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Freeze-dried 3rd day of 5th instar silkworm powder (FDSP) has been produced and consumed 
as functional food ingredient in Korea. Generally, FDSP is distributed in the dehumidification 
state. In this study, the effect of humid condition (30%, 50%, 70%, and 90% RH) on the quality 
characteristics of FDSP was examined. The color of FDSP, greenish yellow, becomes dark 
with the change of redness and yellowness. When FDSP is exposed for 4 h at 90% RH, the 
lightness was changed from 56 to 51, redness from -0.8 to 3.7, and yellowness from 26.5 
to 21.6. The proximate composition of FDSP was not significantly changed except 90% RH 
condition. At that condition, moisture content (5.7%) was increased to 26.8% and crude fat 
(11.3%) decreased to 1.9% (3 wk 90% RH). Mineral content change during storage can be 
classified to 3 types; sulfur rapidly decreased, potassium mostly stable with some decreased 
with humidity, and sodium increased with high humid condition. Vitamins were not significantly 
affected. However, DNJ was abruptly decreased to 0.03 g/100g in humid condition. 
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Introduction

Freeze-dried 3
rd
 day of 5

th
 instar silkworm powder (FDSP), 

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

Generally, the quality of powder foodstuffs was known 
affected from various factors including environmental factor 

during the harvesting, pulverizing, and storage conditions (Kim 
et al., 2018). Among them, temperature and humid environment 
are considered as an important factor to influent directly on the 
quality of agricultural goods (Vanhanen and Savage, 2006). The 
effect of temperature and cold plasma on the quality of FDSP 
was examined and reported by several scientists (Jo et al., 2019a; 
Jo et al., 2019b; Ryu et al., 2013; Yatsunami et al., 2011). The 
functional material, DNJ is stable normal thermal condition 
(Ryu et al., 2013; Yatsunami et al., 2011). In Korea, FDSP has 
been distributed in the dehumidification state. When FDSP is 
consumed, it is exposed in air condition with some humidity. 
However, the effect of the humidity on the quality of FDSP did 
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1.25% H2SO4 and 1.25% NaOH digestion methods. The amount 
of crude ash was determined by a dry ashing method at 600 °C.

Fatty acid composition was analyzed as follow using the 
procedure by Ji et al. (2016b) with some modification. Briefly, 
to extract lipids from FDSP, 50 g of sample was mixed with 250 
mL of reaction solution (chloroform: MeOH = 2:1) and then 
homogenized. The extracted lipids were dehydrated by adding 
anhydrous Na2SO4 and then concentrated at 50 – 55

o
C. After 

adding 1 mL of tricosanoic acid, 1 mL of 0.5 N NaOH was 
added. After boiling for 20 min at 100

o
C, the sample was allowed 

to cool to RT. And then added 2 mL of BF3 methanol, heated for 
20 min, and cooled to RT. After 1 mL of heptane and 8 mL of 
NaCl were added, the supernatant was injected to Agilent US/
HP 6890 (Agilent Technologies) equipped with flame ionization 
detector. The mobile phase was flowed under the flow rate of 1 
mL/min. 

Mineral contents in FDSP 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.

 Vitamins were analyzed according to the method of Kim et 
al. (2017). Analytical standards of thiamine, riboflavin, nicotinic 
acid, and nicotinamide, were purchased from Sigma-Aldrich 
(St. Louis, USA). Sample for thiamine analysis was prepared 
after extraction with trichloroacetic acid, hydrolyzation, and 
finally incubation with 300 mg Takadiastase for 18 h. Sample for 
riboflavin analysis was prepared after treatment with 0.1 N HCl 
for 60 min, incubation with 300 mg Takadiastase for 18 h, and 
then purification with 0.2 um syringe filter. Sample for niacin 
analysis was prepared after treatment with 0.1 N HCl for 60 
min, incubation with 500 mg bromelain and 500 mg α-amylase 
for 3 h at 40

o
C, and then purification with 0.2 um syringe filter. 

