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INTRODUCTION

The role of nutrients, minerals and a variety of exogenous
modulators on the growth and metabolism of silkworm and
its impact on the economic parameters of sericulture has been
well documented. For instance, the modulatory effect of zinc
chloride (Hugar et al., 1998), ascorbic acid (Javed and Gondal,
2002), magnesium, phosphorous and calcium (Waseem et
al., 2002), nickel chloride (Islam et al., 2004), potassium and
magnesium chlorides (Bhattacharya and Kaliwal, 2005),
potassium bromide (Kochi and Kaliwal, 2006), folic acid
(Rahmathulla et al., 2007), soyabean protein (Raman et al.,
2007), thyroxine (Ramakrishna and Bhaskar, 2009) and
digoxin (Vitthalrao and Sarwade, 2009), on the silkworm
metabolism, immune response and silk production has been
extensively studied.

The determination of minimum effective dose (MED) of such
exogenous nutrients and minerals that could elicit response
greater than the zero- dose control assumes greater
significance in such investigations. The dose - response studies
are often employed to identify the MED and to obtain useful
gains in metabolism and the products thereof (Ruberg, 1989).
One of the exogenous modulator that attracted the attention
of investigators is the zinc, a micronutrient that bioaccumulates
in the tissues of silkworm and its food, the mulberry leaves
(Ashfaq et al., 2010). Though the zinc is essential and harmless
at low concentrations, it turns out to be toxic at higher
concentrations, adversely affecting metabolism,
metamorphosis, nucleic acid synthesis, hormonal activity,

The minimum effective dose (MED) of zinc chloride for modulation of metabolism and silk production in
Bombyx mori is determined by analyzing the changes in the protein profiles of silk gland, haemolymph, fat body
and muscle. The step-down method with zero-dose control was employed to achieve the desired objective. The
experimental samples included the silkworm larvae, fed with mulberry leaves soaked in different concentrations
ZnCl, solution (300ug, 200ug, 100ug, 50ug, 20ug, 10ug, 5ug, 2ug and 1ug) in distilled water, while the zero-dose
control included those fed with normal mulberry leaves. The impact of zinc was analyzed in terms of day-to-day
effect (changes on alternative days) and overall effect (fifth instar-end changes) on protein profiles. The dose-
response analysis showed that the effect of ZnCl, on proteins is more pronounced at lower doses (1ug) in the silk
gland and haemolymph and at higher doses in fat body (200ug) and muscle (20ug). Keeping in view, the impact
of ZnCl, on silk gland proteins, a minimum dosage @ 1ug /100 worms is suggested for positively modulating the
metabolism and silk production in the silkworm.

appetite and neuronal activity often with deleterious
consequences (Wright, 1984; Neto et al., 1995). The present
investigation was taken up with a view to suggest the minimum
effective dose of zinc chloride that could effectively modulate
metabolism and silk production and the safe dosage that could
be allowed to accumulate in the Bombyx mori tissues (silk
gland, haemolymph, fat body, and muscle) without causing
any adverse effect on its growth and metabolism.

MATERIALS AND METHODS

The minimum effective dose (MED) of zinc chloride was
determined by examining its impact on the total protein content
in the Pure Mysore x CSR, hybrid variety of the silkworm
Bombyx mori, reared under standard environmental
conditions of 28°C, 85 % RH, as per Krishnaswami (1986).
After hatching, the worms were reared under normal 12 hr
light and 12 hr dark conditions and fed with M, variety of
mulberry leaves 5 times a day, at 6AM, T0AM, 2PM, 6PM and
10PM. The step down process given by Williams (1971) and
modified by Li Jan (2005) with zero-dose control was adopted
to determine the MED of zinc chloride. After the third moult,
the larvae were divided into control and one to four
experimental samples each with 100 larvae. The control
sample was given normal feedings 5 times a day as stated
above, while the larvae of experimental samples were fed with
mulberry leaves soaked in different concentrations (300ug,
200ug, 100ug, 50ug, 20ug, 10ug, 5ug, 2ug, 1ug) of zinc
chloride dissolved in 100 mL of distilled water, from fourth
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instar onwards. Before feeding, the zinc-treated mulberry leaves
were dried under cool dry weather in the laboratory and given
to the larvae of experimental samples, once in a day (at 6PM),
while continuing normal feeding process at other timings. In
all, the impact study was carried out on the silkworm larvae
reared separately in four different batches at different timings.

