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ABSTRACT 

The spent silkworm pupae of CSR2 x CSR4were subjected for different drying methods like sun drying, solar drying 

and Tray drying and sterilized for extraction of pupa oil content omega 3 fatty acids through SFE technique in pilot 

scale production facility. The tray drying method is the good and economic method of proper drying of silkworm for 

extraction of pupa oil through SFE. Different studied were carried out to optimize the pressure and temperature for 

extraction of high yield pupa oil. The highest yield of pupa oil (content omega 3 fatty acid) obtained when experiment 

was conducted at 280 bar pressure, 35℃ temperature and 26 g/min CO2 flow rate. Below 280 bar pressure, the yield of 

pupa oil also decreases. As per the study conducted, the pupa oil is much superior in SFE process than conventional 

process. 
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INTRODUCTION 

Silk is known as ‘Queen of Textiles’ due to its glittering luster, softness, elegance, durability, and tensile properties 

(Rahmathulla V K 2012) and very much popular for making silk related products like saree toys etc., It is sold as 

raw silk, fabric or as readymade garments. Bombyx mori silkworm pupae are one of the major by-products of silk 

reeling industry. There are the major problems for disposal or process of dead silkworm pupa which is generated 

during the silk reeling process. The small reelers or silk reeling farmers throw the dead pupae here and there 

leading environment pollution and bad odor. But big farmers, they do partial drying and send that pupa for fish 

meal. As per the Annual report of Central Silk Board (2021/03/CSB-ANNUAL-REPORT-2019-20), the India has 

produced 35,820 MT of silk during 2019-2020. Approximately 25000-26000 MT pupae are generated as waste 

materials which can be used in for different applications ranging from food supplement for humans and animals, to 

manure for agriculture, to medicinal applications as pupae are the potential source of alpha-lenolenic acid (ALA).  

Silkworm pupae are known for their nutritional value, due to the presence of high protein and high 

fat(Wen-Juan et al., 2012). The protein in silkworm pupae contains 18 known amino acids, which include all of the 

essential amino acids and sulfur-containing amino acids, exhibiting high quality, according to the amino acid 

profile recommended by the Food and Agriculture Organization (FAO)/World Health Organization (WHO) (Singh 

and Suryanarayana 2003, Usub et al., 2008) 
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There are three main types of omega3 fatty acid are alpha-linolenic acid (ALA), eicosapentaenoic acid (EPA), and 

docosahexaenoic acid (DHA). There are different methods for extraction of oil but most common method is pupa oil 

extracted from Soxhlet extraction apparatus Silkworm pupa contain 25-30%fat which can be extracted as pupa oil contain 

omega 3 fatty acid which is generally found in fish and flaxseed.  

As per the study conducted by Hiroyuki et al., (2010) the total protein and lipid contents by dry weight were 

55.6% and 32.2%, respectively in silkworm pupa. As per the Datta et al., (2007), the large quantity reeling waste pupa 

produced in silk industry. This pupa is the source of fish feed (Ashoka et al., 1997) and also is the byproducts (Velayudhan 

et al., 2008) which often discarded here and there in open place which causes environmental hazard (Wei et al., 2009 and 

Jun et al., 2010). Iyengar. (2007) reported that silk wastes can be used as feed integrated for poultry industry. 

Silkworm pupae oil lowers the cholesterol, improves memory and serves as an antioxidant (Wei et al., 2009). 

Pupa oil extracted through conventional petroleum ether with soxhlet has been reported by Wen-Juan et al., 2012 and 

Supanida et al., 2008.The silkworm pupa which is waste materials in silk reeling industry is not utilized because lack of 

awareness and utilization for value added products (Nelaballe et al., 2014). The spent silkworm pupae (SSP) of Bombyx 

mori generated from reeling sectors can be substantial source of raw materials for poultry feed formulations (Srinivas et 

al., 2012) 

As per the literature survey, it was found that there were no studies conducted for comparative studies of different 

waste or unspent pupa drying methods and extraction of pupa oil content omega 3 fatty acids in pilot scale by solvent free 

extraction of Super Critical Fluid Extraction (SCFE). Hence it was the major goal of this study to investigate drying 

process of silkworm pupa and extraction of pupa oil in pilot scale through SCFE. 

