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Abstract: For the past few decades, the natural polymer Type-I Collagen becomes more attention due to its biomedical 
applications like scaffold preparation, tissue engineering and nanomaterial production. Fish skin bio waste has been recognized 
as economical, widely accepted alternative to Collagen derived sources. This present study deals with the effective use of 
underutilized bio waste resource. Collagen was extracted and confirmed as Type-I Collagen from the fish skin bio waste. After 
that the AgNPs were synthesized from the Collagen. The Protein profile of extracted Collagen was analysed in the SDS-PAGE 
confirms the type of Collagen. The morphology of type-I collagen was revealed under SEM. The silver nanoparticle was 
synthesized by using silver nitrate as a reducing and Capping agent for the Collagen along with sodium borohydride (NaBH4). 
The results of UV-Vis Spectroscopy confirmed the formation of AgNPs by showing a sharp absorption peak at 418nm. FTIR 
spectral peak shows the presence of alkynes, carboxylic acids and anhydrides compound which binds with Ag and also reduces 
and capped on Ag ions for the conversion of Ag+ into AgNPs.  The DLS and zeta potential results positively shows the stability of 
synthesized nanoparticles. The morphology of the resulted AgNPs exhibited spherical shape with less than 50nm size under 
SEM. The antimicrobial activity possess the suitable material for the biomedical applications, the Cytotoxicity of the Collagen 
derived AgNPs were evaluated under the MG-63 cell line  and the toxicity results having an Dose dependent manner. Key words: 
Collagen , AgNPs, Characterizations , Antimicrobial activity, MTT. 
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I. INTRODUCTION 

Collagen is the most abundant protein which contains about 30% of total protein and 6% of animal body weight [1] .Collagen 
scaffold has been widely used in biological experiments for introducing chemical and pharmaceutical substances in 
Nanotechnology. Collagen is the main structural protein in connective, skin, and osteoarticular tissues of animal organisms  The 
characteristic rope structure of collagen fibrils are organized by the union of basic units of collagen, formed by three subunit protein 
chains which are arranged as a triple helix and form large fibril stretches, which confer this protein its essential role in support 
tissues .Collagen synthesis is essential for maintaining different body structures, such as skin, bones, and cartilage. Fibroblast cells 
are the main responsible for the synthesis of extracellular matrix (ECM) which contains, among other proteins, collagen.  
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Skin appearance depends on the collagen skeleton, for instance, wrinkle formation has been associated to decreased collagen 
synthesis and increased collagenase activity. Dermal fibroblasts usually present a higher collagen synthesis rate than other tissues, 
since collagen plays an important role in the maintenance of skin integrity  Some approaches to prevent or retard the apparition of 
wrinkles in humans are to use cosmetics or to intake nutritional supplements which help to maintain collagen molecules in the skin 
at optimum.[2-3] Besides, sustainable socioeconomic and environmental principles promote the integral use of natural resources; 
this also applies to the fishery industry, which may represent an important source of valuable raw materials which are not always 
fully used. These raw materials, such as unused skins, are suitable for obtaining different products, such as collagen, gelatin, and 
collagen hydrolysates [4-5]. In this regard, the processes and technologies for the recovery of fish waste and its sustainable 
conversion to highly valued bio (nano) materials are more important .  
The current scenario of renewable origin and ‘made to be made again’ concept are most welcome in this pandemic situation. This 
not only has a positive impact on the environment, but builds long-term consistency. However, collagen stabilized with metal 
nanoparticles is attractive for biocompatibility and antibacterial properties. Metal nanoparticle, especially those made of noble 
metals, show excellent properties for biotechnology applications. In particular, AgNPs have established a broad range of 
applications in the majority of biomedical studies , due to their antibacterial ability and selective toxicity to microorganisms . In 
addition, AgNPs are widely used in various medical and industrial fields for venous catheters coating; vascular prostheses 
manufacturing; wound dressing manufacturing  treatment for chronic wounds and ulcers  or as a constituent incorporated into 
cement for the realignment of bone fractures  in to water purification filter and into wall paint for providing an aseptic environment 
to hospital patients. [6] 
 The unique properties of metal nanoparticles involve enhanced mechanical stability and resistance against enzymatic degradation 
when incorporated into tissue scaffolds, easy incorporation of antibodies, growth factors and peptides at the surface of metal 
nanoparticles, enhanced biocompatibility, anti-inflammatory and antimicrobial properties. So these metallic nanoparticles such as 
AgNPs might be used in gel form by incorporated with the collagen scaffolds for many biomedical applications. Thus, 
nanocomposite hydrogel containing metal or metal-oxide nanoparticles are extensively used as imaging agents, drug delivery 
systems, conductive scaffolds, switchable electronics, actuators, and sensors [7]. The silver nanoparticles have a large area of 
interest as they have a large number of application such as nonlinear optics, spectrally selective coating for solar energy absorption, 
bio-labelling, intercalation materials for electrical batteries as optical receptors, catalyst in chemical reactions, antibacterial 
materials, chemically stable materials and good electrical conductors. They are ahead of time the interest of researchers for their 
novel method for synthesis of silver nanoparticles. Silver is well known for possessing an inhibitory result toward many bacterial 
strains and microorganisms commonly present in medical and industrial processes . The present study deals with the rapid 
synthesize of Silver nanoparticles from collagen extracted from Bio-wastes. The synthesized silver nanoparticles confirmed through 
UV-visible spectrophotometer, size and stability confirmed through DLS & zeta potential. The FT-IR spectral values shows the 
components present in the silver nanoparticles , The morphology of the sample confirmed through SEM , And the antimicrobial 
activity carried out by agar well diffusion method the cytotoxicity were performed on the MG-63 Cells . 

