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The aim of this study was to elucidate the difference in the amount of phytochemicals and 
anti-oxidant activities of the freeze-dried 5th instar 3rd day silkworm powder (FDSP) and 7 
HongJams (HJs). Three primary colors of light of 8 silkworm powders revealed why each 
sample had unique color. The visual and absorption spectrum analyses of 80% methanol 
(MeOH) extracts of 8 silkworm powders revealed that white jade (WJ)-FDSP extracts showing 
strong forest-green colors had different absorption spectrum from 7 HJs. Among 7 HJs, the 
absorption spectrum of light green silkworm (LGS)-HJ extract was different from those of 
other HJ extracts. The amounts of total flavonoids and phenolic compounds of WJ-FDSP 
were 423.0±9.21% and 252.3±12.86%, respectively, more than those of WJ-HJ. Among 7 
HJs, the amounts of total flavonoids and phenolic compounds in LGS-and red silkorm (RS)-
HJ extracts were significantly more than those of WJ-HJ extract. Consistent with the amounts 
of phytochemicals, radical scavenging activity and reducing ability of WJ-FDSP extract were 
significantly higher that other HJ extracts. Among 7 silkworm powder extracts, LGS-HJ extract 
showed significantly higher radical scavenging activity and reducing ability than those of WJ-
HJ extract. But, RS-HJ extract only showed significantly higher radical scavenging activity than 
that of WJ-HJ extract. Taken together, the amounts of phytochemicals in 8 silkworm powders 
contributed on their colors and anti-oxidant activities. 

© 2020 The Korean Society of Sericultural Sciences
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Introduction

Silkworms, known as insects from gods in sky, have been 
raised by humans for producing silk fibers and chrysalis more 
than 5,000 years (Koh, 2020). Even though there are more 

than 500 silkworm species all over world, Bombyx mori 
was a domesticated silkworm species suitable for raising by 
farmers. Before the 1990s, silk fibers were the main product 
for the sericulture industry in Korea, whereas after the 1990s, 
various functional foods using silkworms with certain health 
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the mulberry leaves in their silk glands (Choi et al., 2017b; Ji 
et al., 2016; Tsuchida and Sakudoh 2015). There was no study 
comparing the amounts of phytochemicals and anti-oxidant 
activities in HongJam (HJ) generated from various silkworm 
varieties yet. Thus, the major goal of this study was elucidating 
differences phytochemicals and anti-oxidant activities among 
WJ-FDSP and 7 HJs. 

Materials and Methods

WJ-FDSP and HongJam (HJ) production
Five varieties of Bombyx mori including WJ, GS, LGS, RS, 

and ULYS were used in this study. For generating FDSP, the 5
th 

instar 3
rd
 day larvae of WJ variety raised with mulberry leaves 

at the National Institute of Agricultural Science (NAS) campus 
at Wanju, Jeollabuk-Do, Korea were harvested, washed with tap 
waters, and then freeze-dried with a freeze-drier (JeonJin E&C, 
Kyeongsan, Koea). The freeze-dried 5

th 
instar 3

rd
 day silkworms 

were galvanized by a natural stone-roller mill (Duksan Co. Ltd., 
Siheung, Korea). 

HJ was produced as a previously published method (Ji et 
al., 2017). Mature silkworms of five varieties were raised with 
mulberry leaves at NAS campus at Wanju, Jeollabuk-do, Korea 
and washed with tap waters before steaming for 130 min in 
an electric pressure-free cooking machine (Kum Seong Ltd., 
Bucheon, Korea). Five varieties of steamed mature silkworms 
were freeze-dried at -50

o
C for 24 h in a freeze-drier (JeonJin 

E&C, Kyeongsan, Koea). Only WJ and GS varieties were 
dried for 3 h using a microwave-vaccum low temperature 
drier (Farmindor Inc., Seoul, Korea). Dried mature silkworms 
were cut by a DSMP-370 multipurpose mill (Duksan Co. Ltd., 
Siheung, Korea) and then pulverized using a natural stone roller 
mill (Duksan Co. Ltd., Siheung, Korea). Steamed and freeze-
dried mature silkworms were named as HJ and steamed and 
microwave-vacuum low temperature dried mature silkworms 
were coined as HJ-microwave dried (HJM).

