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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
amino acid content in the silk gland, fat body and haemolymph of 5  instar B. mori larvae. The amino acidth

content increased with the increasing exposure duration of cocoon from 24 to 96 hours in 1000, 2000 and 3000
gauss magnetic field. The maximum level of amino acid content in the silk gland (36.832±2.242 µg/mg), fat body
(36.030±0.832 µg/mg) and haemolymph (10.820±0.050 µg/mg) was noticed in case of 3000 gauss - 72 hours
exposed cocoons. The minimum amino acid content in the silk gland (26.885±0.053µg/mg), fat body
(24.028±0.450 µg/mg) and haemolymph (7.080 ±0.049 µg/mg) was recorded in case of 4000 gauss - 96 hours
exposed cocoons. The cocoons were magnetized for 24, 48, 72 and 96 hours separately with the magnet of each
strength just after 3  day of spinning. The bio-magnetic interactions, if applied tactfully, may be useful forrd

boosting up the sericulture industry as well as the economy of silkworm rearing.
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INTRODUCTION with the life quality of human beings. It is hypothesized

Nistari is a resistant variety of multivoltine mulberry magnetic strength, there may be some beneficial effects
silkworm (Bombyx mori Linn.) which contributes up to a on the life pattern of silkworm and the productivity of silk.
great extent in the commercial production of cocoon in Keeping this in view, an attempt has been made to
India. The amino acids contents are the most important investigate the bio-magnetic effect of cocoon
factors which influence  the  production  of  silk on magnetization on the amino acid content in the tissues of
commercial scale. silkworm B. mori larvae. This study may be helpful in

Efforts are being made to evolve new technologies devising the biotechnological application of magnetic
that are effective, labour saving and eco-friendly in order field for the heavy production of silkworm cocoon as well
to increase, in the production of silk. Attempts have been as new magnification in the field of biophysics.
made to study the effect of ecological factors [1], relative
humidity [2], refrigeration of eggs [3], refrigeration of MATERIALS AND METHODS
cocoons [4], magnetization of eggs [5] and magnetization
of cocoons [6 and 7] etc on the performance of silkworm. The seeds cocoons of multivoltine mulberry silkworm
The effect of temperature on amino acids content [8], (B. mori Nistari) were obtained from the silkworm grainage
nucleic acid content [9] and magnetic field also influences Beharich, Directorate of sericulture Uttar Pradesh and
the protein content [10] in the tissues of silkworm larvae were maintained in the plywood trays (23x20x5 cm) under
and pupae. Nowadays biotechnology has become leading the ideal rearing conditions [11] in the silkworm
field of scientific researches which are directly concerned laboratory.  The  temperature  and  relative humidity were

that if the cocoons of B. mori are exposed to different
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maintained in the BOD (Biological Oxygen Demand) Estimation of total free amino acids in tissues were done
incubator at 26 ± 1°C and 80 ± 5% RH respectively until by the method of Spice [12] as modified by Singh and
the emergence of moths from the seed cocoons. The Agrawal [13].
newly emerged moths were quickly picked up and kept For the estimation of free amino acids level in the silk
sex-wise in separate trays to  avoid   copulation.  The gland,  the  fat  body  and the haemolymph of larvae, the
whole grainage operation was performed as per 5  instar larvae were dissected on the fifth day in distilled
description given by Krishnaswamy et al. [11] and eggs water and the silk gland, fat body and haemolymph were
were obtained. taken out separately. Took 1.0g silk gland, 10g fat body

After hatching, the larvae were reared on the and 0.5ml haemolymph separately and homogenized it in
mulberry leaves given as food in the trays. After 2ml of 96% ethyl alcohol separately. The homogenate
completion of 5  instar, the ripe worms ceased feeding were centrifuged at 20,000 rpm and saved the supernatant.th

and were ready for spinning. Small mountages were Further, took 0.1ml of supernatant in which 0.1ml distilled
provided to the ripe worms and thus, sufficient numbers water and 2.0ml ninhydrin reagents were added. The
of cocoon were obtained from the silkworm larvae reared mixture was mixed thoroughly. Ninhydrin reagent was
in the laboratory. Further, the cocoons were taken for prepared by mixing 1.0g ninhydrin in 25ml of absolute
magnetic exposure. ethanol and 0.04 gm stannous chloride in 25ml citrate