 
 

II. MATERIALS AND METHODS 
A. Materials 
All used chemicals were of analytical grade and purchased from Sisco Research Laboratories (SRL) ,SIGMA unless otherwise 
specified. Collagen type I was enzymatically extracted in our lab from fish skin, purified by NaCl precipitation and dialyzed against 
distilled water and lyophilized, as previously described (Nagai et al., 1999) [8]. The obtained gel consisted of nondenatured 
molecules of collagen with triple helix conformation. 
 
B. Methods 
1) Preparation of Biowastes Collagen 
Collagen was extracted by acid solubilized and pepsin solubilized methods, purified and lyophilized (Nagai & Suzuki et al., 2002) 
[9] .The entire experiment was done at 4ºC. The wastes of Fish (Skin) was extracted with 0.1 N NaOH to remove non-collagenous 
proteins, then washed with distilled water and lyophilized. The skin was defatted by soaking in 10% butyl alcohol for 1 day, washed 
with distilled water and lyophilized. The insoluble matter was extracted with 0.5 M acetic acid for 3 days, and the extract 
centrifuged at 20,000 x g for 1 h. The skin contents were re-extracted with the same solution for 2 days, and the extract was 
centrifuged in the same conditions. Each viscous solution was mixed and salted out by adding NaCl to a final concentration of 0.9 
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M, followed by precipitation of the collagen by addition of NaCl (final concentration of 2.6 M) at neutral pH (in 0.05 M Tris ± HCl, 
pH 7.5). The resultant precipitate was obtained by centrifugation at 20,000 x g for 1 h and dissolved in 0.5 M acetic acid, dialyzed 
against 0.1 M acetic acid, distilled water, and then lyophilized .The extracted collagen was further taken for characterisation. Protein 
patterns of collagen samples were analysed with SDS-PAGE following the method as described by Laemmli (1970).Viscosity of the 
collagen sample (1g in 10 mL) was determined by rotary viscometer test method, using Viscometer (Model Brookfield)). In this test 
method, the solution was placed in a glass tube, housed in an insulated block at room temperature. A metal spindle was then rotated 
in the solution at 100 rpm, and the torque required to rotate the spindle is measured. Based on the internal resistance to rotation 
provided by the shear stress of the solution, the solution’s absolute viscosity was determined. Absolute viscosity is represented in 
centipoise (cP).Viscosity of the collagen sample (1g in 10 mL) was determined by rotary viscometer test method, using Viscometer ( 
Brookefield Digital). 
 