The first batch included four experimental samples fed with
mulberry leaves soaked in ZnCl, solutions of 300ug, 200ug,
100ug and 50ug, while the second (20 and 10ug treated) and
third (5 and 2ug treated) batches comprised two experimental
samples each and the fourth batch one experimental sample
(1ug treated). The total protein content of control and
experimental samples was assayed as per the methods given
by Lowry et al., (1951) in the silk gland, fat body, haemolymph
and muscle tissues, isolated by dissecting the silkworm larvae
in ice-cold Silkworm Ringer (Yamaoka et al., 1971), on
alternative days, i.e., day-1, day-3, day-5 and day-7 of fifth
instar.

RESULTS AND DISCUSSION

The minimum effective dose (MED), the lowest dose level with
a response greater than that of the zero-dose control is a

powerful tool for detecting the existence of a dose-response
relationship (Stewart and Ruberg, 2000; Li Jan, 2005). The
dose-response relationship between protein levels and
different doses of zinc chloride (ZnCl,), observed in four tissues
of the silkworm, viz., silk gland, haemolymph, fat body and
muscle is presented in Tables1, 2, 3,4 and in the Fig. 1(A, B, C,
D). The effect of zinc is analyzed in two ways;

1. lts day-wise impact on protein levels as reflected in the
form of deviations from the zero dose control on each
day of experimentation.

Its overall impact on protein levels of the last day (i.e., day
7) of fifth instar, represented as deviations from the first
day zero-dose control.

Effect of ZnCl, on silk gland proteins

The silk gland is a repository of over 93 proteins (Jin et al.,
2004; Zhang et al. 2006; Hou et al., 2007a) that primarily
includes two silk proteins, fibroin and sericin and a vast array
of other proteins such as chaperones, metabolic enzymes,
heat shock proteins, immuno proteins, serpins, transport
proteins cytoskeleton proteins and those involved in gene
expression (Nirmala et al., 2001; Takasu et al., 2005; Kyung
et al., 2006). The impact of ZnCl, on the protein profiles of the

Table 1: Silk gland total proteins in the fifth instar larval of Bombyx mori under the influence of different concentrations of zinc chloride.
Each value, expressed as mg protein / g wet weight of tissue, is the mean + standard deviation (SD) of four separate observations. For each
observation tissue from 10 to 15 larvae was pooled. The percent change (PC) from the control value, is calculated day-wise and batch-wise

separately
Days Batch - | Batch - Il Batch - Il Batch-1V
Control 300ug  200ug 100ug  50ug Control 20ug  10ug Control 5ug  2ug Control  1ug

Mean 51.3 44.8 52 77.2 74.7 34.3 17.8 20.6 51.5 96.3 110 34.6 34.3

DAY-1 P.C - -12.7 1.4 50.5 45.6 - -48.1 -39.9 - 87 113.6 - -0.9
S.D  +5.5 +8.4** +8.2%% +7.2% +4.2% +3.9 +2.0% +1.9*% +2.5 +3.4% +£3.0* +1.3 +2.5%%
Mean 56.3 68.5 54.4 84.2 74.8 55.8 50.1 34.3 98.5 77 65.8 76.5 80.5

DAY-3 P.C - 21.7 -3.4 49.6 329 - -10.2  -38.5 - -21.8 -33.2 - 5.2
S.D  £3.2**£16.6%* £2.9%* +12.9% +4.4* +3.9% +4.0** £3.5% +£2.4* £2.5% £3.2* +3.7* +1.6**
Mean 118 78 108 130 108 88.4 59.4 81.8 140 181 102 85.4 84.8

DAY-5 P.C - -33.9 -8.5 10.2 -8.5 - -32.8 -75 - 29.3  -27.1 - -0.7
S.D  +24* +8.7* +7.6* +11.5%* £7.9%* +£2.1* +£0.5* +£55** +£13* +1.6* £1.7* +1.5*% +£2.6**
Mean 286 82.3 150 167 231 96.4 69.1 93 245 267 258 144 182

DAY-7 P.C - -71.2 -47.6 -41.6 -19.2 - -28.3 -3.5 - 40.5 35.8 - 26.4
S.D  £5.7* +£6.3* +19.3* +3.7%*  +£11.8% +£6.5%* £4.2*% +£2.4** 1+4.22* +£53* £5.7* +6.2* +6.0*

