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Silkworm food has been found to be effective for dementia, liver function, lowering blood 
sugar, and possesses antioxidant properties, which has been attracting attention as a 
health functional food. In this study, methods for enhancing the functionality of silkworms 
were explored and the production potential of high-functional silkworms was analyzed. For 
enhancing antioxidant activity, ascorbic acid, caffeic acid, laminarin, and glutathione were 
injected or fed to 5th instar silkworms, and the antioxidant activity of silkworm extract was 
comparatively analyzed. There was no significant change in polyphenol and flavonoid content, 
but it was confirmed that 2,2-diphenyl-1-picrylhydrazyl radical scavenging ability, superoxide 
dismutase-like activity, and reducing power were slightly increased after injection of ascorbic 
acid, caffeic acid, and glutathione. To confirm the increase in antioxidant efficacy through 
feeding, an inducer was mixed with sucrose and sprayed on mulberry leaves. As a result, the 
growth rate of silkworms improved and all indicators of antioxidant activity were improved in 
silkworms fed with ascorbic acid and glutathione. Considering these results, producing high-
functional silkworms was deemed possible.
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Introduction

Owing to economic development and diet westernization, 
consumption of meat and sugar is continuously increasing, 
and as this change in eating habits is established as the 
cause of metabolic and adult diseases, consumers are paying 
extensive attention to preventing aging-related diseases 
and improving eating habits (Kim et al ., 2014). If reactive 
oxygen species (ROS) generated during oxidation in vivo are 
not successfully removed by antioxidant enzymes such as 
superoxide dismutase, catalase, and glutathione peroxidase, 
oxidative stress such as protein and DNA damage and lipid 

oxidation is induced. As it is known that metabolic and adult 
diseases occur, the development of antioxidants is actively 
progressing (Jeong et al ., 2004). However, as various side 
effects have been found in synthetic antioxidants, natural 
antioxidants are attracting attention (Jeong et al ., 2004). 
Typical foods with antioxidant activity include berries such 
as Rubus coreanus , blueberries, and aronia, which contain 
abundant phenolic compounds such as anthocyanins and 
flavonoids (Jun et al ., 2014). Metabolites were also found 
to have antioxidant activity (Jeong et al ., 2004; Kang et al ., 
2005).

It has been found that silkworms have various functions such 
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(Hanil, Korea), and 30% ethanol was added to each sample 
in a ratio of sample: ethanol = 1:5 (v/v) and shaken at 4 °C 
for 24 h for obtaining the silkworm extract. After extraction, 
centrifugation was performed at 10,000 × g at 4 °C for 30 
min, and only the supernatant was obtained and lyophilized, 
and then dissolved in 30% ethanol to a concentration of 18 
mg/mL before use.

Determination of total phenolic compound content
The total phenolic compound content of the silkworm extract 

was determined by using the Folin–Denis reagent to develop 
color by reacting the phenolic compound with phosphomolybdic 
acid (Folin and Denis, 1912). In 580 μL of distilled water, 20 
μL of silkworm extract sample (18 mg/mL), 100 μL of 2% (w/
v) Na2CO3 solution, and 50 μL of Folin–Denis reagent (Sigma-
Aldrich) were added and reacted at room temperature for 20 
min, before a spectrophotometer (Hidex, Finland) was used to 
measure the absorbance at 700 nm. The content of total phenolic 
compounds was converted from a standard calibration curve 
using gallic acid (Sigma-Aldrich) and expressed as μg gallic acid 
equivalents (GAE), i.e., μg GAE/mg per mg of dry silkworm 
extract.

Determination of flavonoid content
The flavonoid content of silkworm extract was measured 

according to the method by Zhishen et al  (1999); 50 μl of 
silkworm extract sample was diluted with 450 μL of distilled 
water, 50 μL of 5% (w/v) NaNO2 (Sigma) was added, and 
reacted at room temperature for 5 min, before 50 μL of 10% (w/v) 
AlCl3 (Sigma-Aldrich) was added. It was then stored for 6 min. 
Then, 400 μL of 1 M NaOH (Duksan, Korea) was added, mixed 
well, and absorbance was measured at 510 nm. After preparing a 
calibration curve using quercetin (Sigma-Aldrich) as a standard 
material, the flavonoid content was calculated and expressed as 
microgram quercetin equivalents (QE), i.e., μg QE/mg per 1 mg 
of dry silkworm extract.

