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Abstract: Mulberry silkworm, Bombyx mori L. used for produce natural silk from incident time. Mulberry plant
is the soul plant for feeding silkworm larvae, quality of mulberry leaves effect on silkworm growth and cocoon
quality. Experiment made by using three foliar fertilizers to improver mulberry leaves. Concentrations of 0.1 %,
0.3% and 1.3 % were prepared from three foliage fertilizers Ascobein, Novatrin and Citreen. Leaves of mulberry
were immersed in each concentration for ten minutes. Silkworm B. mori L. Larvae were divided into two groups,
first group, treated from first instar to end of the third instar (young instars), second group treated from first
instar until spinning (whole instars). Blank treatment was immersed in distilled water and control treatment kept
with any application. Different instars of silkworm, B. mori L. haemolymph were analyzed to estimate of total
protein, carbohydrate and lipids content. Data revealed that, treatment T  (Novatreen) has best results for total2

content of protein, lipids and carbohydrates. Highest concentration is better results than others for the same
parameters. Foliage fertilizer Novatreen with high concentration or Ascobein and Citreen can used for improved
the silk production, in case of poor quality of mulberry leaves, shortage in fertilizers and in reclaimed lands.
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INTRODUCTION frequently applied topically to increase production,

The silkworm, Bombyx mori L. (Order: Lepidoptera, Mulberry plants respond quickly to foliar nutrients,
Family: Bombycidea) is a monophagous insect feed only Protein  and  carbohydrate  activity changes in silkworm
on  mulberry  leaves  to  convert  leaf  protein  into silk. B. mori haemolymph after treatment foliar applicant [13].
Silk activities are one of the agricultural and industrial All living organisms need mainly carbohydrates,
projects that plays an effective role in improving the which serve as an energy source for all essential
economics for some countries. Quality of silk is processes. Carbohydrates  play an effective role as
depending on many factors include; nutrients in the energy source and protecting silkworm during adverse
mulberry, Morus alba L. biochemical status; hormonal condition [14]. Later stages (fourth and fifth instars) of
level in the larvae and conditions of environment [1]. development's haemolymph, which contains a higher
Proteins, carbohydrates, lipids found in mulberry leaves concentration of carbohydrates, may be used to provide
play an essential role in the biochemical process of insect the energy needed for the activities that result in the
growth and development [2]. Deficient of mulberry leaves construction of the cocoon, the pupal and adult cuticles,
elements is affecting the quality and quantity of cocoon and other developmental structures [15-17].
[3, 4]. Scientists have demonstrated a lot of efforts to Lipids are important and has an  effective role in
enhance silk production through improve the quality and chitin synthesis [18]. Furthermore, lipids are energy
quantity of mulberry leaves such as hormones, plant reserves in the fat body that used during moulting,
extracts, antibiotics, vitamins, mineral, soya protein, herbal oogenesis and embryogenesis [19]. Lipids, known as fats,
products, vermicompost, and fertilizers [5-10]. are a heterogeneous group and naturally occurring edible

Mulberry leaves, M. alba (L.) should be fats [20-21]. Womeni et al. [22] explained that, insects and
supplemented with various nutrients to help productivity their larvae are potential sources of lipids. The growth,
of silk quality and quantity [11, 12]. Foliar nutrients are development and economic characters are influenced to

improve quality, and make up for trace element deficits.
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a great extent by the nutritional content of the mulberry the heamolymph by cutting the abdominal legs and collect
leaf [23]. The present experiments were an attempt to in eppendorf tubes with small amount of phenyl thiourea
enhance the quality of mulberry leaves using some foliage (phenyl thiourea prevent melanization). Biochemical
fertilizers on the different instars of silkworm, B. mori (L.) analysis was estimated in Unite of Fine Chemical Analysis
through evaluate biochemical analysis. Pest-Physiology Research Department Plant Protection

MATERIALS AND METHODS were determined by the method of Bradford [26]. Total

Silkworm Resource: Hybrid silkworm eggs, B. mori L. the phenol-sulphuric acid reaction of Dubois et al. [27].
Giza A were collected from Research Department of Estimation of total lipids was applied by the method of
Sericulture, Plant Protection Research Institute, Knight et al. [28].
Agriculture Research Center- Giza during Spring season.