* Statistically significant: ** statistically not significant:

Table 2: Haemolymph total proteins in the fifth instar larval of Bombyx mori under the influence of different concentrations of zinc chloride.
Each value, expressed as mg protein / g wet weight of tissue, is the mean + standard deviation (SD) of four separate observations. For each
observation tissue from 10 to 15 larvae was pooled. The percent change (PC) from the control value, is calculated day-wise and batch-wise

separately
Days Batch -1 Batch - Il Batch - IlI Batch-1V
Control 300ug 200ug 100ug  50ug Control 20ug 10ug Control 5ug 2ug Control 1ug
Mean 12.1 15.7 156 10.6 16.7 7.9 7.1 6.4 11.4 14 16.4 7.4 5
DAY-1 P.C - 29.8  28.9 -12.4 38 - -9.7 -18.5 - 22.8 43.9 - -32.5
S.D +0.7 +0.4* +0.3* +0.7* +0.5* +0.3 +0.06* +0.9* +0.08 +5.0** +0.06* +0.4  +0.2*
Mean 11.7 14.7 189 14.7 10 16 14.3 15.3 18.6 13.3 12.9 9.3 9.9
DAY-3 P.C - 25.6  61.5 25.6 -14.5 - -10.6 -4.4 - -28.5 -30.7 5.9
S.D +0.4*%* +0.4* +0.5* +0.8* +0.6* +0.1* +0.7* +0.2* +0.4* +0.08* +0.3* +0.6% +0.3*%*
Mean 19.5 24.3  20.6 25.3 25.2 21.7 17 20.9 22.6 10.9 14.4 10.6 10.7
DAY-5 P.C - 246 5.6 29.7 29.2 - -21.7 -3.7 - -51.8 -36.3 - 0.9
S.D +1.5% +0.7% +0.5** +0.6* +0.6* +0.2* +0.4* +0.1* +0.5* +0.2* +0.2* +0.2*%  +0.7*%*
Mean 28.8 26.9 227 21.4 23 27.7 19.6 23.3 24.8 20.1 21 16.5 19.6
DAY-7 P.C - -6.6 -21.2 -25.7 -20.1 - -29.2 -15.9 - -19 -15.3 - 18.8
S.D +0.4* +0.6* +0.5* +0.6* +0.6* +0.8* +0.6* +0.4* +0.3* +0.5*%* +0.04* +1.1%  +0.2*

* Statistically significant: ** statistically not significant:
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Figure 1: The overall impact of ZnCl, on the total protein profiles
of B. mori, represented as per cent change from the first day zero-
dose control of the fifth instar larva. A. Silk gland: B. Haemolymph:
C. Fatbody: D. Muscle

The protein values, expressed as mg protein/ g wet weight of tissue or 1 mL of haemolymph
represent the mean + S.D of four separate observations (p values: <0.001). Source:
Tables 1to 4.

silk gland is largely negative at higher doses and positive at
lower doses (Table 1 and Fig. 1A). The day-wise trends in
protein levels showed a mixed response to different doses of
ZnCl, with characteristic falls and elevations. The inhibitory
effect of ZnCl, ranged from ~13 to 71% at 300ug dosage, ~3
to 48% at 200ug, ~42% at 100ug, 9 to 19% at 50ug, ~10 to
48% at 20ug, ~4 to 40% at 10ug, 22% at 5ug dosage. The
positive impact of ZnCl, started at a dose of 2ug, wherein the
protein levels were elevated by ~114% on day 1 and ~36%
on day 7 of fifth instar (Table 1). Further, the overall increase in
the protein levels by the end of fifth instar is also not
encouraging at higher concentrations of ZnCl,. On the 7" day
of fifth instar, the silk gland proteins declined from the zero-
dose control by ~71% at 300ug, ~48% at 200ug, ~42% at
100ug, ~19% at 50ug, ~28% at 20ug and by 4% at 10ug
dosages. Though, the positive impact of ZnCl, was reflected at
dose of 5ug (+9% rise) and 2ug (+5%) dosages, maximal
effect (~26% rise) was recorded at 1ug dosage (Fig. 1A).
Evidently, a dose of 1ug of ZnCl, or even a lesser dose seems
to favour silk gland growth by stimulating protein synthesis
during fifth instar development. Obviously, the silk production
in B. mori could be modulated profitably for the sericultural
industry by feeding the larvae with the mulberry leaves dipped
in ZnCl, at dosages lower than 1ug / 100mL / 100 worms.
Similarly, a dosage of about 1 to 5ug / 100mL / 100 worms
seems to be tolerable range of ZnCl, that could be safely
accumulated in the silk gland of B. mori.

