve the problem of sericulture industry regarding the safe
postponement of moth emergence with good status of reproductive ability of B. mori moths.
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INTRODUCTION [10-12]. The growth of silkworm and their host plants are

The silkworm B. mori is a poikilothermic insect and it rearing conditions, environment and nutrition during
is the main source of production of the silk thread in the larval period may leads to higher fecundity by silkworm
form of cocoon. Temperature and humidity are key moths [13, 14]. Fecundity and fertility are the two main
environmental factors that influence physiology of factors of seed cocoon production. The silkworm is
insects i.e. they play major role for the production of sensitive to environmental fluctuations and unable to
quality eggs. Quality silkworm seed refers to richness of survive naturally due to continuous domestication since
layings, egg viability, hatching uniformity and more the dawn of sericulture. The attempts have been made to
importantly good rearing performance of the progeny [1] understand the effect of temperature and humidity [15,16]
and it depends on management practices i.e., rearing on egg yield and egg fertility of silkworm B. mori L.
temperature,  humidity,  nutrition  and   genotype   of   the during cocoon preservation [17], mating [18,19]
breed. Fecundity and hatchability are the two main factors oviposition [20]. Superiority of silkworm breed is
for the seed cocoon production. In order to increase the determined by its ability to produce a good number of
production of silk various efforts have been made to eggs which show uniform hatchability [21] Genetic
study the effect of temperature [2, 3], relative humidity [4], diversity among silkworm breeds may cause low egg
photoperiod [5] the ecological factors [6,7] refrigeration of recovery under different environments [22]. The
cocoon [8,9]. The biotic and abiotic factors of the occurrence of unfertilized eggs was more common in
environment during different seasons greatly influence summer as compared to other seasons [23]. The present
the growth and development of muga silkworm in the form study was therefore conducted to find out the effect of
of cocoon weight, pupa weight, shell percentage, refrigeration of cocoon on the emergence of moth,
potential  fecundity,  reelability  and  denier  of  the  silk fecundity and the hatchability of mulberry silkworm.

largely controlled by the surrounding climate. The better
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MATERIALS AND METHODS the mountages were provided to the ripe worms for the

Seed Cocoon: The seed cocoon (pupa enclosed in silken was obtained which were used for further experiments to
case) of multivoltine mulberry silkworm B. mori nistari, a the refrigeration of cocoon.
native of west Bengal in India, was taken in the present
study. The seed cocoon (pupa enclosed in silken case), Refrigeration of Cocoon: The cocoons obtained from the
obtained from the silkworm grainage Behraich, Directorate laboratory were refrigerated for different duration at
of Sericulture Uttar Pradesh and were maintained in the varying conditions of pre-refrigerated periods of cocoons.
plywood trays (23×20×5 cm) under the ideal rearing The zero day (0 day) refrigeration of cocoons refers to be
condition [24] in the silkworm laboratory, Deen Dayal the control (no refrigeration of cocoon). The ‘pre-
Upadhyaya Gorakhpur University, Gorakhpur. The refrigeration’ period refers to be the duration between the
temperature, relative humidity and photoperiod were completion of the cocoon formation and beginning time of
maintained at 26±1°C, 80±5% RH and 12±1hours light a the refrigeration of experimental cocoon. During the pre
day respectively till the emergence of moth from the seed refrigeration period the cocoons were kept in BOD
cocoon. The moths emerged generally in the morning at incubator maintained at optimum condition of
around 4 am. The trays, in which seed cocoon were kept, temperature, relative humidity and photoperiod at 26±1°
were suddenly illuminated by light in the morning at 4 C, 80±5% RH and 12 hours dim light a day, respectively.
O’clock on 9  and 10  day of spinning. For the refrigeration of cocoon 630 cocoons wereth th

The newly emerged moth, from seed cocoons, were consigned to low temperature at 5°C at ‘0 day’
quickly picked up and kept sex-wise in separate trays to prerefrigeration period (one of the prerefrigeration
avoid copulation. The male moths were smaller and more conditions i.e. control). The cocoons were refrigerated for
active than the female moths. The whole grainage 0,5,10,15,20,25 and 30 days. For this purpose a group of 90
operation  was  performed  as  per  description   given cocoons (30 cocoons in each of the three batches.) were
[24,25]. released at once without any refrigeration (0 day pre

