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The mature Bombyx mori silkworm is recognized as a rich source of several nutrients. A 
unique steaming process has been developed to enhance the palatability of Bombyx mori 
silkworm and make it more convenient to consume. Additionally, it has also been freeze-dried 
into a powder form, which is recognized as a nutritional supplement with many health benefits. 
Steamed and Freeze-dried Mature Silkworm Powder (SMSP) is said to offer a wide range of 
benefits, including longevity, improved athletic performance, prevention of alcohol-induced 
liver fibrosis or tumors, amelioration of fatty liver, prevention of peptic ulcers, regulation of 
melanin production, and mitigation of Parkinson's and Alzheimer's diseases by improving 
cognitive function. The nutritional composition of SMSP is particularly high in glycine, alanine 
and serine. This review aims to summarize the molecular mechanisms underlying the 
diverse effects induced by these key components of SMSP. Such elucidation will enhance 
the credibility of future studies on SMSP, which will require more comprehensive analyses. It 
appears that SMSP represents a natural health supplement that could have a positive impact 
on global human health while increasing income.

© 2024 The Korean Society of Sericultural Sciences
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Introduction

Currently, greenhouse gas emissions are a significant 
contributor to global climate change, with 14.5 percent of these 
emissions stemming from livestock production. Exploring the 
use of insects as a sustainable food source has emerged as a 
potential solution to mitigate this issue (Ghosh et al., 2021; 
Kim et al., 2022.). Among these insects, the mulberry silkworm 
(Bombyx mori) has a rich history of cultivation spanning 5,000 

years, primarily for the production of textiles. The white jade (WJ) 
cocoon, known for its production of white cocoons, serves not 
only as a textile material but also as a source for functional foods 
with diverse health-promoting effects, including the management 
of conditions such as diabetes, paralysis, and stroke (Kim et al., 
2022.).

Traditionally, 5th instar 3rd-day dried silkworms have been 
utilized as functional foods for regulating blood sugar levels 
(Lee et al., 2019; Kim et al., 2023a.). However, ensuring the 

*Corresponding author.
Hyunwoo Park 
Health Park co.,ltd. Seoul National University, 1 Gwanak-ro, Gwanak-gu, Seoul, 08826 Republic of Korea
Tel: +82-2-542-7760
E-mail: hwpark75@snu.ac.kr

The Molecular Metabolism of the Key Ingredients in the Steamed and 
Freeze-Dried Mature Silkworm Powder: Effects and Mechanisms

Min-Ju Kim1, Seong Ryul Kim2, Ji Hae Lee2, Byeongyeob Jeon3, Seokho Kim3,  
Eun Ji Go3, and Hyunwoo Park1,*
1Health Park co.,ltd. Seoul National University, 1 Gwanak-ro, Gwanak-gu, Seoul, 08826 Republic of Korea
2Department of Agricultural Biology, National Institute of Agricultural Sciences, Rural Development Administration, Wanju, 55365, Republic 
of Korea 
3QBM co., ltd. 6F 7-25 Gangnam-daero 27-gil, Seocho-gu, Seoul, 06752 Republic of Korea

Abstract



60       61

Min-Ju Kim et al. 
The Molecular Metabolism of the Key Ingredients in the Steamed and Freeze-Dried Mature Silkworm Powder: Effects and MechanismsIJIEB

Effects on liver diseases 
The liver undergoes a progressive sequence of events, 

including hepatitis, hepatic fibrosis and cirrhosis, initiated 
by fatty liver disease and culminating in liver cancer. In 
particular, alcohol dehydrogenase (ADH) and aldehyde 
dehydrogenase (ALDH), the primary enzymes responsible 
for alcohol metabolism, are predominantly synthesized by 
hepatocytes to metabolize alcohol, thereby contributing to 
alcoholic fatty liver disease resulting from chronic alcohol 
consumption. Several studies have shown that the onset of 
fatty liver disease can be attenuated by the administration of 
SMSP. Rats given oral administration of 25% ethanol along 
with daily SMSP intake for 4 weeks had significantly reduced 
total liver weight and decreased serum levels of alanine 
aminotransferase (ALT) and aspartate aminotransferase (AST) 
compared to rats given ethanol alone (Lee et al., 2020a). In 
addition, pretreatment with SMSP for 2 weeks significantly 
reduced ALT and alkaline phosphatase (ALP) levels in 
Sprague-Dawley (SD) rats given oral ethanol (Lee et al., 
2017b). ALT and AST, which are primarily active in the liver, 
are released into the serum when overactive and their serum 
activity levels serve as biomarkers of alcohol abuse induced 
liver injury and fatty liver disease (Sorbi et al., 1999.). The 
presence of alanine in SMSP affects alcohol metabolism 
(Kreisberg et al., 1972; Zhengtao Liu et al., 2014.). ADH, 
which is responsible for the breakdown of alcohol in the 
liver, requires the coenzyme NAD+, which is produced by the 
alanine dehydrogenase-mediated dehydrogenation of NADH 
(Sattler et al., 2012; Klatte et al., 2015.). During this process, 
alanine is converted to pyruvate by alanine transaminase 
(ALT), thereby enhancing alcohol metabolism (Klatte et al., 
2015; Häkkinen et al., 1975; Chyun et al., 2002.).