Fertilizers Resource: Foliage fertilizers of Ascobein (T ), experiment were subjected to ANOVA analysis of1

Novatrin (T ) and Citreen (T ) were attained from General variance multi-way test to determine the significance2 3

Organization  for  Agriculture   Equalization  Fund. between corresponding parameters of the treated groups
Distilled water used for dilution as blank treatment (T ) by using SAS program [29]. 4

and  control  treatment  kept with any treatment (T ).5

Three concentrations for each treatment were prepared RESULTS AND DISCUSSION
(0.1 %, 0.3% and 1.3 %) and coded as C , C and C ,1 2 3

respectively. Ascobein fertilizer consists of organic Data in Table 1, 2 and 3. showed the effect of foliar
matter, Ascorbic and citric acid. Novatreen is containing fertilizers on total protein content (mg/ml) of B. mori
macro and micro elements (Nitrogen, Phosphorus, haemolymph between treatments, instars, treatments x
Potassium, Iron, Manganese, Zinc, Boron, Molybdenum). instars, concentrations, interactions between
Citreen is consisting of claw micro elements (Iron, concentrations x instars, treatments x concentrations x
Manganese, Zinc). instars and treatments x concentrations.

Rearing  Technique:  The rearing laboratory and T . Treatment T  for whole instars is superior to young
equipments were thoroughly disinfected with 5% instars. There were highly significant differences between
formaldehyde solution. Newly hatched B. mori larvae concentrations, the best concentration was C  followed
were brushed in plastic trays (60 x 90 x 7 cm). Room by  C   and  C .  Highly  significant differences appeared
temperature was 24.9°C ± 0.118°C and relative humidity for  the  interaction between concentrations and instars.
was 72.02% ± 5.693. Fresh mulberry leaves of M. alba var All concentrations are higher for treatment with whole
Canava-2 were offered four times daily to fed larvae. instars than the young instars treatment. Also, highly
Polythene sheets as bottom and cover and wet foams significant differences were noticed for the interactions
used for young instars [24]. Disinfectants were applied by between treatments, concentrations and instars.
using muslin cloth on the larvae body and beds in the Treatment T  is better for treated young instars. Also, is
determined days as described by Hosny et al. [25]. better for treatment young and grown instars for all
Collapsible frame was used for mountage mature larvae. concentrations. Highly significant differences were

Treatments and Concentrations: Silkworm larvae B. mori concentrations. Treatment T represented high results for
L. were divided into two groups, first group, treated from C , C  and C , respectively. This is may be due to foliage
brushing to end of the third instars (young instars). fertilizer enrich by macro and micro elements which
Second group treated from first instar until spinning enhanced silk production.
(whole instars). Leaves of mulberry were immersed in each These results are in agreements with those found by
concentration for ten minutes. The treated mulberry Ito and Niminura [30] and Horie et al. [31] reported that,
leaves were drained and then used for fed to the larvae of potassium, and some microelements are essential for the
silkworm. Blank treatment was immersed in distilled water silkworm growth. So, leaves of mulberry were sprayed
and control treatment kept without any application. over with macro and micronutrients to fed the B. mori L.,
Seventh day of fifth instar larvae were used for collecting and  notes that all silkworm growth parameters were found

Research- Agriculture Research Center. Total proteins

carbohydrates were estimated in acid extract of sample by

Statistical Analysis: All the Data collected in this

Treatment T  is the best treatment followed by T and2 3

1 2

3

2 1

2

observed for the interaction between treatments x
2

3 2 1
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Table 1: Effect of foliar fertilizers on total protein content (mg/ ml) of silkworm haemolymph between treatments, instars and treatments x instars
Treatment