Rearing of larvae: After two consecutive days of refrigeration and 0 day of refrigeration) of cocoon which
hatching, the silkworm larvae were collected with the help was taken as control. Further the rest of 540 cocoons were
of bird’s feather and reared to maintain a stock culture in consigned at 5°C inside the refrigerator. After this a
the silkworm laboratory at 26±1°C, 80±5% RH and 12± second group of 90 cocoons (three batches of 30 cocoons
hour light a day. Four feeding of the small pieces of fresh in each batch) were cold treated for 5 day refrigeration and
and clean leaves of Morus alba were given to the larvae were released from refrigeration accordingly in the groups
and care was taken that food always remained in excess in of cocoons as in previous cases after 10,15,20,25 and 30
the rearing trays. After completion of fifth instar, the ripe days of transferred chronically to BOD incubator
worms ceased feeding and ready for spinning. Now small maintained at optimum conditions of rearing. Three
mountages were provided to the ripe worm. The ripe replicates of each experiment were made.
worms soon begin the mounting which was completed Like the above experimental designing at 0 day of pre
within  three days. Thus sufficient number of cocoons refrigeration period, the similar series experiments were
was obtained from the silkworm larvae reared in the performed for the refrigeration of eggs at 2,4,6 and 8 day
laboratory. These cocoons were taken for the purpose of of pre refrigeration periods of the cocoon. The moth
experiments. emerged commonly in the morning at around 4:00 AM.

Experimental Design: The seed cocoon was obtained trays to avoid copulation within the same group. Further,
from the silkworm grainage and was maintained in the three batches each containing 5 good males and 5 good
laboratory. The moths emerged were allowed to mate. females were taken and they were allowed to mate. After
After mating the female moths were allowed for egg 4 hours of mating, the paired moths were decoupled
laying. The eggs laid were transferred to the BOD manually. Further the gravid females were allowed to lay
incubator for hatching. The whole grainage operation was eggs on the sheet of paper. The egg laying moths were
performed as per description given [24,25]. After hatching covered by open plastic cellules to prevent the intermixing
the larvae were collected and reared to maintain a stock of egg masses deposited by different female moths. After
culture in the laboratory. After completion of fifth instars, 24 hours of egg laying, the female moths were individually

formation of cocoon. Thus sufficient number of cocoons

The newly emerged moths were kept sex wise in separate
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examined for their disease freeness. The disease free refrigerated cocoon while the minimum of 57.77±1.113%
laying (DFLs) thus prepared, were washed with 2 % emergence was noticed in case of 2 day pre refrigerated-30
formalin for 15 minute. To increase the adhesiveness of day refrigerated cocoons. With the increasing
eggs on cards and surface disinfections. Thereafter the prerefrigeration period from 2 to 8 days, the percent
egg sheets, with eggs laid on were thoroughly washed emergence of moth declined sharply with the increase in
with running water to remove formalin the eggs were dried refrigeration period. When 0, 2, 4, 6 and 8 days
in BOD incubators maintained in the laboratory. After two prerefrigerated cocoons were respectively refrigerated for
consecutive days of hatching, the silkworm larvae were 30,30,25,20 and 10 days, the moth emergence was
collected with the help of brush and reared to maintain a 61.11±1.11, 57.77±1.113, 65.55±2.223, 64.44±1.11and
stock culture in the silkworm laboratory at 26±1°C, 80±5% 71.11±1.112 per cent respectively. When 4, 6 and 8 days
RH and 12±1 hours light a day. prerefrigerated  cocoons  were  refrigerated  after 25, 20

Emergence of Moth: For determining the effect of Two way ANOVA indicates that both, the prerefrigeration
refrigeration of cocoon on the emergence percentage of period and duration of refrigeration have significant
silkworm moth, various sets of prerefrigerated (0,2,4,6 and (P<0.01)   influence    on    the   emergence    of   moth  of
8 days) cocoons, refrigerated for different durations B. mori.
i.e.,0,5,10,15,20,25 and 30 days were considered in each
case.. The emergence percentage of moths was calculated Fecundity: The data presented in table 2 clearly indicates
by taking the mean value of the data obtained. that the duration of refrigeration period and

egg laying ability of silk moth. With the increasing

Fecundity: For determining the fecundity, 15 laying (three the fecundity of B. mori decreased. With the increasing of
batches of 5 layings in each batch) were taken. Thus, the refrigeration of cocoon from 0 to 30 days, the
average of five laying were taken as representative fecundity level decreased from 315±2.88 to 170±3.46 in 0
number of eggs per laying, laid by female moth in case of day prerefrigerated cocoon, 340±0.09 to 120±2.51 in 2 days
each experiment. prerefrigerated cocoon, 350±5.77 to 140±0.57 in 4 days

