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India is the world's second largest 
producer of raw silk after China. The rearing of 
silkworm is  carried  out throughout the year. 
Huge amount of pupal waste and silkworm litter 
are  generated every year as a by-product of 

[1]
sericulture industry . The silkworm pupae is one 
of the major by-products of silk industry, which 
has been considered as waste in silk reeling unit. 
Disposal of silkworm pupae meal has been a 
major problem encountered by sericulture 

[2] industries across the world . Such by-products , 
which are presently discarded as waste, can 
utilized for nancial gains  and generation of 
value-based products. The silkworm litter is 
presently used as fodder and compost and the 
pupal waste is also utilized in oil extraction, as a 
substrate in biogas production and mushroom 

[3]cultivation . The pupae of mulberry and non-

mulberry silkworms have been extensively used 
as fertilizer, animal feed and edible insects in 
many countries, such as Japan, Korea, India and 

[4, 5]
Thailand .

In the recent years, silkworm pupae have 
been incorporated in the list of ''novel food 
resources managed as common food'' by Ministry 

[6]
of Health P.R. China . Further, some biologically 
active components in silkworm pupae have been 
widely explored for their enormous health 

[7, 8, 9,10]benets . The pupa contains carbohydrate, 
protein, minerals, vitamins that are safe and vital 
to human body. After drying, it contains 54.54% 
protein, 32.7% saturated fatty acid and 67.3% 
unsaturated acid, linoleic acid of 6.94% and 
linolenic acid of 28.48%.

Several studies have revealed that the 
active substance in silkworm pupae is extracted 

*
Address for correspondence:   Dr. Venkatesh  Kumar Ramappa,  Assistant Professor, Department of 

Applied Animal Sciences, School for Bioscience and Biotechnology, Babasaheb Bhimrao 
Ambedkar University, Lucknow, Uttar Pradesh, India

Email: drvenkateshkumar@yahoo.com

ABSTRACT

Fourier transform infrared spectroscopy (FTIR) has become one of the states of art techniques to know 
the presence of potential functional groups in an analyte. In the present study, the silkworm pupae powder 
of Mulberry, Tasar,  Eri and Muga, before and after extraction of silkworm pupal oils were analyzed 
through FTIR spectroscopy to investigate different classes of compounds and their qualitative elemental 
composition.  The FTIR spectra revealed the presence of different useful compounds like alkanes , 
alkenes, alkynes, aromatic compounds, organic halogen compounds, alcohols, phenols, ethers,  
aldehydes, esters, carboxylic acid and amides. The EDX analysis indicated that silkworm pupae powder 
both mulberry and non mulberry are rich in K (Potassium) and suggested that silkworm pupae waste can 
be effectively utilized as fertilizer for improving K content in soil, which play an important role in plant 
growth and development.

Keywords: Silkworm By-products; Organic Compounds; Functional Groups; Elemental Analysis .

INTRODUCTION

ANALYSIS OF CHEMICAL COMPOUNDS IN DIFFERENT 
MULBERRY AND NON MULBERRY SILKWORM 

PUPAE POWDER BY FTIR AND EDX
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by organic solvents and its free radical scavenging 
activity is used to determine the antioxidant 

[11] 
property, to prevent aging by many oxidants . 
The α-linolenic acid content has  been reported to 
be as low as 0.6% in Heliothisvirescens as high as 

[12]
51% in Hyalophoraceropia silkworm pupae . 
There are many reports to show that α-linolenic 
acid in the diet of animals can signicantly reduce 

[13]serum triglyceride levels . Silkworm powder can 
be easily digested and absorbed by human bodies. 
It also can promote the physiological functions of 
the gastrointestinal tract. Furthermore, silkworm 
powder plays an excellent role in lowering blood 

[14]glucose levels . Silkworm pupae have much 
potential and many applications in pharmac-
eutical industry promoting human health. 
Silkworm pupae may contain several useful 
industrially important compounds   which are 
required to be explored and characterized. The 
present study was designed to evaluate the 
different classes of chemical compounds present in 
silk worm pupae powder which may be of 
industrial importance.

