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Abstract: The application of magnetic field on Bombyx mori cocoon has been proved to be of biotechnological
significance in the sericulture industry. Variation in the static magnetic strength significantly influenced the
glucose content in the silk gland, fat body and haemolymph of Bombyx mori larvae. The experiments were
conducted in the year 2007. The cocoons were magnetized for 24, 48, 72 and 96 h separately with the magnet
of each strength just after 3  day of spinning. The bio-magnetic interactions, if applied tactfully, may be usefulrd

for boosting up the sericulture industry as well as the economy of silkworm rearing. The glucose content
increased with the increasing exposure duration of cocoon from 24 to 96 h in 0.1, 0.2 and 0.3 tesla magnetic field.
The maximum level of glucose content in the silk gland (15.133±0.052 µg/mg), fat body (14.712±0.012 µg/mg)
and haemolymph (7.540±0.123 µg/mg) was noticed in case of 0.3 tesla - 72 h exposed cocoons. The minimum
glucose content in the silk gland (10.135±0.022 µg/mg), fat body (9.555±0.034 µg/mg) and haemolymph
(4.408±0.001 µg/mg) was recorded in case of 0.4 tesla - 96 h exposed cocoons. 
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INTRODUCTION of silk. An attempt has  been  made  to  investigate  the

Nistari is a resistant variety of multivoltine mulberry glucose content in the tissues of silkworm B. mori larvae.
silkworm (Bombyx mori Linn.) which contributes up to a This study may be helpful in devising the
great extent in the commercial production of cocoon in biotechnological application of magnetic field for the
India. The glucose contents are the most important heavy production of silkworm cocoon as well as new
factors which influence the production of silk on magnification in the field of biophysics.
commercial scale. Efforts are being made to evolve new
technologies   that   are  effective,  labour  saving  and MATERIALS AND METHODS
eco-friendly in order to increase, the production of silk.
Attempts have been made to study the effect of The  seed  cocoons  of  multivoltine  mulberry
ecological factors [1], relative humidity [2], refrigeration of silkworm  (B. mori Nistari) were obtained from the
eggs [3], refrigeration of cocoons [4], magnetization of silkworm   grainage    Beharich,   Directorate of
eggs [5] and magnetization of cocoons [6, 7] etc on the sericulture Uttar Pradesh and were maintained in the
performance of silkworm. The effect of temperature on plywood trays (23x20x5 cm) under the ideal rearing
amino acids content [8], nucleic acid content [9] and conditions [14] in the silkworm laboratory. The
magnetic field also influences the protein content [10, 11], temperature and relative humidity were maintained in the
amino acid content [12, 13] in the tissues of silkworm BOD  (Biological Oxygen Demand) incubator at 26 ± 1°C
larvae and pupae. Nowadays biotechnology has become and 80 ± 5% RH until the emergence of moths from the
leading field of scientific researches which are directly seed cocoons. The newly emerged moths were quickly
concerned with the life quality of human beings. It is picked up and kept sex-wise in separate trays to avoid
hypothesized that if the cocoon of B. mori are exposed to copulation. The whole grainage operation was performed
different magnetic strength, there may be some beneficial as per description given by Krishnaswamy et al. [14] and
effects on the life pattern of silkworm and the productivity eggs were obtained.

bio-magnetic effect of cocoon magnetization on the
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After hatching, the larvae were reared on the prepared with different concentrations of pure glucose
mulberry leaves given as food in the trays. After solution. The glucose content in different tissues were
completion of 5  instar, the ripe worms ceased feeding expressed as µg/ mg of tissue. Six replicates of eachth

and were ready for spinning. Small mountages were experiment were made and the data obtained were
provided to the ripe worms and thus, sufficient numbers analysed statistically by two way ANOVA and Post - hoc
of cocoon were obtained from the silkworm larvae reared test.
in the laboratory. Further, the cocoons were taken for
magnetic exposure. RESULTS

