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Abstract

Background: Natural silk is one of the best yarns that attract large number of users and become a very important
industry. Mulberry leaves is a natural food of silkworm, therefore scientists have recently incorporated methods for
increasing production of silk. These methods use the insect growth regulators (IGRs) or similar peptide hormones
and amino acids to prolong the last larval instar to obtain large cocoon and high quality silk recipes.

Results: The present investigation was carried during the spring (season 2018) to evaluate the effect of growth
regulator pyriproxyfen at concentrations 1, 10, and 100 μg/larva on Bombyx mori L., as well as the effect of amino
acid glycine 1% concentration solely or in combination with pyriproxyfen at the fifth day of fifth larval instar.
Feeding fifth instar larvae of B. mori on mulberry leaves dipped in glycine 1% resulted in a significant increase in
the weight of mature larvae and shorter larval duration, recording 5.12 g and 9.00 days, respectively. Meanwhile,
the highest significant pupal weight (1.277 g) was attained when larvae were treated topically with pyriproxyfen at
10 μg/larva in the fifth day in combined with glycine 1%. Regarding technological parameters, larvae which were
topically treated with pyriproxyfen at 10 μg/larva at fifth day and fed on mulberry leaves immersed in 1% glycine
possessed the highest means of cocoon weight, cocoon shell weight, cocoon shell ratio, silk filament weight, and
size over other treatments. The total protein and ALT were attained a higher mean recording 78.433 mg/ml and
51.053 mg/ml for control larvae, successively. Meanwhile, it showed the lowest values for total carbohydrate and
AST.

Conclusion: The study showed that pyriproxyfen prolonged the fifth larval instar, while the use of glycine led to
shortening the fifth larvae instar. Exposure to mixture of IGR and glycine, however, enhanced the parameters of silk
compared with control.
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Introduction
uvenile hormones (JHs) are secreted by a pair of endocrine
glands behind the brain called the corpora allata. They are
important in several physiological processes such as
reproduction and development as the repetition of larval
stage due to existing of JH and switching the final larval
instar into pupal stage as a result of decline in JH level
(Riddiford 1994; Kremen and Nijhout 1998). Synthetic an-
alogs of JH are used as insecticides for preventing the lar-
vae from developing into adults (Kotikal and Devaiah

1986). In contrast, juvenile and molting hormones and
their analogs (juvenoids and ecdysoids) have been found
to be useful in insect culture such as sericulture industry
when used judiciously.
JH analogues have been tested in Bombyx mori as

insect growth regulators (IGRs) in order to increase
silk production (Chowdhary et al. 1990; Cappellozza
et al. 1997) when applied in appropriate rates for pro-
moting the extension of the larval period during in-
sect feeds. Earlier studies with JH analogues on B.
mori were accomplished through topical applications
(Akai et al. 1971, 1973; Murakoshi et al. 1972). Later,
researchers looked for the practical application of
these hormones in the sericulture (José et al. 2002
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and Yang et al. 2017). Low concentrations of IGRs
(chlorfluazuron, Lufenuron, and hexaflumuron) found
to have high significant effects on the productivity
characters of the Chinese silkworm hybrid (Saad
2009; Biswaranjan and Kallyani 2011)
Early JHAs are based on the terpenoid structure of JH

such as methoprene and hydroprene, which lack the ep-
oxide function present in JH. While, more recent synthe-
sized highly active compounds of JHAs are appearing
less similar with JH such as fenoxycarb and pyriproxyfen
(Aribi et al. 2006). Accordingly, experiments carried out
in this study aimed to investigate the effect of JHA pyri-
proxyfen on production of silk on B. mori. The fifth in-
star larvae of B. mori were exposed into three
concentrations of pyriproxyfen individually at different
period. In addition, the binary effect of pyriproxyfen and
glycine amino acid was investigated on fifth larval instar
development and cocoon production with relation to ef-
fect on some physiological parameters.