Hatchability: For determining the effect of refrigeration of prerefrigerated cocoon and 320±4.04 to 192±1.15 in 8 days
cocoons on the hatching percent of eggs, obtained from prerefrigerated cocoon. The maximum egg laying ability
the moths of treated cocoons were considered by the (380±3.60) was noticed in the moths of untreated cocoons
average hatching of good 15 layings (three batches of 5 while minimum egg laying ability (120±2.51) was noticed
layings in each batch) were counted. Three replicates of from the moths obtained from 2 day prerefrigerated and 30
each experiment were made. The data obtained were day refrigerated cocoons. In 4, 6 and 8 days
analysed statistically by two way ANOVA. The prerefrigerated cocoons; the pupae did not survive after
hatchability was calculated as follows- 25, 20 and10 days of refrigeration respectively. Two way

and prerefrigeration period have no significant influence

RESULTS AND DISCUSSION Hatchability of Eggs: The data presented in table 3 clearly

Emergence of Moth: The data given in Table 1 clearly prerefrigeration period of cocoon notably influenced the
indicates that the duration of refrigeration period and percent hatchability of B. mori eggs. At all the
prerefrigeration of cocoon considerably influenced the prerefrigeration period (0, 2, 4, 6 and 8 days), the percent
percent emergence of moth, obtained from the refrigerated hatching of eggs decreased with increasing duration of
cocoon. The maximum emergence percent of moth was refrigeration from 5 to 30 days. Maximum hatchability was
noticed to be 95.55±1.11%, obtained from the non- recorded to  be  98.03±0.32%  in  the  eggs  obtained  from

and  10  days  respectively,  the  moths did not emerge.

prerefrigeration of cocoon considerably influenced the

duration of the refrigeration of cocoon, at all the
conditions of prerefrigeration period (0, 2, 4, 6 and 8 days),

prerefrigerated cocoon, 380±3.60 to 140±4.16 in 6 days

ANOVA indicates that both, the duration of refrigeration

on the egg laying ability of B. mori.

indicates that both, the duration of refrigeration and
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Table 1: Effect of the refrigeration of cocoon on the emergence (%) of Bombyx mori moth

Refrigeration Period (days)

Prerefrigeration ------------------------------------------------------------------------------------------------------------------------------------------------------------ F -ratio1

Period(days) 0 (Control) 5 10 15 20 25 30 n =61

0 91.10±2.93 89.99±1.925 85.55±2.939 79.99±3.848 77.77±1.113 68.88±2.223 61.11±1.11 7.9453*

2 92.22±1.11 87.77±1.114 82.22±1.11 77.77±1.119 72.22±1.110 67.77±1.113 57.77±1.113

4 93.33±1.92 84.44±4.007 79.90±1.925 74.44±1.11 69.99±1.925 65.55±2.223 N.Sd

6 94.44±1.110 78.88±2.223 73.33±3.851 67.77±1.114 64.44±1.110 N.Sd N.Sd

8 95.55±1.116 72.22±1.17 71.11±1.112 N.Sd N.Sd N.Sd N.Sd

F -ratio= 6.3243* n =42 2

*P < 0.01 N.Sd=Not survived

Each value represents mean ± S.E. of three replicates.

Table 2: Effect of the refrigeration of cocoon on the fecundity of Bombyx mori moth

Refrigeration Period (days)

Prerefrigeration ------------------------------------------------------------------------------------------------------------------------------------------------------------ F -ratio1

Period(days)  0 (Control) 5 10 15 20 25 30 n =61

0 315±2.88 333±1.52 284±3.46 270±3.05 220±3.09 185±3.05 170±3.46 1.7858*

2 340±3.46 310±4.72 256±3.21 250±2.08 190±5.29 160±2.64 120±2.51

4 350±5.77 290±4.58 240±1.52 230±1.54 175±1.73 140±0.57 N.Sd

6 380±3.60 273±2.88 231±2.08 190±2.88 140±4.16 N.Sd N.Sd

8 320±4.04 240±1.73 192±1.15 N.Sd N.Sd N.Sd N.Sd

F -ratio= 0.4392* n =42 2

*Non significant 

N.Sd=Not Survived

Each value represents mean± S.E of three replicates.