MATERIALS AND METHODS
Materials  
Quality lter papers 11cm (110R) G-1, Petroleum 

0Ether 40-60 C AR were purchased from Bionic 
Enterprises, Lucknow, Uttar Pradesh, India. The 
cocoons of three different silkworm varieties 
namely Tasar (Antheraea mylitta), Eri (Philosamia 
ricini), Muga (Antheraea assamensis) were 
collected from different places namely: Eri 
cocoons were taken from Banvasi Seva Ashram, 
Govindpur via Tura Sonbhadra , Uttar Pradesh. 
Tasar cocoons  were obtained from Tasar silk Koya 
Market Dudhi, Pradesic Co-operative Sericulture 
Federation Limited, Uttar Pradesh (Ofce of 
Assistant Director, Sericulture, Sonbhadra). Muga 
cocoons were taken from Central Muga Eri 
Research and Training Institute, Central Silk 
Board, Ministry of Textiles, Govt. of India, Assam. 
The mulberry silkworm (Bombyx mori) cocoons  
were produced at Department of Applied Animal 
Sciences,  Babasaheb Bhimrao Ambedkar 
University,  Lucknow,  Uttar Pradesh  by 
conducting silkworm rearing as per protocol 

[15]suggested by Krishna swami et al., 1973 .

Methods 
Preparation of silkworm pupae powder 
 The pupae powder was prepared as per the protocol 

[16]
suggested by   Wijayasinghe and Rajaguru . After 
collection of mulberry and non mulberry (tasar, eri 
and muga) silkworm pupae, they were dried. The 
pupae were ground by using a mixer grinder to tear 
open the chitinous coating and to take out pupal 
matter. The chitinous matter was  then manually 
separated from the pupal powder. The extraction of 
oil from the pupal powder was  carried out by 

[17]employing maceration method . 10 g dry pupae 
powder of the silkworm was  transferred to a 
reagent bottle (100 ml). The solvent petroleum 
ether (30 ml) was  added to the reagent bottle up to a 
level completely submerging the powder. The 
reagent bottle was  closed tightly and sealed with 
glycerin to avoid evaporation. The reagent bottle 
kept for the period of 7 days. The contents of the 
regent bottle were  ltered into a petri dish when the 
colour  of the solvent turned yellow and the ltrate 
was kept in the open to evaporate the volatile 
solvent in which the oil was extracted. After 
extraction the pupal oil, the silkworm powder was   
used   for experimental purpose.

FTIR analysis of silkworm pupae powder 
The Fourier transform infrared spectroscopy 
(FTIR) of four different silkworm types of pupae 
powder, before and after extraction of pupal oil 
were analyzed using Nicolet TM spectrometer 
(Thermo Scientic, USA). Pupal powder samples 
were  embedded in KBr disc and kept in sample 
chamber of FTIR for analysis. Spectra were  

-1
recorded in the mid-IR region 4000 – 400 cm  at 

-1
resolution 4 cm  with 16 scans. The interferometer 
and the detector chamber  were purged with dry 
nitrogen to remove spectral interference due to 
atmospheric carbon dioxide and water vapor. Air 
background spectrum was  recorded before each 
sample and all samples were performed in 
triplicates.

SEM - EDX analysis of silkworm pupae powder
The silkworm's pupae powder of mulberry 

and non-mulberry before and after extraction of oil 
were dried in oven at 60 ºC for four hours to remove 
moisture content. Dried samples were ground into 
ne powder using agate mortar. These samples 
were used for the SEM-EDX (Scanning Electron 
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Microscope-Energy Dispersive Spectrometer) 
analysis. The microphotographs were  recorded 
using SEM JEOL model, JSE-5610LV with an 
accelerating voltage of 20 keV, at high vacuum 
(HV) mode and Secondary Electron Image (SEI). 
The semi quantication elemental analysis to 
identify the weight percentage of major and 
minor elements present in the samples was  done 
using the OXFORD INCA Energy Dispersive X-
ray spectrometer (SEM-EDX).

