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Silkworm powder was prepared from 3rd day of 5th instar silkworm through various drying 
technology including freeze drying, hot wind drying, infrared drying, and microwave drying. 
The shape of silkworm dried was different with the drying methods. Freeze drying and 
microwave drying silkworm looked its original form, but hot wind drying and infrared drying 
silkworm looked shriveled and crumpled. The color of silkworm powder freeze-dried changed 
from yellowish green to hazel with lowering freezing temperature. Heavy metals including 
Pb, Cd, As, and Hg were lower the food criteria. The results of 1-deoxynojirimycin analysis 
was shown that BaekOkJam and GoldenSilk silkworm powder was satisfied the criteria of 
functional food, but YeonNokJam silkworm powder was lower than the criteria. The amino 
acid composition of silkworm was similar regardless of the frozen temperature in freeze drying 
process.
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Introduction

Freeze-dried 3
rd
 day of 5

th
 instar silkworm powder, the first 

edible insect approved by Ministry of Food and Drug Safety, 
Korea, was developed and has produced in Korea since 1995. 
FDSP has been approved as functional food ingredients in 
2009 which may help to maintain healthy blood glucose level. 
The blood glucose lowering activity of FDSP was related to 
the 1-deoxynojirimycin (DNJ), which inhibits the activation 
of α-glucosidase in small intestine (Lee et al., 2019; Ryu et al., 
2002; Chung et al., 1997). 

Drying is needed to inhibit or slow down microbial growth, 
enzymatic activity, and browning reactions (Vandeweyer et at., 
2017; Khalloufi et al., 2000). Freeze drying is the commercial 

way to dry insect including silkworm on industrial scale to 
stabilize it after harvesting. This process is based on sublimation 
and is adopted as conventional technology for high quality 
foods when preservation of parameters including texture, 
nutritive value, aroma, color and biological activity (Hwang and 
Zhang, 2012). But this process is a way of energy demanding 
and expensive procedure because of long processing times 
(Sandulachi and Tatarov, 2012; Khalloufi et al., 2000). Recently, 
Wiset et al. (2018) reported silkworm pupae microwave and 
hot wind drying. Vacuum oven and microwave drying has 
been suggested as an alternative to freeze drying for yellow 
mealworm, Tenebrio molitor (Kröncke et al., 2018; Lenaets et 
al., 2018). 

In this study, silkworm powders were prepared by various 
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analyzed in a Mercury analyzer (DMA 80, Milestone, Italy) with 
same condition with that of Kweon et al. (2012).

The 1-Deoxynojirimycin (DNJ) was measured according to 
the method reported by Kim et al. (2003). It was extracted from 
0.1 g of dried sample in which it was intensely stirred 2 times 
for 15 s in the 10 mL 0.05 M HCl solution and diluted with 100 
mL water. After adding FMOC99-fluorenylmethyloxycarbonyl, 
quantification was conducted by a high performance 
chromatography. 

Amino acid compositions of silkworm powder were 
determined according to the method reported Lee et al. (2011). 
Silkworm powder was hydrolyzed with hydrochloric acid and 
modified through phenyl isothiocyanate derivation and then 
measured amino acid composition using amino acid analyzer 
(Biochrom 20 puls amino acid analyzer, Amersham Phamacia 
Biotech Co., Sweden) at a flow rate of 1 ml/min. Eluate was 
detected at 254 nm. Samples were analyzed twice (error: ±2%). 
The quantitative amino acid composition was calculated by 
external standard calibration, was expressed as % mol for each 
amino acid.

Results and Discussion

In general, commercial silkworm powder was prepared from 
the silkworm dried through freeze-dried or hot-wind-dried 

drying methods including a freeze-drying, a hot wind drying, a 
far-infrared drying, and a microwave drying method. The shapes 
of silkworm dried various methods and silkworm powders 
were photographed. The mineral contents of silkworm powders 
prepared through freeze drying processes at different frozen 
temperatures were measured. The heavy metal contents and 
DNJ contents of silkworm powders were compared between 
preparation methods and silkworm varieties. Finally, amino acid 
compositions of silkworm powders were measured. 

Materials and methods

Silkworm powder 

The 3
rd
 day of 5

th
 instar silkworm larva was purchased from 

Yeongcheon sericulture agricultural cooperative in Yeongcheon, 
Korea. The silkworm powder was prepared through various 
drying method as follows; freeze-drying process using liquid 
nitrogen and deep freezer (-30

o
C, -20

o
C), far-infrared dryer, 

microwave drier, and hot-wind drier. Silkworm powder was 
obtained using roller mill (Kim et al., 2018).

Composition analysis 

Mineral contents in silkworm powders were determined 
using the protocol from the Association of Official Analytical 
Chemist (AOAC, 1990). Pre-incinerated samples in crucibles 
were incinerated at 600 °C for 2 h. After cooling, 0.5 g of 
sample was mixed with 10 mL of 50% HCl and incubated 
overnight before being filtered through No. 6 filter paper (GE 
Healthcare Life Sciences, Chicago, IL, USA) with hot water. The 
mineral contents in the prepared samples were analyzed using 
an inductively coupled plasma optical emission spectrometer 
PerkinElmer Optima 8300 (Perkin-Elmer Corporation, Norwalk, 
CT, USA) by measuring the wavelength and intensities of 
specific emitted radiant rays for each mineral. 