Materials and methods
The present study was carried out during the spring
(season 2018) to investigate the effect of exposure of B.
mori to pyriproxyfen, as well as effect of glycine amino
acid individually or in combination with pyriproxyfen at
fifth day of fifth larval instar.

Insect source and rearing
Eggs of mulberry silkworm B. mori (H1*KK*G2*V2)
were obtained from Sericulture Research Department of
Plant Protection Research Institute, ARC and maintained
in rearing room of silkworm under laboratory conditions
(28 ± 2 °C and 70 ± 5% RH) according to the technique
of Krishnaswami (1978). Mulberry leaves (Balady variety)
were collected twice daily, i.e., at 8 am and 4 pm, then
washed and left to dry as needed under room conditions.
Larvae were offered mulberry leaves four times/day in
plastic trays (42 × 30 × 10 cm) with approximate num-
ber of 30 larvae/tray. Rearing trays, tools, and rearing
room were disinfected 1-week prior the onset of the ex-
periment using formalin (3% concentration) (40% for-
maldehyde). The larval bed was cleaned daily using
cleaning net for removing the remained dried food and
feces. Chicken egg cartons plates were used as montages
for cocoon spinning (Zannoon and Omra 1994).

Insecticide and amino acid tested
The insecticide used in this study is related to IGR in-
secticides. Technical grade 95% of pyriproxyfen was ob-
tained from the local company of El-Helb group,
Damietta, Egypt.
Glycine (C2H5NO2), or glycocoll or N-glycine, is N-

substituted p-aminophenol product of sigma co. as pow-
der package, molecular weight: 75.07 g/mol.

Experiment design and larval treatment
Larvae under investigation were divided into four main
groups. When reared larvae of B. mori reached the be-
ginning of fifth instar, groups of larvae were randomly
separated in the previously mentioned plastic trays and
offered normal food until second day (group 1), fifth day
(group II and III), and eighth day (group IV) of the fifth
instar. Each group previously exposed to pyriproxyfen
was divided to three equal sub-groups of 30 larvae.
Group I larvae were treated topically with 1, 10, and 100
μg pyriproxyfen/larva in 2 μl total volume of acetone
using micro-applicator, then fed on clean mulberry
leaves until pupation. Group II larvae were fed on mul-
berry leaves immersed in 1% glycine for 5 min, then on
clean leaves until pupation. Group III larvae were treated
with pyriproxyfen as in group I, and then fed on mul-
berry leaves immersed in glycine as in group II for 1
day, then on clean leaves until pupation. Group IV lar-
vae were treated with pyriproxyfen as in group I in
eighth day, then fed on clean leaves until pupation.
Group V larvae were treated with only acetone and fed
on clean leaves used for comparison as a control group.

Developmental and technological measurements
Different biological characteristics were measured such
as larval weight, larval duration, pupal weight, cocoon
weight, cocoon shell weight, and cocoon silk ratio.
For technological measurements, five cocoons of each

treatment were dried in an oven at 60 °C for 8 h to be
reeled individually (Shaaban 1997). The length of reeled
silk filament was measured and weighed for each co-
coon. The size of the reeled silk filament (denier) was es-
timated according to Tanaka (1964) formula:

Size dnð Þ ¼ Weight of silk filament gð Þ
Length of filament mð Þ � 9000

Biochemical determination
Haemolymph samples were obtained by removing one
of the thoracic legs of the fifth instar larvae and bending
the body to expose the sternum at the position of the re-
moved leg. This ensured proper drainage of the haemo-
lymph, and avoided any risk of internal organs to be
destructed. The haemolymph of each treatment was col-
lected in Eppendorf tubes 1.5 ml containing a few crys-
tals of phenyl-thiourea (PTU) to prevent melanization of
samples (Mahmoud 1988). The tubes were kept at − 20
°C. The blood samples were centrifuged at 10,000 rpm
for 10 min at 5 °C. The supernatant was immediately
assayed to determine aspartate transaminase (AST), ala-
nine aminotransferase (ALT) activities according to the
method of Reitman and Frankel (1957), total soluble
protein (TSP) as described by Gornall et al. (1949), and
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total carbohydrate fractions were determined according
to Ishaaya and Swiriski (1976).