Effect of ZnCl, on haemolymph proteins

The haemolymph of B. mori is the chief circulating fluid and
flowing reservoir of about 241 to 298 proteins (Lix et al., 2006)
that promote larval growth, metamorphosis, silk production,
apoptosis, chitin and haemocyte formation, growth of salivary
glands and reproductive organs, ecdysis (Chai et al., 2008;
Nakahara et al., 2009; Naga Jyothi et al., 2010). Though, the
response of haemolymph proteins to ZnCl, is fluctuating at
higher doses (50 to 300ug), it is significantly positive at 10 and
1ug dosages (Table 2). Notwithstanding occasional elevations
in the levels of total proteins, the day- wise effect of ZnCl,
presented in Table 2, shows ~ 7% inhibition at 300ug dosage,
~21% at 200ug, ~12 to 26% at 100ug, ~15 to 20% at

Table 3: Fat body total proteins in the fifth instar larval of Bombyx mori under the influence of different concentrations of zinc chloride. Each
value, expressed as mg protein / g wet weight of tissue, is the mean + standard deviation (SD) of four separate observations. For each
observation tissue from 10 to 15 larvae was pooled. The percent change (PC) from the control value, is calculated day-wise and batch-wise

separately
Days Batch -1 Batch - Il Batch - Il Batch - IV
Control 300ug 200ug 100ug  50ug Control 20ug 10ug Control  5ug 2ug Control 1ug

Mean 58.1 78.7 75.6 76.9 67.8 37.5 37.5 42.4 50.8 49.5 46.9 26.6 35.2

DAY-1 P.C - 35.5 30.1 -40.4 16.7 - 0 13.1 - -2.6 -7.7 - 32.3
S.D +1.4  +2.5% +3.1% +£3.1*% +3.7% +4.2 +4.4*%* +0.1*%* +2.9 +1.3*%% +3.1 ** 117 +2.4%
Mean 76.8 57.7 45.2 71.5 82 46.3 65.6 58.1 52.7 98.9 77.8 55.6 50.8

DAY-3 P.C - -25.3 -41.2 -6.9 6.8 - 41.7 25.5 - 87.7 47.6 - -8.6
S.D +2.5% +2.9% +1.3*% +£3.2*% +4.1*¥* +1.5% +2.7%¥ +2.3% +1.9%* +4.9*% +2.2% +1.5% +2.2%
Mean 97.4 82.4 120 102 118 51.6 48.5 40.3 66.7 40.6 51.2 56 53.4

DAY-5 P.C - -15.4  23.2 4.7 21.2 - -6 -21.9 - -39.1 -23.2 - -4.6
S.D +4.6* +4.3* +3.6*% +3.3** 4+£3.4* 4+2.1* +2.8*%* +3.9* +4.0* +0.5% +3.01* +2.8%  +1.3*%*
Mean 54.1 66.3 84.9 544 78.9 37 40 35.3 38.2 21 50.6 26.1 19.1

DAY-7 P.C - 22.6 56.9 0.6 45.8 - 8.1 -4.6 - -45 325 - -26.8
S.D  +1.2%¥ +5.2% +4.7*% +1.1*% +£2.3*% +4.6% +4.5%* +1.0%* +4.6* +1.1% +2.1% +3.3* +2.7%

* Statistically significant: ** statistically not significant
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Table 4: Muscle total proteins in the fifth instar larval of Bombyx mori under the influence of different concentrations of zinc chloride. Each
value, expressed as mg protein / g wet weight of tissue, is the mean + standard deviation (SD) of four separate observations. For each
observation tissue from 10 to 15 larvae was pooled. The percent change (PC) from the control value, is calculated day-wise and batch-wise

separately
Days Batch - I Batch - I Batch - Il Batch-IV
Control 300ug 200ug 100ug  50ug Control 20ug 10ug Control 5ug 2ug Control 1ug