2) Synthesis of AgNPs from Biowastes Collagen 
Silver nanoparticles synthesized from Collagen ,To carry out the synthesis of silver nanoparticles, a solution of silver nitrate at 0.4M 
was prepared, and Bio-wastes collagen isolated from fish skin sample was prepared at a concentration of mg/ml, and a solution of 
Sodium borohydride (NaBH4) at 3.78 mg/ml was prepared using ultrapure water at 4°C. The AgNO3 solution was added to the 
collagen in the same volume and agitated for 10 minutes to homogenise it. The NaBH4 solution was jetted into the homogenised 
Col-AgNO3 solution. This solution was stirred for 10 minutes to homogenise. Following that, the reaction mixture was centrifuged 
at 3600 rpm for 15 minutes, and the final solution supernatants were removed. 
 

III. CHARACTERIZATION OF SYNTHESIZED SILVER NANOPARTICLES 
The bio-reductive synthesis of AgNPs was characterized using a UV-Vis spectrophotometer . The UV-Vis spectra were recorded 
between 200 and 800 nm as a function of temperature for the bio-reductive and capping property of Bio-wastes collagen sample. 
The presence of functional groups in Col-AgNPs was identified by Shimadzu -8400 FTIR Spectrometer using KBr pellet technique. 
Scanning electron microscope-energy-dispersive spectra (SEM-EDX) analysis was carried out using Hitachi SN-344, Japan. Thin 
films of the sample were prepared on a carbon-coated copper grid by just dropping a very small amount of the sample on the grid. 
The samples were performed to determine the morphology of the Nanoparticles. The particle size and stability measured by DLS 
and ZETA potential .collagen conformed through sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE). 

 
IV. RESULTS AND DISCUSSION 

A. Viscosity of the collagen and Sodium Dodecyl Sulphate-Polyacrylamide Gel Electrophoresis (SDS-PAGE)-Results  
The acid-solubilized Collagen and Pepsin-solubilized Collagen were recovered from biowaste with yields of 8.2 percent (w/v) (wet 
weight basis) and 17.5 percent (w/v) (wet weight basis), respectively. SDS-PAGE was used to examine the protein profile of the 
isolated collagen, with commercially available BSA as a control  [11]. The SDS-PAGE pattern showed that fish skin Collagen had a 
doublet pattern for α1 and α2 chains at corresponding to 97 kDa, and 116 kDa, respectively, and a β chain (150 kDa). The density 
for α1 was twice as much as α2, (Figure 4.1) Based on the patterns of α1 and α2, it suggested that the fish collagen has a 
composition of (α1), α2 heterotrimer, a type I collagen. This explained that the molecular weight of α2 chain was much smaller than 
that of α1 chain. The viscosity of collagen solution was 36 cP . 
Sodium Dodecyl Sulphate-Polyacrylamide Gel Electrophoresis (SDS-PAGE) 
Proteins can also be separated based on their molecular size and charge, because these factors determine how fast they pass through 
the gel. SDSPAGE involves the use of sodium dodecyl sulfate (SDS) detergent to denature proteins. And also use electric current to 
pull them through the polyacrylamide gel, this process is called polyacrylamide gel electrophoresis (PAGE). Polyacrylamide gel is 
made by polymerizing acrylamide monomer and appropriate crosslinking agent monomer. The most commonly used crosslinking 
agent is N, N-methylene bis-acrylamide. By linking together randomly growing polyacrylamide chains, a three-dimensional network 
is formed. The acrylamide concentration and crosslinking agent used determine the length and degree of crosslinking of the 
polymer, thereby affecting the physical properties of the polymer. Gel like density, elasticity, brittleness and most importantly pore 
size. Macro-porous gels can allow giant proteins to work faster, while high-density gels can slow down large proteins by better 
separating smaller molecules. The best way to analyse a single protein without knowing its size range in advance is to use a trial-
and-error method, which involves testing different concentrations of gel [12-13]. The SDS-PAGE pattern showed that fish skin 
collagen had a doublet pattern for α1 and α2 chains at corresponding to 97 kDa, and 116 kDa, respectively, and a β chain (150 kDa).  
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The density for α1 was twice as much as α2, based on the patterns of α1 and α2, it suggested that the fish collagen has a composition 
of (α1) 2α2 heterotrimer, a type I collagen. This explained that the molecular weight of α2 chain was much smaller than that of α1 
chain. 