Experimental Design: To observe the influence of water bath for exactly 15 minutes. Further, 2ml of 5%
magnetic field on the amino acid content in the silk gland, alcohol was added to the above boiled mixture after
fat body and haemolymph of B. mori larvae the cocoons, cooling. A violet colour developed which was measured
thus obtained were kept  in  the  static  magnetic  field. at 575 nm. Standard curve using the same procedure was
The magnets of 1000, 2000, 3000 and 4000 gauss were drawn with known amount of glycine. 
used separately for the bio-magnetization of silkworm
cocoons. The cocoons were magnetized for 24, 48, 72 and RESULT
96 hours separately with the magnet of  each  strength.
The cocoons were kept for  magnetization  just  after  the Free Amino Acids Content in the Silk Gland of Larvae:
3  day from spinning. The control set of experiment i.e no The data given in Table 1a clearly indicates that variationrd

magnetization of cocoons was also arranged. For the in the magnetic strength and exposure duration of
purpose of magnetization, initialy 360 cocoons were kept cocoons considerably influenced the total free amino
within the magnetic field range of  1000  gauss  of  which acids content in the silk gland of 5  instar B. mori larvae.
90 cocoons were released after 24 hours of magnetic In 1000, 2000 and 3000 gauss magnetized cocoons, the
exposure. Further, groups of 90 magnetized cocoons were free amino acids content increased with the increasing
released each after 48, 72 and 96 hours of exposure to the duration  of  exposure  up to 96 hours while in case of
static magnetic field of 1000 gauss. These four groups of 4000 gauss magnetized cocoons, the free amino acids
magnetized cocoons were separately transferred to the content declined with the increasing duration of exposure
BOD  incubator  continuously,  maintained  at  26 ± 1°C, from 24 to 96 hours. In 1000, 2000 and 3000 gauss
80  ±  5%  RH and 12 ± 1hours photoperiod a day. Further, magnetized cocoons, the trend of increase, with the
the incubation of exposed cocoons and the rearing of the increasing exposure duration, was almost of similar
different stages of silkworm were performed in the same fashion. In case of 24 hours exposed cocoons, the
BOD incubator. All the parameters of observations in the increase in the free amino acids content was very slight
present study, were determined from the respective stages while in case of 48, 72 and 96 hours of exposure, the level
obtained from the magnetized cocoons. of increase in the amino acids content was high and

To observe the effect of cocoon magnetization on reached to the higher level of 31.990 ±0.004, 34.985 ±0.301
total free amino acids content in the silk gland, and 35.132 ±0.932 µg/mg respectively in 1000, 2000 and
haemolymph and fat body of larvae following methods 3000 gauss exposure. The maximum free amino acids
were adopted. content 36.832 ±2.242 µg /mg (24.10% increase as

Total free amino acids content: Total free amino acids compared  to  control) was observed in case of 3000 gauss
content was determined with respect to the experimental -72 hours exposed cocoons. In 4000 gauss magnetized
condition of larvae, obtained from magnetized cocoons. cocoons,  the free amino acids content increased with the

th

buffer (pH 5.0). The reaction mixture was kept on boiling

th
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Table 1a: Effect of cocoon magnetization on the amino acid content (µg/mg) in the silk gland of 5  instar Bombyx mori larvae.th

Exposure Magnetic power (gauss)
duration --------------------------------------------------------------------------------------------------------------------------------------------------- F -ratio1

(hours) Control (X ) 1000 (X ) 2000 (X ) 3000 (X ) 4000 (X )  n = 41 2 3 4 5 1

24 29.678±0.521 29.938±0.612 30.998 ±0.526 31.870±0.020 32.250 ±0.521
(100) (100.87) (104.44) (107.38) (108.66) 6.201*

