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to these findings, sericin is a significant component of the health industry. Silk sericin exhibits

biodegradability, non-toxicity, oxidation resistance, UV resistance, and moisturizing characteristics. KEYWORDS

The present review is mainly focused on considering the mechanical and biological characteristics Sericin

of silk sericin, as well as its applications in many industries, especially in the medical industry. In Biological characteristics

addition, one of the most notable limitations of sericin forms in many application fields is their lack Thermal stabillty
Mechanical properties

of mechanical properties. Better crystallinity and a longer molecular chain result in improved
mechanical properties. Additionally, mechanical properties are influenced by the macromolecular
structure, notably porosity. The textile silk procedure has the ability to influence the features of
sericin samples, such as thermal stability and structure. Therefore, the present study reviews the
past works on the improvement solutions of the mechanical characteristics of sericin.

INTRODUCTION

The fibroin and sericin components of silkworm cocoons are being studied in depth for wound healing, drug delivery,
and other purposes [1]. Sericin is mainly amorphous, more water-soluble, and works as a gum binder to retain the
structural integrity of the cocoon [2]. Since sericin is a hydrophilic (soluble in hot water) protein, it may be removed or
separated from fibroin using a simplified thermochemical technique known as ‘degumming’ [3]. Removing sericin from
silk can be accomplished in a variety of ways. High-temperature, whether or not combined with high pressure by
autoclaving; acidic, primarily citric acid solution; alkali, using sodium carbonate solution; and urea [4],[ 5]. The separation
technique affected sericin's solubility, molecular weight, and gelling properties [6]. Sericin has been studied for a variety
of potential uses due to its remarkable biochemical and biophysical characteristics. The cosmetics and food industries, as
well as biomedical coating materials for anticoagulants, drug delivery, anticancer treatments, and tissue engineering, are
examples of these products. Sericin stimulates cell proliferation when used as a component of cell culture in a serum-free
medium. In addition, when sericin is applied in pure form and/or mixed in matrices, sericin promotes cell adhesion and
proliferation. Future solutions for these requirements include sericin film, 3D scaffold, nanoparticle, composite,
conjugated drug, and recombinant sericin [7]. Many studies have been carried out on silk sericin properties. Dong et al.
[8] investigated the hypoglycemic effects and methodology of sericin protein from silk-processing waste supplemented
to the regular diet at 0.8% (g %) level fed orally to type 2 diabetic (T2D) mice. Silk sericin hydrolysate, prepared by
boiling a 0.025 percent calcium hydroxide solution, is the oral protein. The protein reduced fasting blood glucose, and
fasting plasma insulin, significantly improved oral glucose and insulin tolerance, and promoted anti-oxidative activity.
Dihan et al. [9] observed the physicochemical and biological characteristics of industrially manufactured silk-based
products in comparison to regenerated silk fibroin to investigate the possible applications in biological and therapeutic
domains. When compared to regenerated silk fibroin, the results indicated that sericin might be the most appropriate silk
material to employ as an effective solution in tissue engineering. Fatahian et al. [10] studied the extraction of sericin from
silk gum effluent solution as well as the characteristics of extracted sericin. They also investigated the antibacterial effects
of sericin in bacterial models. The findings of this study revealed that sericin could be separated from gum effluent and
therefore has antibacterial characteristics. Li et al. [11] revealed the production and use of a carbon nanotube/sericin nerve
conduit with electrical conductivity and mechanical capabilities favorable for nerve healing. They demonstrated that an
electric conductive CNT/sericin conduit paired with electrical stimulation has the potential to be a novel approach for
repairing transected peripheral nerves.

According to the existing literature, there are only a few studies on the biophysical and mechanical properties of silk
sericin, as well as its potential in a variety of areas, particularly the medical industry. In addition, one of the major
limitations of sericin forms in many application fields is their lack of mechanical characteristics. Therefore, the present
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study reviews previous studies on approaches for enhancing the mechanical properties of sericin. This valuable and cost-
effective substance may be utilized in a wide range of industries by recognizing sericin possibilities and enhancing
solutions.

MECHANICAL PROPERTIES OF SERICIN
Mechanical properties

Sericin contains different amino acids, the most important of which are serine, aspartic acid, and glycine [12]-[15].
This protein also contains hydroxy amino acids (serine and threonine), polar amino acids, and non-polar amino acids
[16],[17]. Sericin is beneficial due to its unique properties including antioxidant, anti-bacterial, Anti-elastase, UV
protection and absorption and releases moisture easily, blood coagulation, mechanical properties, gel properties, anti-
inflammatory, anti-tyrosinase, Anti-tumor, etc. [18]-[21]. In many applications, one of the major drawbacks of sericin
forms is their lack of mechanical properties. As a result, various studies have been done to improve sericin's mechanical
characteristics. On the other hand, past studies have adopted simpler and easier methods to augment mechanical properties
[22]. Sericin, for example, has additives such as sorbitol [23], graphene oxide [24], glycerin, poloxamer [25], and glycerol.
Although this is a simple process, it is ineffective since the addition of additives may modify the unique features of sericin,
making biological applications more complex.