 
            
 
 
 

 
 

 
 
 
 
 
 
 

Figure 4.1 SDS-PAGE gel showing the different types of collagens, (A) BSA bovine serum albumin (B) Collagen peptide 
(C) ASC and (D) PSC,  MWM-Protein marker10-250 KDa. 

 
B. Scanning Electron Microscopy analysis of fish collagen  
SEM pictures of isolated Collagen from stingray skin are shown in Figure 4.2. Under various magnifications, the structure and 
organisation of both extracted collagens were clearly visible. The illustration depicts the creation of separate fibres of uniform 
thickness. The diameter of the fibre was discovered to be around 878 nm. Furthermore, Collagens uniform and regular network 
structures make them suitable for drug delivery and wound dressing applications. As a result, the microscopic structure of fish skin 
collagens may provide a suitable biomaterial for a variety of biomedical applications [14]. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.2 SEM micrographs of Collagen extricated from bio waste at various magnifications 
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C. UV-Visible Spectrophotometer Analysis  
The synthesized AgNPs were preliminary characterized by UV-visible-spectroscopy. A strong and broad surface plasmon peak 
located at 418 nm was observed and it showed the indication Conformation of AgNPs. The absorption band observed at 418 nm is 
the characteristic peak of Ag nanoparticles . The formation of AgNPs during the reduction process is indicated by the colourless 
solution turning into a visually identifiable dark brown. The colour change and the appearance of absorption peaks correspond to 
surface plasmon resonance (SPR) in the UV-Vis spectrum. The confirmation of the synthesis of silver nanoparticles provides a 
qualitative assessment of the size, shape, and yield, as well as the agglomeration state of suspended AgNPs due to its unique optical 
properties. The characteristic peak of the SPR band of silver nanoparticles was observed in the range of 418 nm. Figure 4.3 shows 
the UV-Vis spectrum of silver nanoparticles synthesized from collagen samples and the similar silver nanoparticles UV-Visible 
absorption were found in the [14-15]. 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Figure.4.3 Shows the UV-Visible Absorbance of AgNPs synthesized from Collagen. 
 

D. Fourier Transform Infrared Spectroscopy [FT-IR] 
The FT-IR measurements used to identify potential molecules present and possible for the formation of Collagen-based silver 
nanoparticles. FTIR results show that the main absorption bonds in the Collagen spectrum are located at 710, 1642, 2138, and 3356 
cm-1 . After reacting with Silver ion solution , the peak shifts to the side with the longest wavelength, such as , 663, 883, 1013, 1265, 
1395, 1725, 2618, 3201 cm-1. Due to the strong bending of the aromatic OH compound, the peak at 613 cm-1 in the synthesized 
AgNPs rises to 710 cm-1. Since the peak at 1725 cm-1 is replaced by an ester from the weak olefin compound at 1642 cm-1, the 
synthesized AgNPs has changed. The change of 2618 cm-1 is due to the large amount of carboxylic acid forming Ag + ions the 
similar Functional groups response for the bio reduction capping were demonstrated in the  [16]. 
 
 
 
 
 
 
 

 
 
 
 
 
 

Figure 4.4 FT-IR results of Acid Soluble collagen and AgNPs Synthesized from Collagen 
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E. Dynamic Light Scattering & ZETA potential analysis  
The hydrodynamic particle size and surface charge  potential value of AgNPs were further measured using the DLS and ZETA 
potential measurement. The observed plot depicts the formed AgNPs were highly monodispersed, and the average size of the AgNPs 
was less than 80 nm, while the size of the highest percentage of AgNPs is 100nm. The zeta potential value -10.8mV with the 
polydispersity index 0.07 which indicating that they  in monodisperse in nature  and AgNPs were stable and suitable material for the 
biomedical applications the similar DLS and ZETA potential spectrum were found in the [17]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.5 DLS and ZETA potential images of Collagen-AgNps  
 

