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Abstract 

The development of nanofibers has greatly enhanced the scope for fabricating 

scaffolds that are potentially used in tissue engineering. The potential of silk as a biomaterial 

has been widely recognized, owing to its processing versatility, impressive mechanical 

performance, biocompatibility, oxygen and water vapor permeability and tailorable 

degradability. Silk sericin (SS)/silk fibroin (SF) blend nanofibers have been produced by 

electrospinning in binary SS/SF trifluoroacetic acid (TFA) solution systems which are used in 

biomedical applications. 

Micron-sized silk fibers (10–600 μm) obtained utilizing alkali hydrolysis were used as 

reinforcement in a compact fiber composite with tunable compressive strength, surface 

roughness and porosity are used as scaffolds in tissue engineering. SF/nano-sized CaP 

composites are used for the subsequent generation of macro/microporous scaffolds by salt 

leaching/freeze drying method. The three dimensional silk biodegradable scaffolds designed 

using nanofibers serve as an excellent framework for cell adhesion, proliferation, and 

differentiation. The silk fibroin as a natural biopolymer is used to embed gold nano crystals 

(NCs), so as to obtain well-ordered structures such as nano wires and self-assembled 

triangular nanocomposites. 
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Introduction 

Developing scaffolds that mimic the architecture of tissue at the nanoscale is one of 

the major challenges in the field of tissue engineering. The development of nanofibers has 

greatly enhanced the scope for fabricating scaffolds that can potentially meet this challenge. 

Nanofibers are fibers with diameters in the nanometer range. Nanometer is a unit of length in 

the metric system, equal to one billionth of a metre (0.000000001 m).  It can be written 

in scientific notation as 1×10−9 m. The diameters of nanofibers depend on the type of polymer 

used and the method of production (Reneker and Chun, 1996). Nanofibers can be generated 
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from different polymers and hence have different physical properties and application 

potentials. 

Examples of natural polymers include collagen, cellulose, silk fibroin, 

keratin, gelatin and polysaccharides such as chitosan and alginate (Vasita and Katti, 2006). 

Examples of synthetic polymers include poly lactic acid (PLA), polycaprolactone (PCL), 

polyurethane (PU), poly lactic-co-glycolic acid (PLGA), poly 3-hydroxybutyrate-co-3-

hydroxyvalerate (PHBV) and poly ethylene co-vinylacetate (PEVA) (Khajavi et al., 2010). 

Polymer chains are connected via covalent bonds (Teraoka and Iwao, 2002).  

All polymer nanofibers are unique for their large surface area-to-volume ratio, high 

porosity, appreciable mechanical strength and flexibility in functionalization compared to 

their microfiber counterparts. There exist many different methods to make nanofibers, 

including drawing, electrospinning, self-assembly, template synthesis, and thermal-induced 

phase separation. Electrospinning is the most commonly used method to generate nanofibers 

because of the straightforward setup, the ability to mass-produce continuous nanofibers from 

various polymers, and the capability to generate ultrathin fibers with controllable diameters, 

compositions, and orientations (Li and Xia, 2004). This flexibility allows for controlling the 

shape and arrangement of the fibers so that different structures (i.e., hollow, flat and ribbon 

shaped) can be fabricated depending on intended application purposes. Nanofibers have many 

possible technological and commercial applications. They are used in tissue engineering, 

drug delivery, cancer diagnosis, lithium-air battery, optical sensors and air filtration. 

The low mechanical strength and high rates of degradation of natural polymers often 

result in their use in composites or in chemical modification by cross-linking to improve 

properties and reduce degradation rates. To overcome the issues related with synthetic 

polymers, the researchers focuses on fabricating silk-based biomaterials, due to their 

biocompatibility (Panilaitis et al., 2003), excellent mechanical properties (Gosline et al., 

1986) and long-standing use of silk as suture material. 

Silk cocoon filaments from the Bombyx mori silkworm are composed of silk Sericin 

and silk fibroin. Sericin is composed of a large number of hydrophilic amino acids such as 

serine, glycine, lysine, etc. Sericin is an important bio-material, which can be used in the 

medical and cosmetic fields, because it shows good compatibility to human tissues, 

biodegradation and oxidation resistance, antibacterial properties, and UV resistance. 

Additionally, sericin absorbs and releases moisture readily and exhibits the inhibitory activity 

of tyrosine and kinase, and is used widely in medical applications (Zhang, 2002). The 
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potential of silk as a biomaterial has been widely recognized, owing to its processing 

versatility, impressive mechanical performance, biocompatibility, oxygen and water vapor 

permeability and tailorable degradability (Jiang et al., 2007). 

Silk Fibroin has been widely used in tissue engineering because of specific functional 

properties, including excellent biocompatibility, good oxygen and water vapor permeability, 

and biodegradability (Murphy, 2008). The review summarizes the biomedical applications of 

nanosilk fibers and thus provides knowledge on the production of silk sericin and fibroin 

nanofibers with recent technologies. 

