
 

_____________________________________________________________________________________________________ 
 
*Corresponding author: E-mail: reema.garai96@gmail.com; 
 
Cite as: Garai, Ishita, Lohithashwa KM, Ramya Harika K, Shruthi GH, Naveen Chandra Reddy, Karthick Mani Bharathi, and 
Vasanth V. 2024. “Juvenile Hormone Mimics As Biochemical Enhancers for Silk Production in Bombyx Mori L.: Evidence from 
Plant Extracts”. Journal of Advances in Biology & Biotechnology 27 (9):1485-95. https://doi.org/10.9734/jabb/2024/v27i91422. 
 

 
 

Journal of Advances in Biology & Biotechnology 
 
Volume 27, Issue 9, Page 1485-1495, 2024; Article no.JABB.122992 
ISSN: 2394-1081 
 
 

 

 

Juvenile Hormone Mimics as 
Biochemical Enhancers for Silk 
Production in Bombyx mori L.: 

Evidence from Plant Extracts 
 

Ishita Garai a*, Lohithashwa KM b, Ramya Harika K a, 
Shruthi GH b, Naveen Chandra Reddy b,  

Karthick Mani Bharathi a and Vasanth V a 
 

a Department of Sericulture, FCRI, TNAU, Mettupalayam, India. 
b Department of Sericulture, GKVK, UAS, Bangalore, India. 

 
Authors’ contributions 

 
This work was carried out in collaboration among all authors. All authors read and approved the final 

manuscript. 
 

Article Information 
 

DOI: https://doi.org/10.9734/jabb/2024/v27i91422  
 

Open Peer Review History: 
This journal follows the Advanced Open Peer Review policy. Identity of the Reviewers, Editor(s) and additional Reviewers, peer 

review comments, different versions of the manuscript, comments of the editors, etc are available here: 
https://www.sdiarticle5.com/review-history/122992  

 
 

Received: 10/07/2024  
Accepted: 12/09/2024 
Published: 16/09/2024 

 
 

ABSTRACT 
 

Aim: To study the Effect of juvenile hormone mimics on the biochemical parameters of silkworm. 
Study Design: Factorial Complete Random Design. 
Place and Duration of Study: Department of Sericulture, Forest College and Research Institute, 
Mettupalayam during 2021-2022. 
Methodology: Topical application of 20% and 30% acetone extracts of Juvenile hormone mimics at 
different interval of larval duration viz. IV and V instar of silkworm as single treatment (on first day of 

Original Research Article 

https://doi.org/10.9734/jabb/2024/v27i91422
https://www.sdiarticle5.com/review-history/122992


 
 
 
 

Garai et al.; J. Adv. Biol. Biotechnol., vol. 27, no. 9, pp. 1485-1495, 2024; Article no.JABB.122992 
 
 

 
1486 

 

V instar) and double treatment (twice – first day of IV and V instar). Silkworm breed used Double 
Hybrid (FC1XFC2). 
Results: Double administration at 20% and 30% concentration for Pinus and Tapioca treated 
larvae—increases, it is observed that the amount of expression of biochemical traits increases. 
Significantly higher silk gland protein content of (119.85 mg/g) was recorded in double dose @ 30% 
Pinus with highest fat body protein of 51.00 mg/g and least was recorded in untreated control. 
Serimore recorded highest aspartate aminotransferase activity (264.24 µg/ml) followed by Pinus 
(269.93 µg/ml) whereas 563.22 µg/ml and 558.31 µg/ml alanine aminotransferase activity recorded 
when treated with pinus and serimore respectively. 
Conclusion: Among the phutojuvenoids, pinus was best followed by tapioca and then custard 
apple. Among tapioca series, tapioca plant showed best result followed by tapioca leaf and tapioca 
branch. In case of custard apple series, custard apple plant was better followed by custard apple 
branch and least by custard apple leaf. Pine was found to be on par with commercially available 
JHA serimore. 
 

 

Keywords: Phytojuvenoid; Pinus; custard apple; tapioca; haemolyph protein; silk gland. 
 

1. INTRODUCTION 
 

The science and skill of raising silkworms is called 
sericulture. The silkworm only eats mulberry 
leaves in order to construct its cocoon, which is 
the reason that the silk exists. Most aspects of 
growth and development are controlled by the two 
main circulatory hormones in insects, juvenile and 
moulting hormone (JH and MH) [1]. By changing 
metabolic pathways, exogenous treatment of 
analogues or mimics of these hormones may 
disrupt normal insect growth [2,3]. Two essential 
aspects of insect growth and development are the 
process of moulting and metamorphosis, which 
are controlled by circulating hormones such as 
ecdysterone, juvenile hormone (JH), and 
prothoracicotropic hormone (PTTH). Exogenous 
treatment of mimics or analogs of these circulating 
hormones can modify the pattern of insect growth 
to some degree [4,5].  
 