RESULTS  AND  DISCUSSION 
In the present study, mulberry, tasar, eri and muga 
silkworm pupae powder (before and after 
extraction of silkworm pupa oil) were  analyzed 
for the presence of different classes of potential 
chemical compounds and elemental composition. 
IR analysis of mulberry, tasar, eri and muga 
silkworm pupae powder (before and after 
extraction of silkworm pupa oil)

FTIR analysis (Fig. 1 A-H and Table I) of 
mulberry  silkworm pupae powder insinuated the 
presence of alkanes. The absorption arising from 
C-H region stretching in alkanes  occurs in region 

-1
between 3000-2840 cm . In samples, MBSP-B, 
TSP-B, ESP-B, MUSP-B, MBSP-A, TSP-A, ESP-

-1A and MUSP-A band occurred at 2855.2 cm , 
-1 -1 -1 -12854.8 cm , 2855.2 cm , 2855.4 cm , 2855.2 cm , 
-1 -1 -12855.4 cm , 2854.8 cm  and 2854.9 cm  indicates 

C-H stretching in methyl group of alkanes. Bands 
-1 -1 -1 -at 2926.2 cm , 2926.0 cm , 2925.6 cm , 2925.6 cm

1 -1 -1 -1, 2925.8 cm , 2925.9 cm , 2925.3 cm and 2924.8 
-1cm  occurred in all the samples before and after 

extraction of pupa oil represent asymmetrical 
stretching of CH methylene group present in 2  

alkane (Table-I). Between the regions 1465-1150 
-1

cm ,  the bands at 1458.9, 1455.6, 1456.4, 1406.4 , 
1456.9,1453.3, 1455.6, 1403.4 in case of the 
samples MBSP-B, TSP-B, ESP-B, MUSP-B, 
MBSP-A, TSP-A, and MUSP-A, C-H bending in 
methyl group of Alkanes was observed (Table-I). 

-1
The band occurred at 1458.9 cm  in MBSPB–B 
corresponding to C-H bending in alkanes. The 
isopropyl groups in alkane show a strong doublet, 
with peaks of almost equal intensities at 1385-1380 

-1cm . The tertiary butyl group in alkanes gives rise 
to C-H bending bands between the regions 1395-

-1 [18]1385 cm . In samples MBSP-B, TSP-B, ESP-B, 
MUSP-A, TSP-A, and ESP-A, the band at 1395.3 

1 -1 1 1cm- , 1385.6, 1393.4 cm , 1393.0 cm- , 1391.9 cm- , 

-1 
and 1397.8 cm respectively are due to C-H 
bending (Table-I). Between the region 1350-1150 

-1 -1
cm , the bands at 1238.2 and 1158.0 cm  in MBSP-
B (Fig. A and Table-I)  and the bands at 1237.6 and 

-1
1156.3 cm  in MBSP-A (Fig. 1-B and Table-I) were 
due to Methylene twisting and wagging vibrations. 
The bands assigned to C-C stretching vibrations are 
weak and appear in the broad region of 1200-800  

-1 [18]cm . They are generally of little value of 
[18]identication . In case of both the sample  the 

-1bands at 1082.2, 1118.4 and 1078.4 cm  indicated 
C-C stretching. Generally  in C-H stretching 
between the regions 3100-3000 in alkenes results 

[18]from aromatic C-H stretching . In our results, the 
bands between these regions in all the samples 
except MBSP-A were occurred due to C-H 
stretching of aromatic ring. The C=C stretching 
mode of unconjugated alkenes usually shows 
moderate to weak absorption between 1667-1640 

-1 -1  -1
cm . The bands at 1646.2 cm  and 1646.0 cm  in 
case of Muga silkworm powder before extraction 
and after extraction (MUSP-B and MUSP-A) were 
recorded which indicated C=C stretching in 
unconjugated alkenes. These bands were not 
recorded in other samples. The most characteristic 
vibrational modes of alkenes are the out of plane C-