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------
Instars T T T T T Mean F Instar LSD 0.05 FTrt x Instar LSD 0.051 2 3 4 5

Young Instars 57.650 58.450 57.850 42.100 42.100 51.630 3407.890** 0.423 111.890** 7.139
Whole Instars 68.217 72.483 62.317 58.800 58.050 63.973
Mean (Trt) 62.933 65.4667 60.083 50.450 50.075
F (Trt) 912.780**
LSD 0.05 0.669
where: Trt=treatments (T , T , T , T  and T ), (*) significant at 0.05, (**) highly significant at 0.011 2 3 4 5

Table 2: Effect of foliar fertilizers on total protein content (mg/ml) of silkworm haemolymph between concentrations, concentrations x Instars and treatments
x concentrations x instars

Treatment
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Concentration T T T T Average Concx Instar Mean Conc FConc LSD 0.05 F Concx Instar LSD 0.051 T2 3 4 5

C Y 54.200 53.000 55.350 42.100 42.100 49.350 55.060 181.02** 0.518 6.45* 5.3371

W 62.000 65.300 59.700 58.800 58.050 60.770
C Y 59.400 59.000 59.150 42.100 42.100 52.350 58.5152

W 68.750 74.900 62.900 58.800 58.050 64.680
C Y 59.350 59.050 63.350 42.100 42.100 53.190 59.8303

W 73.900 77.250 64.350 58.800 58.050 66.470
FTrt x Conc x Instar 4.49**
LSD 0.05 11.616
where: Trt=treatments (T , T , T , T  and T ), Conc= concentrations (C , C  and C ), Y= young instars, G=Whole instars (*) significant at 0.05, (**) highly1 2 3 4 5 1 2 3

significant at 0.01

Table 3: Effect of foliar fertilizers on total protein content (mg/ml) of silkworm haemolymph between treatments concentrations
Treatment

----------------------------------------------------------------------------------------------------------------------------------------------
Concentration T T T T T1 2 3 4 5

C 58.100 59.150 57.525 50.450 50.0751

C 64.075 66.950 61.025 50.450 50.0752

C 66.625 70.300 61.700 50.450 50.0753

F TrtxConc 39.59**
LSD  0.05 11.616
where: Trt=treatments (T , T , T , T  and T ), Conc= concentrations (C , C  and C ), (*) significant at 0.05, (**) highly significant at 0.01.1 2 3 4 5 1 2 3

Table 4: Effect of foliar fertilizers on total lipids content (mg/ml) of silkworm haemolymph between treatments, instars and treatments x instars
Treatment

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------
Instars T T T T T Mean F Instar LSD 0.05 FTrt x Instar LSD 0.051 2 3 4 5

Young Instars 4.417 5.133 4.717 3.300 3.150 4.143 409.45** 0.107 42.55** 1.322
Whole Instars 5.983 7.017 6.150 3.850 3.150 5.230
Mean 5.200 6.075 5.433 3.575 3.150
F Trt 440.07**
LSD 0.05 0.170
where: Trt=treatments (T , T , T , T  and T ), (*) significant at 0.05, (**) highly significant at 0.011 2 3 4 5

Table 5: Effect of foliar fertilizers on total lipids content (mg/ml) of silkworm haemolymph between concentrations, treatments x concentrations and treatments
x concentrations x instars

Treatment
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------

Concentration T T T T T Mean FConc LSD 0.05 FConcx  Instar LSD 0.051 2 3 4 5

C Y 4.250 4.383 4.250 3.300 3.150 4.143 130.49** 0.132 33.50** 0.9541

W 4.550 5.750 4.800 3.850 3.150
C Y 4.350 5.517 4.550 3.300 3.150 4.7122

W 5.850 7.150 6.250 3.850 3.150
C Y 4.650 5.500 5.350 3.300 3.150 5.2053

W 7.550 8.150 7.400 3.850 3.150
Ftrt x Conc x Instar 7.62**
LSD  0.05 0.416
where: Trt=treatments (T , T , T , T  and T ), Conc= concentrations (C , C  and C ), Y= young instars, G=Whole instars (*) significant at 0.05, (**) highly1 2 3 4 5 1 2 3

significant at 0.01
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Table 6: Effect of foliar fertilizers on total lipids content (mg/ml) of silkworm haemolymph between treatments x concentrations
Treatment

