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Abstract: In recent years, developing nanoparticles with green processes is gaining huge attention due 

to its cost-effectiveness, simplicity and non–toxic precursors. The present study utilized the potential of 

egg white for the synthesis of stable silver nanoparticles (EW-AgNPs). In order to characterize the EW-

AgNPs, various techniques have been employed. UV-vis spectroscopy (300-700nm) was used to study 

the  λmax, which highlighted the peak at 422nm. Further, the stability of synthesized EW-AgNPs was 

studied using Zeta potential, the value of -16.4 mV was obtained, indicating the stability of developed 

EW-AgNPs in the solution. Transmission electron microscopy was used specifically to visualize the 

shape and size of synthesized EW-AgNPs, the images showed spherical to the diverse shape of EW-

AgNPs. In the first phase, the EW-AgNPs were studied for dye degradation along with NaBH4. The 

enhanced dye degradation of blue dye was obtained with EW-AgNPs+NaBH4, showing 90- 100% 

degradation from 100- 25 mgL-1 dye solution, respectively. Further, in the second phase, antimicrobial 

activity (Zone of Inhibition) of EW-AgNPs was analyzed against Escherichia coli and Staphylococcus 

aureus. A higher ZOI was obtained for E.coli (16mm) than S. aureus (12.4mm). The present study 

proved egg white's ability to develop stable silver nanoparticles, which was further found to be effective 

for blue dye degradation and antimicrobial activity.   
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1. Introduction 

Textiles dyes are classified into two major groups, i.e., organic dyes and synthetic dyes 

[1–3]. Organic dyes are obtained from natural sources, like a flower, leaves, roots, etc. On the 

other hand, synthetic dyes are developed through chemical processes. The organic dyes are 

non-toxic and degradable [4], whereas synthetic dyes are toxic and may be categorized into 

xenobiotic compounds [5, 6]. The paper and textile industries are the major industries that 

utilize synthetic dyes for coloring paper and clothes. A major part of the dyes remained 

unutilized during the colorization process and discarded as effluent [6]. The colored effluent is 

discharged into the nearby water bodies and is the source of toxicity to the living aquatic 

organisms [7]. In addition to this, the color of dye reduces light penetration, which directly 

affects the life forms on aquatic sources [8]. Further, irrigation with such wastewater transfers 

dye and its components into the plants [9, 10]. Many physical, chemical, biological methods 

or combinations of these have been developed to remove or degrade the dye from synthetic as 

well as actual wastewater. The physio-chemical methods are fast but require more energy and 
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can produce toxic metabolites during the degradation process [5]. On the other hand, biological 

methods employ micro-organism (such as bacteria, fungi, or algae) to degrade the dye complex 

into a simpler component with low energy requirements [11].   

The degradation of dye through metallic nanoparticles is gaining attention due to the 

high efficacy against different types of synthetic dyes such as reactive, azo, anionic, etc [7].  

The synthesis of metallic nanoparticles by various processes and their utilization is one of the 

evolving research areas of nanotechnology [12–14]. Various methods have been employed to 

synthesize nanoparticles that can be categories into physical, chemical, and biological 

processes. The physical and chemical methods require high energy and toxic chemicals or 

reagents during the synthesis of nanoparticles. On the other hand, the biological methods utilize 

plants, bacteria, fungi, algae, etc., for the synthesis of nanoparticles [15–19].  However, the 

generation of egg-based nanoparticles is very limited [20–22]. The albumin protein present in 

the white chicken egg has a large potential for the generation of nanoparticles. Gold, silver, 

cadmium, copper, iron, etc., are some metals that have been widely exploited as a source of 

nanoparticles using biological methods [12]. However, the synthesis of silver nanoparticles has 

been researched primarily due to their application in the health care sector, biosensors, food 

industry, wastewater treatment, etc. [12, 23–26]. Available literature indicates the degradation 

of toxic textile dyes using metallic nanoparticles generated by plants, fungus, bacteria, etc. [27–

31].  

The degradation of dye using nanoparticles generated by egg white was not available 

in the existing literature studies. Therefore, the present study utilized the gap mentioned above 

and studied the degradation kinetic of a dye using egg white-based nanoparticles. For the same, 

chicken egg was used for the biosynthesis of silver nanoparticles under sunlight. The silver 

nanoparticles were examined for their morphological characteristics such as shape, surface 

charge and size through UV-spectroscopy, TEM, and Zeta-DLS. Further, the nanoparticles 

were examined for their potential to decolorize the synthetic dye along with decolorization 

kinetic. In addition to this, the synthesized nanoparticles were investigated for their 

antimicrobial potential against gram-positive and gram-negative bacteria.    