Analysis of colors of WJ-FDSP and 7 HJs
WJ-FDSP and 7 HJs were plated in an 8-well-plate and 

photographs were taken with a FinePix S6800 digital camera 
(FujiFilm Corporation, Tokyo, Japan). Digital images were 
processed with Adobe photoshop CS6 program (Adobe, San 
Jose, CA, U.S.A.). The red, green, and blue intensities of 
383,569 pixels in digital images of 8 silkworm powders were 

improvement functions have been produced (Kim et al., 2019). 
Among various silkworm products with health improvement 
effects, the most famous product is the freeze-dried 5

th
 instar 3

rd
 

day silkworm powder (FDSP) which has hypoglycemic effects 
in animal models and humans (Ryu et al., 1997; Ryu et al., 
2002b; Ryu et al., 2012). In addition, since the alcohol extracts 
of the virgin-male silk moths have the effect of improving sexual 
functions (Ryu et al., 2002a) and the hydrolyzates of fibroin, the 
main components of silk fibers, have the memory enhancement 
effects in animals and humans (Do et al., 2012; Kim et al., 2005), 
they are currently sold as health improvement functional foods 
in Korea (Kim et al., 2019; Koh, 2020). Since mature silkworms 
are later stage larvae just before metamorphosis to pupae with 
enlarged silk glands, they contained various functional materials 
from larvae and silk fiber proteins (Ji et al., 2015). HongJam (HJ) 
is the steamed and freeze-dried mature silkworm powders and 
has a variety of health improvement effects (Kim et al., 2019), 
including extension of expected life spans and healthspans, 
locomotor ability enhancement (Nguyen et al., 2016), memory 
improvement (Nguyen et al., 2020), gastro-intestinal protection 
(Yun et al., 2017), skin-whitening effect (Kim et al., 2017), and 
promoting hair-growth (Ji et al., 2019). 

Laboratory of sericulture, Department of Agricultural 
Biology in National Institute of Agricultural Sciences (NAS) 
has currently secured total 340 purebreds (Ji et al, 2016a, Koh, 
2020). Combination of diverse purebreds could produce F1 
hybrids with specific characteristics. Currently, silkworm F1 
hybrid varieties that are bred in sericulture farms including white 
jade (WJ, also known as Baegokjam)(Lee et al., 1984), golden 
silk (GS)(Kang et al., 2007), and light-green silk (LGS, also 
known as Yeonnokjam)(Kang et al., 2011). In addition, red silk 
(RS, also known as Hong-gyeon) and ultra-large yellow silk 
(ULYS, also known as Daehwangjam) varieties are now under 
stabilizing their genetic traits in the laboratory. Each F1 hybrid 
variety has its own unique characteristics. For examples, the 
major characteristic of WJ, GS, and LG are large white cocoons, 
small yellow colored cocoons, and medium size pistachio-
colored cocoons, respectively (Kang et al., 2007; Kang et al., 
2011; Lee et al., 1984). In addition, RS and ULYS have medium 
size red cocoons and ultra-large yellow cocoons, respectively. 

The reason why F1 hybrid varieties having different parental 
purebreds weave different colored cocoons is that there are 
certain differences among silkworm varieties in the mechanisms 
of accumulation and secretion of phytochemicals absorbed from 
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The previously published protocol for quantifying total phenolic 
compounds was used (Choi et al., 2017a; Choi et al., 2017b). 
20μl of folin-Ciocalteu reagents (Merck MGaA, Darmstadt, 
Germany) mixed with equal amount of 80% MeOH extracts or 
various concentrations of gallic acid standard solution (0 ~ 0.5mg/
mL) was incubated for 5min at room temperature (RT). 40 μl of 
20% Na2CO3 (Daejung chemicals & Metals Co., Seoul, Korea) 
and 200 µl of dH2O were added to mixed solutions and then 
incubated for 1 h in the complete darkness. Absorbance at 750 
nm for final mixtures were measured using an Epoch microplate 
spectrometer (BioTek Instruments Inc., Winooski, VT, USA). 
The quantity of total phenolic compounds in each sample was 
calculated with a standard curve generated by serially-diluted 
gallic acid standards and depicted as mg gallic acid/g sample.