F. Scanning Electron Microscopy analysis of synthesized silver nanoparticles  
Scanning electron microscopy was employed to visualise the size and shape of AgNPs. The SEM image reveals the size distribution 
of AgNPs ranges from 35-50 nm. SEM image showed well dispersed small and large sized, non- agglomerated and irregularly 
shaped silver nanoparticles. The EDAX involves Qualitative and Quantitative analysis of elements present in the nanoparticles and 
it shows no other impurities were presented. The elemental analysis shows count at 3keV confirm presence of silver nanoparticles, 
similar work demonstrated on  [18-19] shows the similar spherical shaped Silver nanoparticles. 

 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
Figure 4.6 (a, b) SEM images and (c) EDS images of AgNPs synthesized from Collagen 
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G. Cytotoxicity results of  Collagen mediated AgNPs on MG-63 cancer cell line   
The effect of collagen mediated AgNPs on cell viability of osteoblastic MG63 cells have been determined using the colorimetric 
MTT assay. The nanoparticles displayed growth inhibition properties and reduced the MG-63 cell viability with IC50 values of 42.2 
±3.9 μg/ml. The results obtained from MTT assay revealed that the treatment of AgNPs showed dose- and time- dependent decrease 
in cell viability in both cell lines compared to control group. Here, the control (untreated) group is referred as 100% of viable cells. 
Data are presented as the mean ±standard deviation. The figure 4.8 shows the   morphological changes in the cell line MG63 cells.   
                       
 
 
 
 
 
 
 
 
 
 
 

Figure 4.7: MTT assay showing inhibitory effect of different concentration of Collagen -AgNPs with various concentrations (10-
60µg/ml) for 24 h on proliferation of  bone cancer cells  

 
Photomicrograph (20x) represents morphological changes in MG-63 cells such as shrinkage, detachment, membrane blabbing and 
distorted shape induced by sample Collagen -AgNPs treatment (40 & 50 µg/ml for 24 h) as compared with control. Control 
(untreated) showed normal intact cell morphology and their images were captured by light microscope. Collagen -AgNPs showed 
dose-dependent cytotoxicity against MG63 osteoblast cells through activation of the lactate dehydrogenase (LDH),  reactive oxygen 
species (ROS) generation, eventually leading to cytotoxicity the similar cytotoxicity of the Collagen mediated silver nanoparticles 
are developed and discussed in the previous work [20-23] and the results suggests more over similar to out cytotoxicity of the 
collagen mediated silver nanoparticles .  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4.8: Morphological changes in Control (A untreated) and samples of B and C Collagen -AgNPs treated with bone cancer 

MG-63 cells for 24 h. 
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H. Anti -Microbial activity of AgNPs  
The bacterial colonies [Staphylococcus aureus [ATCC7443] Escherichia coli [ATCC443] Pseudomonas aeruginosa [ATCC3163] 
had been grown in the medium of Nutrient broth. The antibacterial undertaking used to be examined the usage of agar well diffusion 
method. One hundred micro litters of the suspended culture were spread uniformly on Nutrient agar plates. The agar was then gently 
punctured with the help of cork borer to make wells, and 20,40,60,80,100 µL of the synthesized AgNPs used to be added in the 
respective well. The plates were incubated at room temperature for 24 hrs. The antibacterial exercise used to be assayed with the aid 
of measuring the diameter of the inhibition quarter shaped around the well ,the antimicrobial activity carried out by the 
[24,26]shows the similar results. The antimicrobial endeavour of synthesized AgNPs was carried out by agar Disk well diffusion 
technique and the maximum zone of inhibition was discovered at a 100µl, in Staphylococcus aureus, most inhibition observed at 
80µl. The microbial synthesis of silver nanoparticles has comparatively low quarter of inhibition examine with collagen synthesis of 
silver nanoparticles. 