Table 3: Effect of the refrigeration of cocoon on the hatchability (%) of B. mori eggs

Refrigeration Period (days)

Prerefrigeration ----------------------------------------------------------------------------------------------------------------------------------------------------------- F -ratio1

Period (days)  0(control)  5  10  15  20  25  30 n =61

0 95.60±0.77 94.62±0.49 93.40±0.68 91.60±0.32 90.32±0.81 88±0.85 82.90±0.59 5.0471*

2 96.68±0.38 93.52±0.80 91.00±0.73 90.91±0.08 87.90±0.52 83±0.67 64±0.42

4 97.11±0.21 92.40±0.32 89.90±0.82 89.75±0.57 84.89±0.97 72±1.13 N.Sd

6 97.83±0.49 91.60±0.42 89.20±0.35 82.40±0.25 80±0.45 N.Sd N.Sd

8 98.03±0.32 89.40±0.63 85.86±0.50 N.Sd N.Sd N.Sd N.Sd

F -ratio= 4.9643* n =42 2

* P<0.01 N.Sd = Not survived

Each value represents mean ± S.E. of three replicates.

untreated cocoon while minimum hatchability 64±0.42% DISCUSSION
was found in the eggs obtained from the moths of 2 days
prerefrigerated and 30 days refrigerated cocoons. The The refrigeration of 9,10 and 11 days old pupae of
eggs obtained from0,2,4,6 and 8 days prerefrigerated Samia cynthia ricini for 2,4 or 6 days did not show
cocoons, moth were hatched to the minimum level of significant difference in the emergence of moth between
82.90±0.59, 64±0.42, 72±1.13, 80±0.45, 85.86±0.50 per cent pupae refrigerated for different times or between pupae of
in 30,30,25,20,15 and 10 days refrigerated. Two way different ages [26]. The reduced percent emergence was
ANOVA indicates that both, the duration of refrigeration noticed due to the denaturation of protein in
and prerefrigeration have significant (P<0.01) influence on Diaereliellae rapae [27]. Moth emergence was recorded
the hatching% of B. mori eggs. while  preserved  for  longer duration of  52  days  at  7.5°C
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and 10° [28]. The percent emergence of moth from fresh The increasing duration of refrigerationof B. mori eggs
cocoons previously exposed to 7°C in the pupal stage for caused notable decline in the per cent hatching [51, 52].
5, 10 or 15 days were nearly the same to those obtained The refrigeration of early staged embryo has got adverse
from the control [29]. Thus it may be concluded that due effect on the hatchability of insect eggs [53, 54] while
to increase in the cold storage duration of cocoon, the older eggs are more suitable for long term cold
pupal development was not proper therefore, the preservation. Rearing of silkworm larvae at lower levels of
emergence was negatively influenced. RH resulted in lower hatchability, fecundity and pupation

The egg laying capability of B. mori has been noticed [55]. Rise in temperature increase various physiological
to be Influenced  by the of cold storage and fluctuation and with a fall in temperature, the
prerefrigeration period of cocoon both. With the physiological activity are decreased [56].
increasing duration (0 to 30 days) of the refrigeration of
cocoons, the rate of fecundity of silk moth decreased at all CONCLUSION
the conditions (0, 2, 4, 6 and 8 days) of prerefrigeration
silkworm is a poiklothermic insect [30].The fecundity is The duration of refrigeration and prerefrigeration
hereditary character [31] and its expression within period of B. mori cocoon both influenced the
genotypic limitation of an insect species like B. mori is in reproductive ability. At all the conditions of
direct correlation with a number of physiological and prerefrigeration period the reproductive ability was
ecological factors [32-38].The fecundity of B. mori varies decreased with the increasing duration of refrigeration. It
basically due to variation in the race of silkworm [39,40]. is concluded that the cold storage of B. mori cocoon, up
The eggs laying efficiency of silk moths, obtained from to 10 days, has almost no negative impact with regard to
the heavy pupae, was notably reduced [41]. The quality the reproductive potential. Thus if required the cocoons
of mulberry leaf was recognized to be the main factor for of B. mori nistari can be refrigerated for the purpose of
the good fecundity in B. mori [42] while [43] suggested commercial rearing.
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