-1H bending vibration between 1000-650 cm . The 
-1 -1bands at 875.8 cm  in TSP-B, 880.7 cm  in MUSP-

-1 -1B, 877.2 cm  in TSP-A, 878.8 cm  in ESP-A and 
-1 880.0 cm  in MUSP-A may be  due to out of plane 

C-H bending vibration of the vinyl, vinylididene 
group and trans disubstituted alkenes. Aromatic C-
H stretching occurred  between the region 3100-

-1 -12900 cm . The band occurred at 3011.6 cm , 
-1 -1 -1 -1

3010.6 cm , 3012.2 cm , 3012.8 cm , 3011.9 cm , 
-1 -1 -1

3013.2 cm , 3012.9 cm  and 2924.8 cm in all the 
samples indicated C-H stretching (Table-I). The 
most prominent and most informative bands in the 
spectra of aromatic compounds occur in the low 

-1[19]
frequency range between 900-675 cm . These 
strong absorption bands result from the out of plane 
bending of the ring C-H bonds. Such bending was 

-1
observed and recorded at band 623.2 cm  in TSP-B, 

-1 -1at 626.1 cm  in MUSP-B, at 621.5 cm  in MBSP-
-1 -1A, at 623.9 cm  in TSP-A, at 622.7 cm  in ESP-A 

-1and at 625.4 cm  in MUSP-A. The aromatic C-H 
stretching and the skeletal vibrations absorb in the 
same regions as observed for the mononuclear 
aromatics. The most characteristic absorption of 
poly nuclear aromatics results from C-H out of 
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-1
plane bending in region between 900-862 cm . The 

-1 -1
band at 875.8 cm  in TSP-B, at 880.7 cm  in 

-1 -1
MUSP-B, at 877.2 cm  in TSP-A, at 878.8 cm  in 

-1
ESP-A and at 880.0 cm  in MUSP-A revealed out 
of plane C-H bend of ring hydrogen. In the samples 
like MBSP-B, ESP-B and MBSP-A no such bands 
were observed (Fig. 1A; 1B and 1C and Table-I). 

-1Between the region 835-805 cm  a band was 
-1recorded at 832.9 cm  in MUSP-B indicating out of 

plane C-H bend of isolated Hydrogen. This band 
was not recorded in any sample. The band at 787.1 
in TSP-B, 787.7 in ESP-A and MUSP-A were 
because of out of plane C-H bends of 2  adjacent H 
atoms. The bands at 745.2 in TSP-B, 709.8 in ESP-
B, 710.1 in TSP-A, 746.1 in ESP-A and 746.9, 
708.7 in MUSP-A (Fig. 1C; 1E; 1D; 1F, 1B and 

Table-I) occurred due to out of plane C-H bend of 4 
adjacent H atoms. The strong absorption of 
halogenated hydrocarbons arises from the 

[18]
stretching vibrations of the carbon halogen bond . 
Fluorine containing compounds absorb strongly 

-1
over a wide range between 1400 and 1000 cm  
because of C-F stretching modes. The C-F 
stretching was not observed in MUSP-A and 
MUSP-B but in other samples viz., MBSP-B, TSP-
B, ESP-B, MBSP-A and TSP-A, ESP-A the bands 

-1 -1 -1 -at 1395.3 cm , 1385.6 cm , 1393.4 cm , 1393.0 cm
1 -1 -1, 1391.9 cm   and 1397.8cm  indicated C-F 
stretching (Fig. 1A; 1C; 1G; 1F, 1D and Table-I). 
The CF and CF groups in organic halogen 3 2 

compounds absorb mainly in the region  between 
-11350-1100 cm . 
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A. IR spectra of MBSP-B                                         
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B. IR spectra of MBSP-A

C. IR spectra of TSP-B
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                                             D. IR spectra of TSP-A

E. IR spectra of ESP-B 
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                                          F. IR spectra of ESP-A

G. IR spectra of MUSP-B                                      
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Fig. 1 A-H EDX spectra of silkworm pupae powder