Table 1.Antimicrobial Activity MIC of Collagen mediated AgNps  
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.7 Antimicrobial effect of Collagen-AgNPs on different organisms, [A] Staphylococcus aureus [B] Escherichia coli  [C] 
Pseudomonas aeruginosa 

 
V. CONCLUSION 

 In the present study, we demonstrated the synthesis of an AgNPs solution stabilized with collagen by using NaBH4 as a reducing 
agent. The synthesized AgNPs- col from collagen that resulted have a number of positive qualities, including the conformation of 
silver nanoparticles can be seen using a UV-Visible spectrophotometer, and the structural location of AgNPs-col confirmed.. The 
fish collagen is confirmed by SEM and SDS PAGE, and the size and surface morphology of the AgNPs-col are shown by scanning 
electron microscopy. Fourier Transform Infrared Spectroscopy shows the possible molecules present in the AgNPs-cols, DLS shows 
the diameter, positive to zeta potential, antimicrobial activity, it is found that the activity against bacterium is facilitated by the 
electrostatic interaction between the positively charged AgNPs-col and the negatively charged bacterial membranes. Collagen0-
AgNPs showed dose-dependent cytotoxicity against MG63 osteoblast cells and showed its anti-cancer activity. Compare with other 
antimicrobial studies, the AgNPs-col antimicrobial activity have high zone of inhibition. Collagen mediated AgNPs showed dose-
dependent cytotoxicity against MG-63  cells and showed its anti-cancer activity  ,from the Cytotoxicity images its clearly suggest 
that the Collagen mediated AgNps having an Dose dependent  manner with increasing concentration of toxicity against the MG-63 
Cells.  
 

S. 
No 

Name of the Organism Zone of inhibition  [mm in diameter] 
20µl 40µl 60µl 80µl 100µl 

1. 
2.  
3. 

Escherichia coli  [MTCC443 ] 
Pseudomonas spp  [MTCC3163] 
Staphylococcus aureus  [MTCC7443] 

4 
12 
2 

7 
13 
5 

15 
16 
7 

17 
18 
11 

21 
20 
- 

[A] [B] [C] 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 11 Issue IV Apr 2023- Available at www.ijraset.com 
     

 
4222 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 

A. Acknowledgment 
The authors acknowledges GNR instrumentation, University of Madras, for Characterization studies 
 
B. Conflicts of Work 
 The authors declare that there is no conflict of work. 
 The authors declare that they have no known competing financial interests.  
 The authors declare there is no conflict of interest on the Ethical Clearances.  

 
REFERENCES 

[1] Cardoso, V. S., Quelemes, P. V., Amorin, A., Primo, F. L., Gobo, G. G., Tedesco, A. C. dos Santos Júnior, J. R. (2014). Collagen-based silver nanoparticles for 
biological applications: synthesis and characterization. Journal of Nanobiotechnology, 12(1). doi:10.1186/s12951-014-0036-6 . 

[2] Anandalakshmi, K., Venugobal, J., & Ramasamy, V. (2015). Characterization of silver nanoparticles by green synthesis method using Pedalium murex leaf 
extract and their antibacterial activity. Applied Nanoscience, 6(3), 399–408. doi:10.1007/s13204-015-0449-z . 

[3] Arya, G., Kumari, R. M., Gupta, N., Kumar, A., Chandra, R., & Nimesh, S. (2017). Green synthesis of silver nanoparticles using Prosopis juliflora bark 
extract: reaction optimization, antimicrobial and catalytic activities. Artificial Cells Nanomedicine and Biotechnology, 46(5), 985–993. 
doi:10.1080/21691401.2017.1354302 . 

[4] Sanchez, A., Blanco, M., Correa, B., Perez-Martin, R. I., & Sotelo, C. (2018). Effect of Fish Collagen Hydrolysates on Type I Collagen mRNA Levels of 
Human Dermal Fibroblast Culture. Marine Drugs, 16(5), 144. doi:10.3390/md16050144  

[5] Selvam, K., Sudhakar, C., Govarthanan, M., Thiyagarajan, P., Sengottaiyan, A., Senthilkumar, B., & Selvankumar, T. (2017). Eco-friendly biosynthesis and 
characterization of silver nanoparticles using Tinospora cordifolia (Thunb.) Miers and evaluate its antibacterial, antioxidant potential. Journal of Radiation 
Research and Applied Sciences, 10(1), 6–12. doi:10.1016/j.jrras.2016.02.005  

[6] KADLER, K. E., HOLMES, D. F., TROTTER, J. A., & CHAPMAN, J. A. (1996). Collagen fibril formation. Biochemical Journal, 316(1), 1–
11. doi:10.1042/bj3160001.  

