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ABSTRACT

The relative impact of zinc chloride (ZnCl,) and zinc sulphate (ZnSO,) on larval growth, tissue proteins and
economic parameters of sericulture was studied in Bombyx mori by feeding its larvae with zinc- enriched
mulberry leaves. In general, the two zinc salts showed differential effects on all parameters examined. ZnCl,
caused 357% increase in the larval body weight and 2900% increase in silk gland weight, while ZnSO, showed
an increase of 329% in body weight and 1900% in gland weight. Significantly, ZnCl, elevated the protein levels
in silk gland and haemolymph by 526% and 265% respectively, but ZnSO, reduced them by 356% and 181%
respectively in silk gland and haemolymph. Both the zinc salts reduced fat body and muscle protein levels by 48
to 84% during the study period. Both ZnCl, and ZnSO, elevated cocoon weight by ~11 and 14%, and shell
weight by ~17 and 9% respectively, but reduced floss weight by 50% each. While ZnCl, increased shell
proteins by ~22% and floss protein by ~23%, ZnSO, reduced them by ~23% and 9% respectively. ZnCl,
raised the shell-cocoon ratio by ~50% and floss-shell ratio by 16%, ZnSO, showed no effect on the former, but
increased the latter by 17%. The ZnCl, caused a 9% decline in floss-silk ratio, while ZnSO, caused 2% decrease
in this parameter. While ZnCl, caused 5%, 3% and 29% increase respectively in silk weight, raw silk percentage
and denier, ZnSO4 showed marginal positive trends in these parameters. While, ZnCl, reduced the renditta by
4%, ZnSO, increased it by 2.5%. The study indicates that the nutritive value of ZnCl, was higher than that of
ZnSO, and hence it could be tried as a potential modulator of silk production.

INTRODUCTION

Improving the quantity and quality of silk produced by the
silk worm, Bombyx mori, using exogenous nutrients and min-
erals has been practiced as a traditional scientific method in
the sericulture industry (Magadum et al., 1992; Qader et al.,
1993; Chamundeswari and Radhakrishnaiah, 1994; Willott
and Trans, 2002; Goyal et al., 2003). This is often done by
feeding the silkworm larvae with nutrient-fortified mulberry
leaves and observing the changes in growth development,
metamorphosis, metabolism and in the silk yield (Kumararaj
et al., 1972; Ahmed et al., 1998; Rahmathulla, 2002). For
instance, the supplementation of mulberry diet with vitamin
B derivatives enhanced disease resistance, body weight and
silk yield in silkworm (Ito, 1978; Das and Medda, 1998), while,
another vitamin, ascorbic acid enhanced the larval survival
rate (Ito and Nimimura, 1966a, 1966b). Of late, the impact
studies of minerals on silkworm biochemistry and metabo-
lism have been widely reported. For example, the synergetic
effects of potassium and magnesium chlorides on the bio-
chemical constituents such as the glycogen, total lipids, tre-
halose, and total protein content of the silkworm has been
analyzed with a positive impact on metabolism (Bhattacharya
and Kaliwal, 2005a). One of the exogenous modulators that
attracted the attention of investigators is the zinc, a micronu-
trient carried through the diet and bio-accumulates in the

tissues of silkworm. It plays an important role in larval growth
and development by stimulating metabolism through en-
hanced enzyme activities, hormonal mediation, replication,
transcription and neuronal activity (Wright, 1984; Neto et al.,
1995). Though the impact of zinc on larval growth and meta-
morphosis has been extensively studied, its influence on silk
yield and other economic factors has not been examined so
far. In view of the positive impact of zinc on silkworm growth
and metamorphosis, it is imperative to assess its role in silk
production. In the current study, we made a comparative
analysis of the impact of two zinc salts, viz, zinc chloride
(ZnCl,) and zinc sulphate (ZnSO,) on silkworm growth, pro-
tein profiles and economic parameters of sericulture.