MBSP-B: Mulberry silkworm powder before extraction; TSP-B:Tasar silkworm powder before extraction;
ESP-B:Eri silkworm powder before extraction; MUSP-B: Muga silkworm powder before extraction;
MBSP-A: Mulberry silkworm powder after extraction; TSP-A: Tasar silkworm powder after extraction
ESP-A: Eri silkworm powder after extraction; MUSP-A: Muga silkworm powder After Extraction

H. IR spectra of MUSP-A

A. EDX spectrum of MBSP-B
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                                                     D. EDX spectrum of TSP-A

B. EDX spectrum of MBSP-A

C. EDX spectrum of TSP-B
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E. EDX spectrum of ESP-B                                                      

F. EDX spectrum of ESP-A

G. EDX spectrum of MUSP-B
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Fig. 2 A-H:  FTIR spectra of silkworm pupae powder

MBSP-B: Mulberry silkworm powder before extraction; TSP-B:Tasar silkworm powder before extraction;

ESP-B:Eri silkworm powder before extraction; MUSP-B: Muga silkworm powder before extraction;

MBSP-A: Mulberry silkworm powder after extraction; TSP-A: Tasar silkworm powder after extraction

ESP-A: Eri silkworm powder after extraction; MUSP-A: Muga silkworm powder After Extraction

A series of bands in 1350-1100 region recorded in 
all the samples indicated CH  wagging in  Cl , Br 2

and I. Aliphatic C-Cl absorption is observed in the 
-1broad region between 800-600 cm . Multiple 

bands between this region were recorded which 
indicate C-Cl stretching in all the samples 
analyzed. Brominated compounds absorb IR 

-1[18]
spectra in the region between 600-500 cm . The 

-1 -1 -1bands at 587.8 cm , 578.2 cm , 580.3 cm , 595.8 
-1 -1 -1 -1

cm , 585.5 cm , 587.7 cm , 588.5 cm  and 595.6 
-1cm  in the samples viz., MBSP-B, TSP-B, ESP-B, 

MUSP-B, MBSP-A, TSP-A, ESP-A and MUSP-A 
(Fig. 1A-H and Table-I) respectively indicate C-Br 
stretching. The non  hydrogen bonded or free 
hydroxyl group of alcohols and phenols absorbs 

-1
strongly in the region 3700-3584 cm  region. In 

-TSP-B (Fig. 1C and Table- I) the band at 3666.2 cm
1
 indicated O-H stretching vibration in alcohols. 

However ,other samples excluding TSP-B did not 
-1

reveal this band. The bands at 3292.7, 3276.6 cm , 
-1 -1 -1 -13279.6 cm , 3280.3 cm , 3282.9 cm , 3281.9 cm , 
-1 -1

3279.4 cm  and 3279.0 cm  in the samples viz., 
MBSP-B, TSP-B, ESP-B, MUSP-B, MBSP-A, 
TSP-A, ESP-A and MUSP-A respectively 
correspond to O-H stretching vibration in alcohol. 
Between the region 2980-2840, the bands at 

-1 -1 -1
2855.5, 2854.8 cm , 2855.2 cm , 2855.4 cm , 

-1 -1 -1 -12855.2 cm , 2855.4 cm , 2854.8 cm , 2854.9 cm ,  
in the samples viz., MUSP-B, TSP-B, ESP-B, 

MBSP-B, MBSP-A, TSP-A, ESP-A and MUSP-A 
respectively (Fig. 1A-H and Table-I) correspond to 
C-H stretching in methylene group. The bands 

-1between the regions 1395-1360 cm  correspond to 
in plane O-H bend in phenols. Several bands were  
recorded between these regions in the entire sample 
indicating presence of phenolic groups. The 
majority of aldehydes show aldehydic C-H 
stretching absorption between the regions 2900-

-1
2820 cm . In all the samples bands between these 
particular regions were recorded conforming 
aldehydic C-H stretching. The C=O absorption 
band of saturated aliphatic esters is in the 1750-