When exogenous JH analogs are administered in 
minute amounts to silkworms, such as Bombyx 
mori L., they show a stimulatory impact that 
improves commercial features like cocoon weight, 
shell weight, and silk filament length [6-9]. It has 
been noted that many JH analogs and mimics 
have some hormonal effects on silkworm growth; 
however, the response varies according to 
application quantity, duration, and dose [10,11]. 
Food consumption throughout the JH analog 
application period aids in the production of silk 

protein. The ensuing postponement in moulting 
serves as proof that JH inhibits the production of 
ecdysone in B. mori L. [12,13]. According to a 
recent study, JH prevents protein synthesis in 
early treated larvae, which triggers later stages of 
protein synthesis that develop larger silk glands 
and a more robust cocoon shell [14-17]. This 
study was conducted to investigate the effects of 
specific juvenile hormone mimics, including Pinus, 
Tapioca, Custard apple, Pyripoxyfen, and 
Serimore, on the economic parameters of 
silkworm, given the biological significance of these 
mimics on cocoon yield. 

 
2. MATERIALS AND METHODS  
 
2.1 Silkworm Rearing 
 
The Double Hybrid (FC1XFC2) chawki worms 
were obtained from the chawki center. The 
silkworms were maintained in plastic trays (23 x 
20 x 5 cm) under ideal rearing conditions in the 
silkworm rearing house, Department of 
Sericulture, Forest College and Research 
Institute, Tamil Nadu during 2021-2022. The 
temperature and relative humidity were 
maintained at 24-26 ºC and 75- 80%, respectively 
till the spinning of cocoon. They were fed with V1 
variety of mulberry leaves. Plastic collapsible 
mountage (netrika) was used for ripened worms 
for spinning of cocoons. 

 
Extraction of phytojuvenoids from plants: 
 

S.no. Common name Scientific name Plant part used 

1. Pinus Pinus roxburghii Needles 
2. Tapioca Manihot esculenta Leaf and branches 
3. Custard apple Annona squamosa Leaf and branches 
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For extraction of phytojuvenoids, the needle of 
Pinus, leaves and branches of tapioca and 
custard apple were collected, cut into small 
pieces and shade dried. The dried materials 
were powdered separately with the help of 
mechanical device. Separate extraction of 
phytojuvenoid was carried out from leaves, 
branches and together as leaves and branch. 25 
gm powder of concerned part was subjected to 
extraction separately through soxhlet apparatus 
with 250 ml acetone for 6-8 hours. After 
extraction, a little amount of concentrated 
solution of plant extract was obtained. The 
concentrated solution was dried and 100 gm 
material was obtained in paste/semi-liquid form. 
The paste thus obtained, was dissolved in 25 ml 
acetone and used this solution for further 
experiment, as 100% concentration of 
phytojuvenoid as stock. For further experiment 
the suitable narrow ranges of Pinus, tapioca and 
custard apple phytojuvenoid concentrations viz. 
20 and 30% were made using distilled water as 
working solution. Thus, this two different 
phytojuvenoid concentrations were applied 
topically by spraying as 10 ml on to 100 larvae 
separately. Three sets of experiments were 
designed viz., single, double and triple treatment 
of larvae [18]. 
 

2.2 Topical Application of Serimore and 
Pyriproxyfen 

 
Synthetic growth promoter Serimore is most 
frequently used to significantly increase silkworm 
larval growth and both quantitative and qualitative 
features. It is obtained from Sericare, a division of 
Health Care Private Limited. During the fifth instar, 
0.2 ml of Serimore was applied topically V instar 
at 48 hours to silkworm larvae (5 ml of dissolved 
Serimore diluted in 2.5 liters of potable water and 
sprayed on the healthy silkworm). Serimore 
served as a check. Pyriproxyfen 10% EC is a 
chemical insect growth regulator that is applied 
topically as a single treatment or a double 
treatment at concentrations of 5 µl and 10 µ. 
 

2.3 Design of Experiment for Single 
Treatment of Larvae 

 
Just after the fourth moult, at the beginning of the 
fifth instar, a single dose was given to the larvae. 
Initially, 100 larvae in their fifth instar were 
sprayed with 10 ml of a 20% concentrated                   
Pinus needle extract solution using a sprayer.         
The custard apple leaf, custard apple branch, 
custard apple plant (leaves and branches 
together), tapioca leaf, tapioca branch, and 

tapioca plant (leaves and branches together) 
extracts were all prepared using the same 
technique [19].  
 

2.4 Design of Experiment for Double 
Treatment of Larvae 

 
From the initial stage of the fourth instar larvae, 
the larvae were given double treatment. In the first 
treatment, 10 mL of a 20% concentrated Pinus 
needle extract solution were sprayed over 100 IV 
instar larvae. The ideal conditions for growth and 
development were provided for the rearing of the 
treated larvae. Additionally, at the beginning of the 
fifth instar, the same larvae received a second 
treatment that was identical. Thus, larvae in their 
fourth and fifth instars received JH mimics in a 
double treatment. 
 