The combined influence of numerous variables can explain the improvement in sericin's mechanical properties: 1)
sericin molecular weight, 2) sericin crystallinity, and 3) porosity web, film, sponge, etc. Silk protein's molecular weight
(MW) has a significant impact on its characteristics. Different extraction methods might result in sericin samples with
different MWs. The MW of a polymer influences the viscosity of a solution because a longer polymer chain length causes
a higher degree of molecular entanglement, which raises the viscosity of the solution [26]-[29]. In a silk sericin, a longer
molecular chain length and greater crystallinity result in superior mechanical characteristics. Furthermore, the
macromolecular structure, namely its porosity, has an impact on mechanical characteristics (or bulk density). As the
porosity decreases, the density increases due to the strength and strain of the porous material.

Jo et al. [30] utilized sericin solutions and films using formic acid, a novel solvent. The impacts of formic acid on the
structural and mechanical characteristics of sericin solutions and films were investigated and compared to those of water.
The sericin/formic acid solutions had fewer aggregated sericin molecules than the sericin/water solution, resulting in
lower turbidity. Furthermore, when compared to water, the gelation of the sericin solution was delayed in formic acid.
The tensile strength and elongation of sericin films cast from formic acid solution were more than double that of water-
cast sericin films. Park et al. [22] studied the mechanical properties and structure of silk sericin. gel, sponge, and film are
affected by MW. In their investigation, the swelling ratio decreased as the MW of sericin raised and the porosity of the
sericin sponge decreased. Their results revealed that changing the MW of sericin might control various characteristics of
sericin types, possibly improving biomedical and cosmetic applications. Likitamporn and Magaraphan [31] studied the
thermal and mechanical characteristics of a sericin/PVVA/bentonite scaffold experimentally. The thermogravimetric test
was employed in their investigation to explore the effect of sericin and chemical cross-linking on thermal stability. The
addition of sericin to scaffolds considerably enhanced both thermal and mechanical properties when compared to
scaffolds without sericin. By increasing the sericin content, the mechanical and thermal characteristics might be improved
even more.

Ultraviolet (UV) protection and thermal stability

The skin protects against microbes, pollutants, ultraviolet (UV) radiation, and thermal or mechanical factors [32].
Chronic UV radiation exposure, on the other hand, increases reactive oxygen species (ROS) formation, which causes
inflammation, photoaging, erythema, and skin cancer [33],[34]. As a result, UV radiation protection for the skin is critical
for mitigating UV radiation-induced oxidative damage [35],[36]. Silk sericin is a glycoprotein that aids in cocoon
production and protects the pupa and fibroin from UV-induced oxidative damage [37]. Sericin was found to be beneficial
in minimizing skin oxidative stress [38], preventing UVB-induced apoptosis [39], and absorbing UVC radiation [40] in
a study evaluating the photoprotective capabilities of Bombyx mori.

According to Kumar et al. [41], silk sericin derived from A. assamensis cocoons protected human keratinocytes and
female SKH-1 hairless mice against UV radiation-induced oxidative damage. In another investigation, Kumar et al. [42]
investigated the inhibitory potential of Silk sericin against UVR-induced melanogenesis. In UVA and UVB irradiated
melanocytes, silk sericin extracted from the cocoons of Philosamia ricini sericin (PRS) and Antheraea assamensis sericin
(AAS) reduced mushroom tyrosinase activity and downregulated melanin production. In both UVA and UVB irradiated
cells, AAS pretreatment dramatically reduced tyrosinase expression. As a result, in vitro investigations revealed that AAS
effectively prevented UVR-induced melanogenesis by scavenging ROS and decreasing intracellular tyrosinase activity.

The textile silk process has the potential to influence the characteristics of sericin samples, such as their thermal
stability and structure [43]. Furthermore, the thermal stability of different kinds of sericin varies. In a Thermogravimetric
analysis, Sahu et al. [44] assessed the mass stability of sericin concerning time and temperature fluctuations. Moreover,
the temperature stability of sericins derived from mulberry and non-mulberry silkworms was examined. Non-mulberry
sericins were indicated to be more stable than mulberry sericin. The highest stability was referred to as sericin. Kim et al.
[45] used several instrumental analyses to investigate the structural and thermal characteristics of sericin extracted by
sodium carbonate. They concluded that sericin had a wide endothermic peak at approximately 220° C (Figure 1).
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Figure 1. Circular dichroism (CD) spectra of sericin [45].

BIOLOGICAL PROPERTIES OF SERICIN
Antioxidant and antibacterial properties

Many studies investigated the antioxidant characteristics of silicon sericin. Nowadays, antioxidants have gained
increased attention, owing to the findings on the influence of free radicals in the body, which have significant
consequences if their contents are not neutralized by an appropriate antioxidant system [46],[47]. These pigments contain
biological effects such as antioxidants and antityrosinase. Sericin antioxidant capabilities may be related to its high serine
and threonine content, which contain hydroxyl groups that function as chelators for trace elements like copper and iron
[48]. Dash et al. [39] investigated the antioxidant and photoprotective properties of Antheraea mylitta sericin in irradiated
human keratinocytes. According to flow cytometry studies, previous treatment with sericin inhibited UVB-induced
apoptosis. They concluded that sericin is a highly effective antioxidant and antiapoptotic agent. Silk sericin has
antibacterial properties. Sericin stimulates bacterial cell membrane blebbing, which inhibits bacterial growth and
reproduction [49]-[51]. When employed as a cover over test tubes containing nutritional broth, a nanofibrous mat
containing sericin revealed zero microbial penetration [52].

