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Silk sericin is a natural polymer produced by the silkworm, Bombyx mori, which surrounds
and keeps together two fibroin filaments in silk thread used in the cocoon. The recovery and
reuse of sericin usually discarded by the textile industry not only minimizes environmental
issues but also has a high scientific and commercial value. The physicochemical properties of
the molecule are responsible for numerous applications in biomedicine and are influenced by
the extraction method and silkworm lineage, which can lead to variations in molecular weight
and amino acid concentration of sericin. The presence of highly hydrophobic amino acids and
their antioxidant potential make it possible for sericin to be applied in the food and cosmetic
industry. The moisturizing power allows indications as a therapeutic agent for wound healing,
stimulating cell proliferation, protection against ultraviolet radiation, and formulating creams
and shampoos. The antioxidant activity associated with the low digestibility of sericin expands
the application in the medical field, such as antitumour, antimicrobial and anti-inflammatory
agent, and anticoagulant, acts in colon health, improving constipation and protecting the body
from obesity through improved plasma lipid profile. In addition, the properties of sericin allow
its application as a culture medium and cryopreservation, in tissue engineering and for drug
delivery, demonstrating its effective use, as an important biomaterial. The present review on
sericin describes its properties and application in various fields.
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Introduction

Silk is one of the oldest materials known to man, having been used as medical sutures as early as
131-211 AD by the Greek physician Aelius Galenus [1]. Silkworm silk protein biopolymer is made of
two components—silk fibroin (SF) and silk sericin (SS) [2]. Silk fibroin forms the central core
imparting toughness and load-bearing properties in silk, while Silk sericin is a gumming agent. Silk
sericin, a group of water-soluble glycoproteins accounts for 25-30% (w/w) of total silkworm
cocoons [3].

Silkworm, Bombyx mori, a holometabolous insect belonging to the order Lepidoptera and family
Bombycidae, produces an amorphous glycoprotein, silk sericin, in the middle silk gland. B. mori
produces a large amount of sericin by the end of the fifth larval instar and together with the fibroin
forms the silk thread that leads to cocoon formation, a structure that provides ideal conditions for
survival from larval metamorphosis to the adult stage [4].

In the textile industry, the cocoon is processed and sericin is largely removed through a process
called degumming. Extracted fibroin is converted into raw silk and used in the manufacture of
many types of yarn, silk fabric and other biomedical applications [5, 6]. Commercial silk farming is
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believed to be one of mankind's oldest agricultural explorations [7]. Historical data comes from
northern China and goes back 5000 years. [8] where it has spread to other areas in the east and
west.

In addition to its economic importance through applications in the agricultural industry, B. mori is
the most important butterfly used in scientific research, gene and tissue engineering, a resource
capable of elucidating a wide range of biological problems and diseases. Recently, the cocoon of B.
mori and its silk proteins, fibroin and sericin, have been the subject of research showing potential
uses in the field of polymers, biomaterials, cosmetics and the food industry [5, 9]. Sericin has long
been neglected in silkworm breeding. It is estimated that 400,000 tons of dry cocoons worldwide
produce 50,000 tons of sericin [10]; Sericin was discharged into wastewater, resulting in high
chemical and biological oxygen demand and water contamination [11]. Therefore, the extraction and
use of sericin could have strong economic, social, and environmental impacts, especially in
countries where silkworm farming is practiced, such as China, India, and Brazil.

Sericin is a natural polymer that acts as an adhesive, binding two strands of fibroin to form silk
yarn. The molecule is very hydrophilic with a molecular weight of 20 to 400 kDa and consists of 18
essential amino acids. The polar groups (carboxyl, hydroxyl and amino groups) of amino acid side
chains and their organic composition and properties such as solubility, and structural organization
allow for easy crosslinking, copolymerization and combination with other polymers, giving sericin
unique properties of Antioxidant, Moisturizer, Wound Dressing, Wound Dressing, healing bandages,
antibacterial, antimicrobial, protection against UV radiation and antitumor [12 - 14].

Though sericin is considered a by-product and discarded as waste in the sericulture industry, it has
attracted immense interest in the field of cosmetics, biomedical, and pharmaceutical applications
owing to its antibacterial, antioxidant, anti-cancer, anti-inflammatory, anticoagulant and wound
healing properties. Thus, the increasing demand for biocompatible and biodegradable materials
reflects the growing interest in non-textile applications of silk protein across a wide range of science
and medicine and justifies the present review describing the properties, biomedical and dental
applications of sericin polymer extracted from cocoons of B Mori.