The degradation of alcohol generates reactive oxygen species 
(ROS) that affect the sirtuin 1 (SIRT1) signaling pathway, which 
is central to the pathogenesis of alcoholic liver disease (ALD) 
(Ren et al., 2020.). Ethanol is oxidized by ADH and aldehyde 
hydrogenase (ALDH) to reduce NAD+ (Gao et al., 2011.). This 
reduction in NAD+/NADH levels inhibits SIRT1 activity in the 
liver, subsequently impeding the activity of sterol regulatory 
element-binding protein 1c (SREBP-1c), AMP-activated 
kinase (AMPK) crucial for lipid homeostasis, peroxisome 
proliferator-activated receptor α (PPAR-α), and mechanistic 
target of rapamycin (mTOR), mTOR complex 1 (mTORC1), 
which counteract inflammatory responses, thereby fostering 

availability of silkworms precisely at the 5th instar 3rd-day mark 
poses challenges, as the protein gland in silkworms experiences 
rapid enlargement at the age of 5th instar 4th-day, diminishing 
the efficacy of blood sugar regulation and thereby reducing their 
value. Nonetheless, the development of a method involving the 
steaming and freeze-drying of silkworms aged 5th instar 4th-day for 
130 minutes has rendered them suitable for human consumption, 
offering promising prospects for increasing the income of sericulture 
farmers and expanding the industrial base (Ji et al., 2015; Ji et al., 
2017.). Presently, active research is underway to investigate the 
efficacy of steamed and freeze-dried mature silkworm powder 
(SMSP) developed through this method. 

The reported effects of SMSP include enhanced lifespan 
and healthspan, boosted mitochondrial activity, upregulation 
of olfactory genes such as Obp83a and Os-C, and heightened 
olfactory responses. Moreover, SMSP has shown potential 
in safeguarding against Parkinson's disease by counteracting 
rotenone-induced Parkinsonism (Nguyen et al., 2016; Mai 
et al., 2022.). In experimental models, SMSP exhibited 
hepatoprotective effects against diethylnitrosamine(DEM)-
induced liver injury and hepatocellular carcinoma, attenuating 
hepatocyte necrosis, inflammatory responses, and liver enzyme 
levels (ALP, AST, ALT) (Cho et al., 2016.). Additionally, 
it demonstrated protective effects against alcoholic liver 
injury, ameliorating hepatic steatosis, fibrosis, cirrhosis, and 
hepatocellular carcinoma (Cho et al., 2016; Lee et al., 2017b; 
Lee et al., 2020b). Furthermore, SMSP has demonstrated 
gastroprotective effects against gastric mucosal bleeding and 
ulcers (Lee et al., 2017a; Yun et al., 2017; Lee et al., 2023.), 
as well as inhibitory effects on melanin pigment production, 
thereby reducing skin darkening (Kim et al., 2017.). Notably, 
SMSP exhibits antioxidant properties (Nguyen et al., 2020b) and 
enhances cognitive functions, including memory enhancement 
(Nguyen et al., 2020a; Kim et al., 2023b.).

Despite the extensive research on the multifaceted benefits of 
SMSP, the specific active ingredients responsible for these effects 
remain unidentified. However, nutritional analyses have revealed 
elevated levels of three key proteins—serine, glycine, and 
alanine—in SMSP compared to other commonly used silkworm 
products as freeze-dried 3rd day of 5th instar silkworm larval 
powder (FDSP) (Ji et al., 2016.). Our objective is to contribute 
to future research endeavors on SMSP efficacy by elucidating 
the molecular mechanisms through which these three proteins 
impact the diverse known benefits of SMSP.