MATERIAL AND METHODOLOGY 

The spent silkworm pupae of CSR2 x CSR4were collected from Ramnagar district. Pupae were cleaned properly and 10 kg 

pupae were kept for drying. Silkworm pupae were subjected for different drying methods like sun drying, solar drying and 

Tray drying. The moisture percentage was calculated. Dried pupae were taken for milling, sieving in different mesh size 

and sterilized for extraction. The sterilized pupae were taken for extraction of pupa oil content omega 3 fatty acid through 

SFE technique in pilot scale production facility 

Sun Drying 

50 Kg of silkworm waste pupa collected from silk reeling from reeling industries in Ramnagar district, Bangalore, India. 

The initial moisture content was recorded and the pupa were sun-dried until no further weigh loss was observed percentage 

was calculated. The dried silkworm pupae were taken for milling and sieving 

Solar Drying 

Second batch of 50 kg of silkworm pupae were collected from the same place and initial moisture content was calculated 

and dried in solar drier (procured from Science4Society- a venture incubated at ICT Mumbai). The drying was continued 

until no further weight loss was observed. Final moisture content in the material was calculated 

Tray Drying 

Third batch of 50 kg of silkworm pupae were collected from the same place and initial moisture content was calculated and 

dried in tray drier. The temperature was maintained at 60 – 65 ℃ for drying. The drying was continued until no further 
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weight loss was observed. Final moisture content in the material was calculated 

Milling/Pulverization and Sieving 

All the above samples dried in different process were pulverized and sieved using 60 mesh size 

Particle Size of Silkworm Powder 

The particle size of silkworm powders were calculated before ethylene-oxide sterilization 

Ethylene-Oxide Sterilization 

Different process dried powder were subjected to ethylene-oxide sterilization to increase the stability of the product and to 

prevent the infestation of insects. The Ethylene-oxide sterilization was done at PCI, Peenya, Industrial Area, Bangalore, 

India. 

Super Critical Fluid Extraction (SFE) 

The pilot scale SFE studied was conducted at Aspartika Biotech Pvt Ltd., Bangalore, India. 10 kg of sterilized pupa powder 

was charged for extraction into the extractor vessel of supercritical fluid extraction vessel. Three trials of extraction were 

conducted with different pressure and temperature. Silkworm pupa oil content omega 3 fatty acid was collected in the 

collection vessel for every 30minutesand for a total of 3hours. 

Biochemical Analysis 

After extraction of pupa oil by SFE, the Quantification studies of α-linolenic acid (omega-3 fatty acid) in the silkworm 

pupa oil was conducted by GC/GCMS. The pupa oil sample was sent to NABL accredited lab (TUV-SUD) to determine 

the total fatty acid content and specifically the α-linolenic acid content analyzed for other parameters like FFA, flash point, 

acid value, peroxide value (as per ASTM procedures). 

RESULTS  

It was observed that sun drying takes 6 days times approximately. The initial moisture percentage was ranged from 83.12 – 

82.86% (before drying) and after drying the moisture percentage ranged from 8.99- 9.11%. 

The average final moisture was 9.22% (Table 1) 

Table 1: Sun Drying Data of Silkworm Pupa 

Sample No Qty Wet Pupa Drying Time Initial Moisture % Final Moisture % 

1 50 kg 

6 days 

82.86 9.11 

2 50 kg 82.67 8.99 

3 50 kg 83.12 9.56 

Average 50 kg 6 days 82.88 9.22 

 

In solar drying process the final average moisture percentage was 6.40 and the range of final moisture percentage 

was 6.39-6.87 (Table 2) 

Table 2: Solar Drier – Data of Silkworm Pupa Drying 

Sample No Qty of wet pupa Drying time Initial Moisture % Final Moisture % 

1 50 kg 

72 hours 

83.33 6.87 

2 50 kg 83.28 6.65 

3 50 kg 83.34 6.39 

Average 50 kg  83.31 6.50 
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In tray drying within 7 hours silkworm pupae were dried completely and average l moisture percentage was 6.39 

(Figure 1).  