Experimental Design: To observe the influence of Glucose Content in the Silk Gland of Larvae: The data
magnetic field on the glucose content in the silk gland, fat given in Table 1a clearly indicates that change in the
body  and  haemolymph  of  B.   mori   larvae  the static magnetic field and exposure duration, both
cocoons, thus obtained were kept in the static magnetic influenced the glucose content in the silk gland of 5
field. The magnets of  0.1, 0.2, 0.3 and 0.4 tesla were used instar larvae. Glucose content increased in case of 0.1, 0.2
separately for the bio-magnetization of silkworm cocoons. and 0.3 tesla magnetic strength with the exposure duration
The cocoons were magnetized for 24, 48, 72 and 96 h of cocoons from 24 to 96 h while in 0.4 tesla magnetized
separately with the magnet of each strength. The cocoons cocoons, the glucose content increased in 24 h exposure
were kept for magnetization just after the 3  day from of cocoons but further increase in the exposure durationrd

spinning. The control set of experiment i.e no caused deep decline. The trend of increase in the glucose
magnetization of cocoons was also arranged. For the content with the increasing duration of exposure was
purpose of magnetization, initially 360 cocoons were kept almost similar and steady in 0.1 and 0.2 tesla magnetized
within the magnetic field range of 0.1 tesla of which 90 cocoons while in 0.3 tesla magnetized cocoons, the rate of
cocoons were released after 24 h of magnetic exposure. increase of glucose content was very high. The maximum
Further, groups of 90 magnetized cocoons were released glucose in the silk gland of 5  instar larvae of B. mori was
each after 48, 72 and 96 h of exposure to the static noticed to be 15.133 ± 0.052 µg/mg (28.46% increase as
magnetic field of 0.1 tesla. These four groups of compared to control) in case of 0.3 tesla magnetized
magnetized cocoons were separately transferred to the cocoons for 72 h. 
BOD incubator continuously, maintained at 26 ± 1°C, 80 Two-way ANOVA indicates that variation in the
± 5% RH and 12 ± 1 h photoperiod a day. Further, the strength of static magnetic field significantly (P  < 0.01)
incubation of exposed cocoons and the rearing of the influenced the glucose content in the silk gland of 5
different stages of silkworm were performed in the same instar larvae while exposure duration did not cause
BOD incubator. All the parameters of observations in the significant change in the glucose content. The Post-hoc
present study were determined from the respective stages test (Table-1b) shows significant group difference in
obtained from the magnetized cocoons. between control and 0.3 tesla in 48 h exposed cocoons. In

Total Glucose Content: The glucose level was estimated difference was observed in between control and 0.3 tesla,
according to Mendel et al. [15] method. For determining 0.1 and 0.3 tesla, 0.2 and 0.4 tesla and 0.3 and 0.4 tesla
the glucose content, the tissues viz. 31 mg of while in case of 96 h exposed cocoons, the significant
haemolymoph, 25 mg of fat body and 30 mg of silk gland group difference was observed in between control and 0.3
were deproteinized separately with 5% trichloro acetic tesla, 0.1 and 0.4 tesla, 0.2 and 0.4 tesla and 0.3 and 0.4
acid, containing 0.1% silver sulphate. The content thus, tesla magnetic field while 24 h exposed cocoons did not
obtained were centrifuged at 1000 rpm for 10 minutes. show significant group difference.
Further, in 0.5 ml, of deproteinious supernatant 4.5 ml of
H SO was added which was mixed thoroughly by Glucose Content in the Fat Body of Larvae: The data2 4

shaking. Now, content was boiled in water bath for 6 given in Table 2a clearly indicates that variation in the
minutes and the mixture was cooled at room temperature. strength of magnetic field and exposure duration of B.
The pink colour obtained, was observed at 520 nm in the mori cocoons caused notable impact on the glucose
spectrophotometer. The blank consisted of 0.5 ml of 5% content in the fat body of larvae. The glucose content in
trichloro acetic acid, containing 0.1% silver sulphate and the fat body was noticed to be increased with the
4.5 ml of molar H SO  which was given the same treatment increasing exposure duration of cocoons in 0.1, 0.2 and 0.32 4

as that of the experimental samples. Standard curve was tesla  magnetized  cocoons  while  in  0.4  tesla magnetized

th

th

1
th

case of 72 h exposed cocoons, the significant group
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Table 1a: Effect of cocoon magnetization on the glucose content (µg/mg) in the silk gland of 5  instar Bombyx mori larvae.th