48 29.678 ±0.521 30.945±0.825 31.987 ±0.321 34.630 ±0.052 30.118 ±0.051
(100) (104.26) (107.78) (116.68) (101.48)

72 29.678 ±0.521 31.558 ±0.926 33.250 ±0.221 36.832 ±2.242 28.318 ±0.043
(100) (106.33) (112.03) (124.10) (95.41)

96 29.678 ±0.521 31.990 ±0.004 34.985 ±0.301 35.132 ±0.932 26.885 ±0.053
(100) (107.79) (117.88) (118.37) (90.58)

F  -ratio = 0.290 n  = 32 2
**

P  < 0.01 Non Significant * **
1

Each value represents mean ± S.E. of six replicates 
X , X , X , X and X  are the mean values of amino acid content in control, 1000, 2000, 3000 and 4000 gauss 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 free amino acids content (µg/mg) in the silk gland of 5  instar Bombyx mori larvae.th

Exposure duration (hours)
--------------------------------------------------------------------------------------------------------------------------------------

Mean difference in between groups 24 48 72 96
X  ~ X 0.260 1.267 1.880 2.3121 2

X  ~ X 1.320 2.309 3.572 *5.3071 3

X  ~ X 2.192 *4.952 *7.154 *5.4541 4

X  ~ X 2.572 0.440 1.360 2.7931 5

X  ~ X 1.060 1.042 1.692 2.9952 3

X  ~ X 1.932 3.685 *5.274 3.1422 4

X  ~ X 2.312 0.827 3.240 *5.1052 5

X  ~ X 0.872 2.643 3.582 0.1473 4

X  ~ X 1.252 1.869 *4.932 *8.1003 5

X  ~ X 0.380 *4.512 *8.514 *8.2474 5

Honesty Significant difference (HSD) = = = 4.392

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 free amino acids content in control, 1000, 2000, 3000 and 4000 gauss magnetic strength respectively. 1 2 3 4 5

increasing duration of exposure up to 24 hours while gauss, 1000 and 3000 gauss, 2000 and 4000 gauss and
further increase in the exposure duration of cocoons 3000 and 4000 gauss magnetic strength. In 96 hours
caused deep decline in the free amino content which exposed cocoons significant group difference was
reached to the minimum level of 26.885 ±0.053 µg/mg in observed in between control and 2000 gauss, control and
case of 96 hours exposure of cocoons. 3000 gauss, 1000 and 4000 gauss, 2000 and 4000 gauss

Two-way ANOVA indicates that variation in the and 3000 and 4000 gauss magnetic strength in the silk
strength of static magnetic field significantly (P < 0.01) gland of 5  instar B. mori larvae while 24 hours exposed1

influenced the free amino acids content in the silk gland cocoons of each magnetic strength did not cause
of 5  instar B. mori larvae. The variation in exposure significant group difference. th

duration did not cause significant effect. The Post-hoc
test (Table-1b) shows significant group difference in case Free Amino Acids Content in  the  Fat  Body  of  Larvae:
of 48 hours exposed cocoons in between control and It is clear from the data obtained (Table 2a) that the
3000 gauss and 3000 and 4000 gauss  magnetic  strength. increasing exposure duration of cocoons and variation in
In case of 72 hours exposed cocoons, significant group the static magnetic strength considerably influenced the
difference was observed in between control and 3000 amino  a cids content in the fat body of 5  instar B. mori

th

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

Exposure Magnetic power( gauss)
duration --------------------------------------------------------------------------------------------------------------------------------------------------- F -ratio1

(hours) Control (X ) 1000 (X ) 2000 (X ) 3000 (X ) 4000 (X )  n = 41 2 3 4 5 1

24 28.942 ±1.020 29.415 ±0.885 29.975 ±0.075 30.325 ±0.926 31.840 ±0.112
(100) (101.63) (103.56) (104.77) (110.01) 4.470*

48 28.942 ±1.020 30.055 ±0.982 30.355 ±0.062 33.955 ±0.537 28.050 ±0.321
(100) (103.84) (104.88) (117.32) (96.91)