Sericin's antibacterial properties were affected by its purity and extraction process. Rocha et al. [53] revealed that pure
sericin, which is commercially available, is active against S. aureus in a similar way to antibiotics, but has extremely poor
action against P. aeruginosa and S. aureus. Sericin can be combined with other antibacterial bioactive molecules to
augment its activity and improve biomaterial characteristics. To further improve the antibacterial and other biological
features, the biomaterials established from sericin cocoon have been combined with other biopolymers for example;
chitosan nanofiber or film [54], or chemical agents such as silver nanoparticles [55], zinc oxide nanoparticles, and
antibiofilm titanium [56].

APPLICATION OF MECHANICAL AND BIOLOGICAL PROPERTIES

Because of its different biological and mechanical properties including antibacterial, antioxidant, anti-tumor activity,
Ultraviolet resistance, absorbency, thermal stability, and so on, silk sericin may be used in the textile, cosmetics, hygiene,
and other fields which are reported in previous studies. Table 1 presents some of the applications for silk sericin.
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Table 1. Sericin application

Industry Application Reference

« Antitumour Effect in different cancer
+ Metabolic Effects (In Gastrointestinal Tract, In the Circulatory and Immune Systems
On Lipid Metabolism and Obesity)

* Tissue Engineering
+ Skin repairment
+ Contact lenses [57]-[62]

* Matrix for implants

* Vehicle for cell amplification
« Stabilizer in vaccines
* Drug delivery

+ Wound healing

Biomedical,
pharmaceutic

Skincare: Skin elasticity, Anti-wrinkle, and Anti-aging influence, UV protection impact
Nailcare: Prevents cracks, brittleness, and raises the inherent brightness
Cosmetic Haircare: Conditioner and prevent hair damage [63]-[69]
Gel: Moisturizing property
Powder: Moisture absorption capacity and anti-dermatitis

Combat constipation and obesity

To enhance the taste and touch of porridge
Beverage rich in amino acids
In greasy foods
Food Prevents browning reactions in a variety of ingredients [70],[71]
Antioxidants used in dairy products
Mineral absorption is accelerated
Additive as a nutrient

Antioxidant and suppressant of colon tumors

In fabrics to absorb moisture
Cleaning fabrics
Improved antibacterial activity
Fabricated nanofiber
UV protection textiles
Medical textiles

Textile [70173]

Treating industrial wastewater with adsorptive pollutants
Air filter products
Other Anti-frosting agent for roads and roofs [73]-[75]
Artificial leather product
Art pigments

SERICIN APPLICATION IN MEDICAL INDUSTRY

Sericin is employed in the pharmaceutical industry for various drug applications, such as solubility improvement,
diffusion modification, and formulation stabilization [58], [76]-[79]. Sericin is an antioxidant as well as an anticoagulant.
These qualities inspired the development of a variety of research to incorporate them into the medical field [7]. Sericin's
antioxidant activity has the potential to provide significant health advantages. Consumption of sericin-containing foods
helps alleviate constipation, reduces the growth of bowel cancer, and improves mineral absorption, including zinc, iron,
magnesium, and calcium [80],[81]. In particular, sericin is a biological material with applications in wound dressing [82]-
[84], contact lenses, blood vessels, artificial skin, and other prostheses [13]. Sericin has an antithrombotic effect when
sulphonated. It is also antibacterial [83], collagen-producing, hydrophilic, and biocompatible. As a result, sericin
possesses wound healing characteristics and may be utilized as a wound covering material in the form of a sericin powder-
containing film or cream [85],[86]. Verma et al. [88] developed a hydrogel that included sericin/chitosan-capped silver
nanoparticles. They observed that the treated hydrogel was nonirritant, a potential wound healer, and had an attractive
appeal for increased patient compliance. Aramwit and Sangcakul [89] investigated the effect of sericin on wound healing
and wound size reduction by producing two skin wounds on the dorsum of rats. Figure 2 illustrates the time necessary to
complete wound healing at 50% and 90% in rats. The time required for 90% healing from sericin wounds was significantly
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less than that required for cream base-treated wounds (11 vs 15 days). They reported that sericin wounds had far fewer
inflammatory responses and a significantly greater reduction in wound size than the control.
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Figure 2. Impact of different cream types on wound healing in rats for two groups [89].