Magnetic power (tesla)

Exposure ------------------------------------------------------------------------------------------------------------------------------------------------------ F -ratio1

duration (h) Control (X ) 0.1 (X ) 0.2 (X ) 0.3 (X ) 0.4 (X )  n = 41 2 3 4 5 1

24 11.780 ±0.525 (100) 11.920 ±0.043 (101.18) 12.295 ±0.048 (104.37) 13.016 ±0.032 (110.49) 13.240 ±0.002 (112.39)

48 11.780 ±0.525 (100) 12.340 ±0.341 (104.75) 12.910 ±0.058 (109.59) 14.225 ±0.562 (120.75) 12.020 ±0.321 (102.03) 5.676*

72 11.780 ±0.525 (100) 12.832 ±0.451 (108.93) 13.380 ±0.032 (113.58) 15.133 ±0.052 (128.46) 11.007 ±0.421 (93.43)

96 11.780 ±0.525 (100) 13.120 ±0.042 (111.37) 13.820 ±0.004 (117.31) 14.425 ±0.033 (122.45) 10.135 ±0.022 (86.03)

F  -ratio = 0.151 n  = 3 P  < 0.012 2 1
** *

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

X , X , X , X and X  are the mean values of glucose content in control, 0.1, 0.2, 0.3 and 0.4 tesla magnetic strength1 2 3 4 5

Figures in parentheses indicate per cent value when control was taken as 100%

Table 1b: Post-hoc Test showing effect of cocoon magnetization on the glucose content (µg/mg) in the silk gland of 5  instar Bombyx mori larvae.th

Exposure duration (h)

Mean difference in -----------------------------------------------------------------------------------------------------------------------------------------------------

between groups 24 48 72 96

X  ~ X 0.140 0.560 1.052 1.3401 2

X  ~ X 0.515 1.130 1.600 2.0401 3

X  ~ X 1.236 *2.445 *3.353 *2.6451 4

X  ~ X 1.460 0.240 0.773 1.6451 5

X  ~ X 0.375 0.570 0.548 0.7002 3

X  ~ X 1.096 1.885 *2.301 1.3052 4

X  ~ X 1.320 0.320 1.825 *2.9582 5

X  ~ X 0.721 1.315 1.753 0.6053 4

X  ~ X 0.945 0.890 *2.373 *3.6853 5

X  ~ X 0.224 2.205 *4.126 *4.2904 5

Honesty Significant difference (HSD) =   =  = 2.208

MS = Mean square value of ANOVA Table

q = Studentized range static 

n = No. of replicates

* = Shows significant group difference

X , X , X , X  and X  are mean values of glucose content in control, 0.1, 0.2, 0.3 and 0.4 tesla magnetic strength respectively. 1 2 3 4 5

Table 2a: Effect of cocoon magnetization on the glucose content (µg/mg) in the fat body of 5  instar Bombyx mori larvae.th

Magnetic power (tesla)

Exposure -------------------------------------------------------------------------------------------------------------------------------------------------------- F -ratio1

duration (h) Control (X ) 0.1 (X ) 0.2 (X ) 0.3 (X ) 0.4 (X )  n = 41 2 3 4 5 1

24 11.552 ±0.421 (100) 11.821 ±0.032 (102.32) 11.920 ±0.004 (103.18) 12.260 ±0.021 (106.12) 13.612 ±0.019 (117.83)

48 11.552 ±0.421 (100) 12.335 ±0.052 (106.72) 12.510 ±0.002 (108.29) 12.913 ±0.042 (111.78) 12.020 ±0.025 (104.05) 2.32*

72 11.552 ±0.421 (100) 12.935 ±0.039 (111.97) 13.141 ±0.351 (113.75) 14.712 ±0.012 (127.35) 10.008 ±0.029 (86.63)

96 11.552 ±0.421 (100) 13.440 ±0.042 (116.34) 13.785 ±0.031 (119.32) 14.120 ±0.013 (122.22) 9.555 ± 0.034 (82.71)