72 28.942 ±1.020 31.545 ±0.726 31.955 ±0.452 36.030 ±0.832 26.280 ±0.367
(100) (108.99) (110.41) (124.49) (90.80)

96 28.942 ±1.020 32.028 ±0.628 32.860 ±0.321 34.162 ±0.531 24.028 ±0.450
(100) (110.66) (113.53) (118.03) (83.02)

F  -ratio = 0.140 n  = 32 2
**

P  < 0.025 Non Significant * **
1

Each value represents mean ± S.E. of six replicates 
X , X , X , X and X  are the mean values of amino acid content in control, 1000, 2000, 3000 and 4000 gauss magnetic strength1 2 3 4 5

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

Table 2b: Post-hoc Test showing effect of cocoon magnetization on the free amino acids content (µg/mg) in the fat body of 5  instar Bombyx mori larvae.th

Exposure duration (hours)
------------------------------------------------------------------------------------------------------------------------------

Mean difference in between groups 24 48 72 96
X  ~ X 0.473 1.113 2.603 3.0861 2

X  ~ X 1.033 1.413 3.013 3.9181 3

X  ~ X 1.383 5.013 *7.088 5.2201 4

X  ~ X 2.898 0.892 2.662 4.9141 5

X  ~ X 0.560 0.300 0.410 0.8322 3

X  ~ X 0.910 3.900 4.485 2.1342 4

X  ~ X 2.425 2.005 5.265 *8.0002 5

X  ~ X 0.350 3.600 4.075 1.3023 4

X  ~ X 1.865 2.305 *5.675 0.8323 5

X ~ X 1.515 *5.905 *9.750 *10.1344 5

Honesty Significant difference (HSD) = = = 5.465

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 free amino acids content in control, 1000, 2000, 3000 and 4000 gauss magnetic strength respectively. 1 2 3 4 5

larvae. With the increasing exposure duration of cocoons, Two-way ANOVA indicates that variation in the
the amino acid content in the fat body increased slowly in strength  of  the  static   magnetic   field     significantly
1000   and  2000  gauss  magnetized  cocoons  while  in (P < 0.025) influenced the total free amino acids content in
3000 gauss magnetized cocoons the amino acid content the fat body of 5  instar Bombyx mori larvae while
increased steeply from 24 to 72 hours magnetized exposure duration did not cause significant effect. The
cocoons. In 4000 gauss magnetized cocoons, the amino Post-hoc test shows (Table-2b) significant group
acid content in the fat body increased in 24 hours exposed difference in between 3000 and 4000 gauss magnetic
cocoons while further increase in exposure duration strength in case of 48 hours exposed cocoons. In 72 hours
caused decline in the amino acid content which reached exposed cocoons, the significant group difference was
to the minimum level of 24.028±0.450 µg/mg. The maximum observed in between control and 3000 gauss, 2000 and
level of amino acid content was noticed to be 36.030±0.832 4000 gauss and 3000 and 4000 gauss magnetic strength.
µg/mg (24.49%) increased as compared to control, in the Significant group difference was observed in between
fat body of 5  instar larvae obtained from 3000 gauss-72 1000 and 4000 gauss and 3000 and 4000 gauss in case ofth

hours magnetized cocoons. 96  hours exposed  cocoons,  while  24   hours    exposed

1
th
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Table 3a: Effect of cocoon magnetization on the amino acid content (µg/mg) in the haemolymph of 5  instar Bombyx mori larvae.th

Exposure Magnetic power( gauss)
duration ----------------------------------------------------------------------------------------------------------------------------------------------------- F -ratio1

(hours) Control (X ) 1000 (X ) 2000 (X ) 3000 (X ) 4000 (X )  n = 41 2 3 4 5 1

24 8.010 ± 0.325 8.059 ± 0.041 8.218 ± 0.321 8.605 ± 0.321 8.842 ± 0.011
(100) (100.61) (102.59) (107.42) (110.38) 5.326*

48 8.010 ± 0.325 8.342 ± 0.112 8.485 ± 0.426 9.850 ± 0.082 8.420 ± 0.018
(100) (104.14) (105.93) (122.97) (105.11)