2. Materials and Methods 

2.1. Chemical and dye. 

All the chemicals and reagents used in the present experiment were of analytical grade. 

For the dye decolorization experiment, blue dye was procured from the leading textile industry 

(Madhya Pradesh, India).  The 100 mL of stock solution (1000 mg L-1) for silver nitrate 

(AgNO3, Qualigen) and blue dye was prepared in the double-distilled water.  Sodium 

borohydride (NaBH4) salt for experiments was obtained from CDH (Chandigarh, India) and 10 

mL solution (0.1 M) of sodium borohydride was prepared for future experiments.  Prior to 

experimentation, all the glassware was cleaned in an acidic solution. 

2.2. Synthesis of egg white silver nanoparticles (EW-AgNPs). 

The previously defined protocol was modified for the synthesis of silver nanoparticles 

using egg white [32]. The chicken eggs were collected from the Institute canteen and egg white 

from the egg was collected in a beaker. Around 2 mL of egg white was mixed with 92 mL of 

double distilled water and the mixture was stirred at 120 rpm for 50 min. Further, the solution 

was filtered through Whatman no 1 paper. Afterward, the filtrate is mixed with 6 mL of AgNO3 
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solution (1000 mg L-1) in a drop-wise manner with continuous stirring at 120 rpm) to obtain 

100 mL reaction solution. After adjusting the pH of the reaction solution at a value 7.2, the 

solution was kept under sunlight for 50 min for the synthesis of silver nanoparticles. To observe 

the synthesis of silver nanoparticles, a sample was scanned between 300 nm to 700 nm at a 

regular interval.    

2.3. Dye degradation activity of EW-AgNPs.  

The blue dye decolorization activity using EW-AgNPs was observed at different 

concentrations of dye ranging from 25 m L-1 to 100 mg L-1. For the same, 2.0 mL of blue dye 

solution of desired concentration was mixed with 0.05 mL of EW-AgNPs solution along with 

0.05 mL of NaBH4 solution (0.1 M) in quartz cuvette of 4.0 mL. Further, to observe the 

decolorization ability of NaBH4 solution (0.1 M) alone, 2 mL of dye sample of desired 

concentration was mixed with 0.05 mL of NaBH4 solution. A solution in the cuvettes was 

mixed constantly using a 0.1-1.0 mL pipette. The solution in the cuvette was observed for λmax 

(blue dye) at regular intervals to obtain the decolorization kinetic of blue dye.     

The decolorization of dyes in term of percentage was calculated as per the equation 

given below: 

Dye degradtion % =  
𝐴𝑜−𝐴𝑡

𝐴𝑜
 x 100  (1) 

Further, to determine the degradation kinetic of dye, the following equation was used:  

In 
𝐴𝑡

𝐴𝑜
 = - kt     (2) 

where Ao = maximum absorbance at zero time; At= maximum absorbance at t time and k = 

degradation rate constant 

2.4. Antibacterial activity of EW-AgNPs. 

Antibacterial activity of EW-AgNPs was studied in terms of zone of inhibition (ZOI) 

against gram-negative (E. coli) and gram-positive (S. aureus) bacteria through the disc 

diffusion technique. The antibacterial activity of EW-AgNPs was compared with the readily 

available antibiotic discs. For the same, freshly grown bacterial cultures of 24 h were spread 

on the nutrient agar plates. After spreading, five different discs containing double distilled 

water, AgNO3 solution, egg white protein solution, EW-AgNPs and antibiotics (penicillin and 

kanamycin) were placed on the nutrient agar plate. All the bacterial inoculated plates were 

incubated for 24 h at 37°C. 

2.5. Analytical techniques. 

2.5.1. UV-Visible spectrophotometer.  

The formation of EW-AgNPs due to the reduction of silver ions to silver nanoparticles 

in the presence of sunlight was monitored at regular. For the same, 3 mL solution was 

withdrawing from the reaction solution to quartz cuvette (path length: 10mm). The reaction 

solution was scanned between 300 nm to 700 nm using a UV-Visible spectrophotometer 

(Shimadzu).  On the other hand, the blue dye diluted solution was scanned between 300 nm to 

700 nm to obtained maximum absorbance (λmax). All the dye decolorization studies were 

observed at the resultant maximum absorbance.   

https://doi.org/10.33263/BRIAC122.23612372
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC122.23612372  

 https://biointerfaceresearch.com/ 2364 

2.5.2. Transmission electron microscopy (TEM).  

To examine the size and shape of the EW-AgNPs, transmission electron microscopy 

was performed. The reaction solution was placed on the carbon-coated grid. Afterward, to dry 

the grid, it was kept at room temperature for 2 h and to obtain the TEM micrograph, the sample 

on the grid was analyzed using EOL JEM-1400.  