Sericin [15]

Sericin, an insoluble protein in cold water, boasts of high hydrophilicity and adhesive properties
similar to that of gelatin. Its spherical structure permits the attachment of silk filaments, thereby
maintaining the structural integrity of the cocoon during its formation. Apart from its adhesive
property, sericin contains 18 amino acids, with the significant compounds being serine (32%),
aspartic acid (18%), and glycine (16%). It is noteworthy that this protein is made up of 45.8%
hydroxy amino acids (serine and threonine), 42.3% polar amino acids, and 12.2% non-polar amino
acids. This protein can be copolymerized and mixed with other polymers to produce biodegradable
materials due to its strong polar side chains such as hydroxyl, carboxyl, and amino that allow for
easy cross-linking.

The molecular weight of sericin is dependent on the method of extraction. When obtained from
cocoons, the molecular weight ranges from 40-400 kDa, while it ranges from 80-310 kDa when
extracted directly from the glandular worm. This range varies depending on several factors such as
the type of reactive agent used, whether acidic, alkaline, or enzymatic. Additionally, factors such as
temperature, pressure, pH, and processing time can also affect the molecular weight of the
extracted sericin.

Forms of Silk Sericin

Sericin can be classified into three fractions, depending on their solubility sericin A, sericin B, and
sericin C. Sericin A is the outermost layer and is insoluble in hot water. It contains about 17.2% of
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nitrogen and amino acids like serine, threonine, glycine, and aspartic acid. Sericin B is the middle
layer and on acid hydrolysis, it yields the amino acid of sericin A, in addition to tryptophan. It
contains 16.8% of nitrogen. Sericin C is the innermost layer, which is adjacent to fibroin and is
insoluble in hot water and can be removed from fibroin by treatment with hot dilute acid or alkali.
On acid hydrolysis, it yields proline in addition to amino acids of sericin B. It also contains sulfur
and 16.6% of nitrogen.

Sericin has been divided into various species based on relative solubilities. Various fractions of
sericin are also designated by other researchers depending on their dissolution behaviour as sericin
A and B, or sericin I, II, III, and IV, or S1, S2, S3, S4, and S5, and as «, B, and y modification [16,
17]. The major molecular conformation of easily soluble sericin is a random coil, whereas the B-
sheet structure is more difficult to dissolve. The repeated moisture absorption makes the molecular
aggregation structure denser and forms a more crystalline structure, which is having reduced
solubility.

The y-ray study shows the three layers in the sericin structure. The outer layer contained some fibre
direction filaments, the middle layer exhibits cross-fiber direction filaments, and the inner layer
shows longitudinal filaments. The structure of sericin also depends on the casting temperature.
Lower the casting temperature more the sericin molecules assume B-sheet structure rather than
random coil [18, 19].

Properties

Sericin's unique properties allow it to form a gel when its random coil structure is transformed into
a B-sheet structure. The random coil structure is soluble in hot water, but as the temperature
decreases, it undergoes a conformational change to a B-sheet structure, leading to gel formation
[20-21]. The solubility of sericin in water reduces when it is converted to a B-sheet structure.

The gelation of sericin happens more rapidly at low temperatures (10°C) and pH levels around 6-7.
When the protein's random coil structure is transformed into p-sheet structure, an aqueous solution
of sericin forms a gel. This process can be reversed by heating the sample in water to 50-60°C and
cooled to room temperature, leading to the formation of gel again. According to Kweon et al.
(2000), the gel strength of sericin increases when surface tension decreases, and the gelation time
reduces with the addition of high concentrations of poloxamer gel. The hydrophilic part of the latter
gel absorbs the water that surrounds sericin, resulting in this effect [15].

Sol-Gel Transition: Sericin has sol-gel properties as it easily dissolves into the water at 50-60°C
and again returns to gel on cooling [22].

Isoelectric pH: As there are more acidic than basic amino acid residues the isoelectric point of
sericin is about 4.0 [23]. The isoelectric point of a molecule is the pH at which it carries no net
electrical charge. It is also defined as the reference concentration of hydrogen ions or other ions in
which this condition can be observed. As such, the isoelectric point is typically defined in terms of
the pH scale. The isoelectric point of sericin has been determined to be between 3.5 and 4.0. This is
attributed to the presence of a higher amount of acidic amino acids compared to basic amino acids
in sericin [15].