The custard apple leaf, custard apple branch, 
custard apple plant (leaves and branches 
together), tapioca leaf, tapioca branch, and 
tapioca plant (leaves and branches together) 
extracts were all prepared using the same 
technique. Comparable trials were conducted with 
a 30% concentration of phytojuvenoids derived 
from extracts of Pinus needles, custard apples, 
custard apple branches, custard apple plants 
(leaves and branches combined), tapioca leaves, 
tapioca branches, and tapioca plants (leaves and 
branches combined). After being on the bed for 
thirty minutes, the silkworm larvae were given 
fresh mulberry leaves to eat. To compare the 
outcomes, a parallel control group that received 
no treatment was kept. Three replications of each 
treatment were done using fifty healthy silkworm 
larvae for each replication. 
 

2.5 Data Collection 
 
2.5.1 Haemolymph protein  
 
Three fifth instar larvae were randomly selected 
from each replication. The thoracic proleg was 
cut and the haemolymph was collected in 1.50 ml 
Eppendorf tubes. Few crystals of phenyl-thiourea 
(PTU) were added in each tube to prevent the 
melanization.  
 
 The samples were then centrifuged for 10 
minutes at 10,000 rpm. The supernatant was 
removed and kept at -20°C for analysis. The 
recovered haemolymph was diluted with 0.5ml of 
distilled water. Alkaline copper reagent (5 ml) 
was added to the 0.5 ml aliquot of this solution 
and kept for 10 minutes. 0.5 ml of Folin 
Ciocalteu's reagent was added, carefully mixed 
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and kept for 20 minutes for colour development. 
The readings were taken using UV 
spectrophotometer at 650 nm. The reference 
employed was Bovine Serum Albumin (BSA). 
The mean was denoted by mg/ml [20]. 
 
2.5.2 Silk gland protein 
 
The individual silk gland was macerated in 
phosphate buffer (pH 7.0) to extract the protein. 
The above macerated mixture subjected for 5-
minute centrifugation at 5000 rpm. For the 
determination of the total proteins in the 
haemolymph, the supernatant was collected,     
and protein concentration was determined             
[20]. 
 
2.5.3 Fat body protein 
 
The tissue protein was precipitated by adding 1 
ml of 30per cent trichloroacetic acid (TCA) and 
the mixture was centrifuged for 30 minutes at 
3000 rpm. Repeating two more times of this, the 
precipitate was mixed with 1 ml of 0.1 N NaOH. 
Alkaline copper reagent (5 ml) was added to the 
0.50 ml aliquot. After 10 minutes, 0.50 ml of Folin 
Ciocalteu's reagent was added, properly mixed, 
and left for 20 minutes to develop the colour. On 
the UV spectrophotometer, readings were taken 
at a wavelength of 650 nm [20].  

 
2.5.4 Asparate aminotransferace (AST) 

 
The glutamic oxaloacetic transaminase 
(Asparate transaminase) was measured using 
the colorimetric method [21] using the GOT 
substrate (phosphate buffer + L-aspartate + 
ketoglutarate). Each test tube was filled with a 
known amount of haemolymph and 0.50 ml AST 
substrate. The tubes were shaken and then 
placed in boiling water for 60 minutes. The tubes 
were then filled with 0.50 ml of DNPH 
(Dinitrophenylhydrazine) and left at room 
temperature. Finally, 5 ml of NaOH was added 
and left to stand at room temperature for 5 
minutes. Then, at 503 nm, the colour intensity 
was read on the spectrophotometer. 

 
2.5.5 Alanine aminotransferace (ALT) 

 
For the measurement of glutamic pyruvic 
transaminase (Alanine transaminase), ALT 
substrate (phosphate buffer + L-alanine + 
ketoglutarate) was utilized. By following the 
guidelines outlined in the estimation of glutamic 
oxaloacetic transaminase [21], the haemolymph 
was collected and ALT was quantified. 

3. RESULTS AND DISCUSSION 
 

All the JH mimics utilized in the research 
showed a significant positive response in larval 
characters. The data on the effect of the 
application of JH mimics on the biochemical traits 
of silkworm hybrid FC1XFC2 are presented in Fig. 
1 and Tables 1, 2 and 3. 
 

The protein content of silk gland was dramatically 
increased by several juvenile hormone mimic 
sources in silkworm. Pinus treated silkworms had 
the highest protein level (119.85 mg/g) in their 
silk glands among the various treatments The 
treatments viz., Serimore (117.74 mg/g), tapioca 
leaf (117.67 mg/g) and tapioca plant (117.26 
mg/g) were found to be statistically on par with 
each other. In the treatments namely, Custard 
apple plant (116.73 mg/g), Custard apple branch 
(116.67 mg/g) and Tapioca branch (116.07 mg/g) 
treatments on silkworm, the silk gland protein 
was found to be statistically not different from 
each another. Silk gland protein level was 
recorded lowest in control batch (115.40 mg/g) 
(Tables 1,3). Among the different treatment and 
doses tested, the greatest silk gland protein 
content was found in Pinus with double dose @ 
30% (119.85 mg/g) treated silkworms followed by 
Pinus with double dose @ 20% (119.23 mg/g) 
and Pinus with single dose @ 30% (119.51 
mg/g). The treatments such as Pinus a single 
dose @ 20% (118.48 mg/g), Tapioca leaf double 
dose @ 30% (117.67 mg/g) and Tapioca plant 
double doses (117.26 mg/g) were found to be on 
par with each other. The untreated batch of 
silkworms synthesized the least quantity of silk 
gland protein (115.40 mg/g). 
 