---------------------------------------------------------------------------------------------------------------------------------------------
Concentration T T T T T1 2 3 4 5

C 4.400 5.067 4.525 3.575 3.1501

C 5.100 6.333 5.400 3.575 3.1502

C 6.100 6.825 6.375 3.575 3.1503

F Trt x Conc 23.07**
LSD  0.05 1.653
where: Trt=treatments (T , T , T , T  and T ), Conc= concentrations (C , C  and C ), (*) significant at 0.05, (**) highly significant at 0.011 2 3 4 5 1 2 3

Table 7: Effect of foliar fertilizers on total carbohydrates content (mg/ml) of silkworm haemolymph between treatments, instars and treatments x instars
Treatment

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------
Instars T T T T T Mean F Instar LSD 0.05 FTrt x Instar LSD 0.051 2 3 4 5

Young Instars 9.017 10.067 8.967 8.900 8.350 9.060 3059.21** 0.187 384.37** 3.149
Whole Instars 18.300 17.717 16.267 10.500 8.350 14.227
Mean 13.658 13.892 12.617 9.700 8.350
F Trt 565.79**
LSD  0.05 0.295
where: Trt=treatments (T , T , T , T  and T ), (*) significant at 0.05, (**) highly significant at 0.011 2 3 4 5

Table 8: Effect of foliar fertilizers on total carbohydrates content (mg/ml) of silkworm haemolymph between concentrations, treatments x concentrations and
treatments x concentrations x instars

Treatment
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------

Concentration T T T T T Mean FConc LSD 0.05 FConc x Instar LSD 0.051 2 3 4 5

C Y 8.500 8.800 6.500 8.900 8.350 10.285 217.11** 0.229 38.23** 2.3751

W 16.250 16.500 10.200 10.500 8.350
C Y 9.400 10.500 10.500 8.900 8.350 12.1302

W 19.050 18.750 17.000 10.500 8.350
C Y 9.150 10.900 9.900 8.900 8.350 12.5153

W 19.600 19.850 19.860 10.500 8.350
Ftrt x Conc x Instar 16.48**
LSD  0.05 0.724
where: Trt=treatments (T , T , T , T  and T ), Conc= concentrations (C , C  and C ), Y= young instars, G=Whole instars (*) significant at 0.05, (**) highly1 2 3 4 5 1 2 3

significant at 0.01.

Table 9: Effect of foliar fertilizers on total carbohydrates content of silkworm haemolymph between treatments x concentrations
Treatment

--------------------------------------------------------------------------------------------------------------------------------------------
Concentration T T T T T1 2 3 4 5

C 12.375 12.650 8.350 9.700 8.3501

C 14.225 14.625 13.750 9.700 8.3502

C 14.375 15.275 14.875 9.700 8.3503

F  Trt X Conc 72.91**
LSD  0.05 4.493
where: Trt=treatments (T , T , T , T  and T ), Conc= concentrations (C , C  and C ), (*) significant at 0.05, (**) highly significant at 0.011 2 3 4 5 1 2 3

to be enhanced [32-34]. Foliar application of ‘seriboost’ Tables 4, 5 and 6 represented the effect of foliar
significantly improved larval weight of silkworms [35]. fertilizers on total lipids content (mg/ml) of B. mori
Further, Bose et al. [36]. also cleared the improve total haemolymph between treatments, instars, treatments x
larval duration and larval weight. Ankalgi and Ansari [37] instars, concentrations, treatments x concentrations and
developed foliar spray of triacontonal and fasal which is treatments x concentrations x instars. Highly significant
effectively used in silkworm disease management. Nickel differences were obtained for concentrations, the
chloride can be used at low concentration for enhancing interaction between treatments x concentrations and
the economic character of silkworm, B. mori [38]. treatments x concentrations x instars. 
Furthermore, enrichment mulberry leaves with ZnCl Highly  significant  differences were obtained2