F  -ratio = 0.061 n  = 32 2
*

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

X , X , X , X and X  are the mean values of glucose content in control, 0.1, 0.2, 0.3 and 0.4 tesla magnetic strength1 2 3 4 5

Figures in parantheses indicate per cent value when control was taken as 100%
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Table 2b: Post-hoc Test showing effect of cocoon magnetization on the glucose content (µg/mg) in the fat body of 5  instar Bombyx mori larvae.th

Exposure duration (h)
Mean difference in ------------------------------------------------------------------------------------------------------------------------------------------------------
between groups 24 48 72 96
X  ~ X 0.269 0.783 1.383 1.8881 2

X  ~ X 0.368 0.958 1.589 2.2331 3

X  ~ X 0.708 1.361 *3.160 2.5681 4

X  ~ X 2.060 0.468 1.544 1.9971 5

X  ~ X 0.099 0.175 0.206 0.3452 3

X  ~ X 0.439 0.578 1.777 0.6802 4

X  ~ X 1.791 0.315 2.927 *3.8852 5

X  ~ X 0.340 0.403 1.571 0.3353 4

X  ~ X 1.692 0.490 *3.133 *4.2303 5

X  ~ X 1.352 0.893 *4.708 *4.5654 5

Honesty Significant difference (HSD) =  =   = 3.007

MS = Mean square value of ANOVA Table
q = Studentized range static 
n = No. of replicates
* = Shows significant group difference
X , X , X , X  and X  are mean values of glucose content in control, 0.1, 0.2, 0.3 and 0.4 tesla magnetic strength respectively. 1 2 3 4 5

Table 3a: Effect of cocoon magnetization on the glucose content (µg/mg) in the haemolymph of 5  instar Bombyx mori larvae.th

Magnetic power (tesla)
Exposure --------------------------------------------------------------------------------------------------------------------------------------------------------- F -ratio1

duration (h) Control (X ) 0.1 (X ) 0.2 (X ) 0.3 (X ) 0.4 (X )  n = 41 2 3 4 5 1

24 5.375 ± 0.021 (100) 5.525 ± 0.042 (102.79) 5.645 ± 0.032 (105.02) 5.922 ± 0.622 (110.17) 5.990 ± 0.053 (111.44) 7.455*

48 5.375 ± 0.021 (100) 5.705 ± 0.050 (106.13) 6.010 ± 0.001 (111.81) 6.870 ± 0.005 (127.81) 5.225 ± 0.043 (97.20)
72 5.375 ± 0.021 (100) 6.009 ± 0.061 (111.79) 6.408 ± 0.020 (119.21) 7.540 ± 0.123 (140.27) 5.000 ± 0.002 (93.02)
96 5.375 ± 0.021 (100) 6.218 ± 0.005 (115.68) 6.620 ± 0.003 (123.16) 6.954 ± 0.006 (129.37) 4.408 ± 0.001 (82.00)
F  -ratio = 0.504    n  = 3 P  < 0.01 2 2 1

** *

Each value represents mean ± S.E. of six replicates 
X , X , X , X and X  are the mean values of glucose content in control, 0.1, 0.2, 0.3 and 0.4 tesla magnetic strength1 2 3 4 5

Figures in parentheses indicate per cent value when control was taken as 100%

Table 3b: Post-hoc Test showing effect of cocoon magnetization on the glucose content (µg/mg) in the haemolymph of 5  instar Bombyx mori larvae.th

Exposure duration (h)
Mean difference in ------------------------------------------------------------------------------------------------------------------------------------------------------
between groups 24 48 72 96
X  ~ X 0.150 0.330 0.634 0.8431 2