The amount of fat body protein in silkworms 
administered with several juvenile hormone 
mimic sources varied greatly from one another. 
Among the various treatments, Pinus recorded 
significantly highest fat body protein of 51.00 
mg/g followed by Serimore (49.31 mg/g). The fat 
body protein in the treatments like Tapioca leaf 
(49.33 mg/g), Tapioca plant (49.07 mg/g) and 
Pyripoxyfen (48.96 mg/g) were found to be 
statistically on par with each other. The least fat 
body protein was recorded in control (46.04 
mg/g) (Tables 1,3). The interaction between 
treatments and doses showed significantly highest 
fat body protein recorded in Pinus double dose @ 
30% (51.00 mg/g) followed by Pinus double dose 
@ 20% (50.15 mg/g) and Pinus single dose @ 
30% (50.06 mg/g). The treatments namely single 
dose @ 30% Custard apple leaf (48.62 mg/g), 
double dose @ 30% Custard apple branch (48.64 
mg/g), Single dose @ 20% Custard apple plant 
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(48.50 mg/g) and single dose @ 20% Tapioca 
branch (48.65 mg/g) did not differ statistically from 
each other in case of fat body protein content. 
Significantly least fat body protein was recorded in 
control (46.04 mg/g). 
 

Aspartate aminotransferase activity was 
significantly different in silkworms sprayed with 
various of phytojuvenoids. Serimore recorded 
highest aspartate aminotransferase activity 
(264.24 µg/ml) followed by Pinus (269.93 µg/ml) 
and Tapioca leaf (249.93 µg/ml). Custard apple 
plant and Tapioca branch registered aspartate 
aminotransferase activity of 229.63 µg/ml and 
229.20 µg/ml, respectively which were found to 
be on par with each other. The least enzyme 
activity was observed in control (224.97 µg/ml). 
The interaction study between treatments and 
doses revealed that Pinus with double dose @ 
30% recorded highest enzyme activity (269.93 
µg/ml) followed by Serimore (264.24 µg/ml). In 
the treatments such as Custard apple leaf with 
double dose @ 20% , Custard apple branch with 
double dose @ 20% , Tapioca branch with single 
dose @ 20% and Pyripoxyfen with double dose 
10 µl recorded the enzyme activity of aspartate 
aminotransferase 229.25 µg/ml, 229.15 µg/ml, 
229.20 µg/ml and 228.93 µg/ml, respectively 
which did not differ statistically with each other. 
Significantly least activity of enzyme was 
observed in control (224.97 µg/ml). 
 

The activity of alanine aminotransferase enzyme 
in silkworms was strongly altered by the 
application several juvenile hormone mimics 
(Table 2). Pinus and Serimore recorded alanine 
aminotransferase 563.22 µg/ml and 558.31 
µg/ml, respectively which was found to be higher 
compared to other treatments. The next better 
treatments were Tapioca leaf (545.97 µg/ml), 
Tapioca plant (542.28 µg/ml) and Custard apple 
plant (535.64 µg/ml). The minimal enzyme 
activity was observed in control (490.92 µg/ml). 
 

With respect to treatments and doses, Pinus with 
double dose @ 30% recorded significantly 
highest alanine aminotransferase activity (563.22 
µg/ml) followed by Serimore (558.31 µg/ml). The 
next better treatments were Custard apple plant 
with double dose @ 20% (535.64 µg/ml) and 
Tapioca plant with single dose @ 20% (535.66 
µg/ml) recorded enzyme activity which was on 
par each other. The least was observed in 
control (490.92 µg/ml) followed by Custard apple 
with single dose @ 20% (497.78 µg/ml).  
 

The present study results regarding haemolymph 
protein content showed significant variations 

between treatments and concentrations (Fig. 1). 
Regarding treatments, Pinus (9.83 mg/ml) had 
the greatest haemolymph protein content 
followed by serimore (9.73 mg/ml), tapioca leaf 
(9.16 mg/ml) and tapioca plant (9.19 mg/ml). The 
larvae treated with custard apple plant (8.90 
mg/ml) and custard apple branch (8.94 mg/ml) 
was found to have haemolymph protein content 
significantly on par with tapioca branch treated 
silkworm (8.85 mg/ml). The least amount of 
haemolymph protein (7.86 mg/ml) was found in 
the Custard apple leaf. In the interaction between 
treatments and doses, Pinus with double dose @ 
30% (9.83 mg/ml) recorded the highest amount of 
haemolymph protein. When the silkworms were 
treated with Custard apple branch (8.89 mg/ml) and 
Custard apple plant (8.87 mg/ml), the haemolymph 
protein content was found to be statistically not 
different from Pyripoxyfen double dose @ 10µl 
(8.87 mg/ml). The Custard apple leaf had the 
lowest protein content treated single dose @ 20% 
(7.86 mg/ml) followed by control (7.89 mg/ml). 
 