2.5.3. Zeta potential and Dynamic Light Scattering (DLS). 

The surface charge is one of the most important properties of silver nanoparticles that 

directly influence the stability of the silver nanoparticles. To examine the surface charge on the 

EW-AgNPs, the zeta potential was performed through Malvern-Zeta- sizer. In addition to this, 

the size distribution of EW-AgNPs was analyzed through DLS. DLS micrograph of EW-

AgNPs was recorded through Malvern-Zeta- sizer (MAL1017202).  

3. Result and Discussion 

3.1. Ultraviolet-visible spectroscopy. 

UV-visible spectroscopy is the most widely used technique to check the synthesis of 

metallic nanoparticles. The change in color of the reaction mixture from transparent solution 

to dark brown is the primary indication of silver nanoparticle synthesis. The change in color of 

the reaction mixture is due to the reduction reaction in Ag+ to Ag0 [7, 33]. Further, UV -Visible 

spectrum was obtained for SPR bands present due to silver nanoparticles. 

 
Figure 1. UV-Visible spectrum of EWAgNPs with time. 

As illustrated in Figure 1, a sharp absorbance peak at 422 nm (λmax) was observed at 

different time intervals, indicating the formation of nanoparticles under the presence of sunlight 

in the range of nanometers [7, 34]. Figure 1 indicates that the reduction reaction of Ag+ to Ag0 

during the synthesis of the silver nanoparticles is time-dependent. The absorbance peak 

increases with the increase in sunlight exposure as the reduction reaction for the synthesis of 

silver nanoparticles is still under process. After 50 min, no change in absorbance peak was 

observed, indicating a complete reduction of available silver ions to silver nanoparticles.   
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3.2. Zeta Potential and DLS. 

Figure 2 illustrates the zeta potential of EW-AgNPs after the incubation period of 50 

min under sunlight. The zeta potential examined the surface property of EW-AgNPs in terms 

of potential or charge.  In the present experiment, EW-AgNPs indicate -16.4 mV values which 

clearly showed negative charges on the synthesized nanoparticles. EW-AgNPs acquire a 

negative charge due to the binding of proteins present in the egg white. These proteins act as a 

capping agent during the synthesis of nanoparticles and provide stability to the nanoparticles. 

The zeta potential value of EW-AgNPs demonstrated the electrostatic repulsion between the 

synthesized silver nanoparticles in solution and prevented its agglomeration. A high negative 

value indicates good colloidal nature, high dispersity and a high degree of stability of EW-

AgNPs. A similar negative value was observed for other nanoparticles synthesized utilizing 

egg white, plant, fungi, etc. [12]. The value of -24.2 mV indicates a negative surface charge on 

the silver nanoparticles synthesized using egg white protein [32]. In another case, -25.1 mV 

zeta potential was recorded for the silver nanoparticles synthesized by using flower extract 

of Ipomoea digitata.  

 
Figure 2. Zeta potential micrograph of EW-AgNPs 

 
Figure 3. DLS micrograph of EWAgNPs 

Further, figure 3 illustrates that PDI value of EW-AgNPs was 0. The PDI value for the 

metallic nanoparticles occurs between 1 to 0.  Value “0” in PDI index indicates a monodisperse 

distribution of silver nanoparticles, while the value “1” indicates a polydisperse distribution of 

silver nanoparticles [35]. In the present study, the PDI value of EW-AgNPs indicates the 
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formation of monodisperse distribution of nanoparticles. In other studies, PDI value for the 

silver nanoparticles exists between 0.11 to 0.42 [36, 37]. 

3.3. Transmission electron microscopy. 

Shape and size are the important physical properties of nanoparticles that directly 

control the applications of nanoparticles, i.e., Dye degradation, antifungal, antibacterial, 

bioremediation, etc. To identify the shape and size of nanoparticles, TEM were employed. 

Figure 4 illustrates the TEM micrograph of EW-AgNPs and it indicates the synthesis of 

spherical- diverse shaped nanoparticles. Further, the size of EW-AgNPs was observed to be 

roughly around 25 nm through TEM image.   

 
Figure 4. TEM micrograph of EWAgNPs. 

Various synthesizing parameters influence the shape and size of the developing 

nanoparticles, i.e., the concentration of silver nitrate used, pH of the solution, temperature, 

light, incubation period, etc. [38, 39].  These parameters help the nanoparticle to attain different 

shapes and sizes during the synthesis process. Further, the shape and size play an important 

role in metallic nanoparticles' antimicrobial and catalytic activity. For example, sharp-ended 

nanoparticles (triangular and hexagonal) can easily penetrate the cell wall and membrane 

during antimicrobial activity and are found more efficient than spherical and oval-shaped 

nanoparticles [40]. Further, degradation of pollutants such as dye, antibiotics, pesticide, etc., 

occurred on the surface of nanoparticles. Smaller size nanoparticles provide more surface area 

during catalytic activity than large-sized nanoparticles and, therefore, smaller-sized 

nanoparticles will show high catalytic activity [41]. 