Mean 52.3 49.1 60.6 61.3 535 36.1 35.3 25.6 52.6 95 87.9 37.7 24.3

DAY-1 P.C - -6.1 15.9 17.2 2.3 - -2.2 -29.1 - 80.6 67.1 - -35.5
S.D +3.1 +4.1%* +3.5% +4.8*% +£2.2%* +3.1 +£2.7*%% +0.4* +1.6 +2.5% +3.6* +4.1 +2.0*
Mean 90.7 89.6 80.1 65.6 59.2 71.1 56.9 67.6 88.9 67.4 68.5 61.6 55.3

DAY-3 P.C - -1.2 -11.7 -27.7 34.7 - -20 -4.9 - -24.2  -23 - -10.2
S.D +5.2% +3.2%* +25% +4.1* +5.0* +3.5*% +0.7% +1.5%* +29*% +2.8* +3.6* +2.2%  +1.6*
Mean 131 132 120 132 121 53.5 62.6 70 75.2 49.4 69 62.6 48.7

DAY-5 P.C - 0.8 -8.4 0.8 -7.6 - 17 30.8 - -34.3 -8.2 - -22.2
S.D +3.5% +8.9%* +52% 4+15.2*%* £9.7*¥* 1+2.6* +2.0% +2.8* +1.2% +0.9% +2.8* +0.9%  +3.2%
Mean 106 119 123 77.3 113 25.6 42.3 38.8 53.9 51.6 65.4 34.5 31.7

DAY-7 P.C - 12.3 16 -27.1 6.6 - 65.2 51.6 - -4 21 - -8.1
S.D +3.7% +11.7%*+58*% +7.6*% +6.5%* +3.4*% +2.1*% +22%* +2.3% +3.7*¥* +1.5% +2.8%  4£1.7*%*

* Statistically significant: ** statistically not significant

50ug, ~101to 29% at 20ug, ~4 to 18% at 10ug, 19 to 52% at
5ug and ~15 to 22% at 2ug dosage. Significantly, the actual
positive impact of ZnCl, on protein synthesis (~1 to 19%
increase) was recorded at 10 and 1ug dosages (Table 2). The
overall impact of ZnCl, on haemolymph proteins is almost
similar to that of silk gland, being negative at higher doses and
positive at lower doses (Fig. 1 B). The protein levels declined
by ~7% at 300 ug dosage, ~21 % at 200 ug, 26% at 100 ug,
~20 % at 50 ug ~29 % at 20 ug, ~16 % at 10 ug, ~19 % at
2 ug concentration. But the response is positive at 1 ug dosage,
wherein the protein levels recorded an increase of about 19%
from the zero-dose control (Fig. 1B). Obviously, ZnCl, could
be comfortably maintained at this lower dosage in the
circulating medium of haemolymph.

Effect of zinc chloride on fat body proteins

The insect fat body plays a metabolic role similar to that of the
mammalian liver and adipose tissues (Scott et al., 2004). In B.
mori it synthesizes and stores over 177 proteins that constitute
nine glycolysis related proteins, several metabolically related
proteins like diacylglycerol binding protein, triacylglycerol
lipase, putative hydrolases, cytoskeleton proteins and defence
proteins, heat shock proteins (Hou et al., 2007b). The impact
of ZnCl, on fat body protein profiles is opposite to that of silk
gland and haemolymph. Barring a few exceptions, the total
protein content of the fat body recorded an elevation under
the influence of zinc chloride at higher doses (300ug, 200ug
, 50ug) compared to lower doses examined (Table 3). The
elevations ranged from ~23 to 36% under 300ug, ~23 to
57% at 200ug, ~7 to 46% at 50ug, 8 to 42 % at 20ug and 13
to 25% at 10ug dosage. From 5ug dosage downwards, the
impact of ZnCl, is negative with inhibitions ranging from 3 to
45% at 5ug, 8 to 23% at 2ug and 5 to 27% at 1ug dosage
(Table 3). The overall impact of ZnCl, on fifth instar-end protein
profiles is relatively positive at higher doses and negative at
lower doses (Fig. 1C). Their levels recorded an increase of
~23 % at 300ug, 57 % at 200ug, 46 % at 50ug, 8 % under
20ug and 32 % at 2ug dosage from the zero-dose control (Fig.
1C). But conversely, the protein levels were declined at 10ug
(~5 %) 5ug (~45%) and at 1ug (~27%) dosages of ZnCl,.
Evidently, the response of protein profiles of the fat body were
declined at lower dosages, but increased at higher doses (50

to 300ug ) showing maximum response at 200ug of ZnCl, .
Obviously, ZnCl, at a concentration of about 200ug / 100mL
/ 100 worms seems to have a positive impact on protein
synthesis in the fat body and at this dosage it could be
conformably stored in this tissue.