Silkworm has protein distributed all over the body 
which includes haemolymph, silk gland and fat 
body protein. The protein content in silkworm 
was significantly higher when administered with 
juvenile hormone mimics compared to control. 
Results showed that Pinus and Tapioca extract 
treatments, total protein increased with the 
increase in concentration and number of dose 
applied on silkworm whereas a sudden decline in 
protein content was observed when the larvae 
were applied with custard apple at double dose 
of higher concentration. 
 

In some insects, haemolymph protein content 
gradually increased with the larval development. 
During the initial days of 5th instar, there is 
negligible quantity of ecdysone in the silkworm 
hamolymph but juvenile hormone is detectable. 
While in the later days of 5th instar, both 
ecdysone and juvenile hormone is detectable 
which results in increase in haemolumph protein 
[4]. When silkworms were treated with 1ng of 
fenoxycarb, male larvae showed increase in 
haemolymph protein after eighth day whereas in 
female larvae it started increasing after seventh 
day and reached peak on tenth day in both sexes 
[22].  
 

Similarly, silk gland protein content evidently 
differs between juvenile hormone mimic treated 
larvae and control batch. Maximum silk gland 
protein was recorded at double dose 30 per cent 
of Pinus extract (119.85 mg/g) followed                         
by serimore (117.74 mg/g) and pyripoxyfen            
with single dose at 5 µl (116.90 mg/g). 
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Table 1. Effect of different Juvenile hormone mimics on Silk Gland protein (mg/g) and fat body protein (mg/g) of silkworm, B. mori L. 
 

Treatments Concentration / biochemical traits 

Single 
Treatment@20% 

Single Treatment@30% Double 
Treatment@20% 

Double 
Treatment@30% 

Mean 

SG protein FB 
protein 

SG protein FB 
protein 

SG protein FB 
protein 

SG protein FB protein SG protein FB 
protein 

Pinus 118.48 49.68 119.51 50.06 119.23 50.15 119.85 51.00 119.27 50.22 
Custard apple leaf 113.58 48.45 113.50 48.62 113.97 48.19 113.79 48.33 113.71 48.40 
Custard apple branch 115.77 48.65 115.65 48.67 116.71 48.59 115.67 48.64 115.95 48.63 
Custard apple plant 115.55 48.50 116.21 48.76 116.73 48.66 116.09 48.72 116.14 48.66 
Tapioca leaf 116.70 48.42 117.41 49.06 117.01 49.24 117.67 49.33 117.20 49.01 
Tapioca branch 115.71 48.65 115.87 48.72 116.00 48.70 116.07 48.61 115.91 48.67 
Tapioca plant 116.21 48.88 116.74 49.05 117.18 49.07 117.26 49.20 116.84 49.05 
Serimore 117.74 49.31 117.74 49.31 117.74 49.31 117.74 49.31 117.74 49.31 
Control 115.40 46.04 114.40 46.04 114.40 46.04 114.40 46.04 114.40 46.04 
Mean 116.20 48.55 116.42 48.71 116.56 48.67 116.49 48.79   

S.Ed and CD for SG 
protein 

S.Ed CD (P=0.05) 
T= 0.158 T= 0.321** 
C= 0.100 C= 0.203** 
TC= 0.317 TC= 0.642** 

S.Ed and CD for FB 
protein 

 S.Ed CD (P=0.05) 
T= 0.113 T= 0.230** 
C= 0.072 C= 0.145* 
 TC= 0.227 TC= 0.460* 

silk gland protein (mg/g), fat body protein (mg/g), T - Treatment, D - Dose, ** Highly significant, * significant 
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Table 2. Effect of different Juvenile hormone mimics on Aspartate aminotransferase (µg/ml) and Alanine aminotransferase (µg/ml) of silkworm, B. 
mori L. 

 

Treatments Concentration / biochemical traits 

Single 
Treatment@20% 

Single Treatment@30% Double 
Treatment@20% 

Double 
Treatment@30% 

Mean 

AST ALT AST ALT AST ALT AST ALT AST ALT 

Pinus 248.38 550.88 254.23 556.47 260.47 561.59 269.93 563.22 258.18 558.04 
Custard apple leaf 226.12 497.78 227.33 498.89 229.25 505.12 227.91 500.84 227.65 500.66 
Custard apple branch 227.00 530.00 228.13 530.47 229.15 531.08 228.66 530.16 228.23 530.42 
Custard apple plant 229.63 528.91 230.00 530.25 231.46 535.64 230.34 532.84 230.36 532.16 
Tapioca leaf 243.68 540.51 247.06 540.97 247.83 542.77 249.93 545.97 247.12 542.55 
Tapioca branch 229.20 520.79 230.11 521.80 230.62 521.31 231.04 522.09 230.24 521.49 
Tapioca plant 240.62 535.66 243.32 539.79 245.32 540.87 248.70 542.28 244.49 539.65 
Serimore 264.24 558.31 264.24 558.31 264.24 558.31 264.24 558.31 264.24 558.31 
Control 224.97 490.92 224.97 490.92 224.97 490.92 224.97 490.92 224.97 491.92 
Mean 236.80 529.45 238.29 530.83 239.25 529.99 240.43 529.99   