Measurement of DPPH radical scavenging 
activity

The radical scavenging ability of silkworm extract 
was measured using the principle that 1,1-diphenyl-2-
picrylhydrazyl (DPPH) reacts with antioxidants to discolor 
from purple to yellow by modifying the Blois method (1958). 
After diluting the silkworm extract samples using 30% (v/

as Alzheimer's prevention, blood sugar lowering, and cholesterol 
lowering in various recent research, and have attracted attention 
as raw materials for health functional food (Ahn et al., 2013; Ji et 
al., 2016; Ryu et al., 1997). Accordingly, to activate high value-
added products and functional sericulture through continuous 
consumption induction, it is necessary to scientifically prove 
various functionalities and develop products suitable for recent 
consumption trends (Park et al ., 2021). A recent study result 
established that there was a difference in antioxidant activity 
between silkworm varieties, and that a variety with excellent 
antioxidant activity would be a high value-added product.

Therefore, in this study, we tried to develop a method for 
enhancing the antioxidant functionality of silkworms and explore 
a method for producing high-quality silkworms with high added 
value and functionality.

Materials and Methods

Materials 
The silkworms used in this experiment were of the dormant 

supply variety, Bakokjam (Jam 123X124). Fresh mulberry leaves 
were fed and bred at 25℃, 16L8D conditions. Ascorbic acid 
(Sigma-Aldrich, USA), laminarin (Sigma-Aldrich), glutathione 
(Sigma-Aldrich), and caffeic acid (Sigma-Aldrich) used to 
induce antioxidant enhancement were dissolved at 7 mg/ml using 
water or ethanol, respectively. Then, 0.01 mg/mL (10 ppm), 0.1 
mg/mL (100 ppm), and 1 mg/mL (1000 ppm) were used after 
dilution.

Enhancement induction and extract preparation
To induce antioxidant enhancement through injection, 0.1 

mL of the prepared inducing agent of various concentrations 
was injected into the body cavity of silkworm larvae on the 
3rd day of 5th instar and collected after additional breeding 
for 10 h. Induction of antioxidant enhancement through the 
feeding of an inducer, ascorbic acid, caffeic acid, laminarin, 
and glutathione were diluted to a concentration of 0.1 mg/
mL (100 ppm), respectively, in 2% sucrose solution, and 
then sprayed onto fresh mulberry leaves using a sprayer. The 
sprayed mulberry leaves were fed to 5

th
 instar silkworms 

thrice daily for 4 days. After injection and feeding, silkworms 
were frozen at –80 ℃ and dried using a freeze dryer (EYELA, 
Japan). Freeze-dried silkworm was pulverized using a grinder 
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(Sigma-Aldrich) were mixed with 20 μL of the silkworm 
extract diluted with 30% (v/v) ethanol and reacted at 50 °C 
for 30 min, and 125 μL of 10% (w/v) trichloroacetic acid 
(Sigma-Aldrich) was then added. The reaction solution was 
centrifuged at 10,000 × g for 10 min, and 250 μL of the 
supernatant was collected, mixed with 50 μL of 0.1% (w/v) 
FeCl3 (Sigma), and absorbance was measured at 700 nm and 
expressed as absorbance unit (abs).

Statistical analysis
All experimental results are represented as mean value ± 

standard deviation (SD), and a one-way analysis of variation 
using IBM SPSS Statistics 23 (IBM, USA) was performed. The 
significance of each mean value was tested by Duncan's Multiple 
Range Test (P < 0.05).

Results and Discussion

Phenolic compounds and flavonoid content of 
silkworm extract following inducer injection

As a representative secondary metabolite of plants, 
phenolic compounds are known to be involved in antioxidant 
and antibacterial effects due to their binding properties to 
proteins or other macromolecules, and are used as indicators 
for evaluating physiological activity (Perron and Brumaghim, 
2009). Table 1 shows the concentrations of total phenolic 
compounds in silkworm extracts injected with ascorbic 
acid, caffeic acid, laminarin, and glutathione for inducing 
antioxidant enhancement.

The content of total phenolic compounds in silkworms not 
injected with the inducer was 49.718 ± 1.749 μg GAE/mg, and 

v) ethanol, centrifugation was performed at 10,000 × g 
for 10 min using a centrifuge (Tomy, Japan), and only the 
supernatant was used for analysis. In 180 μL of 100 mM Tris-
HCl (pH 7.5), 20 μL of the silkworm extract dilution and 100 
μL of 0.2 mM DPPH solution (Sigma-Aldrich) were added 
and mixed. After reacting for 30 min at room temperature 
without light, absorbance measured at 517 nm. The DPPH 
radical scavenging ability was expressed as a percentage 
(%) by comparing the difference in absorbance between the 
sample-added and the non-additive groups.