X  ~ X 0.270 0.635 1.033 *1.2451 3

X  ~ X 0.547 *1.495 *2.165 *1.5791 4

X  ~ X 0.615 0.150 0.375 0.9671 5

X  ~ X 0.120 0.305 0.399 0.4022 3

X  ~ X 0.397 1.165 *1.531 0.7362 4

X  ~ X 0.465 0.480 1.009 *1.8102 5

X  ~ X 0.277 0.860 1.132 0.3343 4

X  ~ X 0.345 0.785 *1.408 *2.2123 5

X  ~ X 0.068 *1.645 *2.540 *2.5464 5

Honesty Significant difference (HSD) =   =  = 1.220

MS = Mean square value of ANOVA Table
q = Studentized range static 
n = No. of replicates
* = Shows significant group difference
X , X , X , X  and X  are mean values of glucose content in control, 0.1, 0.2, 0.3 and 0.4 tesla magnetic strength respectively. 1 2 3 4 5
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cocoons, the glucose content in the fat body of 5  instar larvae. The Post-hoc test (Table-3b) shows significantth

larvae increased in case of 24 h exposed cocoons which group difference in the glucose content in between
further decreased with increasing exposure duration in 48, control and 0.3 tesla and 0.3 and 0.4 tesla magnetic
72 and 96 h exposed cocoons. The trend of increase in the strength in 48 h exposed cocoons. In 72 h exposed
glucose content was almost similar in 0.1 and 0.2 tesla cocoons, the significant group difference was observed
which caused steady increase reaching to the higher level in between control and 0.3 tesla, 0.1 and 0.3 tesla, 0.2 and
of 13.440 ±0.042 and 13.785 ±0.031 µg/mg respectively in 0.4 tesla and 0.3 and 0.4 tesla magnetic strength. In 96 h
96 h exposed cocoons. In 0.3 tesla magnetized cocoons, exposure of cocoons, the significant group difference was
the increase in the glucose content was very steep and observed in between control and 0.2 tesla, control and 0.3
reached to maximum level of 14.712 ±0.012 µg/mg (27.35% tesla, 0.1 and 0.4 tesla, 0.2 and 0.4 tesla and 0.3 and 0.4
increase as compared to control) in case of 72 h exposed tesla magnetic strength. 
cocoons.

Two-way ANOVA indicates that variation in the DISCUSSION
strength of static magnetic field and exposure duration did
not caused significant effect. The Post-hoc test (Table-2b) Glucose Content: The glucose content in the silk gland
shows significant group difference in glucose content in has been noticed to be of increasing trend with the
between control and 0.3 tesla, 0.2 and 0.4 tesla and 0.3 and increasing strength of the magnetic field up to 0.3 tesla
0.4 tesla magnetic strength in case of 72 h exposed while with 0.4 tesla, the glucose content was decreased.
cocoons. In 96 h exposed cocoons, the significant group Adaptation of the Galleria mellonella larvae at 2°C
difference was observed in between 0.1 and 0.4 tesla, 0.2 resulted in the accumulation of glucose accompanied by
and 0.4 tesla and 0.3 and 0.4 tesla magnetic strength while simultaneous decrease in trehalose of the whole larval
24 and 48 h exposed cocoons of each magnetic strength homogenate [16]. 
did not cause significant group difference in the glucose The level of glucose content in the fat body of
content in the fat body of B. mori larvae. Bombyx mori larvae was influenced due to variation in the

Glucose Content in the Haemolymph of Larvae: The data cocoons. With the increase in exposure duration of
given in Table 3a clearly indicates that variation in the cocoons from 24 to 96 h, the glucose content was
magnetic strength and exposure duration of B. mori increased in 0.1, 0.2 and 0.3 tesla magnetic field while in
cocoons influenced the glucose content in the 0.4 tesla magnetic strength, the glucose content in the fat
haemolymph of larvae. With the increasing exposure body increased from control to 24 h exposure while further
duration of cocoon from 24 to 96 h, the glucose content in increase in the exposure duration caused decline in
the haemolymph of 5  instar larvae increased steadily in glucose level which reached to the lowest level in 96 hth

