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ABSTRACT

This research aimed to evaluate the influence of Selenium (Se) and Zinc (Zn), administered as food supplements
for silkworm (Bombyx mori L.) on the larvae weight, the weight of the serigene gland, cocoon weight, cocoon shell, DNA
concentration and purity. The research has been carried out on 9 groups of silkworms one control group (Gr.1) and 8
experimental groups (4 groups receiving zinc and 4 groups receiving selenium), consisting of 50 larvae/group. Zn was
administered in doses of 17, 34, 68 and 136 mg kg'] larvae - Gr.2-Gr.5 and Se was administered in doses of 4, 8, 16 ad 32
mg kg body weight - Gr.6-Gr.9. The use of Zn determined a very significant increase of the larvae weight, to group Gr.5
followed by groups Gr.4, Gr.3 and Gr.2 compared to the control group. The use of Zn positively influenced the mass of the
serigene glands, the cocoon weight, cocoon shell, length of the silk thread and the concentration and purity of DNA
extracted from the serigene glands. The use of organic selenium determined an increased larvae weight, the differences
being very significant compared to the control group. Se influenced the weight of the serigene gland, the cocoon weight,
cocoon shell and the concentration and purity of DNA extracted from the serigene glands. The Zn and Se content of the
pupae from the experimental groups was higher compared to the one recorded in the control group.
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INTRODUCTION

Although most of the insect species have similar
nutritional needs due to the similarities between their
metabolisms (Etebari et al., 2004), the silkworm’s
nutritive requirements are very different and they are
almost exclusively covered by the use of mulberry leaves,
due to the presence of morin (Vlaic et al., 2004). Mulberry
leafs contain minerals up to 10%; 28% of the larval
structure of the silkworm, in different ages, is represented
by the absorbed minerals (Ito, 1978). Minerals are major
constituents of the silkworm’s diets, playing a crucial role
in osmotic pressure regulation of the intra- and extra-
cellular liquids and participating as co-factors in different
enzyme systems.

The production parameters of silkworms depend
on the larval nutrition and health status. In order to
improve these production parameters, both in quantity and
quality, a large number of minerals have been used, many
studies focusing on the effect of these minerals on
silkworms (Dasmahapatra, 1989; Qader et al., 1993;
Sarker et al, 1995; Zaman et al, 1995; Nirwani and
Kaliwal, 1996b; Hugar et al., 1998; Rajashekhargouda et
al., 1998; Etebari and Fazilati, 2003; Goudar et al., 2000c,
2001b; Bhattacharya and Kaliwal, 2003; Islam et al.,
2004; Khan et al., 2010).

Selenium is an essential micronutrient (Fleet,
1997) for both humans and animals. Se is found in
glutathione peroxidase, an antioxidant enzyme that also
maintains the integrity of the cellular membranes.
Although it plays an important role in organism, Se can be
toxic in higher doses, especially when administered in

inorganic form, as selenites (Jensen, 1975; Gary et al.,
1988). Although much information is available regarding
the effects of Se on mammals, little is known on the effect
of Se on insects (Simmons et al., 1988; Deka et al., 1999;
Smitha and A. Vijaya Braskara Rao, 2010). On silkworm,
Se improves the larvae body weight, the weight of the
cocoon, silk gland and the cocoon shell (Smitha, 2001,
2006; Marghitas et al., 2009).

Zinc is an essential mineral and has an important
role in RNA and DNA metabolism, in gene expression and
is found in many classes of enzymes. Although is an
“ubiquitous” element in organism, if in excess, Zn can
accumulate in cells causing toxicity and metabolism
disorders (Albergoni et al., 1980; Spurgeon et al., 2000;
Kizilkaa, 2005). On silkworm, Zn increases the weight of
the larvae and serigene gland and reduced the mortality
rate and the larval duration (Balamani et al., 1995; Hugar
and Kaliwal, 1999, 2002; Ashfaq et al., 2010).

The goal of this research was to determine the
effect of Se and Zn, administered in the food of
silkworms, on the larvae growth, the serigene glands, the
cocoon weight, cocoon shell, length of the silk thread,
concentration and purity of DNA extracted from the
serigene glands and the Zn and Se content of the pupae.

MATERIAL AND METHODS

The experiment was carried out in the Sericulture
Laboratory of the Department of Beekeeping and
Sericulture, Laboratory of Animal Nutrition and the
mulberry plantation of the University of Agricultural
Sciences and Veterinary Medicine Cluj-Napoca. The
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mulberry trees belong to the Ukraine 107 variety, well
adapted to the Transylvanian region.