Effect of zinc chloride on muscle total proteins

The silkworm muscle is known to contain many metabolically
important proteins that are transported to it from other tissues
during metamorphosis and includes those of the cytoskeleton,
muscle contraction, feeding, locomotion, respiration and
cocoon spinning (Sivaprasad and Muralimohan, 2009a,
2009b; Naga Jyothi et al., 2010) apart from those involved in
oxidative metabolism and ATP production (David and
Ananthakrishnan, 2006). The impact of ZnCl, on muscle
proteins is by and large similar to that of the fat body, with
higher doses showing positive impact and lower doses eliciting
a negative response (Table 4). The day-wise trends in protein
profiles indicated that ZnCl,, in general caused an elevation
from the zero-dose control at higher dosages and reduction at
lower dosages. At the dose of 300ug, the elevation in protein
levels ranged from ~ 1 to 12%, while it is about 15% at
200ug, ~1 to 17% at 100ug, ~6 to 35% at 50ug, ~17 to
65% at 20ug and ~31 to 52% at 10ug dosage. From 5ug
dosage downwards, the impact of ZnCl, is negative with
inhibitions ranging from ~24 to 90% at 5ug, ~8 to 88% at
2ug and ~8 to 36% at 1ug dosage (Table 4). The overall
impact of ZnCl, on fifth instar-end proteins is positive and it is
reflected in the form of significant elevation in their levels at
dosages of 20ug (+65 %) and 10ug (+52 %), while it is less
evident at 300ug (+12 %), 200ug (+ 16 %), 50ug (+7 %) and
2ug (21 %) dosages (Fig. 1D). The protein levels however,
showed a declining trend at all other dosages of zinc (100ug,
5ug and 1ug) exposed. Keeping in view the higher protein
levels observed at 20 and 10 ug dosages of zinc chloride, it is
suggested that these dosages are effective against the muscle
tissue and the metabolism in this tissue could be positively
modulated at these dosages. Further, it is also evident that the
muscle tissue could tolerate higher dosages of ZnCl, (10 to
300ug) without any adverse affect on its metabolism.

Our study demonstrates that ZnCl, is a potent modulator of
metabolism and silk production in B. mori. The modulatory
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role of ZnCl, varies as a function of its dose and the type of
tissue exposed to it. For instance, the silk gland and
haemolymph are sensitive to ZnCl, at 1ug dosage, while the
fatbody and muscle could tolerate higher doses 200ug and
20ug respectively. Our findings are in consistent with similar
dose - response studies made on B. mori, in which maximal
response in respect of the larval growth was elicited at low
concentrations (0.1 to 0.3%) and that of biochemical
constituents such as the haemolymph proteins, lipids, trehalose
at higher concentrations ( 50 to 150ug) of zinc and other
mineral nutrients (Rashid et al., 2001; Javed and Gondal, 2002;
Miranda et al.,2002; Bhattacharya and Kaliwal, 2005;
Rahmathulla et al., 2007; Vittalrao and Sarwade, 2009).

From the sericultural point of view the silk protein synthesis
and metabolism in the silk gland could be enhanced at lower
doses of ZnCl,, but higher doses are required to elicit similar
response in fat body and muscle. Despite minor differences in
doses and responses thereof, and in view of the fact that the
silk gland is the prime site of silk protein synthesis and contains
most of the proteins found in the haemolymph and fat body
(Kyung et al., 2006; Lix et al., 2006; Hou et al., 2007a, 2007b),
it is suggested that the mulberry leaves dipped in 1ug of ZnCl,
@ 100 mL / 100 worms may be fed to the silkworm larvae at
least once in a day during both the fourth and fifth instar larval
stages for improvements in larval growth, metabolism and the
economic traits of cocoon and for realizing the desirable profits
from the sericulture industry. Since zinc is toxic at higher
concentrations, more practical trials are required before
embarking on its large scale utilization in this field.

ACKNOWLEDGEMENT

The authors are grateful to the University Grants Commission,
New Delhi for financial assistance in the form of a major
research project.

REFERENCES

Ashfaqg, M., Afzal, W. and Asif Hanif, M. 2010. Effect of zinc deposition
in soil on mulberry silkworm food chain. African J. Biotech. 9:1665—
1672.