Superoxide dismutase (SOD)-like activity 
measurement

By modifying the method by Marklund and Marklund (1974), 
the rate of the conversion reaction from active oxygen generated 
from pyrogallol to hydrogen peroxide was measured and 
expressed as SOD-like activity. In a 96-well ELISA plate, 20 μL 
of the silkworm extract was added to dilute to a concentration 
of 3.6 mg/mL with 30% (v/v) ethanol to 160 μL of buffer (10 
mM EDTA, 100 mM Tris-HCl, pH 8.5) and 20 μL of 7.2 mM 
pyrogallol (Sigma-Aldrich) was mixed, and the change in 
absorbance at 420 nm was measured at 26 °C for 20 min at 10 
s intervals using a spectrophotometer. The SOD-like activity 
was expressed as a percentage of the difference in absorbance 
increase rate between the group with and without the addition of 
silkworm extract.

Reducing power measurement
The reducing power of silkworm extract was measured 

using the method of Oyaizu (1986). 255 μL of distilled 
water, 500 μL of 200 mM sodium phosphate (pH 6.6) buffer, 
and 50 μL of 1% (w/v) potassium hexacyanoferrate (III) 

Table 1. The contents of total phenolic compounds in each silkworm extract

Concentration (ppm)
Injected substance (ug GAE1)/mg)

Ascorbic acid Caffeic acid Glutathione Laminarin

0 49.718 ± 1.749
a2)

- - -

10 49.881 ± 1.329
b

46.637 ± 1.883
c
 49.479 ± 1.081

b
48.762 ± 0.773

b

100 50.712 ± 1.376
b
 50.827 ± 0.703

b
48.934 ± 1.091

b
54.382 ± 1.826

a
 

1000 50.397 ± 1.093
b

49.787 ± 0.958
b
 49.393 ± 2.529

b
55.243 ± 2.469

a

1)
Total flavonoid content was expressed μg/mL of gallic acid equivalent.

2)
The values represent mean ± SD for triplicate experiments. Mean with same letters within a table are not significantly different at p < 0.05 by Duncan’s Multiple 

Range Test. 
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by peroxidase, and is used as a major indicator to analyze 
antioxidant activity (Marklund and Marklund, 1974). Fig. 1B 
shows the results of SOD-like activity analysis of silkworm 
extracts following injection of the inducer. The SOD-like 
activity of the general silkworm extract was approximately 
21.55%, but it was confirmed that the SOD-like activity 
increased by approximately 25% when 10 ppm of ascorbic 
acid, 1,000 ppm caffeic acid, or 100 ppm glutathione was 
injected. Reducing power is the ability to donate charge to 
ROS during antioxidant activity and measures the ability to 
reduce ferric-ferricyanide (Fe

3+
) to ferrous (Fe

2+
) (Fig. 1C). 

As a result, analyzing the reducing power according to the 
type of inducer, it was confirmed that the reducing power 
was 0.68 abs in the silkworm extract that did not induce 
antioxidant enhancement but increased to 0.778–0.788 abs in 
the silkworm injected with ascorbic acid and glutathione. As 
a result, most antioxidant activity indicators were improved 
when 100 ppm of ascorbic acid and glutathione were 
administered to silkworms.

Changes in growth rate according to antioxidant 
inducer supplementation

For analyzing the change in growth rate after inducing 
antioxidant enhancement, the masses of silkworms from 5th 
instar and 5th day were compared and shown in Table 3. As 
a result, the average weight per silkworm fed only mulberry 
leaves was 2.99 g, but when fed after spraying with 2% 
sucrose, the mass increased by approximately 1.16 times and 
was confirmed to be 3.48 g. When 2% sucrose and 100 ppm 
of glutathione were sprayed together and then fed, the weight 
of silkworms increased more than 1.2 times to 3.6 g. These 
results are expected to be used as a breeding method that 

when 100–1000 ppm of laminarin was injected, the content of 
phenolic compounds increased to 55.243 ± 2.463 μg GAE/mg. 
However, there was no increase in ascorbic acid, caffeic acid, or 
glutathione.

Flavonoids are phenolic compounds that are mainly 
synthesized in plants and are representative substances 
showing physiological activity. Table 2 shows the results 
of measuring the flavonoids in the silkworm extract. The 
flavonoid content of the prepared extract was 24.994 ± 0.433 
μg QE/mg up to 26.469 ± 0.891 μg QE/mg, but it did not 
show any significance depending on the type of inducer and 
the presence or absence of injection. As shown by Kim et 
al . (2008), the absence of significant changes in the content 
of phenolic compounds and flavonoids was judged to be 
unaffected by the injection of the inducer, as most of the 
phenolic compounds were eluted from the mulberry leaves 
present in the midgut of the silkworm. 