72 8.010 ± 0.325 8.575 ± 0.012 8.966 ± 0.052 10.820 ±0.050 7.995 ± 0.351
(100) (107.05) (111.93) (135.08) (99.81)

96 8.010 ± 0.325 8.989 ± 0.004 9.451 ± 0.061 10.025 ±0.112 7.080 ± 0.049
(100) (112.22) (117.99) (125.15) (88.38)

F  -ratio = 0.599 n  = 32 2
**

P  < 0.025 Non Significant * **
1

Each value represents mean ± S.E. of six replicates 
X , X , X , X and X  are the mean values of amino acid content in control, 1000, 2000, 3000 and 4000 gauss 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 free amino acids content (µg/mg) in the haemolymph of 5  instar Bombyx mori larvae.th

Exposure duration (hours)
-------------------------------------------------------------------------------------------------------------------------------

Mean difference in between groups 24 48 72 96
X  ~ X 0.049 0.332 0.562 0.9791 2

X  ~ X 0.208 0.475 0.956 1.4411 3

X  ~ X 0.595 *1.840 *2.810 *2.0151 4

X  ~ X 0.832 0.410 0.015 0.9301 5

X  ~ X 0.159 0.143 0.394 0.4622 3

X  ~ X 0.546 1.508 *2.248 1.0362 4

X  ~ X 0.783 0.078 0.577 *1.9092 5

X  ~ X 0.387 1.365 *1.854 0.5743 4

X  ~ X 0.624 0.065 0.971 *2.3713 5

X  ~ X 0.237 1.430 *2.825 *2.9454 5

Honesty Significant difference (HSD) =  =   = 1.579

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 free amino acids content in control, 1000, 2000, 3000 and 4000 gauss magnetic strength respectively.1 2 3 4 5

cocoons of each magnetic strength did not cause content increased steeply from 24 to 96 hours magnetized
significant group difference in the free amino acids cocoons. In 4000 gauss magnetized cocoons, the amino
content in the fat body of 5  instar larvae. acids  content  in  the  haemolymph increased in case ofth

Free Amino Acids Content in the Haemolymph of Larvae: duration caused notable decline which reached to the
It is clear from the data obtained (Table-3a) that the minimum level of  7.080  ±0.049  µg/mg.  The  maximum
exposure duration and magnetic strength caused variation level of free amino acid content 10.820 ±0.050 µg/mg
in the total free amino acids content in the haemolymph of (35.08% increase as compared to control) was obtained in
B. mori larvae. With the increasing duration of exposure 3000 gauss -72 hours exposed cocoons. 
up to 96 hours, the free amino acids content increased in Two-way ANOVA indicates that variation in the
the haemolymph of the larvae, obtained from 1000, 2000 magnetic strength significantly (P  < 0.025) influenced the
and 3000 gauss magnetized cocoons. The amino acid total  free  amino  acids  content  in  the  haemolymph  of
content in the haemolymph of 5  instar larvae increased 5  instar B. mori larvae while exposure duration did notth

slowly in 1000 and 2000 gauss magnetized cocoons while cause significant effect. The Post-hoc test (Table-3b)
in 3000 gauss magnetized cocoons, the free amino acids shows significant group difference in the free amino acids

24 hours exposure, but further increase in the exposure

1

th



World J. Zool., 10 (1): 26-33, 2015

31

among different groups in between control and 3000 cocoons. The total free amino acids content increased
gauss magnetic strength of 48 hours exposed cocoons. In with the increasing exposure duration of cocoons form 24
72 hours exposed cocoons, the significant group to 96 hours in case of 1000, 2000 and 3000 gauss magnetic
difference was observed in between control and 3000 field while in the cocoons treated in 4000 gauss magnetic
gauss, 1000 and 3000 gauss, 2000 and 3000 gauss and field it was slightly increased with the increasing duration
3000 and 4000 gauss magnetic strength. Significant group of exposure up to 24 hours but further increase in the
difference was observed in between control 3000 gauss exposure duration up to 96 hours caused decline in the
1000 and 4000 gauss, 2000 and 4000 gauss and 3000 and total free amino acid content in the fat body. All the amino
4000  gauss  in  case of 96 hours exposed cocoons while acids pool was detected to be increased in the
24 hours exposed cocoons of each magnetic strength did haemolymph and fat body of Cockroach due to the
not cause significant group difference. thermal adaptation [21]. The extent of 30% deamination in