MATERIALS AND METHODS

The present investigation was carried out on the Pure Mysore
x CSR, hybrid strain of Bombyx mori, reared under standard
environmental conditions of 28°C, 85% RH, as per the method
given by Krishnaswami (1986). After hatching, the worms were
reared on M, variety of mulberry leaves with 5 feeds per day at
6 AM, 10AM, 02 PM, 06 PM and 10 PM, under normal 12h
light and 12h dark conditions. The experimental design was
divided into three phases, namely zinc feeding pattern, assay
of proteins and analysis of economic parameters of sericulture.
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Zinc feeding pattern

After the third moult, the fourth instar larvae were divided into
four batches of 100 larvae each. The first batch was given
normal feedings 5 times a day and treated as the control. The
second and third batch larvae were fed with zinc-fortified
mulberry leaves at its minimum effective dose as determined
by us in our previous study (Kavitha et al., 2011). Accordingly,
the second batch larvae were fed with mulberry leaves soaked
in 1ug ZnCl,, dissolved in 100mL of distilled water, while the
third batch larvae were fed with mulberry leaves soaked in
1ug ZnSO, solution. In each case, mulberry leaves were dipped
in ZnCl, /ZnSO, solution separately, dried under cool dry
weather conditions and fed to the larvae of fourth and fifth
instars, once in a day at 06 PM, while continuing the normal
pattern feeding at other timings.

Assay of proteins

Tissues such as the silk gland, fat body and muscle were
isolated by mid—dorsal dissection of fifth instar larvae in the
Silkworm Ringer (Yamaoka et al., 1971) and the haemolymph
was extracted by cutting the telson and prolegs of the silkworm
larvae. The total protein content of the tissues was estimated
in 1% homogenates of tissues and 1:9 diluted haemolymph
(1:9 haemolymph and water) by the method of (Lowry et al.,
1951) and expressed in mg protein / gm wet weight of tissue
or mg/mL of haemolymph. Similarly, the total protein content
of the shell and floss of the cocoon was estimated in 1 %
homogenates in distilled water as per the method given by
Lowry et al. (1951). Since the silk cocoon is not soluble in
distilled water, it was first soaked in diluted sodium hydroxide
(NaOH) solution before homogenized in distilled water. The
amount of proteins present in the sample was computed using
a standard prepared from bovine serum albumin, and the
values were expressed as mg/g wet weight of the shell or floss.

Analyses of economic parameters

Some important economic parameters of the sericulture
industry, such as the larval weight, silk gland weight, gland-
body ratio, cocoon weight, cocoon-shell weight, cocoon -
shell ratio, renditta, raw silk—larval body ratio, raw silk
percentage, filament weight, denier (filament size), floss-shell
ratio were analyzed separately in each batch as per the methods
given by (Bohidar et al., 2007 and Rahmathulla et al., 2007;
Sailaja and Sivaprasad, 2010a; Chakrabarthy and Kaliwal,
2011).

RESULTS AND DISCUSSION

The growth patterns of the larval body and tissue specific
changes in the levels of total proteins under the impact of two
zinc salts (ZnCl, and ZnSO,) were analyzed in two ways. Firstly,
its immediate impact (day-to-day effect) as reflected in the form
of deviations from the control value on each day of
experimentation, and secondly, its overall impact as recorded
in the form of instar-end changes in protein levels, wherein
the day-1 value of fifth instar is taken as the control and that of
the day-7 as the experimental (Table 1 and Fig. 1).

Effect of zinc on the growth of silk gland and larval body

Since, the silk gland-body ratio is an important economic
indicator of silk production by the silkworm; the higher the
ratio, the greater would be the output and vice versa (Sailaja
and Sivaprasad, 2010a, 2010b). Higher gland-body ratios
could be achieved by enriching the silkworm diet (mulberry
leaves) with a variety of exogenous modulators, more
particularly with zinc salts. The day-to-day changes and instar-
end changes in the growth patterns of the larval body and the
silk gland, together with the gland-body ratio were measured
under the influence of ZnCl, and ZnSO,, and presented in