Table 3: Tray Drying Data of Silkworm Pupa 

Sample No Qty of wet pupa (kg) Drying time Moisture % Final Moisture 

Trial 1 50 

0th hour 81.66 

6.47% 

1st hour 75.56 

2nd hour 63.26 

3rd hour 40.98 

4th hour 27.11 

5th hour 11.34 

6th hour 6.45 

7th hour 6.48 

Trial 2 50 

0th hour 82.15 

6.22% 

1st hour 74.61 

2nd hour 63.33 

3rd hour 40.54 

4th hour 26.76 

5th hour 11.10 

6th hour 6.56 

7th hour 6.54 

Trial 3 50 

0th hour 82.57 

6.49% 

1st hour 74.89 

2nd hour 63.55 

3rd hour 41.78 

4th hour 26.23 

5th hour 11.22 

6th hour 6.50 

7th hour 6.49 

Average moisture 6.39% 

 

Particle size Standardization 

From the sieve studies, we can infer that that particle size is 0.246 mm of the mesh number 60 (figure 2). The average 

percentage of mass retained is with this particle size 98.46% (Table4). 

Table 4: Silkworm Powder Sieve Analysis 

Sl. No Mesh. No Aperture Size (Dpi mm) Mass Retained in gm Percentage of Mass Retained 

1 10 1.661 0.03 0.012 

2 14 1.168 0.9 0.368 

3 25 0.6 2.85 1.165 

4 60 0.246 240.4 98.307 

5 85 0.178 0.04 0.016 

6 120 0.152 0.2 0.082 

7 150 0.124 0.1 0.041 

 

Pupa Oil Extraction through Super Critical Fluid Extraction (SFE) 

During the extraction process it was found that 300 bar pressure and 35 ◦C temperatures the extracted oil percentage 

(Figure 3) was more. The result are tabulated in table 5 
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Table 5: Summarized Data of Silkworm Pupae Oil Extraction 

Trial Batch Size 
Temperature 

(℃) 

Pressure 

(bar) 
Time Period of Extraction (hr) % Oil Extracted 

1 10 kg 35 280 3 30.06 

2 10 kg 35 280 3 31.2 

3 10 kg 35 280 3 31.6 

4 10 kg 35 280 3 31.8 

5 10 kg 35 280 3 30.54 

6 10 kg 35 280 3 30.87 

7 10 kg 35 150 3 15.39 

8 10 kg 35 250 3 24.77 

9 10 kg 35 300 3 31.43 

 

Different dried process silkworm pupa were subjected for extraction of pupa oil from SFE unit. The pupa oil content in sun 

dried pupa, tray dried pupa and solar dried pupa were31.80%, 31.82% and 31.80% respectively. There was no significant 

difference between the different processed dried silkworm pupae. 

Table 6: Different Process Dried Silkworm Pupae Oil Extraction through SFE 

Parameters No of Trials Temperature Pressure % oil extracted 

Sundried pupa 5 35 280 31.80 

Tray dried pupa 5 35 280 31.82 

Solar dried pupa 5 35 280 31.80 

 

Quantification and Identification of Omega-3 Fatty Acids by GC/GCMS 

As per the GC analysis, Linolenic Acid (C18:3n3) content was 31.4% and Linoleic Acid (C18:2n6c) was 2.42%. The other 

major components like Oleic acid (C18:1n9c) and Palmitic Acid (C16:0) were 29.08% and 23.37% ((Table 7). 

Table 7: Peak Table of the GC Analysis of Silkworm Pupa Oil 

Sl. No Name 
Molecular Weight 

g/mol 
Percentage (%) 

1 Caprylic Acid (C8:0) 144.21 0.2089 

2 Myristic Acid (C14:0) 228.3 0.1589 

3 Pentadecanoic Acid (C15:0) 242.39 0.1898 

4 Palmitoleic Acid (C16:1) 254.4 0.6671 

5 Palmitic Acid (C16:0) 256.4 23.3724 

6 GamaLinoleic Acid 278.4 5.7032 

7 Linolenic Acid (C18:3n3) 278.4 31.4051 

8 Linoleic Acid (C18:2n6c) 280.5 2.4216 

9 Oleic Acid (C18:1n9c) 282.4 29.0841 

10 Stearic Acid (C18:1) 284.4 5.9581 

11 Cis-8,11,14-Eicosatrienoic Acid 306.48 0.1297 

12 Cis-11-Eicosenoic Acid 310.5 0.2144 

13 Cis-11,14-Eicosadienoic Acid 322.5 0.3040 

14 Heneicosanoic Acid (C21:0) 326.5 0.1826 

 

Estimate the Protein Content in the De-Oiled Pupa Cake Powder 

After extraction of oiled from pupa, de-oiled pupa powder (Figure 4) content 55-60% of total protein. 
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Proximate Analysis of Silkworm Pupa oil 

The silkworm pupa oil (figure 3) was subjected to the analysis of flash point, refractive index, iodine value etc. The 

observation is as follows (Table8) 

Table 8: The Observation of the Proximate Analysis of Silkworm Pupa Oil 

Parameters 
Acceptable Value for Edible Oil 

(FAO-Codex General Standard for Fats and Oils) 

Silkworm 

Pupa Oil 

Flash point℃ - 210 

Acid value 

mgKOH/1g of oil 

 0.6 for refined fats. 