Heavy metal contents in silkworm powders were analyzed 
following the guidelines from the Ministry of Food and Drug 
Safety (KFDA, 2001; Kweon et al., 2012). Briefly, sample 2 ~ 3 
g was pretreated with 62% nitric acid and hydrogen peroxide and 
then hydrolyzed through Microwave digestion system (ETHOS, 
Milestone, Italy). The contents of heavy metal were analyzed 
with ICP/MS (Agilent Technologies 7500A). Mercury was 

Fig. 1. Photographs of 3
rd
 day of 5

th
 instar silkworm dried by freeze-

drying(a), hot wind drying(b), far infrared drying(c), and microwave 
drying(d). 
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Cd, As, and Hg in silkworm powders showed less than 0.2 mg/
kg. MFDS notices the permitted heavy metal contents of crude 
drug and the medicament consisting herbal and herbal extracts as 
follows; Pb less than 5 mg/kg, As less than 3 mg/kg, Hg less than 
0.2 mg/kg, Cd less than 0.3 mg/kg (KFDA, 2005). Therefore, 
silkworm powder is safe from heavy metal contamination.

Table 3 showed the effect of dried process on the heavy 
metal contents of silkworm powders prepared from commercial 
silkworm variety, YeonNokJam. Heavy metal contents of 
silkworm powders were shown less than 1 mg/kg regardless of 
the drying process.

To confirm the variability of silkworm varieties, three common 
silkworm varieties including BaekOkJam, YeonNokJam, and 
GoldenSilk were examined and displayed in Table 4. Heavy 
metal contents of silkworm powder showed less than the criteria 
presented by KFDA. However, Zhou and Han (2006) reported 

process. Fig. 1 showed the photographs of dried silkworm. The 
shapes of silkworms after freeze-dried were plain and kept the 
original with greenish internal material (Fig. 1(a)). The shapes 
of silkworm after hot-wind-drying (Fig. 1(b)) and far-infrared-
drying (Fig. 1(c)) were observed as shriveled and crumpled 
trunks due to the exudation of silkworm juice during drying 
process. The color of hot-wind-dried silkworm was blackish 
green, and that of far-infrared-dried one orange. Microwave-
dried silkworm was observed as white plain surface looks like 
lived one (Fig. 1(d)). The surface is thin, and tough, and it is 
separated from the body material. 

It is known that the integument of silkworm is composed of 
cuticle, epidermis, and basement membrane (Moon and Lim, 
1978). As shown in Fig. 1, the surface morphology is quite 
different with the drying process. Silkworm juice exudation 
during drying process make crumpled surface. Silkworm juice 
sublimation makes plain surface. 

The photographs of freeze-dried silkworm powder were 
shown in Fig. 2. The color of silkworm powder frozen by liquid 
nitrogen was yellowish green. That of silkworm powder frozen 
at -20

o
C was hazel. The color of silkworm powder changed from 

yellowish green to hazel as freezing temperature lows. 
Table 1 is the mineral contents of silkworm powder prepared 

by different frozen temperature. Among 11 minerals examined, 
especially five minerals including Ca, K, Mg, P, and S had 
higher over 100 mg/100g. These data was agreed to the previous 
reported results (Kweon et al., 2019; Jo et al., 2019; Ji et al., 
2016; Ji et al., 2017).

Recently food safety issues are the most important common 
interest for consumers. The Minister of Food and Drug Safety 
(MFDS) has established the limitation for the contents of toxic 
heavy metals including Pb, Cd, As, and Hg. To confirm the effect 
of frozen temperature on the safety of silkworm powder, heavy 
metal contents were examined (Table 2). The contents of Pb, 

Table 1. Mineral contents of silkworm powder prepared through freeze 
drying process at different frozen temperature

Mineral
(mg/100g)

Silkworm powder
Matured silkworm 

powder

-30oC
Liquid 

Nitrogen
Ji et al., 

2016
Ji et al.,

2017

Ca 460.51 481.33 197.8 190.01

Cr 0.06 0.06 - -

Cu 0.96 0.88 1.04 0.59

Fe 8.90 14.14 8.49 2.64

K 771.17 743.68 1176.3 608.9

Mg 323.90 323.64 211.9 183.3

Mn 4.96 5.19 1.70 1.36

Na 31.29 51.05 11.03 34.83

P 852.55 850.49 749.8 388.73

Zn 7.11 7.14 5.99 6.36

S 4898.73 4895.18 298.63 417.16

Table 2. Heavy metal contents of silkworm powder prepared by 
freeze-dried process