The biologic material was represented by the
Baneasa White variety. The larvae have been reared in the
same conditions of climate and density, the only variable
being the administered food. The silkworm larvae were
randomly distributed in 9 groups: one control group and 8
experimental groups, each group consisting of 50 larvae.

The larvae were fed to fresh mulberry leaf,
untreated for the control group and treated by pulverizing
the mineral solutions: Zn - 17, 34, 68, 136 mg kg"I larvae,
Gr.2-Gr.5 and Se - 4, 8, 16, 32 mg kg'] larvae, Gr.6-Gr.9.

Zinc was procured from Walmark Czech
Republic, as 15 mg tablets, and the Selenium was
administered in form of Sel-Plex, aquired from Alltech
USA, calculated at an average dose of 2200 mg Se kg™
commercial product (EFSA, 2011).

The maximal doses were chosen with regard to
the maximal doses administered by other authors: for Se,
Smitha S. (2001) found the LD50 to be of 32.39 mg Se kg’
"body weight, in our experiment the highest dose being 32
mg Se. Regarding Zn, Ashfaq et al. (2010), reported a
maximum quantity of 136 mg kg™ larvae deposited in
larvae and feces. This dose was chosen as the maximum
administered dose. The other doses were obtained by
repeatedly halving the maximum administered dose.

In the 7" day of the V instar, the larvae were
weighted and the serigene gland of 15 worms in each

group was extracted for weighting and DNA extraction.
After spinning, the cocoon weight, silk incartment weight
and the length of the silk thread were measured in all
remaining individuals.

DNA was extracted from the posterior region of
the serigene gland using the Wizard Genomic DNA
Purification Kit, purchased from Promega. The
concentration and purity of the DNA were determined
using the method described by Suzuki et al., (1972), using
a NanoDrop ND-2000 spectrophotometer.

The Zn and Se content were determined on 10
worms in each group, using Atomic Absorption
Spectroscopy, according to the method described by
Walsh and Willis (1966), using a Shimadzu AA-6300
Atomic Absorption Spectrometer.

Data was expressed as mean =+ standard error of
mean. The statistical analysis was carried out using one-
way ANOVA an a comparison of the mean values was
done Dby using Student-Newman-Keuls multiple
comparison test, using the GraphPad InStat software
version 3.10.

RESULTS AND DISCUSSIONS

Data regarding the evolution of body weight and
serigene gland of larvae from the experimental groups
(treated with Zn and Se), at the V instar, are presented in
Table-1.

Table-1. Weight of the body and serigene gland from the Zn and Se treated groups.

Issue Body weight (g) Serigene gland weight (g)
Gr.1 (C) 3.930+0.103 1.072 +£0.012
Gr.2 (Zn 17 mgkg™) 4.456 + (0.082%%* 1.173 £ 0.016
Gr.3 (Zn 34 mgkg™) 4.866 + (0.083%%* 1.206 + 0.083
Gr.4 (Zn 68 mgkg™) 4.898 + 0.087*%* 1.168 = 0.038
Gr.5 (Zn 136 mg kg™) 5.092 + 0.075%** 1.289 + 0.057*
Gr.6 (Se 4 mg kg™) 4.456 £ 0.082%** 1.092 +0.024
Gr.7 (Se 8 mg kg™) 4511 +0.083%** 1.123 +£0.064
Gr.8 (Se 16 mg kg™) 4.589 + 0.074%** 1.148 +0.051
Gr.9 (Se 32 mg kg™) 4.442 + (.084%** 1.060 + 0.069

**% - p <0.001 very significant differences (Student test); * - p < 0.05 significant differences

(Student test)

Analyzing the data recorded, it can be seen that
all the experimental groups had superior performances
compared to the control group, the differences observed
being very significant. The results obtained confirm the
data observed by Mairghitas et al. (2009). The Zn treated
groups shower superior values compared to the Se treated
groups and the control group, as reported by
Chamundeswari and Radhakrishnaiah (1994) and
Marghitas et al. (2009). The best results were recorded in
the L5 group treated with Zinc in a dose of 136 mg Zn kg™

larvae. We can say that Zinc does not have inhibitory
effect in high doses, in contrary having a strong bio-
stimulating effect.

The Se treated groups presented values superior
to the control group, but lower compared to the Zn treated
group, the differences observed being very significant for
all the experimental groups. The maximum administered
dose (32 mg Se kg larvae - Gr9) did not have a lethal
effect, reported as DL50 by Smitha (2001). This is due to
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the fact that the organic combinations of Selenium have a
lower toxicity than the sodium selenite.