Bhattacharya, A. and Kaliwal, B. B. 2005. Synergetic effects potassium
and magnesium chloride on biochemical contents of the silkworm,
Bombyx mori L. Caspian J. Env. Sci. 3: 1- 6.

Chai, S. S., Rhee, W. J. and Park, T. H. 2008. Inhibition of human cell

apoptosis by silkworm haemolymph. Biotechnology Progress. 18:
874 — 878.

David, B.V. and Ananthakrishnan, T. N. 2006. General and Applied
Entomology. New Delhi: Tata McGRaw — Hill Publishing Company
Ltd. pp. 89 - 91.

Hou, Y., Xia, Q., Zhao, P., Zou, Y., Liu, H., Guan, )., Gong, J. and
Xiang, Z. 2007a. Studies on middle and posterior silk glands of
silkworm (Bombyx mori) using two-dimensional electrophoresis and
mass spectrometry. Insect Biochem. Mol. Biol. 37: 486- 496.

Hou, Y., Zhao, P., Liu, H. L., Zou, Y., Guan, J. and Xia, Q.Y. 2007b.
Proteomics analysis of fat body from silkworm (Bombyx mori). Sheng.
Wu Gong. Cheng. Xue Bao. 23: 867- 872.

Hugar, 1. 1., Nirwani, R. B. and Kaliwal, B. B. 1998. Effect of Zinc
chloride on the fat body and haemolymph of the bivoltine silkworm.
Sericologia. 38: 299- 308.

Islam, R. Md., Ali, A. O. Md., Paul, D. K., Sultana, S., Akhter Banu,

N. A. and Islam, R. Md. 2004. Effect of salt, Nickel chloride
supplementation on the growth of silkworm, Bombyx mori L.
(Lepidoptera: Bombycidae). J. Biol. Sci. 4: 170- 172.

Javed, H. and Gondal, M. H. 2002. Effect of food supplementation
by N and Ascorbic acid on larval mortality of silkworm (Bombyx
mori L). Asian J. Plant Sci. 1: 556-557.

Jin, Y. X,, Chen, Y. Y., Xu, M. K. and Jiang, Y. H. 2004. Studies on
middle silk gland proteins of cocoon colour sex-limited silkworm
(Bombyx mori) using two-dimensional polyacrylamide gel
electrophoresis. J. Biosci. 29: 45- 49.

Kochi, S. C. and Kaliwal, B. B. 2006. The effects of potassium bromide
on biochemical contents of the fat body and haemolymph of cross
breed races of the silkworm Bombyx mori L. Caspian J. Env. Sci. 4: 17-
24.

Krishnaswami, S. 1986. New technology of silkworm rearing. Central
SericulturalResearch and Training Institute, Mysore, India.

Kyung, H. S., Su, ). J., Young, R. S., Seok, W. K. and Sung, S. H.
2006. Identification of up- regulated proteins in the hemolymph of
immunized Bombyx mori larvae. Comp. Biochem. Physiol., D. 1:
260- 266.

Li Jan, S. 2005. Step contrasts for identifying the minimum effective
dose. Communications in Statistics- Theory and Methods. 34: 45- 47.

Lix, H., Wu, XF., Liu, . M., Li, G. L. and Miao, Y. G. 2006. Proteomic
analysis of the silkworm (Bombyx mori L,) haemolymph during
developmental stage. J. Proteome Res. 5: 2809 — 2814.

Lowry, O. H., Rosenbrough, N. J., Farra, L and Randall, R. ). 1951.
Protein measurement with Folin phenol reagent. J. Biol. Chem. 33:
19-27.

Miranda, ). E., Bortoli, S. A. and Takahashi, R. 2002. Development
and silk production by silkworm larvae after topical application of
methoprene. Sci. Agric. (Piracicaba, Braz.) [online]. 59: 585- 588.

Naga Jyothi, P., Nagalakshmamma, A., Phaninatha Saarma, A.,
Suneetha, Y. and Siva Prasad, S. 2010. Effect of ultrasound on the
structural proteins of different tissues of the fifth instar silkworm,
Bombyx mori L. Global J. Biotech and Biochem. 5: 136-140.

Nakahara, Y., Shimura, S., Ueno, C., Kanamari, Y., Mita, K., Kiuchi,
M. and Kamimura, M. 2009. Purification and characterisation of
silkworm haemocytes by flow cytometry. Dev. Comp., Immunol. 33:
439- 448.