 

Production of silk blend nanofibers  

Silk sericin (SS)/silk fibroin (SF) blend nanofibers have been produced by 

electrospinning in a binary SS/SF trifluoroacetic acid (TFA) solution system, which was 

prepared by mixing 20 wt.% SS TFA solution and 10 wt.% SF TFA solution to give different 

compositions. The diameters of the SS/SF nanofibers ranged from 33 to 837 nm, and they 

showed a round cross section. The surface of the SS/SF nanofibers is smooth, and the fibers 

possessed a bead-free structure. The average diameters of the SS/SF (75/25, 50/50, and 

25/75) blend nanofibers are much thicker than that of SS and SF nanofibers. The SS/SF 

(100/0, 75/25, and 50/50) blend nanofibers were easily dissolved in water, while the SS/SF 

(25/75 and 0/100) blend nanofibers could not be completely dissolved in water. The SS/SF 

blend nanofibers were characterized by Fourier Transform Infrared (FTIR) spectroscopy, 

differential scanning calorimetry and differential thermal analysis (Zhang et al., 2011). These 

SS/SF nanofibers are of considerable interest for different kinds of application because these 

proteins have unique properties. 

 

Applications of silk protein scaffolds in tissue engineering 

Biomaterials for bone tissue regeneration represent a major focus of orthopedic 

research. However, only a handful of polymeric biomaterials are utilized today because of 

their failure to address critical issues like compressive strength for load-bearing bone grafts. 

The development of a high compressive strength (~13 MPa hydrated state) polymeric bone 

composite materials based on silk protein-protein interfacial bonding are reported by Mandal 

et al., (2012).  

Micron-sized silk fibers (10–600 μm) obtained utilizing alkali hydrolysis were used as 

reinforcement in a compact fiber composite with tunable compressive strength, surface 
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roughness and porosity based on the fiber length included. A combination of surface 

roughness, porosity and scaffold stiffness favored human bone marrow-derived mesenchymal 

stem cell differentiation toward bone-like tissue in vitro based on biochemical and gene 

expression for bone markers. Currently, bone graft/scaffold engineering using silk 

biomaterials has received increasing interest as an alternative option (Mandal and Kundu, 

2009). 

 

Silk/Nano-Calcium Phosphate (CaP) scaffolds 

Several methods have been used to prepare silk scaffolds with controlled structure and 

mechanical properties. The compatibility of silk-based biomaterials with different kinds of 

cells has also been studied (Motta et al., 2011; Mandal and Kundu, 2009; Fini et al., 2005). 

Scaffolds composed of SF and CaP have been explored in a few studies (Bhumiratana et al., 

2011), but the homogeneous distribution of the inorganic phase within the SF matrix remains 

challenging  

(Zhang et al., 2010). In order to overcome this problem, Yan et al. (2013) developed a novel 

strategy, which uses an in situ synthesis method to produce SF/nano-sized CaP composites 

and subsequently generates the macro/microporous scaffolds by salt leaching/freeze drying. 

 

Aligned silk based 3-D architectures 

An important challenge in the biomaterials field is to mimic the structure of functional 

tissues via cell and extracellular matrix (ECM) alignment and anisotropy. Toward this goal,  

silk-based scaffolds resembling bone lamellar structure were developed using a freeze-drying 

technique. The structure could be controlled directly by solute concentration and freezing 

parameters, resulting in lamellar scaffolds with regular morphology (Oliveira et al., 2012). 

The three dimensional silk biodegradable scaffolds designed using nanofibers serve as an 

excellent framework for cell adhesion, proliferation, and differentiation (Vasita and Katti, 

2006). 

 

Silk fibroin/gold nanocrystals 

The dispersion of nanoparticles in ordered polymer nanostructures can provide control 

over particle location and orientation, and pave the way for tailored nanomaterials that have 

enhanced mechanical, electrical, or optical properties. The silk fibroin as a natural 

biopolymer is used to embed gold nanocrystals (NCs), so as to obtain well-ordered structures 
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such as nanowires and self-assembled triangular nanocomposites. The strong interaction 

between gold NCs and silk fibroin is also revealed by the conformation change of silk protein 

in presence of gold NCs, as shown by FTIR analysis. The formation of such ordered 

nanocomposites (gold NCs/silk fibroin) will provide new nanoplasmonic devices (Noinville 

et al., 2017). 

 

Conclusion 

Biomaterials play a crucial role in tissue engineering by serving as synthetic 

frameworks commonly referred to as scaffolds, matrices, or constructs for cellular 

attachment, proliferation, and in growth ultimately leading to new tissue formation. The 

development of nanofibers has enhanced the scope for fabricating scaffolds that can 

potentially mimic the architecture of natural human tissue at the nanometer scale. Due to their 

potential, the nanofiber-based systems are also being pursued for a variety of other biological 

and non-biological applications. Among the various polymers used for the production of 

biomaterials, silk has been considered as a versatile biomaterial for tissue-engineering 

applications due to its processing versatility, impressive mechanical performance, 

biocompatibility, oxygen and water vapor permeability and tailorable degradability So, the 

applications of nanosilk fibers in tissue engineering provide scope for the endeavors available 

for silk fibers. 
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