0.1 tesla magnetized cocoons. In 0.2 and 0.3 tesla exposure. The maximum glucose level was noticed in 0.3
magnetized cocoons the glucose content increased tesla magnetic field in 72 h exposed cocoons. A
steeply and reached to the maximum level of 6.620 ±0.003 biosynthetically directed metabolic reorganization during
µg/mg exposed for 96 h and 7.540 ±0.123 µg/mg exposed the cold adaptation of poikilotherms was noticed [17]. A
for 96 h and 7.540 ±0.123 µg/mg exposed for 72 h number of reactions of intermediary metabolism related to
respectively. In 0.4 tesla magnetized cocoons the glucose carbohydrate, protein, fat and nucleic acid have been
content increased in case of 24 h exposure but further demonstrated to occur in insect fat body [18, 19]. The
increase in the exposure duration caused declining insect fat body has been recognized as the main site of
tendency in the glucose content in the haemolymph of B. trehalose biosynthesis from glucose [20-19] which may be
mori larvae. The highest level  of  glucose  content 7.540 readily supplied through breakdown of the glycogen
±0.123 µg/mg (40.23% increase as compared to control) in reserves maintained in the tissues. [22] has already
case of 72 h exposed cocoons under 0.3 tesla magnetic mentioned that “the synthesis and catabolism of trehalose
field was noticed. The lowest level of glucose content was is a process of some importance in the economy of insects
noticed to be 4.408 ±0.001 µg/mg in 0.4 tesla-96 h and that this process is intimately linked to the
magnetized cocoons. metabolism of glucose and glycogen”. 

Two-way ANOVA shows that variation in the The level of glucose content in the haemolymph of
strength of static magnetic field significantly (P < 0.01) Bombyx mori larvae has been noticed to be increasing1

influenced the glucose content in the haemolymph of trend.  With the increase in exposure duration of cocoons

strength of static magnetic field and exposure duration of
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from 24 to 96 h, the glucose content was increased in 0.1, 5. Upadhyay, V.B. and S.K. Tripathi, 2006. Effect of
0.2 and 0.3 tesla magnetic field while in 0.4 tesla magnetic magnetization of eggs on the silk producing potential
strength, the glucose content in the haemolymph of multivoltine mulberry silkworm (Bombyx mori
increased from control to 24 h exposure while further Linn.). Sericologia , 46(3): 269-278.
increase in the exposure duration caused decline in 6. Upadhyay, V.B. and S. Prasad, 2010a. Magnetization
glucose level which reached to the lowest level in 96 h for the improvement of silk producing potential in
exposure. An inverse relationship between the glycogen multivoltine mulberry silkworm (Bombyx mori Linn).
and trehalose in the fat body of silkworm has been The Bioscan, 5(2): 285-289.
noticed [23]. Sufficient amount of glucose in 5  instar  7. Upadhyay, V.B. and S. Prasad, 2010b.th

larvae may be made available through glycogenolysis and Biotechnological importance of cocoon
also through trehalose hydrolysis during the 4  ecdysis magnetization with particular reference to theth

in Philosamia ricini [24]. The major proportion of the reproductive potential of multivoltine mulberry
glucose resulting from trehalose hydrolysis and glycogen silkworm   (Bombyx    mori    Linn).   Sericologia,
breakdown is probably utilized for the metabolic 50(4): 461-672
processes associated with the preparation for spinning in 8. Gupta, S.K., K.P. Gaur and V.B. Upadhyay, 2005.
Philosamia ricini [24]. Influence of temperature on the total amino acids

Thus, it may be concluded that treatment of Bombyx content in the silk gland of multivoltine mulberry
mori cocoons in low magnetic field may cause the silkworm (Bombyx mori Linn.) J. Ecophysiol. Occup.
activation of cytochrome system and thus the metabolic Hlth., 31(2): 160-165.
rate of larvae increased as a result more food was 9. Upadhyay, V.B., S.K. Gupta, K.P. Gaur, C. Srivastava
consumed by the larvae and more glucose content were and S. Prasad, 2007. Influence of temperature on
liberated resulting in the increase in glucose content in nucleic acid content in the silk gland of multivoltine
different tissues. The treatment of cocoon at higher mulberry silkworm (Bombyx mori Linn.) J. Appl.
strength magnetic field may cause adverse effect, causing Biosci., 33(1): 63-65.
decline in the consumption of food by the larvae resulting 10. Upadhyay, V.B. and S.K. Tripathi, 2005. Magnetic
in the reduction of glucose content in different tissues. field influences protein content in the larvae and
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