elevated the protein levels in silk gland and haemolymph between treatments, instars and the interactions between
[39]. instars x treatments. Lowest results were found for control
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and blank treatments while T  has best results. Treated vital role in the synthesis of lipids, protein and2

whole instars were better than young instars only. T  is carbohydrates  and  in  reducing  the  duration  of larval.2

the best treatment for young instars and whole instars. In  addition,  Prashanth Kumar  and Umakanth [44].
Highest concentration of C  is better followed by C showed that, the grown age of silkworm larvae accumulate3 2

and C . Treated whole instars is better for all higher carbohydrates compared to young age worms1

concentrations and the higher concentration is the best therefore there is a gradual increase in carbohydrate
concentration. Moreover, highly significant differences content with the advancement of the age of the larvae.
were obtained for the interaction between treatments and Also in line with the previous finding by Bose et al. [45].
concentrations. T  is the highest treatment for all who proved that foliar micronutrients significantly2

concentrations. C  is the highest concentration for all increased the total carbohydrates in mulberry leaves,3

treatments followed by C  and C . Lipids content subsequently leads to increase the carbohydrate content2 1

improved using foliar fertilizers may be due to the in treated larvae. The raise may be attributed to the fact
fertilizers containing macro and microelements. These each micronutrient plays a significant role in physiological
results are accordance with findings of Choudhury et al. and biochemical process of mulberry and silkworm larvae.
[40] showed the increased nutritional status and Also, Kumar and Michael [46]. revealed that
concentration of micronutrients in mulberry leaves carbohydrates increased gradually from first day of fifth
obtained due to combined supplementation of nano ZnO instar after applicant foliar fertilizer (green leaf) in the
+ nano Cu might have stimulated the metabolic activities haemolymph of silkworm hybrid. Total sugar and reducing
in silkworm resulting in better growth and development sugar had also shown similar trends in midgut and
subsequently silk production. haemolymph. Foliar nutrients can play a significant role in

Effect of foliar fertilizers on total carbohydrates sustainable improvement of mulberry plants and silkworm,
content (mg/ml) of silkworm haemolymph between B. mori (L.) productivity [47]. 
treatments, instars, treatments x instars, concentrations,
treatments x concentrations and treatments x CONCLUSION
concentrations x instars. Differences between
concentrations and the interactions between treatments x Foliar fertilizers play an important role in
concentrations, treatments x concentrations x instars and sustainability silkworm production. Three foliage
treatments x concentrations were illustrated in Tables 7, 8 fertilizers Ascobein, Novatreen and Citreen along with
and 9. three concentrations for young or whole instars have

Highly significant differences were noticed within better results than blank and control treatments.
treatments, instars and the interactions between Therefore, significantly increased the total proteins, lipids
treatments x instars. All treatments were better than blank and carbohydrates in haemolymph content of treated
and control treatments. Treatment with Novatreen fertilizer silkworm larvae, B. mori (L.). Treatment of Novatreen with
(T ) is the highest treatment. Treated whole instars are high concentration during whole instars is superior2

better than treated young instars. Highest concentration treatment. Hence, data recommended that, foliage fertilizer
C  is  the  best  concentration  followed  by C  and C . Novatreen with high concentration or Ascobein and3 2 1

Also, the same results observed for the interactions Citreen can used for improved the silk production,
between concentrations and instars where, higher especially in case; paucity of mulberry leaves quality,
concentration C  is the best concentration for the young shortage fertilization, plantation in reclaimed land.3

instars and whole instars treatments. Interaction between
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and concentration C  for whole instars is the best than3

other treatments. Treatments with foliar fertilizers lead to 1. Murugan, K. and A. George, 1992. Feedings and
increase the content of carbohydrates this may be due to nutritional influence on growth and reproduction of
the foliar fertilizers consist of macro and micro elements. Daphnia near (L). Insect Physiol., 38: 961-969.