Solubility: Sericin is a partially soluble protein in hot water. The solubility of sericin increases with
the addition of poly (Na acrylate) and decreases with the addition of polyacrylamide, formaldehyde,
or resin finishing agents [24-26].

The solubility of sericin is also influenced by its amorphous and crystalline structure. The
amorphous region is comprised of a random coil structure, which is the primary molecular
conformation of the easily soluble sericin. In contrast, the crystalline region, known as the B-sheet,
is more challenging to dissolve [15].
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Molecular Weight Extracting sericin using 1% sodium deoxycholate solution followed by
precipitation, using an equal volume of 10% trichloroacetic acid, shows molecular weight in the
range of 17100 to 18460 [27]. Extraction of sericin by hot water shows a molecular weight of 24000
by gel electrophoresis, whereas the spray-drying method produced sericin of molecular weight
5000-50,000, with enzyme action 300-10,000 and 50,000 when it is extracted with aqueous urea at
100°C [28].

Figure 1. Biochemical properties of sericin

Figure 2. Biological properties of sericin
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Recent research has highlighted the potential applications of sericin in various industries, including
the biomedical, pharmaceutical, and food industries. Sericin has been utilized to develop products
such as cancer drugs, blood thinners, and cell culture additives in the form of granules, gels,
solutions, and films (Table 1). These developments have been reported in several countries,
including Italy, the USA, China, Austria, Japan, and Romania [15].

Application of sericin in the Medical field [15]

Sericin exhibits both antioxidant and anticoagulant, Anticarcinogenic, and Healing properties, and
used as Bandage.

Tissue engineering: Materials that can be used in drug delivery, grafts and immobilizing matrices
such as matrices in 2D (films) and 3D (scaffold) are one of the main goals of biomedical research.
Films and scaffolds have been successfully made using a mixture of gelatine and sericin extracted
from the silkworm Antheraea mylitta. Fabricated supports have evenly distributed pores, good
compressive strength and high swellability. In addition, they show high porosity, low
immunogenicity, and improvement in both cell attachment and viability. These properties are
critical for tissue engineering and biomedical applications, which reveals the potential use of
sericin in the future development of bio-polymeric grafts [15].

Apart from its tissue engineering applications, sericin has been utilized for the regeneration of
cartilage and nerves. In a study by Dinescu et al., they observed that a scaffold composed of
collagen-sericin infused with hyaluronic acid and chondroitin sulfate may offer temporary physical
support to human adipose-derived stem cells in cartilage tissue engineering. Hyaluronic acid and
chondroitin sulfate are regarded as the most advantageous pro-chondrogenic factors in developing
new biomaterials for cartilage tissue engineering, and adipose-derived stem cells have been proven
to exhibit high chondrogenic potential. Meanwhile, Xie et al. have discovered that a pure sericin
conduit may be utilized for peripheral nerve regeneration in a rat nerve injury model. This sericin/
silicone nerve guidance conduit can act as a viable alternative to autologous nerve grafts in
repairing damaged peripheral nerves, as it resulted in functional recovery that is similar to an
autologous nerve graft [29].

As a wound dressing/wound care material: Over the past 25 years, wound dressing materials
have undergone significant advancements. Sericin is a substance that possesses wound-healing
properties and can be used as a covering material for wounds in the form of a film.

An ideal wound-healing material must be biocompatible, protective against secondary infections,
and should prevent water loss while also controlling water vapor and oxygen permeabilities.
Additionally, the wound dressing should possess mechanical properties, biocompatibility with the
skin, and improve the healing process by actively attracting immune cells to the wound area. When
sulphonated, both fibroin and sericin exhibit an antithrombotic effect. Sericin, in particular, is a
novel wound coagulant material because of its flexible and biocompatible nature, as well as its
ability to resist infections and absorb water. It promotes skin healing without causing any peeling of
the skin during the regeneration process [30].