Table 1: Growth of silkworm, Bombyx mori larvae in terms of body weight (g), silk gland weight (g) and silk gland-body ratio during fifth instar
development, under the impact of ZnCl, and ZnSO,. Each value is a mean, + standard deviation of four individual observations

Control ZnCl, treated ZnSO, treated
Days of V Instar  Body Silk gland Gland- Body Silk gland  Gland- Body Silk gland Gland-
Body ratio Body ratio Body ratio

Mean 0.7 0.03 4.6 0.6 0.03 4.5 0.6 0.02 4.7
1 PC - - - - - - - -

SD +0.015* +0.002* +0.05* +0.006* +0.002* +0.006* +0.010* +0.002* +0.01*
2 Mean 1.2 0.1 4.9 1.2 5 1 0.04 4.3

PC 71.4 100 6.5 87.1 107.1 11.1 74.9 83.3 4.9

SD +0.013* +0.02* +0.06* +0.040* +0.002* +0.05* +0.028* +0.002* +0.006*
3 Mean 1.6 0.1 7.5 1.4 8 1.2 0.1 6.6

PC 30.1 93.3 53.1 20.7 93.1 60 20.2 86.4 53.5

SD +0.03* +0.002* +0.13* +0.029* +0.002* +0.06* +0.030* +0.002* +0.006*
4 Mean 2.1 0.2 10.7 2 12.7 1.7 0.2 9.9

PC 31.3 89.7 42.7 40.7 123.2 58.8 37.9 107.3 50

SD +0.05* +0.02* +0.05* +0.010* +0.002* +0.006* +0.033* +0.002* +0.008*
5 Mean 2.3 0.4 15.4 2.3 0.4 15.5 2.1 0.3 16

PC 9.5 59.1 43.5 18.3 22 23.4 98.8 61.8

SD +0.05* +0.02* +0.06* +0.071* +0.016* +0.025* +0.050* +0.002* +0.005*
6 Mean 2.8 0.6 221 2.9 21.4 2.6 0.6 21.2

PC 21.7 76 43.8 24.5 72.2 38.1 23.7 63.3 32.3

SD +0.03* +0.002* +0.014* +0.060* +0.016* +0.006* +0.038* +0.002* +0.006*
7 Mean 3 0.7 24.4 3.2 28 3 0.6 21.7

PC 7.1 18.5 10.3 11 31 14.2 17 2.5

SD +0.03* +0.02* +0.006* +0.088* +0.016* +0.06* +0.079* +0.003* +0.006*

* Statistically significant. ** Statistically not significant
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Table 1. In the control batch (i.e., the larvae fed with normal
mulberry leaves), the body weight increased by ~329% (from
0.7 gto 3.0 g), the silk gland weight by ~2233% (from 0.03
to 0.7g) and the gland-body ratio by ~430% (from 4.6 to
24.4) during fifth instar development. The two zinc salts
showed significantly varying proportions of changes in the
body growth, silk gland growth and gland-body ratio. When
the larvae were fed with ZnCl -treated mulberry leaves the
larval body weight increased by 357% (from 0.7 g to 3.2g),
gland weight by 2900% (from 0.03 g to 0.94 g) and the gland-
body ratio by ~509% (from 4.6 to 28.0) at the end of fifth
instar. At the same time, when the larvae were fed with ZnSO,,
the larval body weight increased by ~329 (from 0.7 to 3.0 g),
gland weight by 1900% (from 0.03 to 0.6g) and the gland-
body ratio by ~372% (from 4.6 to 21.7). The study indicates
that ZnCl, has more promising effect on larval growth and the
gland-body ratio compared to ZnSO,, which in fact has an

inhibitory effect on these two important parameters (Table 1).
Obviously a mineral that could elevate gland weight and cause
higher gland body- ratio has more nutritive and economic
values than that causes low gland weight and lower gland-
body ratio. Many earlier nutritional studies on silkworm
revealed that mineral salts, particularly those in chloride form
(eg. Magnesium chloride, calcium chloride, potassium chloride
and cobalt chloride) showed positive growth trends with
reference to the growth of silk gland and larval body
(Chakraborti and Medda, 1978; Bhattacharya and Kaliwal,
2005a, 2005b, 2005¢). Our study, while replicating the positive
role of mineral nutrition in the silkworm growth as a whole,
further demonstrates that the chloride form of zinc salt (i.e.,
ZnCl,) appears to have more stimulating effect on the growth
of silk gland and larval body than its sulphate form (i. e., ZnSO,)
and with this effect it shifts the balance towards higher gland-
body ratio during fifth instar development.