The data are in agreement with the results collected 2. Ito, T. and Y. Hori, 1959. Carbohydrate metabolism of
by Bhattacharyya, A. and Medda [41], Bajapeyi et al. [42]. the midgut of the silkworm, Bombyx mori.
And Qader et al. [43]. who indicated that, zinc plays a ArchsBiochem. Biophys, 80: 174-186.



Acad. J. Entomol., 15 (3): 55-61, 2022

60

3. Samokhvalova, G. and O. Potapova, 1969. Amino acid 13. Chikkaswamy, B.K., M. Shivashankar and H.P.
composition of the fibroin of the silk of the Chinese
silkworm (B. mori) when caterpillars feed on
Scorzonera hispanica and Morus alba. Biol. Nauk.,
12(1): 45-48.

4. El-Khayat, E.F., I.A. Gaaboub, I.E.M. Omer, U.M.
Ghazy and A.M. Elshewy, 2103. Impact of chemical
fertilizer treatments on cocoon quality of silkworm
Bombyx mori L. Acad. J. Entomol., 6(1): 01-06.

5. Muniandy, S., M. Sheela and S. Nirmala, 2001. Effect
of vitamins and minerals (Filibon) on food intake,
growth and conversion efficiency in Bombyx mori.
Environ. Ecol., 13: 433-438.

6. Bhattacharyya, A. and B.B. Kaliwal, 2005. The
Biochemical effects of potassium chloride on the
silkworm, Bombyx mori L. Insect. Sci., 12: 95-100.

7. El-Maasrawy, S.A.S., M.A. Eid,  U.M.M.  Ghazy,
H.M. Hamad and T.A. Fouad, 2013a. Efficacy of
Panax ginseng and Achillea millefolium extracts on
female fertility and coefficient of deposited eggs in
mulberry silkworm, Bombyx mori L. Bulletin
Entomological  Society  of Egypt, Economic Series,
39: 205-216.

8. El-Maasrawy, S.A.S., M.A.  Eid,  U.M.M.  Ghazy,
H.M. Hamad and T.A. Fouad, 2013b. Impact of
vertebrate hormones on egg productivity of mulberry
silkworm, Bombyx mori L. Bulletin Entomological
Society of Egypt, 90: 231-247.

9. Mahdi, S.H.A., M.D. Rokonuzzaman, M.D.A. Uddin
and M.D.K. Ahsan, 2017. The effects of amoxicillin,
oxytetracyclin and doxycyclin on the growth and
development of silkworm, Bombyx mori L. Journal of
Entomology and Zoology Studies, 5(6): 1316-1321.

10. Ghazy, U.M., T.A. Fouad and G.M. Ahmed, 2020.
Improving productivity of mulberry trees and
silkworm, Bombyx mori L., using vermicompost
application. International Journal of Industrial
Entomology, 40(2): 41-50.

11. Rahmathulla, V.K., D. Priyabrata, M. Ramesh and R.K.
Rajan, 2007. Growth rate pattern and economic traits
of silkworm, Bombyx mori L under the influence of
folic acid administration. Journal of Applied Sciences
and Environmental Management, 11(4): 81-84.

12. Khan, M.K., W. Akram, M. Ashfaq, H.A.A. Khan,
Y.K. Kimand and J.J. Lee, 2010. Effects of optimum
doses of nitrogen, phosphorus, potassium and
calcium on silkworm, Bombyx mori L., growth and
yield. Entomological Research, (40): 285-289.

Puttaraju, 2001. Effect of foliar spray of green leaf on
growth, yield and quality of mulberry in relation to
silkworm cocoon crops, J. Ecobiology, 13(4): 297-304.

14. Kumar,  B.N.P.  and  R.S.   Umakanth,  2017.
Estimation of carbohydrates in selected silkworm
races/ breeds of Bombyx mori L. using two mulberry
varieties, International Journal of Applied Research,
3(10): 156-161.