1,1-di-phenyl-2-picryl-hydrazyl (DPPH) radical 
scavenging assay

The previously published protocol for DPPH radical scavenging 
assay was used (Choi et al., 2017a; Choi et al., 2017b). The DPPH 
assay working solution (absorbance at 515 nm = 1.1, approximately) 
was generated by mixing 1.0 ml of DPPH stock solution [0.024% 
(wt/vol) DPPH (Merck KGaA, Darmstadt, Germany) in MeOH] 
with 4.5 ml MeOH. 190 μl of DPPH working solutions were mixed 
with 10 µl of the extracts or various α-tocopherol standard solutions 
(0 ~ 1.5 M) and then incubated for 30 min in the dark and then 
absorbance at 515 nm was measured using an Epoch microplate 
spectrometer (BioTek Instruments Inc., Winooski, VT, USA). 
Anti-oxidant activities also known as radical scavenging activities 
of samples were calculated using a standard curve generated 
by serially-diluted α-tocopherol standards and depicted as µM 
α-tocopherol/g of sample.

Ferric reducing ability of plasma (FRAP) assay
For quantifying total reducing abilities in samples, FRAP total 

reducing ability assay was performed as previously published 
(Choi et al., 2017a; Choi et al., 2017b). 4.0 ml of a 300 mM 
acetate buffer (3.1 g of C2H3NaO2∙3H2O in 16 ml of C2H4O2, pH 
3.6, DaeJung Chemicals & Metals Co., Seoul, Korea), 0.4 ml 
of a 10 mM 2,4,6-tripyridyl-s-triazine (TPTZ; Merck KGaA, 
Darmstadt, Germany) in 40 mM HCl (DaeJung Chemicals & 
Metals Co., Seoul, Korea) and 0.4 ml of a 20 mM FeCl3∙6H2O 
solution were mixed. 190 µl of the mix solution was warmed at 
37°C and mixed with 10 µl of 80% MeOH extracts or various 
concentrations of α-tocopherol solution (0 ~ 1500 mM), and 

measured. 

 Extracting phytochemicals from 8 silkworm 
powders

Phytochemicals in WJ-FDSP, WJ-HJ, WJ-HJM, LGS-HJ, GS-
HJ, GS-HJM, RS-HJ, and ULYS-HJ were extracted as previously 
published (Choi et al., 2017a; Choi et al., 2017b). 0.5g of samples 
were mixed with 5.0ml of 80% (vol/vol) methanol (MeOH, 
DaeJung Chemicals & Metals Co., Seoul, Korea) and shaken at 
30

o
C for 1 h in a IS-971R rotary shaker (Jeio Tech, Daejeon, 

Korea). After centrifuged at 3,000rpm for 10min, supernatants 
were collected and stored at -50

o
C. Five biological replications 

were generated for each variety.

UV and visible light absorption spectra of 80% 
MeOH extracts of 8 silkworm powders

UV and visible light absorption spectrum (200~800 nm) of 
80% MeOH extracts of 8 silkworm powders were analyzed 
by Multiskan Go spectrophotometer (ThermoFisher Scientific, 
Waltham, MA, U.S.A.). 80% MeOH was used as a blank and 
80% MeOH extracts of 8 silkworm powders were 1:2 diluted 
with equal amounts of 80% MeOH. Five biological replications 
were performed for each sample. Absorbance spectra were 
normalized by subtracting absorbance of 80% MeOH from those 
of 80% MeOH extracts of 8 silkworm powders. 

Quantification of the amounts of total flavonoids
The previously published protocol for quantifying total flavonoids 

was used (Choi et al., 2017a; Choi et al., 2017b). The mixtures of 
20 µl of Catechin standard solutions (0 ~ 0.5mg/mL) or 80% 
MeOH extracts with 6 μl of a 5% (wt/vol) NaNO2 solution (Merck 
KGaA, Darmstadt, Germany) and 80 μl of dH2O were incubated 
5min at RT and then 6 μl of 10% AlCl3 (DaeJung Chemicals 
& Metals Co., Seoul, Korea) was added. The mixtures were 
incubated for 6min and then 40 μl of 1.0 M NaOH and 48 μl 
of dH2O were sequentially mixed well. Absorbance at 510 nm 
was measured using an Epoch microplate spectrometer (BioTek 
Instruments Inc., Winoosky, VT, U.S.A.). The quantity of total 
flavonoids in samples was calculated using a standard curve 
generated by serially-diluted catechin standards and depicted as 
mg catechin/g sample. 