Table 2: Economic parameters of the silkworm, Bombyx mori, under the impact of ZnCl, and ZnSO,, Each value is a mean, + standard
deviation of four individual observations
Experimental
Parameter Control ZnCl, treated ZnSO, treated
Mean 86.5 80 86
No. of green cocoons in one 1.kg weight P.C - -7.5 -0.5
S.D +1.3 +0.8* +0.8%*
Mean 1.3 1.4 1.4
Weight of single cocoon (g) P.C - 7.7 7.7
S.D +0.01 +0.01* +0.01*
Mean 0.2 0.3 0.3
Weight of single shell (g) P.C - 50 50
S.D +0.01 +0.01%* +0.01*
Mean 0.02 0.03 0.03
Weight of single floss (g) P.C - 50 50
S.D +0.00 +0.01* +0.01*
Mean 42.4 51.5 325
Shell protein (mg /g) P.C - 21.5 -23.3
S.D +2.7 +0.01* +0.00*
Mean 4.41 5.4 4
Floss protein (mg/g) P.C - 22.7 -9.1
S.D +0.4 +0.9* +0.1*
Mean 0.2 0.3 0.2
Shell-cocoon ratio P.C - 50 0
S.D +0.00 +0.00* +0.00*
Mean 8.7 10.1 10.2
Floss- shell ratio P.C - 16 17.1
S.D 0.3 1.6%* 0.2%*
Mean 0.2 0.2 0.2
Silk -Shell ratio P.C - 0 0
S.D +0.00 +0.00* +0.00*
Mean 20.5 18.6 20
Floss-Silk ratio P.C - -9.3 -2.4
S.D +0.05 +0.05* +0.06*
Mean 18.7 19.7 18.9
Raw silk weight (g) P.C - 5.3 1.1
S.D +0.01 +0.01* +0.01*
Mean 12.7 13.1 12.3
Raw silk percentage P.C - 3.1 -3.1
S.D +0.0 +0.01* +0.0*
Mean 7.9 7.6 8.1
Renditta P.C - -3.8 2.5
S.D +0.01 +0.01* +0.01*
Mean 14 18.1 15.6
Denier (d) P.C - 29.3 11.4
S.D +0.5 +0.9* +1.4%
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Effect of zinc salts on tissue proteins

Silk gland proteins

Silk gland is the prime site of synthesis of two silk proteins;
fibroin and sericin and over 90 other proteins (Jin et al., 2004;
Zhang et al., 2006; Hou et al., 2007a). Notwithstanding some
minor discrepancies in day-to-day effects, ZnCl, showed
positive influence on silk gland protein profiles while ZnSO,
has an opposite effect (Fig. 1A). Clearly, ZnCl, caused an
elevation in the silk gland protein levels by about 9% on day-
1and day-2, ~5% on day-3, ~2% on day-4, ~26% on day-
7 while on the other two days (days 5 and 6) the protein levels
declined marginally. The day-to-day elevatory effects of ZnCl,
on protein profiles have resulted in an overall increase of
~526% at the end of fifth instar. At the same time ZnSO,
caused a decrease in their levels by ~9% on day-1, ~6% on
day-3,~10 % on day-5, ~13% on day-6 and by ~15% on
day-7. This negative impact culminated in an overall decrease
of ~356% in the silk gland protein levels in the ZnSO -treated
larvae. As reported earlier (Chakraborti and Medda, 1978;
Bhattacharya and Kaliwal, 2005a, b, c), chloride salts of
potassium, cobalt, calcium and magnesium could bring about
silk gland growth by enhancing rate of protein synthesis in silk
gland cells, much like ZnCl, as reported in the present study.
The ZnCl-stimulated growth rate in the silk gland is
accompanied by increased accumulation of silk proteins
during fifth instar development and that this salt does so, by
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Figure 1: Tissue protein profiles of the silkworm, Bombyx mori under the influence of ZnCl2 and ZnSO,. The total protein values, expressed
in mg/g wet weight of tissues or mg/mL of haemolymph represent the mean + standard deviation of four individual observations, each
comprising tissues from 10 to 20 larvae. (p < 0. 001) A: Silk gland; B: Haemolymph; C: Fat body; D: Muscle