Dasmahapatra et al. (1989); Etebari and M.
Fazilati (2003); Goudar K.S. and B.B. Kaliwal (2000c);
Hugar I. and B.B.Kaliwal (1999) and Islam et al. (2004),
confirm that mineral supplementation of mulberry leafs
enhances the final body weight of the silkworm larvae.

Significant increases of the serigene gland masses
have been observed in the Zn treated groups, compared to
the control group. This can be explained by the bio-
stimulating effect of Zinc on the silkworm
Chamundeswari and Radhakrishnaiah, (1994). Similar
results have been reported by Marghitas et al. (2009). The
Zn treated groups presented the highest values compared
to all groups, including the control group (Table-1).

In Se treated groups, the weight of the serigene
gland increases directly proportionally to the Se dose. The

maximum administered dose (32 mg Se kg'1 larvae) had an
inhibitory effect, the group receiving this dose (Gr.9)
presenting lower performances, even compared to the
control group. Although the body weight recorded in this
group were superior to the ones recorded in the control
group, the serigene gland masses were lower compared to
the control group, the high dose of selenium having a
negative influence on the serigene glands mass (Table-1).
This effect was reported by Marghitas et al., (2009) after
administering Selenium (SelPlex) in doses of 400 ppm
compared to 100 and 200 ppm. The results are confirmed
by Smitha and Rao (2010).

Regarding the cocoon weight and the cocoon
shell, all the experimental groups showed superior values
compared to the control group (Table-2). The results are
similar to those reported by Balamani et al. (1995) and
Mirghitas et al. (2009).

Table-2. Cocoon weight, silk shell and silk thread length of the Zn and Se treated groups.

Issue Cocoon weight Cocc_Jon shell Length of the silk

(2) weight (g) thread (m)

Gr.1 (C) 1.877 £0.048 0.392 +£0.030 981,5+ 7,89
Gr.2 (Zn 17 mgkg™) 2.020 £ 0.048 0.438 £0.011 1075,5 £ 9,59%**
Gr.3 (Zn 34 mgkg™) 2.042 +£0.073 0.447 £ 0.018 1173,7 £ 6,47%%*
Gr.4 (Zn 68 mgkg™) 2.053 +0.070 0.465 £ 0.007 1259,2 £9,18***
Gr.5 (Zn 136 mg kg™) 2.124 +£0.060 0.466 + 0.009 1264,9 £ 7,58***
Gr.6 (Se 4 mg kg™) 1.930 £ 0.056 0.419 + 0.025 1042,3 + 8,01 %
Gr.7 (Se 8 mg kg™) 1.985 +0.053 0.434+0.013 1101,1 £7,79***
Gr.8 (Se 16 mg kg™) 2.042 +0.073 0.438+0.019 1132,8 + 12,65%**

Gr.9 (Se 32 mgkg™) 1.888 £0.058 0.401 £ 0.080 986,8 + 9,76

*** - p <0.001 very significant differences (Student test)

As with larvae weight and serigene glands
weight, maximum administered dose (32 mg Se kg’
larvae) had an inhibitory effect on the weight of the
cocoon and the cocoon shell, the group receiving this dose
(Gr.9) presenting lower performances compared to all
experimental groups (Table-2). Result are similar to those
reported by Marghitas et al. (2009), who reported that the
cocoon shell weight was lower in groups receiving 400
ppm Se compared to groups receiving 100 and 200 ppm.

The length of the silk thread was significantly
higher in all the Zn treated groups compared to the control
group. The length of the silk thread increased as the Zn
dose increased, the highest value being recorded in group
5 (136 mg Zn/kg larvae); the average length of the silk
thread was 283.4 meters longer in this group compared to
the control group.

The inhibitory effect of the high Se dose could be
observed in the length of the silk thread. At a dose of 32
mg Se/kg larvae the length of the silk thread was higher
compared to the control group but lower compared to the
other experimental groups (Table-2). The results are
similar to those recorded by Marghitas et al. (2009) on
Romanian silkworm hybrids, the performances having a
similar ascending trend in the Zn and Se treated groups.

DNA has the outmost importance in the synthesis
of specific silk proteins (fibroin and sericins), a higher
concentration and purity of DNA leading to higher silk
quantity and quality. In the Zn treated groups, the DNA
concentration and purity were superior to those of the
control group, the highest concentration being recorded in
group 3 (34 mg Zn kg™') (Table-3).
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Table-3. DNA concentration and purity in the Zn and Se treated groups.