SERICIN APPLICATION IN VARIOUS INDUSTRIES

Recently, the Food and Drug Administration has approved sericin and its variants as GRAS (Generally Recognized
as Safe) additives. This protein's key feature is its antioxidant effect; as a result, it has been recommended as a functional
food [90]. Sericin can be employed in the manufacture of fortified meals and nutritional supplements since it aids in the
fermentation and prevention of modular processes, as well as increasing mineral absorption and antioxidant activity, all
of which contribute to improved health. Furthermore, sericin's antioxidant and emulsifying properties make it a viable
element in salad dressing [91]. Sericin characteristics such as biocompatibility, biodegradability, and wettability have
been used alone or in combination with silk fibroin in the skin, hair, and nail cosmetics. When used in lotions, creams,
and ointments, sericin improves skin elasticity, anti-wrinkle, and anti-aging effects. Moisturizers have been designed
specifically for preventing and delaying the drying of the skin's top layer. Because sericin absorbs UV radiation, it might
be used as sunscreen [92],[93]. Other applications include compounds that absorb sweat and fat secreted by the skin's
sebaceous glands. Sericin has the potential to change the surface of fibers and textiles. It was employed as a coating
material for cellulose fibers and wool. The treated fabrics demonstrated reduced free formaldehyde content, electrical
resistance, skin irritation, allergic responses, improved water retention, water absorption, and enhanced antibacterial
capacity, with only a small drop in textile tensile strength. Recently, considerable research has been conducted on the
successful use of sericin for the finishing of textile substrates. This is regarded as a potential solution for silk mills to
address the issues of sericin recovery and wastewater treatment [91].

CONCLUSION

The main purpose of the present research is to review some of the applications of sericin in different industries and its
mechanical and biological properties. One of the major drawbacks of sericin forms in many fields is the weak mechanical
properties. Hence, this paper reviews the current solutions for enhancing the mechanical properties of sericin. Previous
studies demonstrated that since sericin is a substance with various mechanical and biological properties including
hydrophilicity, antioxidant, anti-cancer, blood coagulation, UV protection, biodegradation, and biocompatibility, this
would make it possible. In order to achieve better their antibacterial and other biological characteristics, the biomaterials
produced from sericin have been combined with other biopolymers such as chitosan nanofiber or film, or chemical agents
such as silver nanoparticles, zinc oxide nanoparticles, and antibiofilm titanium. The textile silk method can affect sericin
sample properties such as thermal stability and structure. Additionally, different types of sericin have varied thermal
stability. One of the primary disadvantages of sericin forms in many applications is their lack of mechanical
characteristics. As a result, several studies have been conducted to enhance sericin's mechanical properties. Based on
previous studies, better crystallinity and a longer molecular chain cause a crucial improvement in mechanical properties.
Moreover, mechanical properties are influenced by the macromolecular structure, notably porosity.

ACKNOWLEDGEMENT

The authors would like to thank the Department of Textile Engineering of Yazd.

CONFLICT OF INTEREST

The authors declare that they have no known competing financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

5 journal.ump.edu.myfijets <«



R. Fatahian et al. | International Journal of Engineering Technology and Sciences| Vol. 9, Issue 1 (2022)

REFERENCES

[1] D. Chouhan and B. B. Mandal, “Silk biomaterials in wound healing and skin regeneration therapeutics: from bench to bedside,”
Acta Biomater., vol. 103, pp. 24-51, 2020.

[2] J. Sinna, C. Ruksakulpiwat, and Y. Ruksakulpiwat, “Thermal and morphological properties of polyvinyl alcohol (PVA) with
the addition of silk fibroin and silk sericin prepared from bombyx mori silk,” AIP Conf. Proc., vol. 2279, pp. 080003, 2020.

[3] V. S. Kumar and K. H. Lee, “Silk Sericin for drug delivery applications,” New Horiz. Biotech., vol. 1, pp. 136-140, 2015.

[4] M. N. Padamwar and A. P. Pawar, “Silk sericin and its applications: A review,” J. Sci. and Industrial Res., vol. 63, pp. 323-
329, 2004.

[5] S. K. Rajput and M. K. Singh, “Sericin-a unique biomaterial,” IOSR J. Poly. and Textile Eng., vol. 2, pp. 29-35, 2015.

[6] J. H. Saha, M. I. Mondal, M. R. Karim Sheikh, and M. A. Habib, “Extraction, structural and functional properties of silk sericin
biopolymer from Bombyx mori silk cocoon waste,” J. Textile Sci. and Eng., vol. 9, pp. 2-20, 2019.

[7] S. C. Kundu, B. C. Dash, R. Dash, and D. L. Kaplan, “Natural protective glue protein, sericin bioengineered by silkworms:
potential for biomedical and biotechnological applications,” Prog. in Poly. Sci., vol. 33, pp. 998-1012, 2008.

[8] X. Dong, S. Zhao, X. Yin, H. Wang, Z. Wei, and Y. Zhang, “Silk sericin has significantly hypoglycaemic effect in type 2
diabetic mice via anti-oxidation and anti-inflammation,” Int. J. biology. Macromol., vol. 150, pp. 1061-1071, 2020.

[9] D. Su, S. Ding, W. Shi, X. Huang, and L. Jiang, “Bombyx mori silk-based materials with implication in skin repair: Sericin
versus regenerated silk fibroin,” J. biomat. Appl., vol. 34, pp. 36-46, 2019.

[10] R. Fatahian, M. Noori, and R. Khajavi, “Exrtaction of sericin from degumming process of silk fibres and its application on
nonwoven fabrics,” Int. J. Adv. Chem., vol. 5, pp. 25-28, 2017.

[11] X. Lietal., “CNT/Sericin Conductive Nerve Guidance Conduit Promotes Functional Recovery of Transected Peripheral Nerve
Injury in a Rat Model,” ACS App. Mat. & Inter., vol. 12, pp. 36860-36872, 2020.