Sericin for Burn Dressing: Wound healing is a complex and dynamic process involving a highly
organized and coordinated series of events. These complex events take place in four overlapping
phases: hemostasis, inflammation, proliferation, and remodeling. Chronic wounds can be seen in
burns, diabetic wounds, and ulcers due to tissue injury or disturbance in various factors that
prolong one or more of the four normal healing phases, which becomes irreparable within a typical
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time period. A burn is a tissue lesion characterized by changes like local erythema to complete the
destruction of the affected structure. Burns are associated with significant mortality, morbidity,
multiple surgeries, high medical cost treatments, and longer period of hospitalization and
rehabilitation. The purpose of managing and treating surface burns is to induce epithelialization,
prevention of infection and reduction of functional and aesthetic sequelae. Burns often lead to
sepsis; hence, topical antimicrobial agents are always prophylactically used to prevent the
complications of infections [29].

Silk sericin has been used in regenerative medicine for the proliferation of keratinocytes and
fibroblasts during the wound-healing process. It can induce fibroblast proliferation and collagen
synthesis without the activation of pro-inflammatory cytokines. Thus, sericin can be formulated and
used as a wound dressing or cream to control and prevent wound infection and treat burns and
reduce scarring. The antioxidant activity of silk sericin helps in the scavenging of ROS generated in
chronic wounds. hence, sericin-containing formulations may prevent prolonged inflammation and
infection of chronic wounds helping in rapid healing. Both sericin cream and a combination of
sericin with silver sulfadiazine have been shown to facilitate the healing of full-thickness burn
wounds in rats. Clinical studies have also indicated that a cream containing silk sericin in
conjunction with silver sulfadiazine is both safe and effective for treating burns. Furthermore, in
animal models, chitosan-sericin-silver nanocomposite films have been found to accelerate the
process of burn wound healing through fibroblast differentiation, angiogenesis, and collagen
reorganization, as reported in a recent study [29].

Sericin As a raw material for making contact lenses: Silk sericin has biological beneficial
properties helpful in the development of contact lenses. The biocompatible graft polymers were
prepared with methyl methacrylate or styrene along with sericin to develop a raw material for
contact lenses. Oxygen-permeable membranes made of fibroin and sericin with 10-16 percent water
are used for contact lenses and as artificial skin [30].

Sericin as a medicine for improving digestion and curing digestive diseases: Food
containing sericin has been found to alleviate constipation, inhibit the progression of bowel cancer,
and enhance the absorption of minerals. When consumed orally, sericin induces a dose-dependent
reduction in the development of colonic aberrant crypt foci. It has also been shown to decrease the
incidence and number of colon tumors due to its potent anti-cancer activity, according to a study
[30].

Antimicrobial use: Rajendran et al [31] have developed a straightforward and efficient method for
extracting sericin from the cocoons of B. mori silkworms using the chilled ethanol precipitation
technique. Their study aimed to investigate the antimicrobial properties of cotton fabric coated with
sericin extracted through this method. The sericin-coated fabric exhibited a high level of
bactericidal activity against the test organisms E. coli and S. aureus utilized in their study..

Antioxidant: Recently Intake of dietary antioxidants has been of great interest, especially due to
the findings on the effect of free radicals in the body, which can have serious consequences if their
products are not neutralized by an efficient antioxidant system or antioxidant medicine. studies
have shown the antioxidant properties of sericin B. mori. Cocoons of B. mori has natural pigments
typically flavonoids and carotenoids accumulated in sericin layers and which are known for their
biological properties as antioxidants and antityrosinase. The antioxidant properties of sericin could
be related to high serine and threonine content [42].

Application of sericin in the dental field
Sericin as implant coated bio active material [32]

Numerous techniques have been developed over the years to coat or chemically modify titanium
implantable surfaces for dental applications in order to improve the implant response to oral microbe
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microbiota to reduce the risk of implant failure. The coating of dental implants with bioactive
molecules is a recent approach to modify pristine Titanium biochemical properties and hinder
bacterial colonization of implant surface. A natural biomolecule that has been shown to possess
interesting biological characteristics is silk sericin. An in vitro study was done to evaluate the
effectiveness of different experimental protocols to obtain a sericin-based coating on medical grade
Titanium able to reduce microbial adhesion and biofilm formation on the dental implant surface.