Statistical analysis
The obtained data were subjected to statistical analysis
of variance using software COSTAT program and pre-
sented as means according to Snedecor and Cochran
(1982) methods.

Results
Biological parameters
Obtained results on fifth instar larvae of B. mori showed
that the highest mean weight of mature larvae recorded
5.12 g when fed on mulberry leaves treated with glycine
1%, whereas it reached 4.82 g for larvae treated topically
by 10 μg of pyriproxyfen at eighth day. The results also
cleared that the second group treatment (pyriproxyfen
and glycine at the fifth day) gave the highest results, es-
pecially at concentration of 10 μg compared with control
and other treatments (Table 1). Statistical analysis re-
vealed that there are significant differences in mature
larvae weight for pyriproxyfen concentration and highly
significant between treatments.
Topical application of B. mori larvae with pyriproxyfen

at 1, 10, and 100 μg concentrations on eighth day pro-
longed the duration period of the last instar recording
11.0, 11.0, and 11.5 days, respectively (Table 1).

Although, all pyriproxyfen treatment led to prolonged
the duration period of fifth instar, unless the best one
that treated at fifth day with concentrations of 1 and 10
μg of pyriproxyfen. Statistical analysis revealed high sig-
nificant differences between larval duration.
The results in Table 1 indicated that all treatments

caused highly significant effect on pupal weight of B.
mori. Treatment of fifth instar larvae with pyriproxyfen
at fifth day + glycine 1% resulted in the highest pupal
weight recording 1.277 and 1.273 g of pyriproxyfen con-
centration 1 and 10 μg, respectively. Control larvae
attained the lowest mean pupal weight (0.936 g).

Technological parameters
Cocoon characters
The weight of fresh cocoon was clearly affected by
JHA insecticide and glycine amino acid (Table 2).
Larvae treated topically with 1 and 10 μg pyriproxyfen
then fed on mulberry leaves previously treated with
glycine amino acid only at 1% concentration showed
highest cocoon weight reaching 1.720 and 1.674 g, re-
spectively. In addition, larvae fed on mulberry leaves
treated with glycine amino acid only at 1% concentra-
tion reached 1.640 g. Control larvae represented the
lowest cocoon weight recording 0.956 g. The differ-
ences among means showed high significance

Table 1 Effect of pyriproxyfen and glycine on different biological parameters of B. mori larvae

Treatment conca Larval weight (g) Larval duration
(day)