-1 [18] -1
1735 cm . The bands appeared at 1744.1 cm , 

-1 -1 -11742.5 cm , 1743.3 cm  and 1742.3 cm  in the 
samples MBSP-B, TSP-B, ESP-B and MBSP-A 
(Fig. 1A; 1D; 1E and 1G and Table-I) respectively 
may be due to C=O stretching of saturated aliphatic 
esters. In the samples like MUSP-B, TSP-A, ESP-A 
and MUSP-A these bands were not observed 
indicating absence of esters. Carboxylic acids show a 
strong, wide band for the O–H stretch. Unlike the 
O–H stretch band observed in alcohols, the 
carboxylic acid O–H stretch appears as a very broad 

-1
band in the region 3300-2500 cm , centered at about 

-13000 cm . This is in the same region as the C–H 
stretching bands of both alkyl and aromatic groups. 
Thus a carboxylic acid shows a somewhat "messy" 

-1
absorption pattern in the region 3300-2500 cm , 

                                                 H. EDX spectrum of MUSP-A
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with the broad O–H band superimposed on the 
sharp C–H stretching bands. The reason that the 
O–H stretch band of carboxylic acids is so broad is 
because carboxylic acids usually exist as 
hydrogen-bonded dimers. In all the samples the 
bands were recorded between the region 3300-
2500 indicating O-H stretching in carboxylic acid. 
Amides show a very strong C=O peak at 1680-1630 
and N-H bending at 1640-1550 for both secondary 
and primary amides. In the samples like MBSP-B, 
TSP-B, MUSP-B, MUSP-A, TSP-A, ESP-A and 

-1 -1
MUSP-A the bands at 1654.0 cm , 1651.8 cm , 

-1 -1 -1 -1654.4 cm , 1656.1 cm , 1656.7 cm , 1657.3 cm
1 1
and 1646.0 cm- correspond to N-H bending in 

amides (Table-I). Such bands were not recorded in 
MUSP-B indicating absence of Amide moieties. A 

-1
band 1646.2cm  between the region 1650-1600 
was recorded in MUSP-B which was due to C=O 
stretching vibrations in primary amides. This band 
was not recorded in any other sample excluding 
MUSP-B. Secondary acyclic amides in the solid 
state display an amide II band in the region between 

-1 [19]1550-1515 cm . In all the samples, bands 
between this regions indicated N-H bending in 
amides. IR analysis of different samples of 
silkworm pupae powder before and after extraction 
of oil revealed presence of different classes of 
chemical compounds namely alkanes, alkenes, 
alkynes, aromatic compounds, organic halogen 
compounds, alcohols, phenols, ethers , aldehydes, 
esters, carboxilic acids and amides. Alkanes from 
silkworm pupae powder can be harvested and 
utilized as lubricants, LPG, automobile gasoline, 

[19]
aviation fuel . Alkenes from the silkworm pupae 
powder can be harvested for their application in 
chemical industries for the preparation of polymer, 
glycols, aldehydes and other useful products. 
Isobutylene is  used to make t-butanol. Alcohol is   
manufactured industrially from ethylene by 

[20]
hydration .  Alkynes from the silkworm pupae 
powder can  be harvested as raw material for textile 

 [20]bers such as Orlon and Acrilon . Aromatic 
hydrocarbons like tetralin and declin are used as 

[20]solvent for paints and varnishes . Different 
halogen compounds from silkworm pupae powder 
are very good solvent for non-polar compounds. 
Methylene chloride and chloroform dissolve old 
paints. Carban tetrachloride is  used in dry cleaning 
as it dissolves oil and grease. Freon (CCl F ), a 2 2

uorocarbon, is  used as a refrigerant uid. Some 
chemical agents like D.D.T., Aldrin, Chloradane, 
Dialdrin, Heptachlor, Lindane and Methoxychlor 

[20]
that kill and prevent the growth of pests . 