60       61

Int. J. Indust. Entomol. Biomater.
Vol. 48, No. (2), pp. 59-66 (2024) IJIEB

Anti-melanogenic activity
Melanin is the skin's pigment and its production is primarily 

triggered by ageing, hormonal fluctuations and UVB-induced 
skin irritation. Excessive melanin production leads to skin 
hyperpigmentation, manifesting as conditions such as melasma, 
freckles and age spots (Lin et al., 2007; Lee, 2015; Fu et al., 
2020.). The induction of melanogenesis involves three main 
signaling pathways activated by adrenocorticotropic hormone 
(ACTH) (G Hunt et al., 1994a.), α-melanocyte stimulating 
hormone (α-MSH) (Hill et al., 1989; Gillian Hunt et al., 1994b.) 
and stem cell factor (SCF) (Vanover et al., 2009.), which 
subsequently stimulate the enzymatic actions of tyrosinase 
(TYR), tyrosinase-related protein-1 (TRP-1) and TRP-2, 
facilitating the conversion of tyrosine into melanin pigment 
(Yamaguchi et al., 2007.). Glycine has been shown to inhibit 
melanogenesis by suppressing α-MSH-induced tyrosinase 
activity (Ishikawa et al., 2007.). This is further supported by 
findings indicating a marked reduction in UVB-induced aberrant 
pigmentation and inhibition of melanin synthesis in the dorsal 
skin of mice orally treated with SMSP (Kim et al., 2017.).

Effects of memory enhance and resistances to 
Parkinson’s disease

Recent reports have highlighted oxidative stress as a 
common underlying factor in several central nervous system 
(CNS) disorders, with increased oxidative stress and decreased 
antioxidant enzyme activity implicated in age-related cognitive 
decline and memory impairment (Chen et al., 2012; Rehman 
et al., 2017.). Glycine has emerged as a potential cognitive 
enhancer by modulating oxidative stress, offering promise 
in the prevention of memory decline and Parkinson's disease 
(Coyle et al., 2004; Castner et al., 2014; Tsai et al., 2014.). The 
antioxidant gene Nrf2 serves as a stress-response transcription 
factor that is activated in response to oxidative stress, particularly 
in neurodegenerative conditions. Nrf2 in turn triggers the 
activation of another redox regulator, HO-1 (Li et al., 2020.). 
Treatment of D-galactose-induced ageing mice with glycine 
significantly upregulated Nrf2 and HO-1 protein expression 
levels and attenuated D-galactose-induced oxidative stress. This 
intervention simultaneously attenuated synaptic protein loss and 
spatial learning/cognitive impairment by suppressing the JNK-
mediated apoptotic pathway (Liu et al., 2020.). Furthermore, 
glycine was found to protect against neuronal cell death in the 
cerebral cortex by phosphorylating transcription factors such as 

hepatic lipogenesis and inflammation (You et al., 2004; You et 
al., 2008; Purushotham et al., 2009; Jiang et al., 2015; Hanq-
ing Chen et al., 2018.). In this context, serine and glycine have 
been shown to play a critical role in the prevention of ALD by 
promoting glutathione (GSH) synthesis to mitigate ROS and 
increasing the NAD+/NADH ratio to activate SIRT1 (Ming Yin 
et al., 1998; Senthilkumar et al., 2004; Sim et al., 2019; Xin 
Liu et al., 2021.). In fact, SMSP significantly increased AMPK 
phosphorylation and SIRT1 while significantly decreasing the 
ethanol downregulated adipogenic factor PPAR-gamma (Lee 
et al., 2020a), confirming the beneficial effects of SMSP on 
lipid metabolism and reduction of malondialdehyde (MDA), 
an indicator of oxidative stress (Lee et al., 2017b). In particular, 
SMSP from white jade cocoons, which are rich in alanine and 
serine, showed a greater reduction in ADH, ALDH, AST and 
ALT levels than SMSP from golden silk and light green cocoons 
(Lee et al., 2017a).

Protect of Gastric injury
The mechanisms underlying gastric mucosal damage 

resulting from excessive ethanol consumption remain elusive, 
but it is hypothesized that the production of reactive oxygen 
species (ROS) during ethanol degradation and an exaggerated 
inflammatory response contribute. Gastric epithelial cells, rich 
in mitochondria, play a crucial role in maintaining the normal 
structure and function of the gastric mucosa by facilitating 
energy production through oxidative phosphorylation (Duman 
et al., 2002; Shimokawa et al., 2003; Yin et al., 2003.). Ethanol 
has been shown to induce gastric injury by generating oxygen 
free radicals (OFRs) that disrupt and impair mitochondrial 
structure, thereby precipitating gastric mucosal damage (Alarcon 
et al., 1995; Pan et al., 2008.). In addition, lipid peroxidation 
(LP) induced by ethanol-derived OFRs exacerbates gastric 
mucosal injury (Yoshikawa et al., 1997; Hernández-Muñoz 
et al., 2000.). The reduction in glutathione (GSH) levels 
induced by ethanol enhances superoxide radical-mediated lipid 
peroxidation (Yoshikawa et al., 1997; Hernández-Muñoz et al., 
2000.). This highlights the potential of serine and glycine to 
mitigate gastric injury by ameliorating oxidative stress through 
restoration of GSH synthesis, as mentioned above (Szabo et 
al., 1992.). Pretreatment with glycine followed by oral ethanol 
administration attenuated ethanol-induced gastric lesion 
formation, suggesting a role for glycine in scavenging OFRs 
(Ligumsky et al., 1995.).
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cognitive function (Nguyen et al., 2020b; Kim et al., 2020a) and 
attenuate the progression of Parkinson's disease (Nguyen et al., 
2016; Kim et al., 2017.).