Changes in antioxidant capacity according to 
inducer injection

Radicals are known to cause aging and disease through 
the induction of oxidation of biocomponents, and their 
removal can be analyzed through the decolorization reaction 
by electron donating action for chemically induced DPPH 
radicals (Choi et al ., 2006). Fig. 1A shows the results 
of analyzing the electron donating ability of silkworm 
extracts following injection of inducers. The DPPH radical 
scavenging activity of the general silkworm extract was 
approximately 52.82%, but when 100 ppm of glutathione 
was injected, the radical scavenging activity increased to 
54.6%. SOD is an enzyme that converts free radicals in the 
body into hydrogen peroxide so that they can be removed 

Table 2. The contents of flavonoid compounds in each silkworm extract 

Concentration (ppm)
Injected substance (μg QE1)/mg)

Ascorbic acid Caffeic acid Glutathione Laminarin

0 24.994 ± 0.433
ab2)

- - -

10 24.043 ± 1.039
ab

 21.032 ± 1.578
cd

 24.366 ± 1.347
ab

 22.366 ± 1.487
c
 

100 25.606 ± 1.998
ab

 25.262 ± 0.927
ab

 25.546 ± 1.367
ab

22.256 ± 0.772
c
 

1000 24.825 ± 1.431
ab

 23.513 ± 0.477
bc

25.475 ± 0.613
ab

26.469 ± 0.891
a
 

1)
Total flavonoid content was expressed μg/mL of quercetin equivalent.

2)
The values represent mean ± SD for triplicate experiments. Means with same letters within a table are not significantly different at p<0.05 by Duncan’s Multiple 

Range Test.
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Changes in antioxidant capacity according to 
inducer feeding

For confirming the change in antioxidant activity after 100 
ppm of ascorbic acid, caffeic acid, laminarin, and glutathione, 
which showed antioxidant enhancing effect through injection, 
total phenolic compound and flavonoid content, DPPH radical 
scavenging ability, SOD-like activity, the reduction in power 
was analyzed and shown in Fig. 2. As a result, the contents of 
total phenolic compounds (Fig. 2A) and flavonoids were highest 
after sucrose and glutathione administration, similar to injection-
induced administration, but there was no significant difference. 
As a result, analyzing the major indicators of antioxidant activity 
such as DPPH radical scavenging ability, SOD-like activity, 
and reducing power of each silkworm extract, the increase 
in antioxidant activity was observed when ascorbic acid and 
glutathione were fed to silkworms with sucrose, similar to 
the results obtained by injecting the inducer. DPPH radical 
scavenging activity was highest in the ascorbic acid fed group, 
and the SOD-like activity was highest in the glutathione fed 
group. In the case of reducing power, similar activity increase 
was shown in the feeding of ascorbic acid and glutathione. 
Considering these results, it is judged that the feeding of ascorbic 
acid and glutathione can be used as a breeding technique 
that can increase the antioxidant function and the growth of 
silkworm. However, it is expected that the increased antioxidant 
functionality reflects the antioxidant activity inherent to the 
fed inducer rather than the increase in silkworm secondary 
metabolites, and additional studies such as component analysis 
are needed for clarifying this.

can increase the productivity of silkworms in addition to the 
antioxidant enhancing effect.

Fig. 1. Antioxidant activities of silkworm extracts according to 
injection of functional substances. The contents of (A) DPPH radical 
scavenging activities, (B) SOD-like activities, (C) the reducing 
powers activities of silkworm extracts as expression compared with 
non-injected control. The asterisks represent significant differences 
with respect to non-feed silkworm extracts (*P < 0.05, **P < 0.005).

Table 3. Changes in weight of larva at 5th instar 5 day according to 
feeding

Substance Weight/lava (g) 

Non 2.99 ± 0.65
dc1)

Sucrose 3.48 ± 0.43
bc

Sucrose + Ascorbic acid 3.49 ± 0.44
ab

Sucrose + Laminarin 3.29 ± 0.52
cd

Sucrose + Caffeic acid 3.44 ± 0.55
bc

Sucrose + Glutathione 3.60 ± 0.61
a

1)
The values represent mean ± SD for triplicate experiments. Means with same 

letters within a table are not significantly different at p < 0.05 by Duncan’s 
Multiple Range Test.
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