Pupal weight
(g)1st day 6th day Mature larvae

Pyriproxyfen at
2nd day

1 0.823 2.876 4.46 10 1.069

10 0.826 2.850 4.27 10 1.213

100 0.796 2.896 4.22 9.83 1.187

Mean 0.815 2.874 4.32 9.94 1.156

Pyriproxyfen + Glycine
1% at 5th day

1 0.816 2.916 4.38 10 1.273

10 0.790 3.000 4.79 10 1.277

100 0.793 2.990 4.73 9.66 1.228

Mean 0.800 2.968 4.64 9.88 1.259

Pyriproxyfen at 8th day 1 0.793 2.69 4.36 11 1.202

10 0.790 3.186 4.82 11 1.267

100 0.766 3.093 4.68 11.50 1.219

Mean 0.783 2.990 4.62 11.16 1.229

Glycine 1% 1 0.733 3.026 5.12 9 1.001

Control 0.753 2.933 4.74 9 0.936

L.S.D 0.05 Conc. 0.054 0.224 0.298 0.793 0.205

P ≥ 0.05 0.0395* 0.0162* 0.0000*** 0.0000*** 0.0026**

L.S.D. 0.05 Treatment 0.027 0.145 0.172 0.436 0.103

P ≥ 0.05 0.0000*** 0.0077** 0.0000*** 0.0000*** 0.0000***

NS, *, **, *** denote not significant and significant differences at 0.05, 0.01 and 0.001levels of probability, respectively
aThe tested concentrations of pyriproxyfen (μg/larva) and the glycine concentration tested is 1%
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The highest mean of cocoon shell weight recorded
0.497 g resulted from larvae treated topically with pyri-
proxyfen at 10 μg concentration in combination with
glycine 1% at fifth day of fifth instar larvae. While, the
second highest mean weight of cocoon shell weight re-
cording 0.460 g resulted from larvae fed on mulberry
leaves treated with glycine amino acid, in comparison
with the lowest one (0.245 g) recorded for control larvae.
Generally, all treatments resulted in an increase in mean
weight of cocoon shell. Statistical data analysis revealed
highly significant differences for shell cocoons weight
means between concentrations and treatments.
Concerning cocoon shell ratio, using pyriproxyfen

concentration 10 μg in combination with glycine 1% at
fifth day of last instar and pyriproxyfen concentration
100 μg at eighth day gave the highest cocoon shell ratio
28.89, and 28.048%, respectively. While, recorded 28.057
% when treated mulberry leaves by glycine 1% only.
Control larvae showed the least mean of cocoon shell ra-
tio (22.639%).

Silk filament characters
The length (m), weight (g), and size (dn) of silk filament
are given in Table 2. Data obtained revealed that the
highest mean silk filament length recorded 1700.11 m
for (second group) pyriproxyfen (100 μg ) at fifth day

and treated mulberry leaves with glycine 1%, followed by
1523.88 m for pyriproxyfen (1% μg) for the same treat-
ment. In continuation, the treatment of glycine 1% only
gives 1466.44 m, while the lowest length recorded
1091.75 m for larvae treated with pyriproxyfen (1 μg) at
second day. The control attained 1226.25 m. Data ana-
lysis cleared that there are highly significant differences
between silk filament length means.
With respect to silk filament weight, larvae in the sec-

ond group (treated topically with pyriproxyfen 10 μg and
fed on mulberry leaves treated with glycine 1%) recorded
the highest mean (0.497 g) at fifth day of fifth larval
instar followed by (0.391 g) for larvae fed on mulberry
leaves treated with glycine 1%. Meanwhile, the lowest
filament weight (0.292 g) was recorded with (JHA) pyri-
proxyfen treatment at second day, regardless the
concentration.
Concerning silk filament size, obtained results cleared

that the tested compounds did not affect the size of silk
filament. The highest mean size (3.28 dn) was noticed by
treatment the larvae with pyriproxyfen (10 μg/larva) and
glycine 1% on fifth day of fifth instar larvae.

Physiological measurements
The used treatment (pyriproxyfen and glycine) affected
the physiological studies where the total soluble protein

Table 2 Effect of pyriproxyfen and glycine on technological parameters (cocoon indexes and filament characters)

Treatment conca Cocoon characters Silk filament characters

Cocoon weight
(g)

Cocoon shell weight
(g)

Cocoon silk ratio
(%)

Silk filament length
(m)

Silk filament weight
(g)

Silk filament size
(dn)