[12] M. L. Gulrajani, “Silk Dyeing, Printing, and Finishing,” Delhi, India: Indian Institute of Technology, 1988.

[13] Y. Zhang, “Applications of natural silk protein sericin in biomaterials,” Biotech. Adv., vol. 20, pp. 91-100, 2002.

[14] S. Kim, “Gas permeation through water-swollen sericin/PVVA membranes,” M.S. thesis, Univ. Waterloo, Ontario, Canada, 2007.

[15] H. Kikkawa, “Biochemical genetics of Bombyx mori (silkworm),” Adv. in Genet., vol. 5, pp. 107-140, 1953.

[16] J. Shaw and S. Smith, “Amino acid of silk sericin,” Nat., vol. 168, pp. 745-754, 1951.

[17] M. Nagura, R. Ohnishi, Y. Gitoh, and Y. Ohkoshi, “Structures and physical properties of cross-linked sericin membranes,” J.
Insect Biotech. and Seric., vol. 70, pp. 149-153, 2001.

[18] M. Mondal, K. Trivedy, and S. N. Kumar, “The silk proteins, sericin and fibroin in silkworm, Bombyx mori Linn.- a review,”
Caspian J. Env. Sci., vol. 5, pp. 63-76, 2007.

[19] C. Fabiani, M. Pizzichini, M. Spadoni, and G. Zeddita, “Treatment of waste water from silk degumming processes for protein
recovery and water reuse,” Des. vol. 105, pp. 1-9, 1996.

[20] P. Aramwit, S. Kanokpanont, T. Nakpheng, and T. Srichana, “The effect of sericin from various extraction methods on cell
viability and collagen production,” Int. J. Mol. Sci., vol. 11, pp. 2200-2211, 2010.

[21] R. Kunz, R. Brancalhdo, L. Ribeiro, and M. Natali, “Silkworm sericin: properties and biomedical applications,” Bio.Med. Res.
Int., vol. 2, pp. 1-15, 2016.

[22] C. Park, J. Ryoo, C. Ki, J. Kim, I. Kim, and I. Um, “Effect of molecular weight on the structure and mechanical properties of
silk sericin gel, film, and sponge,” Int. J. Bio. Macromol., vol. 119, pp. 821-832, 2018.

[23] A. Nishida, M. Yamada, T. Kanazawa, Y. Takashima, K. Ouchi, and H. Okada, “Use of silk protein, sericin, as a sustained-
release material in the form of a gel, sponge and film,” Chem. Pharm. Bull., vol. 58, pp. 1480-1486, 2010.

[24] H. Yun et al., “Preparation and characterization of silk sericin/glycerol/graphene oxide nanocomposite film,” Fibers Polym.,
vol. 14, pp. 2111-2116, 2013.

[25] H. Kweon, J. Yeo, Y. Park, J. Nahm, and C. Cho, “Effects of poloxamer on the gelation of silk sericin,” Macromol. Rapid
Comm., vol. 21, pp. 1302-1305, 2000.

[26] J. Sparkes and C. Holland, “The rheological properties of native sericin,” Acta Biomater., vol. 69, pp. 234-242, 2018.

[27] Y. Yoo and I. Um, “Effect of extraction time on the rheological properties of sericin solutions and gels,” Int. J. Ind. Entomol.,
vol. 27, pp. 180-185, 2013.

[28] E. Fatahian, N. Kordani, and H. Fatahian, “A review on rheology of non-newtonian properties of blood,” IIlUM Eng. J., vol.
19, pp. 237-250, 2018.

[29] E. Fatahian, N. Kordani, and H. Fatahian, “The Application of Computational Fluid Dynamics (CFD) Method and Several
Rheological Models of Blood Flow: A Review,” Gazi Uni. J. Sci., vol. 31, pp. 1213-1227, 2018.

[30] Y.JoandI. C. Um, “Effects of solvent on the solution properties, structural characteristics and properties of silk sericin,” Int.
J. Bio. Macromol., vol. 78, pp. 287-295, 2015.

[31] S. Likitamporn and R. Magaraphan, “Mechanical and Thermal Properties of Sericin/PVA/Bentonite Scaffold: Comparison
between Uncrosslinked and Crosslinked,” Macromol. Symp., vol. 337, pp. 102-108, 2014.

[32] G. Costin and V. Hearing, “Human skin pigmentation: melanocytes modulate skin color in response to stress,” The FASEB J.,
vol. 21, pp. 976-994, 2007.

6 journal.ump.edu.my/ijets <«



[33]

[34]
[35]

[36]
[37]

(38]

[39]
[40]
[41]
[42]
[43]
[44]
[45]

[46]
[47]

(48]

[49]

[50]

[51]

[52]
[53]

[54]

[55]
[56]
[57]
[58]
[59]

[60]

R. Fatahian et al. | International Journal of Engineering Technology and Sciences| Vol. 9, Issue 1 (2022)

E. Gil and T. Kim, “UV-induced immune suppression and sunscreen,” Photodermat. Photoimm. and Photomed., vol. 16, pp.
101-110, 2000.