Apart from its use in tissue engineering applications, sericin has recently been investigated for its
potential in cartilage or nerve regeneration. Dinescu et al. reported that a collagen-sericin scaffold
combined with hyaluronic acid and chondroitin sulfate can serve as temporary physical support for
human adipose-derived stem cells for cartilage tissue engineering. Hyaluronic acid and chondroitin
sulfate are known to be the most beneficial pro chondrogenic factors used in the development of
new biomaterials for cartilage tissue engineering, with adipose-derived stem cells exhibiting high
chondrogenic potential. Xie et al. reported the first use of a pure sericin conduit for peripheral
nerve regeneration in a rat nerve injury model. This sericin/silicone nerve guidance conduit can be
utilized as an alternative to autologous nerve grafts to repair damaged peripheral nerves, as it
induces functional recovery comparable to that of an autologous nerve graft [29].

Figure 3. Commercially available oral gargle containing silk proteins

Sericin for Drug Delivery: Drug delivery systems can improve the effectiveness of therapeutic
medicines by efficiently targeting, modulating release, or stabilizing the molecular state of drugs.

Int. j. clin. biomed. res. 2023;9(3):1-10 7110



International Journal of Clinical and Biomedical Research
ISSN: 2395-0471 (Online), ISSN: 2521-0394 (Print)
Volume 9, Issue 3; 2023

Sericin has the potential as a drug delivery carrier due to its biocompatibility, adjustable
morphology, chemical activity, and pH responsiveness [29]. Wang et al. developed a covalently
crosslinked 3D pure sericin hydrogel that is injectable and has physical and chemical properties
that promote sustained drug release [38]. This hydrogel could potentially serve as an efficient drug
delivery system. Nishida et al. evaluated the release and biodegradation of a charged protein,
fluorescein isothiocyanate-albumin, using sericin of different molecular sizes, concentrations, and
forms [39]. Higher concentrations of sericin resulted in a longer release of the charged protein. In a
rat model, the sericin preparation gradually decreased in size and weight, while the charged drug-
protein remained for 3 to 6 weeks or longer [39]. These studies suggest that sericin can be used as
a biomaterial for drug delivery.

Sericin for bone regeneration

Sericin extracted from silk cocoons is used for soft tissue engineering, such as for repairing
epithelial and connective tissues. While the mechanical properties of sericin are suitable for soft
tissue repair, its lack of mechanical strength makes it challenging for bone regeneration. However,
with modifications to improve its mechanical and bone-inducing properties, sericin can potentially
be used as an artificial bone substitute for severe bone defects.

Pure sericin is not typically used as a scaffold for bone tissue engineering due to its poor
mechanical properties, as previously mentioned. However, the addition of other bioactive
ingredients can improve the nucleation of hydroxyapatite (HA) crystals, which are formed by the
binding of Ca2+ to the anionic side chains in sericin. The nucleation of hydroxyapatite crystals can
be influenced by the amount of acidic amino acids present in sericin [40]. A study by Zhang et al.
demonstrated that composite films made of hydroxyapatite and sericin were able to maintain the
differentiation of mesenchymal stem cells, leading to structural and functional repair within a
12-week period [40, 41]. These findings suggest that sericin-based biomaterials have the potential
for use in bone tissue engineering.

Conclusion

Silk sericin, which is extracted from silkworm cocoons of B.mori, has been the subject of extensive
study and research in the biomedical field due to its remarkable biological, and biochemical
activities, and controlled physical-chemical properties. It is biocompatible, and biodegradable, and
naturally enables cell adhesiveness, attachment, proliferation, and differentiation, making it an
ideal therapeutic material for biomedical applications. Furthermore, its variable amino acid
composition and abundant functional groups allow sericin to be chemically modified and cross-
linked to form versatile constructs that serve as alternative matrixes for various biomedical
applications. Sericin has been used to develop a wide range of biomaterials, including films,
hydrogels, scaffolds, conduits, devices, and micro-nano formulations, for tissue engineering and
regenerative medicine purposes. This review systematically summarizes the properties of silk
sericin, describes its different forms, and highlights their uses in the medical and dental fields.

Looking forward, with the ongoing advances in the medical and dental fields, new materials are
being researched and developed to provide the best possible treatment and services to patients.
The recent advancements in sericin-based biomaterials for tissue engineering and regenerative
medicine have opened up a new era of silk proteins and their applications. Sericin, as a by-product
of the silk industry, has tremendous potential in biomedical research and applications due to its
biochemical and biological properties. Further developments and advanced studies in this field may
change the current status of the silk industry and promote the transformation and modernization of
traditional industries, as well as tissue engineering, regenerative medicine, and biomedical
applications.
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