The prepared sample was injected into LC-MS/MS (Shiseido 
Nanospace SI2 and API 3200, ABSciex, California, USA) and 
then calculated. The operation condition for vitamin analysis was 
same with Kim et al. (2017).

not reported yet. 
In this study, the effect of humid condition on the quantitative 

characteristics of FDSP was examined. Commercial FDSP 
was obtained and stored in various humid conditions. And 
then observed the status of FDSP with color and the growth of 
microorganisms, and then examined the compositions of FDSP 
including proximate composition, lipid profile, mineral content, 
vitamins, and DNJ. The results might be help to develop goods 
and distribution FDSP. 

Materials and Methods

Silkworm powder 

The freeze-dried silkworm powder (FDSP) was purchased 
from local sericultural farm in Uljin Korea. The powder was 
prepared from the silkworm larva 3

rd
 day of 5

th
 instar with freeze-

drying method. 

Humid conditioning treatment

FDSP was divided experimental groups and stored at 25
o
C 

under different humidity conditions (30, 50, 70, and 90% RH) for 
up to 4 wk. After treatment, the samples were stored in freezer at 
-80

o
C before to use. 

Color analysis 

The color of FDSP was measured using a spectrophotometer 
(X-Rite Color i7, Macbeth, New Winsor, NY, USA) three times 
and represent average value. 

Composition analysis 

Proximate analysis of the FDSP was determined as follows: 
The water content was obtained by drying the powder at 105 °C 
under atmospheric pressure. The amount of crude protein was 
determined by semi-micro-Kjeldahl method using an automatic 
protein analyzer (Kjeltec 2400 AUT, Poss Tecator, Mulgrave, 
Australia). The crude lipids in the dried samples were extracted 
by diethyl ether and then quantified using a Soxhlet extraction 
system (Soxtec System HT1043 extraction unit, Foss Tectator, 
Hoganas, Sweden). The amount of crude fibers was analyzed by 
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humidity causes the increase of moisture content and spread of 
microorganisms. 

The duration of humid treatment affected the L*, a* and b* 
values for samples (Fig. 2). The lightness (L*) increased with 
time when FDSP was treated with low humidity, 30 and 50% 
RH. The lightness decreased under high humidity 70 and 90% 
RH. The redness (a*) was increased with humidity and time 
up to 3.6 from -4.6. The yellowness (b*) was slightly shifted to 
lower value with humidity especially at 90% RH. Especially, 
when FDSP is exposed for 4 h at 90% RH, the lightness was 
changed from 56 to 51, redness from -0.8 to 3.7, and yellowness 
from 26.5 to 21.6.

Proximate composition

The general nutrient compositions of FDSP were shown 
in Fig. 3. The moisture content of FDSP was increased with 
storage time and humidity. Among them, moisture content of 
FDSP stored in 90% RH rapidly increased upto 26.8 g/100g 
till 3 wk and then 24.0 g/100g at 4 wk. Crude protein and ash 

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. 

Results and Discussion

Effect of humidity on color of FDSP

Humidity is one of a major factor to affect the quality of 
powdery materials. FDSP was treated in the various humidity 
condition (30, 50, 70, and 90% RH). The photographs after 
treatment with humidity were shown in Fig. 1. The color of 
FDSP, greenish yellow, became dark with the changes of the 
redness and yellowness with time. During the storage in high 
humid condition (90% RH) mold was spread on the surface 
of FDSP and color changed. Generally, storage under high 

Fig. 1. Photographs of FDSP treated with humidity at 30, 50, 70, and 
90% RH.

Fig. 2. The CIELAB color of FDSP treated with humidity at 30, 
50, 70, and 90% RH. (a) Lightness, (b) redness and yellowness; 
blue(30% RH), red (50%), green (70%), yellow (90%) 
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7.9 g/100g to 1.0 g/100g, respectively. The detected saturated 
fatty acids were palmitic acid (C16:0, 20.42%), stearic acid 
(C18:0, 9.54%), and myristic acid (C14:0, 0.37%). Unsaturated 
fatty acids detected were as follows: linolenic acid (C18:3n3, 
37.91%), oleic acid (C18:1n9, 21.48%), linoleic acid (CC18:2n6, 
9.53%), palmitoleic acid (C16:1n7, 0.46%), γ-Linoleic acid 
(C18:3n6), and Eicosanoid acid (C20:1n9). After store for 3 wk 
in 90% RH, the major fatty acids including palmitic acid, stearic 
acid, oleic acid, linoleic acid, and linolenic acid was abruptly 
decreased.