[7] Li, Z.-R., Wang, B., Chi, C.-f., Zhang, Q.-H., Gong, Y.-d., Tang, J.-J., . . . Ding, G.-f. (2013). Isolation and characterization of acid soluble collagens and 
pepsin soluble collagens from the skin and bone of Spanish mackerel (Scomberomorous niphonius). Food Hydrocolloids, 31(1), 103-113. 

[8] Nagai, T., & Suzuki, N. (2002). Preparation and partial characterization of collagen from paper nautilus (Argonauta argo, Linnaeus) outer skin. Food 
Chemistry, 76(2), 149–153. doi:10.1016/s0308-8146(01)00255-2 . 

[9] Deobagkar, D., Kulkarni, R., Shaiwale, N., & Deobagkar, D. (2015). Synthesis and extracellular accumulation of silver nanoparticles by employing radiation-
resistant Deinococcus radiodurans, their characterization, and determination of bioactivity. International Journal of Nanomedicine, 
963. doi:10.2147/ijn.s72888 . 

[10] Verma, S. K., Jha, E., Panda, P. K., Mishra, A., Thirumurugan, A., Das, B., Suar, M. (2017). Rapid Novel Facile Biosynthesized Silver Nanoparticles From 
Bacterial Release Induce Biogenicity and Concentration Dependent In Vivo Cytotoxicity With Embryonic Zebrafish A Mechanistic Insight. Toxicological 
Sciences, 161(1), 125–138. doi:10.1093/toxsci/kfx204 . 

[11] Seo, S. B., Dananjaya, S. H. S., Nikapitiya, C., Park, B. K., Gooneratne, R., Kim, T.-Y., De Zoysa, M. (2017). Silver nanoparticles enhance wound healing in 
zebrafish ( Danio rerio ). Fish & Shellfish Immunology, 68, 536–545. doi:10.1016/j.fsi.2017.07.057 . 

[12] Ibrahim, A., Soliman, M., Kotb, S., & Ali, M. M. (2020). Evaluation of fish skin as a biological dressing for metacarpal wounds in donkeys. BMC Veterinary 
Research, 16(1). doi:10.1186/s12917-020-02693-w . 

[13] Shaalan, M., El-Mahdy, M., Theiner, S., Dinhopl, N., El-Matbouli, M., & Saleh, M. (2018). Silver nanoparticles: Their role as antibacterial agent against 
Aeromonas salmonicida subsp. salmonicida in rainbow trout (Oncorhynchus mykiss). Research in Veterinary Science, 119, 196–204. 
doi:10.1016/j.rvsc.2018.06.019 . 

[14] Li, X., Cai, Z., Ahn, D. U., & Huang, X. (2019). Development of an antibacterial nano biomaterial for wound-care based on the absorption of AgNPs on the 
eggshell membrane. Colloids and Surfaces B: Biointerfaces, 183, 110449. doi:10.1016/j.colsurfb.2019.110449  

[15] Craciunescu, O., Seciu, A.-M., Manoiu, V. S., Trif, M., Moisei, M., Nicu, A. I., & Zarnescu, O. (2018). Biosynthesis of silver nanoparticles in collagen gel 
improves their medical use in periodontitis treatment. Particulate Science and Technology, 1–7. doi:10.1080/02726351.2018.1455780.  

[16]  Reddy, T.U. (2013). Effect of Silver Nanoparticles On Energy Metabolism In Selected Tissues Of Aeromonas Hydrophila Infected Indian Major Carp, Catla 
Catla. IOSR Journal of Pharmacy, 3, 49-55. 