Pyriproxyfen at
2nd day

1 1.192 0.372 25.732 1091.75 0.292 2.99

10 1.192 0.291 24.381 1294.08 0.331 2.92

100 1.222 0.285 23.305 1220.75 0.300 2.79

Mean 1.0202 0.316 24.473 1202.19 0.308 2.91

Pyriproxyfen + Glycine
1% at 5th day

1 1.674 0.46 27.473 1523.889 0.33 2.50

10 1.720 0.497 28.897 1403.889 0.497 3.28

100 1.469 0.388 26.393 1700.111 0.377 2.52

Mean 1.621 0.448 27.588 1542.62 0.382 2.77

Pyriproxyfen
at 8nd day

1 1.443 0.291 24.381 1291.83 0.304 2.64

10 1.409 0.291 24.381 1421.33 0.315 2.53

100 1.441 0.405 28.048 1478.44 0.358 2.54

Mean 1.431 0.329 25.603 1397.20 0.325 2.58

Glycine 1% 1 1.640 0.460 28.057 1466.44 0.391 2.76

Control 0.956 0.245 22.639 1226.25 0.316 2.710

L.S.D 0.05 Conc. 0.164 0.068 2.244 270.286 NS NS

P ≥ 0.05 0.0000*** 0.0000*** 0.0000*** 0.0079** 0.4086 0.6888

L.S.D 0.05 treatment 0.091 0.041 1.183 135.21 Ns NS

P ≥ 0.05 0.0000*** 0.0000*** 0.0000*** 0.0000*** 0.1197 0.7307

NS, *, **, *** denote not significant and significant differences at 0.05, 0.01, and 0.001levels of probability, respectively
aThe tested concentrations of pyriproxyfen (μg/larva) and the glycine concentration tested is 1%
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decreased for all treatments of pyriproxyfen. Regarding
the effect of tested compounds on some physiological pa-
rameters, maximum mean value of total protein (78.433
mg/ml) was recorded for control larvae; meanwhile, larvae
fed on mulberry leaves treated with glycine amino acid 1%
concentration attained 71.767 mg/ml. Pyriproxyfen caused
negative effect on total protein content, showing 23.402,
23.096, and 20.736 mg/ml for treatments with pyriproxy-
fen on second day, pyriproxyfen on fifth day + glycine 1%,
pyriproxyfen on eighth day, successively, regardless of the
concentration (Table 3).
The obtained results showed that the total carbohy-

drates increase for larvae treated with pyriproxyfen con-
centration, compared to that treated with glycine and
control group. In addition, the values have gradually de-
clined according to the time of application. AST content
increased in all treatments than control, recorded
68.473, 64.110, 72.033, 27.094, and 21.434 mg/ml for
pyriproxyfen on second day, pyriproxyfen on fifth day +
glycine 1%, pyriproxyfen on eighth day, glycine 1% and
control, respectively, regardless of the concentration. On
the other hand, ALT content recorded 9.017, 7.748,
28.031, 42.947, and 51.053 mg/ml for the respective
abovementioned treatments.

Discussion
Sesquiterpenoid JHs play a crucial role in the develop-
ment, metamorphosis, and reproduction of insects (Rid-
diford, 1994). In the current study, effect of JHA,
pyriproxyfen, and glycine amino acid on B. mori devel-
opment and silk production has been investigated in
order to give an overview for possibility use to increase

the silk production. Results showed increase in larval
weight and larval duration due to exposure to pyriproxy-
fen and glycine. Applying treatment on the fifth day of
last instar prolonged larval duration by 1 day considered
to be better than treatment at another time (2 and 8
days of larval instar), which gave the best results for bio-
logical and technological study. Increasing in larval
weight and larval duration might be attributed to the ac-
tion of pyriproxyfen that mimicking JH action in larval
stage (El-Sheikh et al. 2016) giving the youth characteris-
tics. Accordingly, larvae are still in juvenoid state longer
with consuming more food and increase in weight as re-
corded in the current study. The increase in larval
weight and prolongation in larval duration observed in
the current study were confirmed in Spodoptera frugi-
perda larvae when exposed topically into three JHA in-
secticides (1 μg/larvae) which showed to markedly
increase larval duration from 4 to 6 days (El-Sheikh et
al. 2016). Also, methoprene and other juvenoide hor-
mone mimics found to positively influence the duration
of fifth instar larvae of B. mori (José et al. 2002; Vitthal-
rao et al. 2015; Kenji 2017; Neog et al. 2017) mentioned
that application of 1 μg methoprene resulted in signifi-
cant increase in pupal weight of silkworm, topical appli-
cation of acetone solution of limonene.
Obtained data cleared that using glycine 1% alone or

with pyriproxyfen concentration led to the highest bio-
logical and technological measurements. Increasing in
technological parameters (cocoon characters) in the
current study are in agreement with those of Babu et al.
(1992) who observed an enhancement growth and spin-
ning in the Mysore abd NB4D2 variety of B. mori when