Neto, J. B., Stefan, V., Mendonca, B. B., Bloise, W., Ana Valeria, B.
and Castro, M. D. 1995. The essential role of zinc in growth. Nutrition
Research. 15: 335- 358.

Nirmala, X., Mita, K., Vanisree, V., Zurovec, M. and Sehnal, F. 2001.
Identification of four small molecular mass proteins in the silk of
Bombyx mori. Insect Mol. 10: 437- 445.

Nirwani, R. B. and Kaliwal, B. B. 1996. Increase of silk production
and quantitative changes of carbohydrate and protein in the fat body
and haemolymph after feeding potassium sulphate to bivoltine Bombyx
mori L. Sericologia. 36: 523-534.

Rahmathulla, V. K., Priyabrata Das., Ramesh, M. and Rajan, R. K.
2007. Growth rate pattern and economic traits of silkworm, Bombyx
mori L under the influence of folic acid administration. J. Appl. Sci.
Environ. Manage. 11: 81-84.

Ramakrishna, S. and Bhaskar, M. 2009. Improvement in cocoon
parameters of silkworm larvae, Bombyx mori (L) on induction of
thyroxine hormone. The Bioscan. 4: 175-178.

Raman, C. Suganthi L. M., Xavier, N. and Krishnan, M. K. 2007.
Expression of silk gene in response to P. soyatose (hydrolysed soyabean

protein) supplementation in the fifth instar male larvae of Bombyx
mori. L. J. Cell and Mol. Biol. 6: 163- 174.

Rashid, Md ., Jan, T. Md. and Khan, 1. Md. 2001. Effects of food from
mulberry treated with urea “N” on larval development and cocoon




S. KAVITHA et dl.,

weight of silkworm Bombyx mori L. J. Res (Science). 12: 123- 129.

Ruberg, S. J. 1989. Contrasts for identifying the minimum effective
dose. . American Statistical Association. 84: 816-822.

Scott, R.C., Schuldiner, O. and Neufeld, T. P. 2004. Role and
regulation of starvation- induced autophagy in the Drosophyla fat
body. Dev. Cell. 7:167- 178.

Sivaprasad, S. and Muralimohan, P. 2009a. Neuromuscular systems
in the fifth instar larva of the silkworm, Bombyx mori (Lepidoptera:
Bombycidae):I- Cephalothoracic musculature and its innervation. J.
Appl. and Nat. Sci. 1: 201- 209.

Sivaprasad, S. and Muralimohan, P. 2009b. Neuromuscular systems
in the fifth instar larva of the silkworm, Bombyx mori. (Lepidoptera:
Bombycidae): Il- Abdominal musculature and its innervation. J. Appl.
and Nat. Sci. 1: 210- 226.

Stewart, W. H. and Ruberg, S. J. 2000. Detecting dose response with
contrasts. Statistics in Medicine. 19: 913-921.

Takasu, Y., Yamada, H., Saito, H. and Tsubouchi, K. 2005.

Characterization of Bombyx mori sericins by the partial amino acid
sequences. J. Insect Biotechnology and Sericology. 74: 103-109.
Vitthalrao, K. B. and Sarwade, J. P. 2009. Protein profiles in the fifth
instar larvae of silkworm, Bombyx mori(L) (PMxCSR) fed with Digoxin
treated mulberry leaves. The Bioscan. 4: 41-44.

Waseem, A., Zafar, U. and Lee, }. J. 2002. Silk worm growth and silk
yield on selected supplemented / unsupplemented mulberry varieties.
Entomological Research. 32: 201- 204.

Williams. 1971. Minimum effective dose. Biometrics. 27: 103-117.

Wright, M. D. 1984. Zinc: effect and interaction with other cations
in the cortex of the rat. Brain Res. 311: 343-347.

Yamaoka, K., Hoshino, M. and Hirai, T. 1971. Role of sensory hairs
on the anal papillae in oviposition behaviour of Bombyx mori. L. J.
Insect Physiol. 47: 2327 - 2336.

Zhang, P. B., Aso, Y. K., Yamamoto, B. Y., Wang, Y. Q., Tsuchida, K. Y.,
Kawaguchi and Fujii, H. 2006. Proteome analysis of silk gland proteins
from the silkworm, Bombyx mori. Proteomics. 6: 2586 - 2599.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