DISCUSSION nymph and female Cockroach was noticed during the

The level of total free amino acids content in the silk [22].
gland of 5  instar Bombyx mori larvae was influenced with The  total free amino acids content in theth

the variation in the strength of static magnetic field and haemolymph of 5  instar larvae was considerably
exposure duration of cocoons. The total free amino acids influenced by the variation in the strength of static
content increased with the increasing exposure duration magnetic field and exposure duration of cocoons. Total
of cocoons from 24 to 96 hours in case of 1000, 2000 and free amino acids in the haemolymph of larvae increased
3000 gauss while in 4000 gauss magnetic field it was with the increase in the strength of static magnetic field
slightly increased with the increasing duration of from 1000 to 3000 gauss while in 4000 gauss magnetic
exposure up to 24 hours but further increase in the strength it was declined for the same exposure of
exposure duration up to 96 hours caused decline in the cocoons. The amino acids content was found to be
total free amino acids content in the silk gland (Table-1a). increased with increasing exposure duration from 24 to 96
The amino acids like aspartic acid, methionine, hours in 1000, 2000 and 3000 gauss and reached to the
hydroxyproline isoleucine, cystein and tryptophane are highest level in 3000 gauss 72 hours exposed cocoons
instantly utilized for the synthesis of silk [14]. The total (Table- 3a). The increase in the free amino acids level of
free  amino  acids  content  of  the  haemolymph in the body fluid was noticed in 5  instar larvae in
Bombyx mori has also been noticed to be increased Philosamia cynthia ricini [23, 24] while the total free
during 5  instar larval growth till the start of spinning [15] amino acids level of the body fluid was enhanced duringth

and changes in the free amino acids content of the the late 5  instar due to thermal acclimatization [25]. The
haemolymph in Philosamia ricini decreased till the start change in the free amino acids level in the haemolymph
of  spinning  but  further  increased  steadily to the apparently characterized the thermal acclimation in
highest level towards the end of cocoon formation [16]. Periplaneta americana [22]. The sharp increase in the
The concentration of free amino acids changed in all the total free amino acids content in the haemolymph was
tissues of the Chinese silkworm at the spinning of cocoon observed in the early days of spinning due to the
[17]. During the course of the spinning of cocoon, the hydrolysis of integument and gut protein [26] while
characteristic amino acids of silk protein changed in the decrease in the total free amino acids in the haemolymph
fat body fluid of the oak silkworm [18]. The increase in the of Bombyx mori was noticed toward the end of spinning
amino acids composition of fibroin in the posterior silk [27]. The change in the free amino acids level was
gland of B. mori larvae may be due to direct influence of observed in the haemolymph of Antheraea pernyi during
the free amino acids in the tender leaves of mulberry [19]. termination of diapause [28]. 
The magnetization of silkworm eggs triggers certain Thus, it may be concluded that treatment of B. mori
physiological and biochemical events affecting the cocoons in low magnetic field may cause the activation of
accumulation of total free amino acids in the silk gland of cytochrome system and thus the metabolic rate of larvae
5  instar B. mori larvae [20]. increased as a result more food was consumed by theth

The level of total free amino acids content in the fat larvae and more free amino acids were liberated resulting
body of B. mori larvae influenced due to variation in the in the increase in free amino acids in different tissues. The
strength of static magnetic field and exposure duration of treatment  of cocoon at higher strength magnetic field may

amino acid/RNA ratio in the fat body and coxal muscle of

acclimation to 15°C as compared to 35°C adapted insects

th

th

th
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cause adverse  effect,  causing decline in the 10. Upadhyay, V.B. and S.K. Tripathi, 2005. Magnetic
consumption of food by the larvae resulting in the
reduction of total free amino acids content in different
tissues.
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