Quantification of the amounts of total phenolic 
compounds
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Since eight silkworm powders have certain colors, the three 
primary colors for light of them were analyzed (Figure 1). As 
clearly seen from Figure 1., WJ-FDSP showed strong forest-
green color. The intensities of red of WJ-FDSP particles were 
127.90 ± 0.015 which was 14.3 ~ 22.2% lower than those 
of other 7 HJ particles. The intensities of green of WJ-FDSP 
particles were 145.47 ± 0.015 which was 2.7 ~ 24.3% higher 
than those of 7 HJ particles. In contrast, the intensities of blue 
of WJ-FDSP particles were 51.85 ± 0.015 which was 10.7 ~ 
22.4% lower than those of WJ-HJ and –HJM particles or 11.4 ~ 
1443.1% higher than those of the other HJ particles. 

When the primary colors for light of 7 HJs were compared, 
there were no significant differences between freeze-dried and 
microwave-vacuum-dried HJs. However, there were significant 
differences among silkworm varieties. Especially, the color of 
RS-HJ was quite different from others and appeared as dark 

incubated for 30 min in the dark. Absorbance at 593 nm was 
measured using an Epoch microplate spectrometer (BioTek 
Instruments Inc., Winooski, VT, USA). The reducing ability of 
each sample was calculated using a standard curve generated 
with α-tocopherol standards and depicted as µM Fe(II)/g of 
sample.

Statistical analyses
One-way analysis of variance (ANOVA) and Tukey’s honestly 

significant difference (HDS) post hoc test were performed using 
Excel program (Microsoft Corporation, Redmond, WA, USA).

Results

Analysis of three primary colors of light for WJ-
FSDP and 7 HJs

Fig. 1. The digital images of WJ-FDSP and 7 HJs. The color of each silkworm powder was analyzed by examining red, green and blue 
intensities of 383,569 pixels in each sample.
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among 8 silkworm powders, extracts were subjected to be 
analyzed by UV and visible light absorption spectrums (Figure 
2B). The normalized absorption spectrum of WJ-FDSP extracts 
was different from those of 7 HJ extracts. WJ-FDSP extract had 
a major peak ranged 280 ~ 500 nm with the highest normalized 
absorbance at 300 nm (3.399) and a minor peak ranged 650 ~ 
685 nm with a normalized peak absorbance at 665 nm (0.5358). 
Except the normalized absorption spectrum of LGS-HJ extract 
which showed a major peak ranged 280 ~ 325 nm with a 
normalized peak absorbance at 300 nm (2.733) and a minor 
peak ranged 340 ~ 400 nm with a normalized peak absorbance 
at 360 nm (1.451), there were only one major peak in other 6 
HJ extracts. The height of a peak detected from WJ-HJ were 
the lowest absorbance at 295 nm (2.198) among 7 HJ extracts. 
These results suggested that 80% MeOH extracts of 8 silkworms 
contained large amounts of small molecules which could be 
detected by UV. 

orange caused by very low intensities of blue color of RS-HJ 
particles (3.36 ± 0.007) which was only 5.3 ~ 33.5% of those of 
other 6 HJ particles. WJ-HJ and –HJM appeared to have bright 
colors than other HJs. In addition, the reason the green color is 
reflected from YG-HJ particles was that the intensity of green 
of YG-HJ particles was 4.6 ~ 21.1% higher than those of other 
HJ particles. It was difficult to clearly distinguish the color 
differences in GS-HJ, GS-HJM, and ULYS-HJ with naked eye 
and they appeared to be purple yellow. 

Ultraviolet and visible light absorption spectrum 
differences among 8 samples

8 silkworm powder extracts could be divided into 4 groups 
by visual inspection (Figure 2A). The WJ-FDSP extract showed 
strong forest-green color. WJ-HJ and –HJM and LGS-HJ extracts 
showed weak yellow colors, while RS- and ULYS-HJ showed 
yellow colors. GS-HJ and –HJM showed medium yellow colors. 