L. Rittié and G. Fisher, “UV-light-induced signal cascades and skin aging,” Ageing Res. Rev., vol. 1, pp. 705-720, 2002.

J. Nichols and S. Katiyar, “Skin photoprotection by natural polyphenols: anti-inflammatory, antioxidant and DNA repair
mechanisms,” Arch. Dermatolog. Res., vol. 302, pp. 71-83, 2010.

Y. Yin, W. Li, Y. Son, J. Lu, D. Kim, and Z. Zhang, “Quercitrin protects skin from UVB-induced oxidative damage,” Tox.
App. Pharmacol., vol. 269, pp. 89-99, 2013.

J. Kaur, R. Rajkhowa, T. Tsuzuki, and X. Wang, “Photoprotection by silk cocoons,” Biomacromol., vol. 14, pp. 3660-3667,
2013.

S. Zhaorigetu, N. Yanaka, M. Sasaki, and N. Kato, “Inhibitory effects of silk protein, sericin on UVB-induced acute damage
and tumor promotion by reducing oxidative stress in the skin of hairless mouse,” J. Photochem. Photobio. B: Bio., vol. 71, pp.
11-17, 2003.

R. Dash, C. Acharya, P. Bindu, and S. Kundu, “Antioxidant potential of silk protein sericin against hydrogen peroxide-induced
oxidative stress in skin fibroblasts,” BMB Rep., vol. 41, pp. 236-241, 2008.

A. Kiro, J. Bajpai, and A. Bajpai, “Designing of silk and ZnO based antibacterial and noncytotoxic bionanocomposite films
and study of their mechanical and UV absorption behavior,” J. Mech. Behavior Biomed. Mat., vol. 65, pp. 281-294, 2017.

J. Kumar, S. Alam, A. Jain, and B. B. Mandal, “Protective activity of silk sericin against UV radiation-induced skin damage by
downregulating oxidative stress,” ACS App. Bio Mat., vol. 1, pp. 2120-2132, 2018.

J. Kumar and B. Mandal, “The inhibitory effect of silk sericin against ultraviolet-induced melanogenesis and its potential use
in cosmeceutics as an anti-hyperpigmentation compound,” Photochem. Photobiolog. Sci., vol. 18, pp. 2497-2508, 2019.

D. Martinez, C. Zuluaga, A. Restrepo-Osorio, and C. Alvarez-L6pez, “Characterization of sericin obtained from cocoons and
silk yarns,” Procedia Eng., vol. 200, pp. 377-383, 2017.

N. Sahu, S. Pal, S. Sapru, N. Singh, and S. Kundu, “Non-mulberry and mulberry silk protein sericins as potential media
supplement for animal cell culture,” BioMed Res. Int., vol. 1, pp. 1-15. 2016.

J. Kim, B. Shin, K. Lee, J. Yeo, and H. Kweon, “Sericinjam sericin: structural and thermal properties,” Int. J. Industrial Ent.,
vol. 19, pp. 255-258, 2009.

O. Sorg, “Oxidative stress: a theoretical model or a biological reality,” Comptes Rendus Bio., vol. 327, pp. 649-662, 2004.

A. Kurioka and M. Yamazaki, “Purification and identification of flavonoids from the yellow green cocoon shell (Sasamayu) of
the silkworm, Bombyx mori,” Biosci. Biotech. Biochem., vol. 66, pp. 1396-1399, 2002.

N. Kato, S. Sato, A. Yamanaka, H. Yamada, and M. Nomura, “Silk protein, sericin, inhibits lipid peroxidation and tyrosinase
activity,” Biosci. Biotech. Biochem., vol. 62, pp. 145-147, 1998.

T. Takechi, R. Wada, T. Fukuda, K. Harada, and H. Takamura, “Antioxidant activities of two sericin proteins extracted from
cocoon of silkworm (Bombyx mori) measured by DPPH, chemiluminescence, ORAC and ESR methods,” Biomed. Rep. vol. 2,
pp. 364-369, 2014.

J.-B. Fan, L.-P. Wu, L.-S. Chen, X.-Y. Mao, and F.-Z. Ren, “Antioxidant activities of silk sericin from silkworm Bombyx mori,”
J. Food Biochem., vol. 33, pp. 74-88, 20009.

R. Xue, Y. Liu, Q. Zhang, C. Liang, and Y. Wei, “Shape Changes and Interaction Mechanism of Escherichia coli Cells Treated
with Sericin and Use of a Sericin-based Hydrogel for Wound Healing,” Appl. Environ. Microbiol., vol. 82, pp. 4663-4672,
2016.

S. Gilotra, D. Chouhan, N. Bhardwaj, S. K. Nandi, and B. B. Mandal, “Potential of silk sericin based nanofibrous mats for
wound dressing applications,” Mater. Sci. Eng. C., vol. 90, pp. 420-432, 2018.

L. K. H. Rocha et al., “Sericin from Bombyx mori cocoons. Part I: Extraction and physicochemical-biological characterization
for biopharmaceutical applications,” Process Biochem., vol. 61, pp. 163-177, 2017.