 1 for mixed fats and oils 

 4 for natural fats and oils 

1.53 

Peroxide value mEq/Kg of oil  10 3.98 

Iodine value  - 53.78 

Refractive Index  - 1.4660 

Saponification Value  - 115.2 

Unsaponifiable matter %  ≤ 1 0.29 

 

    

Figure 1: Dried Silkworm Sterilized Pupa before Extraction. 

Figure 2: Sterilized Pupa Powder before Extraction. 

    

Figure 3: Pupa Oil Extracted through SFE unit.        Figure 4: Pupa Cake Powder after Extraction. 

 

DISCUSSIONS 

Sun drying at the site of reeling, is the most cost-effective method of drying, however, it is time consuming, depends on the 

weather conditions and there are chances of hampering the quality of the pupa dried in case of lack of monitoring. Among 

the various methods of drying, it can be inferred that the tray drying is the most economic methods for drying the silkworm 

pupa.  
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However, tray drying is inferred to be the most optimum methodology of drying as it can content50-500 kg 

silkworm pupa per batch as per machine size and one batch can be dried within a period of 8hours. The drying time can be 

further reduced by uniform spreading of the pupa on the trays. The larger pupa per batch for drying, the shorter period of 

drying time and the acceptable quality of the dried pupa in terms of its texture and colour in tray drying showed its 

superiority over other drying modes. 

In present study silkworm pupa oil was extracted from CSR2 x CSR4 silkworm spent pupa. Different studied 

were carried out to optimize the pressure and temperature for extraction of high yield pupa oil. It was observed that at 35°C 

temperature and 280 bar pressure and 26g/min CO2 flow rate, the pupa oil yield was 31.8%. At 300 bar pressure and 35°C 

temperature the pupa oil yield was 31.43%. Below 280 bar pressure, the yield of pupa oil also decreases. So it was 

concluded that 35 °C temperature and 280 bar pressure and 90 mins times are the appropriate condition for extraction of oil 

from silkworm pupa.  

Srinivas G et al.,( 2019) extracted the highest pupa oil 30.10% (as compared to 31.8% pupa oil in our present 

study) though supercritical carbon dioxide (SC-CO2) at 45°C temperature, 203 bar pressure and CO2 flow rate of 24 g/min 

for 145 min. This is time consuming process and it took 55 mins more times than our presence process. This may be the 

authors have conducted the experiment in less pressure. The fatty acid composition of pupae oil depends on the 

breeds/hybrids, rearing process and place and seasons. The pupa oil content 75% unsaturated fatty acids (UFAs) and 

approximately 20% saturated fatty acids (Jun et al., 2010). In present study Linolenic Acid (C18:3n3) content was 31.40% 

and Linoleic Acid (C18:2n6c) content was 2.4%. As per the Tao et al., 2014, the silkworm pupa oil content 34.27 % of 

alpha-linolenic acid (ALA) and as per the Tomotake et al., (2010), the pupa oil contained 36.3% of lenolenic acid (C18:3) 

(n-3) acid which was extracted by 50% ethanol and analysis was done by HPLC method.  

In present study de-olied pupa powder content 55-60% of total protein. As per Hiroyuki et al., (2010), the 

silkworm pupae (Bombyx mori) and the content 55.6% of total protein and 32.2% of lipid  

CONCLUSIONS 

The silkworm pupa dried in different methods but tray drying method is the good and economic method of proper drying 

of silkworm for extraction of pupa oil through SFE. There were no significant differences of different processed dried 

silkworm pupa for extraction of pupa oil through pilot scale super critical fluid extraction unit. The highest yield (pupa oil) 

obtained when experiment was conducted at 280 bar pressure, 35 ℃temperature and 26 g/min CO2 flow rate. As per the 

study conducted the pupa oil is much superior in SFE process than conventional process. 
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