S.Ed and CD for AST S.Ed CD (0.05) 
T= 0.012 T= 0.249** 
C= 0.078 C= 0.157** 
TC= 0.247 TC= 0.499** 

S.Ed and CD for ALT S.Ed CD (0.05) 
T= 0.253 T= 0.512** 
C= 0.160 C= 0.324** 
TC= 0.507 TC= 1.025** 

Aspartate aminotransferase (AST) (µg/ml), Alanine aminotransferase (ALT) (µg/ml) 
T - Treatment, D - Dose, ** Highly significant, * significant 

 
Table 3. Effect of Pyriproxyfen on different biological parameters of silkworm, B. mori L 

 

Economic Traits Concentration 

Single treatment@ 5 µl Single treatment@ 10 µl Double treatment@ 5 µl Double treatment@ 10 µl Mean 

SG protein (mg/g) 116.90 116.23 115.63 115.40 116.04 
FB protein (mg/g) 48.96 48.84 48.83 48.75 48.84 
AST (µg/ml) 234.14 233.50 229.25 228.93 231.45 
ALT (µg/ml) 540.75 539.42 512.32 511.92 526.10 
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Fig. 1. Effect of different Juvenile hormone mimics on haemolymph protein of silkworm B. mori L. 
Significant from normal control, *P<0.05
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Least was recorded in untreated larva batch 
(115.40 mg/g). This result was supported where 
the topical application of 1ng of fenoxycarb on 
zero day of 5th instar, caused surge in                     
juvenile hormone esterase two times i.e. first 
immediately after two hours of its application and 
next surge just before pupation [23]. During this 
time, highest activity of mRNA in silk gland              
was seen which caused increase in silk gland 
protein. 
 
The highest fat body protein was observed in 
case of treatment with double dose at 30 per 
cent of Pinus extract (51.00 mg/g) whereas least 
was recorded in Custard apple leaf extract with 
treatment as single dose at 20 per cent (48.45 
mg/g) followed by Pyripoxyfen with double dose 
at10 µl (48.75 mg/g). This was supported where 
administration of methoprene at 2 µg 
concentration on first day of 5th instar caused 
gradual increase in the fat body protein [24]. 
 
Distinguishable differences with regard to 
aspartate aminotransferase enzyme were 
recorded in different treatments of silkworm 
compared to untreated batches. Maximum 
aspartate aminotransferase activity was seen in 
treatment with Pinus extract double dose at 30 
per cent (269.93 µg/ml) followed by pyripoxyfen 
at single dose of 5 µl concentration which 
recorded the enzyme activity of 234.14 µg/ml 
after 120 hours of application. This result was 
supported, where aspartate aminotransferase 
activity recorded at 120 hours after application of 
pyripoxyfen at the rate of 1, 10, 75, 150 ppm and 
found that 75 ppm concentration resulted in 
maximum enzyme activity of 384.7 IU/L followed 
by 10 ppm concentration (333.0 IU/L) [25]. 
Significant difference was observed between the 
juvenile hormone treated larvae and control 
batch. Highest alanine aminotransferase enzyme 
activity was seen in Pinus with double dose at 30 
per cent concentration (563.22 µg/ml). In case of 
pyripoxyfen, it was recorded highest with single 
dose at 5 µl (540.75 µg/ml). This is supported 
where the administration of 3 fg/larva fenoxycarb 
causes higher activity in alanine 
aminotransferase enzyme inside muscle and silk 
gland which were recorded as 4.52 µM 
pyruvate/mg protein/hr and 2.94 µM pyruvate/mg 
protein/hr after fourth day of application in 
muscle and silk gland respectively whereas 5.01 
µM pyruvate/mg protein/hr in muscle and 4.02 
µM pyruvate/mg protein/hr in silk gland after sixth 
day of application [26]. The highest activity of 
alanine aminotransferase enzyme showed in 1 
ppm pyripoxyfen treated larvae [25].  

One of the enzymes that limits the rate                 
at which juvenile hormone (JH) is produced in 
insects is juvenile hormone acid 
methyltransferase (JHAMT). To create JH, it 
transfers the methyl group of S-adenosyl 
methionine to either the farnesoic acid or the 
carboxyl group of JH acids. In Bombyx mori, six 
JHAMT paralogues have been found; of them, 
JHAMT1 and JHAMT2 exhibit methyltransferase 
activity [27]. The most well-known insulin 
signaling pathway is just one of several 
determinants that affect longevity, which is a 
complex biological phenomenon. This route 
controls the transcription factor Forkhead box O 
(FoxO), which in turn controls various 
physiological processes in many animals, 
including growth, development, metabolism, and 
longevity. Sex hormones (such as testosterone 
and estrogen) and dehydroepiandrosterone 
affect longevity in eukaryotes in addition to 
insulin and insulin-like growth factors [28]. 
 