A. Shah, M. A. Buabeid, E. A. Arafa, I. Hussain, L. Li, and G. Murtaza, “The wound healing and antibacterial potential of
triple-component nanocomposite (chitosan-silver-sericin) films loaded with moxifloxacin,” Int. J. Pharm., vol. 564, pp. 22-38,
2019.

H. Muhammad Tahir et al., “Synthesis of sericin-conjugated silver nanoparticles and their potential antimicrobial activity,” J.
Basic Microbiol., vol. 60, pp. 458-467, 2020.

P. Ghensi et al., “Dental Implants with Anti-Biofilm Properties: A Pilot Study for Developing a New Sericin-Based Coating,”
Materials, vol. 12, pp. 2429-2435, 20109.

Y. Gou, D. Miao, M. Zhou, L. Wang, H. Zhou, and G. Su, “Bio-Inspired Protein-Based Nanoformulations for Cancer
Theranostics,” Front. Pharmacol., vol. 9, pp. 421-436, 2018.

M. Shitole, S. Dugam, R. Tade, and S. Nangare, “Pharmaceutical applications of silk sericin,” Ann. Pharm. Fr., vol. 78, pp.
469-486, 2020.

P. Jantaruk, P. Promphet, M. Sutheerawattananonda, and D. Kunthalert, “Augmentation of natural killer cell activity in vitro
and in vivo by sericin-derived oligopeptides,” J. Appl. Biomed., vol. 13, pp. 249-256, 2015.

Y. Okazaki et al., “Consumption of sericin reduces serum lipids, ameliorates glucose tolerance and elevates serum adiponectin
in rats fed a high-fat diet,” Biosci. Biotechnol. Biochem., vol. 74, pp. 1534-1538, 2010.

journal.ump.edu.my/ijets <«



[61]
[62]
[63]
[64]
[65]
[66]
[67]
[68]
[69]
[70]
[71]
[72]

[73]
[74]

[75]
[76]
[77]
[78]
[79]
[80]
[81]
[82]
[83]
[84]

(85]

(86]
(87
(88]
(89]

[90]

R. Fatahian et al. | International Journal of Engineering Technology and Sciences| Vol. 9, Issue 1 (2022)

L. Lamboni et al., “Silk sericin-enhanced microstructured bacterial cellulose as tissue engineering scaffold towards prospective
gut repair,” Mater. Sci. Eng. C., vol. 102, pp. 502-510, 2019.

E. D. Freitas, J. M. M. Vidart, E. A. Silva, M. G. C. da Silva, and M. G. A. Vieira, “Development of mucoadhesive
sericin/alginate particles loaded with ibuprofen for sustained drug delivery,” Particuology, vol. 41, pp. 65-73, 2018.

R. Voegeli, J. Meier, R. Blust, and R. Hofsteter, “Sericin silk protein: unique structure and properties,” Cosmet. Toiletries, vol.
108, pp. 101-108, 1993.

H. Yamada, Y. Fuha, O. Yuri, M. Obayashi, and T. Arashima, “Collagen formation promoters containing sericin or its
hydrolyzates and antiaging cosmetics,” Jpn Kokai Tokkyo Koho, vol. 10226653 A2, pp. 8-20, 1998.

A. Ogawa and H. Yamada, “Antiaging cosmetic containing sericin or hydrolysates and saccharomyces extracts,” Jpn Kokai
Tokkyo Koho, vol. 11193210 A2, pp. 1-10, 1999.

G. Das et al., “Sericin based nanoformulations: a comprehensive review on molecular mechanisms of interaction with
organisms to biological applications,” J. Nanobiotechnol.,vol. 19, p. 30, 2021.

A. Gul, “Sericin-polymer conjugates: Preparation and physicochemical characterization” M.S. thesis, Grad. Sch. Eng. Sci.,
[zmir Inst. Technol., izmir, Turkey, 2017.

A. Bandyopadhyay, S. K. Chowdhury, S. Dey, J. C. Moses, and B. B. Mandal, “Silk: A Promising Biomaterial Opening New
Vistas Towards Affordable Healthcare Solutions,” J. Indian Inst. Sci., vol. 99, pp. 445-487, 2019.

S. S. D. Kumar and H. Abrahamse, "Sericin-based nanomaterials and their applications in drug delivery," in Micro and Nano
Technologies, Bio-Based Nanomaterials, A. K. Mishra and C. M. Hussain, Ed., Elsevier, 2022, pp. 211-229.

S. Ghosh, R. S. Rao, K. S. Nambiar, V. C. Haragannavar, D. Augustine, and S. V. Sowmya, “Sericin, a dietary additive: Mini
review,” J. Med. Radiol. Pathol. Surg., vol. 4, pp. 13-17, 2017.

M. Sasaki, H. Yamada, and N. Kato, “A resistant protein, sericin improves atropine-induced constipation in rats,” Food Sci.
Technol. Res., vol. 6, pp. 280-283, 2000.

X. Zhang, M. M. Rahman Khan, T. Yamamoto, M. Tsukada, and H. Morikawa, “Fabrication of silk sericin nanofibers from a
silk sericin-hope cocoon with electrospinning method,” Int. J. Biol. Macromol., vol. 50, pp. 337-347, 2012.

A. Rangi and L. Jajpura, “The biopolymer sericin: extraction and applications,” J. Textile Sci. Eng., vol. 5, pp. 1-5, 2015.