Kweon et al. (2019) reviewed the contents of fatty acid in FDSP 
and reported the average contents of fatty acid; linolenic acid 
34.7%, oleic acid 24.8%, palmitic acid 20.8%, stearic acid 9.5%, 
and linoleic acid 8.3%. Steamed and freeze-dried mature silkworm 
powder (HongJam) contains oleic acid 31.1%, linolenic acid 28.8%, 
plamitic acid 24.0% (Ji et al., 2016b) and pupa linolenic acid 36.3%, 
linoleic acid 26.0%, palmitic acid 24.2% (Tomotake et al., 2010). 
The composition of fatty acid is related to the development stage of 
the silkworm. Our result is consistant with the reviewed composition 
of silkworm fatty acids. 

Mineral content

Mineral is essential for silkworm growth. Among minerals, 
five minerals over 100 mg/100g are potassium (K), phosphorus 
(P), sulfur (S), calcium (Ca) and magnesium (Mg). The changes 
of mineral contents by humidity treatment can be classified 

contents are similar to each other regardless of the humidity 
condition for 4 wk except 90% RH condition. Those values 
were a little lower than the untreated one. However, crude fat 
(11.3%) was dramatically decreased to about 1.9% at 3 week 
storage under 90% RH, though it showed nearly constant 
other conditions. 

The proximate composition of FDSP is similar to the report by 
other researchers (Kweon et al., 2019; Jo et al., 2019b; Ryu and 
Chung, 1998). Proximate composition of FDSP is crude protein 
(57.7%), crude fat (9.5%), crude fiber (5.4%), ash (9.3%), and 
moisture (4.7%). The average crude protein, fat, fiber, ash, and 
moisture content of FDSP is 57.2%, 9.9%, 4.6%, 10.1%, and 
5.7%, respectively. The proximate composition of FDSP was 
not significantly affected by plasma treatment except moisture 
content (Jo et al., 2019b). During the storage in various humidity 
conditions, protein and ash did not affected with significance but 
moisture content was increased and crude fat was decreased. 

Fatty acid content

In high humid condition, crude fat content of FDSP was 
decreased (Fig. 3.) Therefore, the fatty acid composition of 
FDSP stored in humid condition was measured and shown in 
Fig. 4. Among fat content, the ratio of saturated and unsaturated 
fat content is about 30:70. When stored in 90% RH condition, 
the content of saturated fat, 3.7 g/100g, was decreased to 0.8 
g/100g at 3 wk, and that of unsaturated fat was decreased from 

Fig. 3. General composition of FDSP treated with various humidities.
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significantly changed of the mineral concentration of FDSP 
except at 5 h treatment. Treatment with plasma for 5 h decreased 
phosphorus and sulfur sharply from 732.31 to 176.83, and 
492.7 to 185.2 mg/100g. Ji’s group reported that HongJam has 5 
abundant minerals such as K, P, Ca, S, and Mg (Ji et al., 2016a; 
Ji et al., 2016b). Cha et al.(2010) also published silkworm has 
some abundant minerals like K, Ca, and Mg. 

Vitamin content

Silkworm requires vitamins including thiamine (B1), riboflavin 
(B2), niacin (B3), and β-carotene (A) (Moon and Lim, 1978; Ito, 

into 3 types (Fig. 5). The first type is sulfur, which is rapidly 
decreased by humidity from 184.5 mg/100g to 89.4 mg/100g in 
30% humidity for 1 wk. The second type is potassium, which 
is relatively stable during humidity treatment. It was nearly 
unchanged under low humidity condition (30, 50 and 70% RH). 
When in 90% RH, the content of potassium was changed slightly 
from 2820.1 mg/100g to 2185.6 mg/100g after 4 wk. Similar 
pattern was observed at P, Ca, Mg, Mn, and Zn. The last pattern 
is sodium. High humidity (90% RH) induced to increase the 
content of sodium from 20.3 mg/100g to 30.7 mg/100g. Cu and 
Fe are slightly similar to Na.

According to Jo et al. (2019b), the plasma treatment did not 

Fig. 4. Fatty acid composition of FDSP stored in various humidity for 4 wk. 
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Fig. 5. Mineral contents of FDSP stored in various humidites for 4 wk. 

Fig. 6. Vitamins of FDSP stored in various humidity for 4 wk. 
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