15. Simex, V. and D. Kodrik, 1986. Changes in the tissue
glycogen and free carbohydrates of haemolymph
during the last larval instar and metamorphosis of
silkworm, Bombyx mori L. Acta. Entomol.
Bohemaslov., 83(2): 92-100.

16. Chippendale, G.M., 1978. Biochemistry of Insects
(Rockstein, M., ed),1-55, Academic Press, New York.

17. Misra, S.K., T.I. Ansari,  S.P.  Valappil,  D.  Mohn,
S.E. Philip, W.J. Stark, I. Roy, J.C. Knowles, V. Salih
and A.R.       Boccaccini,       2010.    Biomaterials,
31: 2806-2815.

18. Wyatt, G.R., 1967. The Biochemistry of sugars and
polysaccharides in insects. Advanced Insect
Physiology, 4: 287-360.

19. Kochi, S.C. and B.B. Kaliwal, 2006. The Effects of
potassium bromide on biochemical contents of the fat
body  and  haemolymph of crossbreed races of the
silkworm, Bombyx mori L. Caspian J. Env. Sci., 4(1):
17-24.

20. Hanson, B.J., K.W. Cummins, A.S. Cargilland and
R.R. Lowry, 1985. Lipid content, fatty acid
composition, and the effect of diet on fats of aquatic
insects. Comparative Biochemistry and Physiology
Part B: Comparative Biochemistry, 80(2): 257-276.

21. Yang, L.F., S. Siriamornpun and D. Li, 2006.
Polyunsaturated fatty acid content of edible insects
in Thailand. Journal of Food Lipids, 13(3): 277-285.

22. Womeni, H.M., M. Linder, B. Tiencheu, F.T. Mbiapo,
P. Villeneuve, J. Fanniand, M. Parmentier, 2009. Oils
of insects and larvae consumed in Africa: potential
sources of polyunsaturated fatty acids. OCL –
Oléagineux, Corps Gras, Lipides, 16(4): 230-235.

23. Krishnaswami, S., S. Kumararaj, K. Vijayaraghavan
and K. Kasiviswanathan, 1971. Silkworm feeding
trials for evaluating the quality of mulberry leaves as
influenced by variety, spacing and nitrogen
fertilizers. Indian J. Sericulture, 10(2): 79-89. 

24. Ghazy, M.U., 2008. Rearing first three instars of
mulberry silkworm, Bombyx mori L., under polythene
cover. Bull. Ent. Soc. Egypt, 85: 271-279.



Acad. J. Entomol., 15 (3): 55-61, 2022

61

25. Hosny, A., A.H. Megalla and S.M. Mahmoud, 2002. 38. Islam, M.R., M.A.O.  Ali,  D.K.  Paul,  S.  Sultana,
Evaluation of some economic parameters of the N.A. Banu and M.R. Islam, 2004. Effect of salt, nickel
silkworm, Bombyx mori L., by using some chloride supplementation on the growth of silkworm,
disinfectants during the larval stage. 2  international Bombyx mori L. (Lepidoptera: Bombycidae). J.nd

conference 21-24 December, Plant Protection Biological Sci., 4: 170-172.
Research Institute, Cairo, Egypt, 1: 217-220. 39. Kavitha, S., S. Sivaprasad, B. Saidulla and K.

26. Bradford, M.M., 1976. A rapid and sensitive method Yellamma, 2012. Effect of zinc chlorid and zink
for quantities of microgram quantities of protein-dye sulphate on the silkworm, Bombyx mori growth
binding. Anal. Biochem., 72: 248-254. tissue proteins and economic parameters of

27. Dubois, M., K.A. Gilles, J.K. Hamilton, P.A. sericulture. The Bioscan, 7(2): 189-195.
Rebersand and F. Smith, 1956. Colorimetric method 40. Choudhury, P., J. Ashoka, D.K. Hadimani, A.G.
for determination of sugars and related substances. Sreenivas and H. Sharana gouda, 2019. Effect of nano
Anal. Chem., 28(2): 350-356. micronutrients on mulberry silkworm, Bombyx mori L.