[17] Sahu, N., Soni, D., Chandrashekhar, B., Sarangi, B. K., Satpute, D., & Pandey, R. A. (2012). Synthesis and characterization of silver nanoparticles using 
Cynodon dactylon leaves and assessment of their antibacterial activity. Bioprocess and Biosystems Engineering, 36(7), 999–1004. doi:10.1007/s00449-012-
0841-y  

[18] Gopinath, V., MubarakAli, D., Priyadarshini, S., Priyadharsshini, N. M., Thajuddin, N., & Velusamy, P. (2012). Biosynthesis of silver nanoparticles from 
Tribulus terrestris and its antimicrobial activity: A novel biological approach. Colloids and Surfaces B: Biointerfaces, 96, 69–74. 
doi:10.1016/j.colsurfb.2012.03.023  

[19] Alarcon, E. I., Udekwu, K., Skog, M., Pacioni, N. L., Stamplecoskie, K. G., González-Béjar, M.,Scaiano, J. C. (2012). The biocompatibility and antibacterial 
properties of collagen-stabilized, photochemically prepared silver nanoparticles. Biomaterials, 33(19), 4947–4956. doi:10.1016/j.biomaterials.2012.03.033.  

[20] Vaijayanthimala, V., Tzeng, Y.-K., Chang, H.-C., & Li, C.-L. (2009). The biocompatibility of fluorescent nanodiamonds and their mechanism of cellular 
uptake. Nanotechnology, 20(42), 425103. doi:10.1088/0957-4484/20/42/425103.  

[21] Manikandan, R., Manikandan, B., Raman, T., Arunagirinathan, K., Prabhu, N. M., Jothi Basu, M., Munusamy, A. (2015). Biosynthesis of silver nanoparticles 
using ethanolic petals extract of Rosa indica and characterization of its antibacterial, anticancer and anti-inflammatory activities. Spectrochimica Acta Part A: 
Molecular and Biomolecular Spectroscopy, 138, 120–129. doi:10.1016/j.saa.2014.10.043 . 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 11 Issue IV Apr 2023- Available at www.ijraset.com 
     

 
4223 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 

[22] Hebeish, A., El-Rafie, M. H., EL-Sheikh, M. A., Seleem, A. A., & El-Naggar, M. E. (2014). Antimicrobial wound dressing and anti-inflammatory efficacy of 
silver nanoparticles. International Journal of Biological Macromolecules, 65, 509–515. doi:10.1016/j.ijbiomac.2014.01.071.  

[23] Travan, A., Pelillo, C., Donati, I., Marsich, E., Benincasa, M., Scarpa, T., … Paoletti, S. (2009). Non-cytotoxic Silver Nanoparticle-Polysaccharide 
Nanocomposites with Antimicrobial Activity. Biomacromolecules, 10(6), 1429–1435. doi:10.1021/bm900039x  

[24] Pugazhendhi, S., Sathya, P., Palanisamy, P. K., & Gopalakrishnan, R. (2016). Synthesis of silver nanoparticles through green approach using Dioscorea alata 
and their characterization on antibacterial activities and optical limiting behavior. Journal of Photochemistry and Photobiology B: Biology, 159, 155–160. 
doi:10.1016/j.jphotobiol.2016.03.043. 

[25] Velmurugan Sekar, Mysoon M. Al-Ansari, Jayaraman Narenkumar, Latifah Al-Humaid, Paulraj Arunkumar, Amutha Santhanam, Synthesis of gold 
nanoparticles (AuNPs) with improved anti-diabetic, antioxidant and anti-microbial activity from Physalis minima, Journal of King Saud University - 
Science, Volume 34, Issue 6,2022,102197,ISSN 1018-3647,https://doi.org/10.1016/j.jksus.2022.102197. 

[26] Balogh, L., Swanson, D. R., Tomalia, D. A., Hagnauer, G. L., & McManus, A. T. (2001). Dendrimer−Silver Complexes and Nanocomposites as Antimicrobial 
Agents. Nano Letters, 1(1), 18–21. doi:10.1021/nl005502p. 

  



 