J. Wu, Z. Wang, and S. Xu, “Preparation and characterization of sericin powder extracted from silk industry wastewater,” Food
Chem., vol. 103, pp. 1255-1262, 2007.

I. B. Khalifa, N. Ladhari, B. Nemeshwaree, and C. Campagne, “Crosslinking of Sericin on air atmospheric plasma treated
polyester fabric,” J. Text. Inst., vol.108, pp. 840-845, 2017.

V. Dodane and V. D. Vilivalam, “Pharmaceutical applications of chitosan,” Pharm. Sci. Technol. Today, vol. 1, pp. 246-253,
1998.

N. H. Salunkhe, N. R. Jadhav, H. N. More, and A. D. Jadhav, “Screening of drug-sericin solid dispersions for improved
solubility and dissolution,” Int. J. Biol. Macromol., vol. 107, pp. 1683-1691, 2018.

N. Salunkhe, N. Jadhav, H. More, and P. Choudhari, “Sericin inhibits devitrification of amorphous drugs,” AAPS
PharmSciTech., vol. 20, pp. 1-12, 2019.

W.-H. Wang et al., “Functionality of Silk Cocoon (Bombyx mori L.) Sericin Extracts Obtained through High-Temperature
Hydrothermal Method,” Materials, vol. 14, p. 5314, Sep. 2021, doi: 10.3390/mal4185314.

M. Sasaki, N. Kato, H. Watanabe, and H. Yamada, “Silk protein, sericin, suppresses colon carcinogenesis induced by 1,2-
dimethylhydrazine in mice,” Oncol. Rep., vol. 7, pp. 1049-1052, 2000.

M. Sasaki, H. Yamada, and N. Kato, “Consumption of silk protein, sericin elevates intestinal absorption of zinc, iron,
magnesium and calcium in rats,” Nutr. Res., vol. 20, pp. 1505-1511, 2000.

R. Fatahian, M. Mirjalili, R. Khajavi, M. K. Rahimi, and N. Nasirizadeh, “A novel hemostat and antibacterial nanofibrous
scaffold based on poly(vinyl alcohol)/poly(lactic acid),” J. Bioact. Compat. Polym., vol. 35, pp. 189-202, 2020.

R. Fatahian, M. Mirjalili, R. Khajavi, M. K. Rahimi, and N. Nasirizadeh, “Fabrication of antibacterial and hemostatic
electrospun PVA nanofibers for wound healing,” SN Appl. Sci., vol. 2, p. 1288, 2020.

R. Fatahian, M. Mirjalili, R. Khajavi, M. K. Rahimi, and N. Nasirizadeh, “Recent studies on nanofibers based wound-dressing
materials: A review,” in 7th Int. Conf. Eng. Appl. Sci., Paris, France, Jul. 2018.

C. Qi, L. Xu, Y. Deng, G. Wang, Z. Wang, and L. Wang, “Sericin hydrogels promote skin wound healing with effective
regeneration of hair follicles and sebaceous glands after complete loss of epidermis and dermis,” Biomater. Sci., vol. 6, pp.
2859-2870, 2018.

P. Aramwit, S. Kanokpanont, W. De-Eknamkul, and T. Srichana, “Monitoring of inflammatory mediators induced by silk
sericin,” J. Biosci. Bioeng., vol. 107, pp. 556-561, 2009.

P. Aramwit, S. Kanokpanont, P. Punyarit, and T. Srichana, “Effectiveness of inflammatory cytokines induced by sericin
compared to sericin in combination with silver sulfadiazine cream on wound healing,” Wounds., vol. 21, pp. 198-206, 2009.

J. Verma, J. Kanoujia, P. Parashar, C. B. Tripathi, and S. A. Saraf, “Wound healing applications of sericin/chitosan-capped
silver nanoparticles incorporated hydrogel,” Drug Deliv. Transl. Res., vol. 7, pp. 77-88, 2017.

P. Aramwit and A. Sangcakul, “The effects of sericin cream on wound healing in rats,” Biosci. Biotechnol. Biochem., vol. 71,
pp. 2473-2477, 2007.

P. B. Hutt, “The State of Science at the Food and Drug Administration,” Adm. Law Rev., vol. 60, pp. 431-486, 2008.

journal.ump.edu.my/ijets <«



R. Fatahian et al. | International Journal of Engineering Technology and Sciences| Vol. 9, Issue 1 (2022)

[91] T. Takechi, Z. Maekawa and Y. Sugimura, “Use of Sericin as an Ingredient of Salad Dressing,” Food Sci. Technol. Res., vol.
17, pp. 493-497, 2011.

[92] J. A. Barajas-Gamboa, A. M. Serpa-Guerra, A. Restrepo-Osorio, and C. Alvarez-Lépez, “Sericin applications: a globular silk
protein,” Ing. Compet. vol. 18, pp. 193-206, 2016.

[93] N. Goyal and F. Jerold, “Biocosmetics: technological advances and future outlook,” Environ. Sci. Pollut. Res. Int., pp. 1-22,
Nov 2021, doi: 10.1007/s11356-021-17567-3.

journal.ump.edu.myfijets <«