Issue DNA concentration (ng/ul) DNA purity (260/280)

Gr.1 (C) 234.72 +18.87 1.106 £ 0.040

Gr.2 (Zn 17 mgkg™) 245.26 + 103.83 1.300 +0.101
Gr.3 (Zn 34 mgkg™") 771.42 +£223.29 1.574 +£0.113
Gr.4 (Zn 68 mgkg™) 295.2 +106.35 1.480 +£0.136
Gr.5 (Zn 136 mg kg™) 311.54 +98.45 1.182 £ 0.024
Gr.6 (Se 4 mg kg™ 295.2 +£106.35 1.48 £0.136
Gr.7 (Se 8 mg kg™) 301.92 +114.07 1.366 +0.032

Gr.8 (Se 16 mg kg™) 395.12 £ 62.20 1.686 + 0.086*
Gr.9 (Se 32 mg kg™) 254.12 £47.28 1.278 £0.088

* - p <0, 05 significant differences (Student test)

The Se treated groups showed superior values
compared to the control group, excepting group 9 (32 mg
Se kg), were Se had an inhibitory effect. The highest
values were recorded in group 8 (16 mg Se kg™), were
significant differenced were recorded compared to the
control group (Table-3). The results are comparable to
those reported by Furdui Emilia (2011) who recorded
values of DNA concentrations, in different varieties,
varying between 217.09 ng pl™" and 565.19 ng ul™'. Also
the DNA purity varied between 1.27-1.58 (Furdui Emilia,
2011).

The Zn content of the pupae was higher in all
experimental groups. The differences recorded were very
significant for groups 4 and 5 (68 mg kg™ and 136 mg kg™
and distinctly significant and non significant in groups 3
and 2 (34 mg kg and 17 mg kg") (Table-4). The values
recorded are close to those reported by Ashfaq et al.
(2010) who found maximum accumulated Zn in quantities
of 91.375+0.019 mg kg in larvae fed with mulberry leaf
harvested from mulberry trees sprinkled with residual
water containing Zn.

Table-4. Zn and Se content of the pupae.

Issue Zn (mg/kg ) Se (ug/ kg)

Gr.1 (C) 102.83 +12.75 33.66 +1.50
Gr.2 (Zn 17 mgkg™) 123.80+0.38 nd
Gr.3 (Zn 34 mgkg™") 146.23 +5.43** nd
Gr.4 (Zn 68 mg kg™) 194.45+5,03*+* nd
Gr.5 (Zn 136 mg kg™) 282.57 £ 6.79*** nd

Gr.6 (Se 4 mgkg™) nd 55.67 £2.61%%*
Gr.7 (Se 8 mgkg™) nd 58.10 £ 3.68%**
Gr.8 (Se 16 mgkg™) nd 73.26 + 2.13%%*
Gr.9 (Se 32 mgkg™) nd 99.38 + 2.58%**

**% _p <0.001 very significant differences (Student test);** - p < 0.01 distinctly significant
differences (Student test); nd- not determined

The Se Content of the experimental groups was
very high, with values over 3 times the ones recorded in
the control group. The differences recorded are very
significant for all the experimental groups (Table-4).

These high values of Zn and Se deposited in the
body, determine the high productivity of the larvae.
Because Zn is a component of different enzymes and
insuline (Sara A., 2006) it determines cellular proliferation
and a an increase in DNA concentration and purity.

Also Se is an essential part of the glutathione-
peroxidase enzyme family (GSX-Px), having a positive
effect on cell proliferation and on growth. Dasmahapatra
et al. (1989) reported that minerals (K, Co and Ca) had a
positive influence on the DNA content of the serigene
glands; in this experiment the influence of Zn and Se on
DNA concentration and purity has been observed.
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CONCLUSIONS

The use of Zinc and Selenium in silkworms, lead
to an improvement of the final body weight of the larvae.

The weight of the serigene glands was higher in
the Zinc treated groups compared to the control group. In
the selenium treated groups, the weight of the serigene
glands directly proportional with the increase of the
Selenium dose; the results recorded being lower than those
recorded in the control group, the highest administered
dose of selenium (32mg kg') having an inhibitory effect.

The use of Zn and Se enhanced the cocoon
weight, the cocoon shell and the length of the silk thread.

Regarding the use of Zn and Se, the 34 mg Zn kg’
dose and the 16 mg Se kg dose are recommended in
order to obtain a highly concentrated and pure genetic
material; the 32 mg Se kg™ is not indicated.

The maximum dose of Zn administered did not
have any negative effects. In order to determine the
toxicity threshold of Zn for silkworms, further studies are
necessary.
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