To further analyze the bio-physical basis of color differences 

Fig. 2. Colors and absorption spectra of 80% MeOH extracts of 8 silkworm powders
A. Visual inspection of colors of 80% MeOH extracts of 8 silkworm powders. Strong green color was clearly seen from FDSP extracts. 
Extracts of WJ-HJ, WJ-HJD, and LGS-HJ showed light yellow colors. GS-HJ and –HJD showed medium yellow colors. RS- and ULYS-HJ 
showed strong yellow colors.
B. Normalized UV and visible light absorption spectrums of 80% MeOH extracts from 8 silkworm powders. FDSP extracts showed a major 
peak ranged 280 ~ 500 nm and a minor peak ranged 650 ~ 685 nm. Among 7 extracts from HJs, LSG-HJ extract showed a major peak 
ranged 280 ~ 325 nm and a minor peak ranged 340 ~ 400 nm. The other extracts only had a one peak ranged 280 ~ 320 nm. WJ-HJ extract 
had the lowest peak. 



24       25

Phuong Nguyen et al. 
A comparative study on the phytochemical and anti-oxidant activity differences in HongJam prepared with various silkworm varieties

(Figure 3A). Among 7 HJs, the amounts of total flavonoids in 
LGS- (118.5 ± 2.06%) and RS-HJ extracts (119.1 ± 0.75%) were 
significantly more than that of WJ-HJ extract (100.0 ± 0.84%, 
p<0.05). The amounts of total flavonoids in WJ-HJM (98.0 ± 
1.11%), GS-HJ (94.1 ± 1.03%) and GS-HJM extracts (90.6 ± 
0.75%) were appeared to be less than that of WJ-HJ extract, 
while that of ULYS-HJ extract (107.9 ± 0.42%) was appeared to 
be more than that of WJ-HJ extract.

The amounts of total phenolic compounds in 8 
silkworm powder extracts

Another abundant phytochemical in HJ was phenolic 
compounds (Choi et al., 2017a; Choi et al., 2017b). Thus, the 
amounts of total phenolic compounds in 8 silkworm powder 
extracts were determined (Figure 3B). Similar to those of total 
flavonoids, the amount of total phenolic compounds in WJ-FDSP 
extract (252.3 ± 12.86%, p<0.05) was significantly more than those 
of 7 HJ extracts. Among 7 HJ extracts, the amounts of total phenolic 
compounds in LGS- (137.1 ± 4.80) and RS-HJ (131.0 ± 6.46%) 
were significantly more that of WJ-HJ extract (100.0 ± 2.22%, 
p<0.05), while WJ-HJM (115.1 ± 2.68%), GS-HJ (111.6 ± 1.17%), 
GS-HJM (104.3 ± 0.83%), and ULYS-HJM extracts (106.0 ± 1.24%) 
were appeared to be more. Taken together, the significantly more 
phytochemicals in WJ-FDSP contributed on colors of powders and 
extracts. In addition, there were significantly more phytochemicals 
in LGS- and RS-HJs than WJ-HJ.

DPPH radical scavenging activities in 8 silkworm 
powder extracts

One of the most important functions of phytochemicals was 
anti-oxidant activities (Bae et al., 2016; Ji et al., 2016; Martel et 
al., 2019; Nguyen et al., 2020). The differences in amounts of 
phytochemicals in 8 silkworm powder extracts suggested possible 
differences in their anti-oxidant activities. Thus, DPPH radical 
scavenging activities of 8 silkworm extracts were examined (Figure 
4A). Similar to the amounts of phytochemicals, WJ-FDSP extract 
(214.8 ± 3.20%) showed significantly higher radical scavenging 
activity than those of 7 HJs extracts (p<0.05). In addition, the 
radical scavenging activity of LGS- (149.4 ± 4.65%) and RS-HJ 
extracts (133.2 ± 5.00%) were significantly more than that of WJ-HJ 
extract (100.0 ± 1.82%, p<0.05). The radical scavenging activities of 
WJ-HJM (141.2 ± 6.72%), GS-HJ (128.0 ± 2.68%), GS-HJM (127.9 
± 9.78%), ULYS-HJ extracts (106.6 ± 2.99%) were appeared to be 
increased. 

The amounts of total flavonoids in 8 silkworm 
powder extracts

Since HJs generated from silkworm varieties with different 
cocoon colors had different colors and absorption spectra (Figures 
1&2), we hypothesized that the amounts of phytochemicals in 
8 slikworm powders might be different. Thus, we examined the 
amounts of total flavonoids in 8 silkworm powder extracts (Figure 3). 