Table 3 Effect of pyriproxyfen and glycine on physiological measurements

Treatment conca Physiological measurements

Total protein Total carbohydrate AST ALT

Pyriproxyfen
at 2nd day

1 23.321 14.211 58.433 8.993

10 24.000 19.474 75.100 8.167

100 22.887 14.211 71.887 9.891

Mean 23.402 15.965 68.473 9.017

Pyriproxyfen + Glycine
1% at 5th day

1 23.321 11.233 48.453 7.993

10 22.000 12.474 73.112 6.367

100 23.887 11.440 70.767 8.884

Mean 23.096 11.715 64.110 7.748

Pyriproxyfen
at 8nd day

1 23.321 9.211 68.423 9.973

10 20.000 10.474 77.100 8.467

100 18.887 8.211 70.577 9.591

Mean 20.736 9.298 72.033 8.591

Glycine 1% 1 71.767 4.167 27.094 42.947

Control 78.433 0.196 21.434 51.053
aThe tested concentrations of pyriproxyfen (μg/larva) and the glycine concentration tested is 1%
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exposed to glycine concentration. In addition, Biswaran-
jan and Kallyani (2011) evaluated the effect of dietary
glycine on growth and production of B. mori and found
that cocoon weight increased in the majority of the
tested groups. Moreover, Saad et al. (2014) observed that
the cocoon parameters and economical parameters were
enhanced by 0.1% glycine-treated larvae than control in-
dicating that glycine can act as a good supplement in
cocoon production. Regarding the effect of growth regu-
lator, José et al. (2002) and Neog et al. (2017) tested the
application of 1 μg methoprene and recorded the heavi-
est weight of B. mori cocoon, which is explained by the
presence of certain growth stimulant activity that can be
used to increase silk yield in commercial silkworm rear-
ing. Obtained results are in conformity with those of Bis-
waranjan and Kallyani (2011), who stated that 3%
glycine was found to have a magnificent role on in-
creased shell production.
The results of silk filament characters are in connec-

tion with those obtained by Vitthalrao et al. (2015) who
mentioned that topical application of acetone solution of
limonene improved the silk filament and denier. In
addition, Kenji (2017) stated that a JH mimic is useful in
increasing the yield of silk.
Physiological parameters in the current study revealed, in

general, decrease in most of the investigated measurements
due to B. mori larval exposure to pyriproxyfen and glycine.
In the opposite of the finding in the current study, Daojun
et al. (2014) found that JHA application significantly
increased the protein processing. Bindu et al. (2015) and
Leonardi et al. (1996) studied the toxicological effect of
chlorantraniliprole on the total haemolymph protein and
found that it increased with larval age in the untreated con-
trol larvae of B. mori; meanwhile, in the treated larvae, the
protein level is reduced.

Conclusion
This study showed that glycine (1%) alone or in combin-
ation with pyriproxyfen (10 μg) is the most effective
substance compared with high concentration of pyriprox-
yfen on cocoon characteristics, i.e., cocoon weight, cocoon
shell weight, and cocoon silk ratio, that might be beneficial
for rearing and producing silk. The fifth day of last silk-
worm instar is the best time to apply the investigation by
pyriproxyfen to apply as JHs, as well as amino acid glycine.
Therefore, it can be recommend using glycine alone or
with pyriproxyfen (10 μg) at last instar of silkworm larvae
to improve the silk production. This finding will help the
researchers to cover the areas of quality production of silk
and food supplementation of B. mori diet.
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