Conclusion

Bombyx mori is not only a source of textiles, but also a 
valuable ingredient in the production of functional foods. 
Specifically, 5th instar 3rd-day dried silkworms are used 
primarily for their potential to lower blood sugar levels. 
Numerous studies have investigated the efficacy of Steamed 
and Freeze-dried Mature Silkworm Powder (SMSP), which 
has been processed into an easily consumable form using a 
special technology developed for 5th instar 4rd-day silkworms. 
These silkworms typically face challenges such as enlarged 
glands, reduced hypoglycaemic effects and difficulties in 
harvesting accurately at the ideal age. The benefits associated 
with SMSP include improved liver and stomach function, 
inhibition of skin pigmentation, improved cognitive function 
and potential prevention of Parkinson's disease. However, the 
precise molecular mechanisms underlying these effects remain 
largely unexplored. However, it is known that SMSP has a rich 
nutritional composition, particularly in essential amino acids 

Forkhead/FOXO, NF-kB, mdm2 or Bcl-2, thereby enhancing 
cell survival through non-ionotropic activation of GluN2AR, 
a subtype of N-methyl-D-aspartate receptors (NMDARs) 
central to the regulation of excitatory neurotransmission. This 
mechanism effectively attenuated glutamate neurotoxicity-
induced Akt inactivation (Burke, 2007; Manning et al., 2007; 
Hu et al., 2016.). In addition, serine, another amino acid critical 
for NMDAR function, shows an age-related decline in the 
hippocampus, affecting the induction of synaptic plasticity (Schell 
et al., 1995; Wolosker et al., 1999; Yang et al., 2005; Williams 
et al., 2006.). D-serine, required for transforming growth factor 
β1 (TGF-β1) activation, enhances astrocytic synaptogenic 
properties and promotes neuronal survival, ultimately increasing 
the number of cortical excitatory synapses (Diniz et al., 
2012; Diniz et al., 2014.). Alanine, which serves as an energy 
substrate in mitochondrial metabolism in both astrocytes and 
neurons, plays a dual role in memory formation and glucose 
metabolism, the latter being essential for the energy requirements 
of neurotransmission (Suzuki et al., 2011; Rabah et al., 2023.). 
It also modulates the cAMP-PKA pathway, thereby enhancing 
hippocampus-dependent memory formation by alleviating 
oxidative stress (Ma et al., 2021.). 

Taken together, these mechanisms suggest that the actions of 
glycine, serine and alanine support SMSP's potential to improve 

Table 1. Summary of key ingredients and mechanisms affecting efficacy

Efficacy Marker compound Molecular mechanism Reference

Liver disease

Glycine, Serine
ROS reduction
SIRT1 pathway

(Ming Yin et al., 1998; Senthilkumar et al., 2004; 
Sim et al., 2019; Xin Liu et al., 2021.)

Alanine Alcohol metabolism
(Kreisberg et al., 1972; Zhengtao Liu et al., 2014; 
Klatte et al., 2015; Häkkinen et al., 1975; 
Chyun et al., 2002.)

Protect of gastric injury Glycine, Serine
ROS reduction
Protection of mitochondria from oxygen free 
radical

(Szabo et al., 1992; Ligumsky et al., 1995.)

Anti-melanic activity Glycine Down-regulation of tyrosinase (Ishikawa et al., 2007.)

Memory enhancement
and Parkinson's disease 

Glycine
Modulation of NMDAR by Akt pathway  
Nrf2/HO-1 pathway 
JNK-mediated pathway

(Burke, 2007; Manning et al., 2007; 
Hu et al., 2016.)

Serine TGF-β1 activation
(L. P. Diniz et al., 2012;  
Luan Pereira Diniz et al., 2014.)

Alanine
Energy substrate in mitochondrial 
metabolism in both astrocytes and neurons
ROS reduction

(Suzuki et al., 2011; Rabah et al., 2023;  
Ma et al., 2021.)
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