The amount of total flavonoids in WJ-FDSP (423.0 ± 9.21%, 
p<0.05) was significantly more than those of other 7 HS extracts 

Fig. 3. The amounts of total flavonoids and phenolic compounds in 
8 silkworm powders
A. There were significant differences in the amounts of total 
flavonoids [F(7, 39)=1091.653, p=3.3×10

-36
] in 8 silkworm powder 

extracts. The amount of total flavonoids in FDSP extracts was 
significantly more than those of other HJ extracts. Among 7 HJ 
extracts, LGS- and RS-HJ extracts were significantly more than 
those of WJ-HJ, GS-HJ, and GS-HJM (p<0.05)
B. There were significant differences in the amounts of total 
phenolic compounds [F(7, 39)=82.12, p=1.2×10

-18
] in 8 silkworm 

powder extracts. The amount of total phenolic compounds in FDSP 
extracts was significantly more than those of other HJ extracts. 
Among 7 HJ extracts, LGS- and RS-HJ extracts were significantly 
more than those of WJ-HJ, GS-HJM, ULYS-HJ extracts. One-
way ANOVA followed by Tukey HDS post hoc analyses were 
performed. Different letters above error bars indicated significant 
differences (p<0.05).
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extract (80.4 ± 1.66%) were significantly less. The FRAP reducing 
activities of WJ- (112.7 ± 0.80%), GS-HJM (108.7 ± 1.01%), RS-HJ 
extracts (108.4 ± 1.60%) were appeared to be increased while that 
of ULYS-HJ extract (91.5 ± 1.00%) was appeared to be reduced. 
Taken together, WJ-FDSP had strong anti-oxidant activities 
than the other HJs and LGS-HJ had the strongest anti-oxidant 
activities among 7 HJs. 

Discussion

Mulberry silkworms that eat only the mulberry leaves begin 
to develop silk glands after 5

th
 instar 3

rd
 day. When they become 

mature silkworms, they stop eating and prepare to become a pupa 
by emptying their gastro-intestinal track (Ji et al., 2015; Ji et 
al., 2017). Thus, the 5

th 
instar 3

rd
 day silkworms contained more 

diverse phytochemicals originated from mulberry leaves than 
the mature silkworms. It has been reported that mulberry leaves 
contained quite large amounts of 1-Deoxynoirimycin, flavonoids, 
and phenolic compounds and have anti-hyperglycaemic, anti-
hyperlipidaemic, anti-obesity, anti-hypertensive, anti-oxidative, 
anti-inflammatory, anti-atherosclerotic and cardio-protective 
effects (Thaipitakwong et al., 2018). Thus, we expected that 
WJ-FDSP must have quite large amounts of phytochemicals 
than other HJs generated from mature-silkworms which did 
not contain any mulberry leaves in its gastro-intestinal track. 
Indeed, we found that WJ-FDSP had 2.52 ~ 4.23 times more 
phytochemicals than that of WJ-HJ (Figure 3). In addition, a 
radical scavenging activity and a reducing ability of WJ-FDSP 
extract was 2.15 and 3.12 times higher than those of WJ-HJ 
extract (Figure 4). Because of abundant phytochemicals in WJ-
FDSP, the colors of WJ-FDSP particles were strong forest-green 
and the absorption spectrum of its extract was not included 500 ~ 
580 nm which represented green (Figure 2). 

Silkworms discharge absorbed phytochemicals out of the body 
through malphighian tubules or accumulate them in silk glands 
(Choi et al., 2017b; Tsuchida and Sakudoh 2015). The silkworm 
varieties used in this study make various colored cocoons. 
The color of the cocoon was clearly distinguished between 
varieties, but the colors of HJs made from mature silkworms 
including enlarged silk glands were not clearly distinguished 
(Figure 1). The reason is that while silk proteins in silk glands 
are secreted as silk fibers, phytochemicals bind to the surface 
of silk-fibers, resulting in a distinct color (Choi et al., 2017a). 
Whereas silk proteins exist as liquid in the silk gland, so colors 