28. Knight, J.A., Anderson and J.M. Rawle, 1972. for larval and cocoon traits. Journal of
Charcoal basis of the sulfospho – vanillin reaction for Pharmacognosy and Phytochemistry, 8(6): 509-513.
estimating   total   serum   lipids.   Clin.  Chem., 18: 41. Bhattacharyya, A. and A.K. Medda, 1981. Effect of

199-202. cyano cobalmine and cobalt chloride on glycogen of
29. SAS institute, 1998. SAS user’s guide. Statistics SAS silk gland of Bombyx mori L. Nistari race. Sci. Cult.,

Institute, Cary, N.C. 77: 268-270.
30. Ito, T. and M. Niminura, 1966. Nutrition of the 42. Bajapeyi, C.M., R.N. Singh and K. Thangave, 1991.

silkworm, Bombyx mori L., its specific nutrition Supplementary nutrients to increase silk production.
requirement in relation to the mineral nutrition of its Indian Silk, 30: 41-47.
host plant mulberry. J. Exp. Biol., 4: 31-36. 43. Qader, M.A., A.A. Sarker, M.A. Rab and A.C.

31. Horie, Y., K. Watanable and T. Ito, 1967. Nutrition of Barman, 1993. Effects of potassium iodide and
the silkworm qualitative requirement for potassium, iodised salts on the larval growth and cocoon
magnesium, phosphorus, manganese and zinc. Bull. characters of the silkworm, Bombyx mori L. race BSR-
Seric. Exp. Stn, 22: 181-193. 83., Sericologia, 33: 595-598.

32. Vishwanath, G.K., M. Jayaramaiah and M.A. Shankar, 44. Prashanth Kumar, B.N. and R.S. Umakanth, 2017.
1997. Feeding of mulberry leaves supplemented with Estimation of carbohydrates in selected silkworm
secondary and micronutrients through foliage on races/ breeds of Bombyx mori L. using two mulberry
rearing performance of the silkworm, Bombyx mori L. varieties. International Journal of Applied Research,
Mysore J. Agric. Sci., 31: 175-179. 3(10): 156-161.

33. Jayaprakshrao, M., K.S. Badigerand G.M. Patil, 1998. 45. Bose, P.C., N.R. Singhivi and R.K. Dutta,1995. Effect
Boosting silk yield. Ind. Text. J., 108: 58-59. of micronutrients on the biochemical parameters of

34. Basit, M.A. and M. Ashfaq,1999. Collaborative effect mulberry Morus alba L. leaf. Sericologia, 35(1): 65-69.
of optimum dosages of N, K, Ca, P and Mn on the 46.  Kumar, A. and A.S. Michael, 2012. Changes in the
larval development and silk yield of Bombyx mori activities of proteins and carbohydrates in
(L.). Pak. J. Biol. Sci., 2: 1002-1005. haemolymph of silkworm Bombyx mori treated with

35. Singhvi, N.R., A. Sarkar and R.K. Datta, 2002. Effect green leaf. International Journal of Environmental
of seriboost on yield attributes, leaf yield on mulberry Sciences, 3(1): 119-125 .
and some commercial characters of silkworms. 47. Dhiraj, K. and R.V. Kumar, 2011. Application of foliar
Sericologia, 42: 407-417. nutrients to increase productivity in sericulture.

36. Bose, P.C., R. Sen and R.K. Dutta, 1994. Effect of Journal of Entomology, pp: 1-12.
foliar application of micronutrients to mulberry on the
rearing performance of silkworm, Bombyx mori L.
Indian J. Seric, 3: 1-5.

37. Ankalgi, R.F. and M.F. Ansari, 1992. Effect of
triacontanol and fasal on the growth and yield of
mulberry and silkworm. Sericologia, 32: 405-410.