Phenolic compounds from silkworm pupae powder 
can be harvested and utilized as antiseptic and 
disinfectants, as raw material for the manufacture 
of backelite and for the manufacture of several 
chemicals such as phenolphthalein, picric acid and 
cyclohexanol. It is also used in manufacture of dyes 

[20]and aspirin analgesic .
Esters from silkworm pupae powder can  be used as 
articial avoring agent, in perfumes, as solvents 
for resins and as plasticizer. Certain esters such as 
ethyl p-dimethylaminobenzoate are constituents of 
sun-screen lotions and prevent the effect of UV 
rays. A series of compounds of carboxylic acids as 
citric acid esters, salicylic acid, mefenamic, 
anthranilic acid have diverse applications. Citric 
acid is  used as plasticizers. Salol is used in coating 
pills in order to permit their contents to pass into the 
intestines. Aspirin is  used widely because of its 
analgesic properties. Mefenamic acid, a derivative 
of anthranilic acid is  used as an anti-inammatory 
agent. Anthranilic acid is  used in the preparation of 

[20]indigo and in perfumery .

Bulk elemental analysis of silkworm pupae 
powder by EDX
The semi quantication elemental analysis to 
identify the weight percentage of major and minor 
elements present in the samples was done using the 
OXFORD INCA Energy Dispersive X-ray 
spectrometer (SEM-EDX). This technique is being 
used in numerous applications for environmental 
science and technology. Qualitative elemental 
analysis of silkworm pupae powder was performed 
using SEM-EDX with a view to reveal in depth 
information on chemical speciation of silkworm 
pupae powder. The SEM-EDX analysis revealed 
that elements like K, C, O, Zn, Mg, P, S, Cl were 
present in all the samples. Element potassium was 
dominant element present in all the samples 
followed by carbon and oxygen. Potassium ions are 

[20, 21]an essential component of plant nutrition . It is  
used as a fertilizer in agriculture, horticulture, and 
hydroponic culture in the form of chloride (KCl), 
sulfate (K SO ), or nitrate (KNO ). Agricultural 2 4 3

fertilizers consume 95% of global potassium 
chemical production and about 90% of this 

[21, 22]
potassium is supplied as KCl . The potassium 
cation is a nutrient necessary for human life and 
health. Potassium chloride is used as a substitute 
for table salt by those seeking to reduce sodium 
intake to control  hypertension . 
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Table 1: Band assignments of FTIR Spectra of silkworm pupae powder
MBSP-B: Mulberry silkworm powder before extraction; TSP-B:Tasar silkworm powder before extraction;

ESP-B: Eri silkworm powder before extraction; MUSP-B: Muga silkworm powder before extraction;

MBSP-A: Mulberry silkworm powder after extraction; TSP-A: Tasar silkworm powder after extraction

ESP-A:  Eri silkworm powder after extraction; MUSP-A: Muga silkworm powder After Extraction    

International Journal of Scientific and Innovative Research 2016; 4(1)
P-ISSN 2347-2189, E- ISSN 2347-4971

www.ijsir.co.in 133



CONCLUSIONS 
In present study , an attempt has been made to 
investigate different chemical compounds in 
silkworm pupae powder using FTIR and EDX 
spectroscopy before and after extraction of pupal 
oil. The FTIR spectra insinuated the presence of 
different compounds like alkanes, alkenes, 
alkynes, aromatic compounds, organic halogen 
compounds, alcohols, phenols, ether, aldehydes, 
esters, carboxylic acids and amides useful for 
diverse applications. The EDX analysis revealed 
that silkworm pupae powder is rich in K and 
suggested that silkworm pupae waste can  be 
effectively utilized as fertilizer for improving soil 
fertility even after extraction of pupal oil. The 
present study advocates the use of waste silkworm 
pupae powder as a feed  stock for production of 
value added products for pharmaceutical and 
fertilizer  industry. Employment of such feed 
stocks for extraction of useful chemicals offers a 
better alternative for disposal and/or recycling 
wastes and minimizes environmental pollution. 
Future prospects in this context shall include cost 
effective extraction technologies and development 
of industrial applications.
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