FRAP reducing abilities in 8 silkworm powders
Anti-oxidant activities in 8 silkworm powders were further 

determined by FRAP reducing ability assays (Figure 4B). Similar 
to DPPH radical scavenging activities, FRAP reducing ability 
in WJ-FDSP extract (312.2 ± 9.16%) was significantly higher 
than those of 7 HJ extracts (p<0.05). In addition, FRAP reducing 
ability of LGS-HJ (130.9 ± 2.33%) were significantly increased 
than that of WJ-HJ (100.0±1.17%, p<0.05) while those of GS-HJ 

Fig. 4. The DPPH radical scavenging activities and FRAP reducing 
abilities in 8 silkworm powders
A. There were significant differences in the DPPH radical 
scavenging activities [F(7, 39)=46.2, p=5.96×10

-15
] in 8 silkworm 

powder extracts. The DPPH radical scavenging activity in FDSP 
extracts was significantly more than those of other HJ extracts. 
Among 7 HJ extracts, LGS-HJ extracts were significantly more than 
those of WJ- and ULYS-HJ (p<0.05).
B. There were significant differences in the FRAP reducing abilities 
[F(7, 39)=454.33, p=3.7×10

-30
] in 8 silkworm powder extracts. The 

amount of FRAP reducing ability in FDSP extracts was significantly 
more than those of other HJ extracts. Among 7 HJ extracts, LGS-
HJ extracts were significantly more than those of 6 HJ extracts. 
One-way ANOVA followed by Tukey HDS post hoc analyses were 
performed. Different letters above error bars indicated significant 
differences (p<0.05). 
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Breeding of new silkworm strain yeonnokjam. Int J Indust Entomol 

23, 175-178

Kim DK, Kang YK, Lee MY, Lee KG, Yeo JH, Lee WB, et al. (2005) 

Neuroprotection and enhancement of learning and memory by BF-7 J 
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Kim HJ, Kim KY, Ji SD, Lee HT (2017) Anti-melanogenic activity 

of steamed and freeze-dried mature silkworm powder. J Asia-Pac 

Entomol 20, 1001-1006.

Kim KY, Osabutey AF, Nguyen P, Kim SB, Jo YY, Kweon H, et al. 

(2019) The experimental evidences of steamed and freeze-dried 

mature silkworm powder as the calorie restriction mimetics. Int J 

Indust Entomol 39, 1-8.

Koh YH (2020) The memory enhancement and healthspan extension 

effects of HongJam The Policy Report of National Institute for 

Korean Medicine Development 5, 22-33

Lee SP, Hong KW, Sohn KW, Mah YI, Kim KY (1984) Breeding of 

new silkworm variety "Baegokjam" Research Rep RDA 26, 58-64

Martel J, Ojcius DM, Ko YF, Ke PY, Wu C-Y, Peng HH, et al. (2019) 

Hormetic effects of phytochemicals on health and longevity. Trends 

Endrocrinol Meta 30, 335-346.

Nguyen P, Kim KY, Kim AY, Kim NS, Kweon HY, Ji SD, et al. 

(2016) Increased healthspan and resistance to Parkinson's disease 

in Drosophila by boiled and freeze-dried mature silk worm larval 

powder. J Asia-Pac Entomol 19, 551-561.

of phytochemicals may not clearly appear. And since the tissues 
other than the silk glands did not have a characteristic color, 
so their colors might fade in after being pulverized together 
with other tissues. Nevertheless, it was revealed that there is a 
difference in color between HJs depending on the varieties by 
the three primary color analysis of light and the UV-visible light 
spectrum analysis. In addition, LGS- and RS-HJs, which showed 
stronger absorbance values, had significantly greater amounts of 
phytochemicals than WJ-HJ and showed high antioxidant effects 
(Figure 2, 3 and 4). These results suggested that the difference 
in antioxidant activities present in HJ extracts may be due to the 
difference in the amounts of phytochemicals.

In conclusion, HJs generated from silkworm varieties with 
diverse cocoon colors had different amounts of phytochemicals 
and anti-oxidant activities. There was no significant difference 
in the amounts of phytochemicals and anti-oxidant activities 
between freeze-dried and microwave-vacuum dried mature 
silkworm powders. Thus, microwave-vacuum dry could replace 
expensive and time-consuming freeze-dry. In addition, It is 
highly possible that the health enhancement effects of each 
silkworm variety may be different, so further researches are 
needed to be done in the future. 
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