shifting the gland-body ratio towards positive side. Hence, it is
suggested that mineral salts in chloride form could be
effectively supplemented with the silkworm diet so as to
enhance its nutritive value and to boost silk production.

Haemolymph proteins

The haemolymph of B. mori is the chief circulating fluid and
transport medium for about 298 proteins (Lix et al., 2006),
involved in larval growth, ecdysis, metamorphosis, silk
production, apoptosis, chitin and haemocyte formation,
growth of salivary glands and reproduction (Lix et al., 2006;
Chai et al., 2008; Nakahara et al., 2009).The effect of two Zinc
salts on haemolymph proteins is more or less similar to that of
the silk gland. Obviously, ZnCl, showed a positive impact on
haemolymph proteins while ZnSO, had a negative impact
(Fig. 1B). The positive effect of ZnCl, was recorded on the
second, third, fourth, fifth, sixth and seventh days of fifth instar,
during which the haemolymph proteins were elevated by
about 1% to 19%. On the other hand, the negative impact of
ZnSO, on haemolymph proteins was more significant (~20%
to 18% decrease) during the same period. The differential
effects of two zinc salts have culminated in an overall increase
of ~265% in haemolymph proteins under the influence of
ZnCl,and a total decline of ~181% under the impact of ZnSO,.

Fat body proteins
Similar to that of the mammalian liver and adipose tissue, the
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silkworm fat body synthesizes and stores over 177 proteins
that are involved in its growth and metabolism (Scott et al.,
2004; Hou et al., 2007 b). Barring a marginal increase in the
levels of fat body proteins on day-1, both zinc salts (ZnCl, and
ZnSO,) caused significant decline (~ 5 to 50%) in their levels
throughout the fifth instar development. The overall downfall
in the fat body protein levels was about 72% under the influence
of ZnCl, and 60 % under ZnSO, (Fig .1C). Obviously, both the
zinc salts have an inhibitory effect on the fat body metabolism
and this result from unavoidable release of fat body enzymes
and proteins into the haemolymph as evidenced by the
elevation of haemolymph proteins on one hand and the
disruption of protein synthesis in the fat body cells on the
other.

Muscle proteins

The skeletal muscle of silk worm is known to synthesize and
store about 258 proteins (Zhang et al., 2007; Sivaprasad and
Sailaja, 2011), that play a vital role in larval locomotion and
body movements apart from larval growth and development
(David and Anantha Krishnan, 2006; Sivaprasad and Murali
Mohan., 20093, b). Despite some initial elevatory effects (~
17 to 36% increase), both ZnCl, and ZnSo, showed an
inhibitory effect on muscle proteins. The day-to-day inhibitions
ranged from ~10 to 81% from day-3 to day-7 during fifth
instar development (Fig. 1D). The overall inhibition at the end
of fifth instar was ~84% under ZnCl,and ~48% under ZnSo,,
a trend that probably reflects the stimulatory influence of zinc
salts on intracellular proteolysis in muscle and fat body.