4. CONCLUSION 
 
Based on the current investigation, pinus was the 
most effective phutojuvenoids, followed by 
tapioca and custard apple. The tapioca plant 
produced the best results out of the tapioca 
series, followed by the tapioca leaf and tapioca 
branch. When it came to the custard apple 
series, the custard apple leaf was the least 
preferred option, followed by the custard                  
apple branch. Pine was discovered to be 
comparable to JHA serimore that is sold 
commercially. 
 
The optimal treatments for the tapioca and pine 
series were determined to be repeated 
treatments at a 30% concentration since this 
lengthens the larval period, which in turn 
improves the amount of protein and silk 
produced. When treated at a high concentration 
of 30% twice administration, the economic 
features of the cocoon diminish. This is because 
custard apple leaves have a strong odor, which 
reduces leaf eating and results in poor growth 
and development. Results with a single dose at 
5µl and 10µl concentrations for Pyriproxyfen 
30%EC were comparable. Because pyriproxyfen 
is a chemical growth regulator for insects, double 
treatment at both concentrations resulted in a 
decrease in economic features because of the 
residual influence on the fat bodies and 
haemolymph of silkworms. Therefore, using 
these JH mimics at the appropriate dosage and 
correct instar will increase economic traits of 
cocoons of silkworm, Bombyx mori L. 



 
 
 
 

Garai et al.; J. Adv. Biol. Biotechnol., vol. 27, no. 9, pp. 1485-1495, 2024; Article no.JABB.122992 
 
 

 
1494 

 

DISCLAIMER (ARTIFICIAL INTELLIGENCE) 
 
Author(s) hereby declare that NO generative AI 
technologies such as Large Language Models 
(ChatGPT, COPILOT, etc) and text-to-image 
generators have been used during writing or 
editing of this manuscript.  
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Novak VJA. Insect Hormones, Methuen 

and Co, Ltd, London. 1966;80-119. 
2. Kajiura Z, Yamashita O. Super growth of 

silkglands in the dauer larvae of the 
silkworm, Bombyx mori, induced by a 
juvenile hormone analogue. Journal of 
Sericultural Science of Japan. 1989;58:39-
46. 

3. Nair KS, Kumar SN, Mary Flora CA, Qadri 
SHM. The juvenile hormone analogue SB-
515 for crop yield improvement in silkworm 
(Bombyx mori L.) and its popularization 
through onsite demonstration in 
Gobichettipalaym (Tamil Nadu). CSTRI, 
Mysore Golden Jubilee Conference. 
2011;71-72. 

4. Sakurai S, Okuda M, Ohtaki T. Juvenile 
hormone inhibits ecdysone secretion and 
responsiveness to prothoracicotropic 
hormone in prothoracic glands of Bombyx 
mori. J Comp. Endocrinol.1989;75:220-
230. 

5. Singh, KC, KV Benchamin. Biology and 
ecology of the eri silkmoth, Samia ricini 
(Donovan) (Saturniidae): A review. Bulletin 
of Indian Academy of Sericulture. 2002; 
6(1):20-33. 

6. Akai H, Kiguchi K, Mori K. The influence of 
juvenile hormone on the growth and 
metamorphosis of Bombyx mori larvae. 
Bull. Seric. Exp. Sen. 1973;25(4):287-305. 

7. Akai H, Kimura K, Kiuchi M, Shibukawa A. 
Increase of silk production by repeated 
treatments with a juvenile hormone 
analogue. J Serie. Sci. Jpn. 1985;54(4): 
297-299. 

8. Chowdhary SK, Raju PS, Ogra RK. Effects 
of JH analogues on silkworm, Bombyx 
mori L. growth and development of silk 
gland. Sericolgia. 1990;30(2):155- 165. 

9. Trivedy K, Remadevi OK, Magadum SB, 
Datta RK. Effect of juvenile hormone 

analogue, labomin on the growth and 
economic characters of silkworm, Bombyx 
mori, L. Indian. J Seric. 1993;32:162-168. 

10. Akai H, Kobayashi M. Induction of 
prolonged larval instar by the juvenile 
hormone in Bombyx mori L. (Lepidoptera: 
Bombycidae). Appl. Entomol. Zool. 1971; 
6(3):1938-1939. 

11. Mamatha, DM, HPP Cohly, AHH Raju, M 
Rajeswara Rao. Studies on the 
quantitative and qualitative characters of 
cocoons and silk from methoprene and 
fenoxycarb treated Bombyx mori (L) 
larvae. African Journal of Biotechnology. 
2006;5(15). 