Frozen 
temperature

Liquid 
Nitrogen

-30oC -20oC

Pb (mg/kg) 0.11 0.13 0.17

Cd (mg/kg) 0.01 0.00 0.01

As (mg/kg) 0.08 0.08 0.09

Hg (mg/kg) 0.02 0.02 0.02

Fig. 2. Photographs of silkworm powders after freeze-drying with 
different frozen methods; (a) frozen with liquid nitrogen, (b) frozen 
in deep freezer at -30

o
C, and (c) frozen in deep freezer at -20

o
C.
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that Antheraea pernyi silkworm pupa was analyzed some heavy 
metals including Pb (1.13 mg/kg) and As (1.30 mg/kg). Our data 
mean that silkworm powder was not contaminated with heavy 
metal. Other researchers also reported same results (Kweon et 
al., 2019; Jo et al., 2019; Ji et al., 2016).

DNJ content

1-deoxynojirimycin (DNJ) is known a standard material of 
silkworm powder for anti-diabetics. Table 5 was DNJ contents of 
freeze-dried silkworm powder with different frozen temperature. 
DNJ contents, 3.94 ~ 4.53 mg/kg, was adapt to the criteria 
of KFDA. The effect of different drying process on the DNJ 
contents was examined and the results were shown in Table 6. 
DNJ content of freeze-dried silkworm powder was 2.87 mg/
kg, and that of microwave-dried silkworm powder 2.17 mg/
kg. Table 7 showed the DNJ contents of silkworm powder with 
different silkworm varieties. Silkworm powder prepared from 
BaekOkJam and GoldenSilk is 4.13, 4.76 mg/kg, respectively. 

However, silkworm powder prepared from YeonNokJam showed 
2.87 mg/kg. 

DNJ was firstly isolated from mulberry tree (Yoshikaki and 
Hivonu, 1976) and known to inhibit α-glucosidase activity 
(Yoshikuni, 1988). DNJ is stable whether it was heated up to 
121

o
C for 15 min (Yatsunami et al., 2011) or 100

o
C 30 min 

(Ryu et al., 2013). However, it could not endure and destroyed 
to half value forced by excessive heat energy like at 150

o
C for 

30 min. Lee et al. (2019) reported that the DNJ content (0.03 
g/100g) of silkworm powder under high humidity condition such 
as 90% RH was dramatically lower than that of other humidity 
conditions (0.23 g/100g at 30 to 70% RH). When freeze drying 
silkworm powder was exposed in various humid conditions, the 
DNJ content of all samples was abruptly decreased within 2 wk 
exposure. These data suggested that DNJ is unstable when it was 
stored in humid conditions due to the growth of microorganism.

Table 8 showed the amino acid composition of silkworm 
powder prepared from different frozen temperature. The amino 
acid composition of silkworm powder frozen with liquid nitrogen 
was composed with glutamic acid (6.04%), aspartic acid (4.73%), 
glycine (4.23%), alanine (4.06%), leucine (3.05%), serine (3.04%), 
and so on. That of frozen -30

o
C showed similar results. 

The amino acid composition of silkworm powder is related 
to the mulberry leaf. Horie et al.(1985) reported that the major 
amino acids of mulberry leaves were glutamic acid (4.7%), 
and aspartic acid (3.6%). Kweon et al. (2019) reviewed that 
acid amino acid (glutamic acid and aspartic acid) and neutral 
amino acid (glycine and alanine) is abundant in 3

rd
 day and 5

th
 

instar silkworm powder. Our results were similar to the previous 
reported data.

Table 3. Effect of dried process on the heavy metal contents of 
silkworm powder

Drying 
method

Yeonnokjam

Freeze 
drying

Hot wind 
drying

Microwave 
drying

Pb (mg/kg) 0.2 0.2 0.0

Cd (mg/kg) 0.0 0.0 0.0

As (mg/kg) 0.6 0.6 0.2

Hg (mg/kg) 0.0 0.0 0.0

Table 4. Heavy metal contents of freeze-dried silkworm powder 
with different silkworm varieties

Silkworm 
variety

BaekOkJam YeonNokJam GoldenSilk

Pb (mg/kg) 0.2 0.2 ND

Cd (mg/kg) 0.0 0.0 0.0

As (mg/kg) 0.5 0.6 ND

Hg (mg/kg) 0.0 0.0 0.0

Table 5. 1-deoxynojirimycine contents of freeze-dried silkworm 
powder prepared by different frozen temperature

Frozen 
temperature

Liquid 
Nitroegn

-30℃ -20℃

DNJ (mg/g) 4.53 3.94 4.41

Table 6. 1-deoxynojirimycine contents of silkworm powder 
prepared by different drying process

Drying 
method

YeonNokJam

Freeze 
drying

Hot wind 
drying

Microwave 
drying

DNJ (mg/g) 2.87 2.60 2.17

Table 7. 1-deoxynojirimycine contents of freeze-dried silkworm 
powder prepared from different silkworm varieties

Silkworm 
variety

BaekOkJam YeonNokJam GoldenSilk

DNJ (mg/g) 4.13 2.87 4.76
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