Effect of zinc salts on economic traits of sericulture

The productivity and profitability of the sericulture industry
depend on the quantity of silk proteins produced in the silk
gland and the quality of silk extracted from the cocoons. The
effect of ZnCl, and ZnSO, on the economic parameters of
sericulture was analyzed separately and presented in (Table
2). In all, 14 economic parameters such as the number of
green cocoons in one Tkg weight, cocoon weight, shell weight,
floss weight, shell protein, floss protein, shell-cocoon ratio,
floss-shell ratio, silk-shell ratio, floss-silk ratio, raw silk weight,
raw silk percentage, renditta and denier were analyzed after
feeding the silkworm larvae with the mulberry leaves enriched
with ZnCl, and ZnSO,. The positive impact of ZnCl, observed
on the silk gland and haemolymph protein profiles has been
carried through the economic parameters of sericulture. ZnCl,
decreased number of cocoons required for one kilogram
weight by 7.5%, while ZnSO, caused a decrease of only 0.5%.
Thus, ZnCl, yields 7% more productivity in cocoons than
ZnSO, Both zinc salts showed an elevatory effect on cocoon
weight (~11 and 14%) and shell weight (~17 and 9%) and
inhibitory effect on floss weight (50% each). The protein content
of the shell, which includes the core fibroin, has been elevated
by ~22% under the influence of ZnCl, but decreased by
~23% under ZnSO, treatment. On the other hand the floss
protein, which chiefly comprises sericin, has recorded an
increase of ~ 23% under ZnCl, treatment but decreased by
~9% under ZnSO, treatment. The shell-cocoon ratio recorded
a rise of ~50% under ZnCl, treatment, but not affected by
ZnSO, treatment. The floss- shell ratio recorded an increase of
about 16 - 17% under the influence of ZnCl, and ZnSO,, but

the silk-shell ratio has not been affected. Another parameter;
the floss-silk ratio, which is a measure of relative proportions
of sericin and fibroin contents of silk, has been declined by
~9% under ZnCl, treatment and only by ~2% under ZnSO,
treatment. The raw silk weight increased by ~5%, under ZnCl,
treatment and marginally under ZnSO, treatment, while the
raw silk percentage increased by ~3% under the influence of
ZnCl,, but declined by same proportion under the influence
of ZnSO,. Renditta, the number of cocoons required for the
production of 1Kg of raw silk, declined by ~4% under ZnCl,
but increased by ~2.5% under ZnSO, treatment. At the same
time, the denier which is the measure of silk texture and
thickness of the silk fiber marginally increased by ~29%
under ZnCl, and ~11% under ZnSO,. The positive impact of
mineral nutrition on the silkworm economic traits such as
cocoon weight, shell weight, fecundity, larval duration,
effective rearing rate, silk filament length and weight, denier,
cocoon-shell ratio has been well documented with reference
to nutritional role of several mineral salts such as potassium
iodide and cobalt chloride (Chakraborti and Medda, 1978),
copper sulphate, nickel chloride and potassium iodide
(Magadum, 1987; Narasimhamurthy and Govindappa, 1988),
ferrous and magnesium sulphates (Nirwani and Kaliwal, 1995),
magnesium chloride, potassium chloride and potassium
permanganate (Bhattacharya and Kaliwal, 2005b, 2006),
potassium nitrate and nickel chloride (Hugar and Kaliwal, 1997;
Goudar and Kaliwal, 2000), potassium permanganate,
potassium and magnesium chlorides (Bhattacharya and
Kaliwal, 2005c, 2005d) potassium bromide and nickel
sulphate (Kochi and Kaliwal, 2005) and potassium and
magnesium carbonates (Chakrabarty and Kaliwal, 2011).
Further, Chamundeswari and Radhakrishnaiah (1994) and
Kavitha et al. (2009) have demonstrated the elevatory effect of
zinc salts on silk parameters such as the filament length and its
weight. Our study substantiates the positive role of zinc salts
(particularly ZnCl,) on economic traits of sericulture. Further,
it demonstrates that the positive impact of ZnCl, reflects at two
levels. Firstly, it stimulates silk protein synthesis in the silk
gland and enhances silk output, as reflected in higher shell-
cocoon ratios, silk- body ratio, raw silk percentage, denier
and renditta and secondly and it lowers the floss-shell ratio by
decreasing the floss protein synthesis, which is removed as
wastage at the time of silk reeling.
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