12. Nair KS, Vijayan VA, Nair JS, Trivedy K, 
Chinya PK. Hormetic influence on 
silkworm, Bombyx mori L, of the 
phytojuvenoid –Formyl longifolene oxime 
propargyl ether. Insect Sci. Applic. 
2002;22(2):145-150. 

13. Trivedi K, Sashindran Nair K, Ahsan MM, 
Datta RK. A juvenile hormone mimic 
modulated enhancement of silk 
productivity in silkworm, Bombyx mori, L. 
Indian. J Seric.1997;36:35-38. 

14. Gangawar SK. Effect of juvenile hormone 
mimic R394 on silkworm (Bombyx mori, 
L.) growth and development of the 
silkgland. ARPN J of Agricultural and 
Biological Sci. 2009;4(6):65-66. 

15. Garel JP. The physiology and biology of 
spinning in Bombyx mori V 
Endocrinologcal aspects of silk production. 
Experientia. 1983;39(5):461-466. 

16. Muroga A, Nakajima M, Aomori S, Ozawa 
Y, Nihmura M. Utilization of the synthetic 
juvenile hormone analog to the silkworm 
rearing on mulberry leaves. J Seric. Sci. 
Jpn. 1975;44:267-273. 

17. Saad, Mahmoud SI, Walaa MM Helaly, El-
Sayed A El-Sheikh. Biological and 
physiological effects of pyriproxyfen 
insecticide and amino acid glycine on 
silkworm, Bombyx mori L. Bulletin of the 
National Research Centre. 2019;43(1):1- 
7. 

18. Ishita Garai, K Chozhan, KA Murugesh and 
P Radha. Investigations on dynamics of 
juvenile hormone mimics on the economic 
parameters of silkworm, Bombyx mori L. 
the Pharma Innovations. 2022;11(6):739-
743. 

19. Srivastava R, Upadhyay VB. Biochemical 
constituents of multivoltine mulberry 
silkworm (Bombyx mori Linn.) Influenced 
by Phytojuvenoid compound. International 



 
 
 
 

Garai et al.; J. Adv. Biol. Biotechnol., vol. 27, no. 9, pp. 1485-1495, 2024; Article no.JABB.122992 
 
 

 
1495 

 

Journal of Fauna and Biological Studies. 
2016;3(1):01- 05. 

20. Lowry, Oliver H. Protein measurement with 
the Folin phenol reagent. J biol Chem. 
1951;193:265-275. 

21. Reitman, Stanley, Sam Frankel. A 
colorimetric method for the determination 
of serum glutamic oxalacetic and glutamic 
pyruvic transaminases. American Journal 
of Clinical Pathology. 1957;28(1):56-63. 

22. Uranli, R, Ebru Göncü, Osman Parlak. 
Investigation of the influence of the juvenile 
hormone analogue fenoxycarb on major 
hemolymph proteins of the silkworm 
Bombyx mori during the last larval instar. 
Turkish Journal of Zoology. 2011;35(2). 

23. Kamimura, Manabu, Michiyoshi Takahashi, 
Kyoko Kikuchi, AMS Reza, Makoto Kiuchi. 
Tissue‐specific regulation of juvenile 
hormone esterase gene expression by 
20‐hydroxyecdysone and juvenile hormone 
in Bombyx mori. Archives of Insect 
Biochemistry and Physiology: Published in 
Collaboration with the Entomological 
Society of America. 2007;65(3):143-              
151. 

24. Bosquet, G, B. Calvez.Juvenile hormone 
modifications of gene expression in the fat 
body and posterior silk glands of Bombyx 

mori L. Journal of Insect Physiology. 
1985;31(8):603-610. 

25. Etebari, Bizhannia A.R, Sorati R. 
Biochemical changes in haemolymph of 
silkworm larvae due to pyriproxyfen 
residue. Pesticide Biochemistry and 
Physiology. 2007; 88(1):14-19. 

26. Mamatha, Devi M, Vijaya K Kanji, Hari HP 
Cohly, M Rajeswara Rao. Juvenile 
hormone analogues, methoprene and 
fenoxycarb dose-dependently enhance 
certain enzyme activities in the silkworm 
Bombyx mori (L). International Journal of 
Environmental Research and Public 
Health. 2008;5(2):120-124. 

27. Zhang, L, Xu, H, Zhang, Y, Zhang, H, 
Wang, Z, Guo, P, Zhao, P. Structural 
characterization and functional                   
analysis of juvenile hormone acid 
methyltransferase JHAMT3 from the 
silkworm, Bombyx mori. Insect 
Biochemistry and Molecular 
Biology, 2022;151:103863–103863.  

28. Li Z, Song J, Jiang G, Shang Y, Jiang Y, 
Zhang J, et al. Juvenile hormone 
suppresses the FoxO-takeout axis to 
shorten longevity in male 
silkworm. Pesticide Biochemistry and 
Physiology. 2023;192:105388–105388.  

 
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual 
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for 
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content. 

_________________________________________________________________________________ 
© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 
 
 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/122992  

https://www.sdiarticle5.com/review-history/122992