3.4. Dye degradation activity. 

Silver nanoparticles are well known for removing toxic dyes, antibiotics, pesticides etc., 

like pollutants from wastewater. In the present study, the EW-AgNPs were employed for the 

remediation of dye from synthetic wastewater. The catalytic activity of EW-AgNPs was 

estimated in terms of decolorization of dyes from the synthetic wastewater present at a different 

initial concentration ranging from 25 mg L-1 to 100 mgL-1. A decrease in the absorbance value 

at λmax for dye (612 nm) indicates the decolorization process caused by the EW-AgNPs on its 

surface. It was observed that no significant change in dye-containing synthetic wastewater 

https://doi.org/10.33263/BRIAC122.23612372
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC122.23612372  

 https://biointerfaceresearch.com/ 2367 

occurred when exposed to NaBH4 (Figure 5A). On the other hand, when EW-AgNPs were used 

along with NaBH4 in the dye-containing synthetic wastewater, up to 90-100% decolorization 

was observed. The decolorization process of blue dye caused by the catalytic activity of EW-

AgNPs was measured in terms of a decrease in absorbance peak with time, as shown in figure 

5B. 

             
Figure 5. Blue dye degradation in presence of NaBH4 and EW-AgNPs + NaBH4 at 100 mgL-1. 

Table 1 indicates the percentage of dye colorization at different concentrations caused 

by EW-AgNPs. Up to 100% decolorization was observed at 25 mgL-1, whereas at 100 mgL-1 

the decolorization reduces to 90.3%. It was observed that, as the initial dye concentration 

increases in the synthetic wastewater, the time required for complete decolorization was also 

increased. The possible reason for the increased decolorization time may be the development 

of multi-layer of dye molecule onto the surface of EW-AgNPs that restricts the penetration of 

light, which is required during the degradation of dye into colorless products. Further, the 

surface of EW-AgNPs acts as an electron relay system during the degradation reaction of dye 

present in synthetic wastewater. The probable mechanism of dye degradation caused by EW-

AgNPS in the presence of NaBH4 includes the transportation of electrons from NaBH4 to dye 

molecule via EW-AgNPs. 

Table 1. Dye degradation percentage at different dye concentrations ranging from 25 mgL-1 to 100 mgL-1. 

 Dye decolorization (%) 

Concentration (mgL-1) NaBH4 NaBH4+EWAgNPs 

25± 0.48 10.4± 0.04 100± 3.22 

50± 1.56 0.81± 0.02 100± 1.34 

75± 3.20 0.00± 0.01 94.2± 2.45 

100± 2.52 0.00± 0.01 90.3± 2.80 

Firstly, both Bohorhydride ion (BH4
-) and dye molecule absorbed on the surface of  

EW-AgNPs. Further, BH4
- ion acts as a nucleophilic agent, which donates its available electron 

to EW-AgNPs.  On the other hand, dye molecules absorbed on the surface of EW-AgNPs will 

act as an electrophilic agent and capture the electron available on the surface of EW-AgNPs. 

This overall process starts a relay of dye degradation reaction and breaks the dye molecule into 

a colorless component. The degradation kinetics of blue dye follows the first-order degradation 

kinetic at 100 mgL-1 initial dye concentration. The first-order degradation kinetic can be 

depicted by the linear relationship between In[At/Ao] (At: Absorbance at time “t” and Ao: 

Absorbance at “0 min”) and t (degradation time). As illustrated in figure 6, a linear relationship 

was observed between At/Ao and time for degradation of blue dye. The rate of degradation for 

A B 
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blue dye was found to be 0.187 min-1. A similar increase in degradation rate was observed for 

the other dyes such as malachite green, congo red, thymol blue, methyl orange etc. [27, 42–

44].  

 
Figure 6. Blue dye degradation in presence of EWAgNPs + NaBH4 at 100 mgL-1. 

3.5. Antimicrobial activity of EW-AgNPs. 

Metallic nanoparticles are well known for their antimicrobial activities against 

multiples pathogenic bacteria as well as pathogenic fungus. The shape of the metallic 

nanoparticles plays an important role in their antimicrobial activity. In the present study, the 

antimicrobial activity of EW-AgNPs was evaluated against two bacterial species, i.e., E. coli 

and S. aureus. The antimicrobial activity of EW-AgNPs was analyzed in terms of zone of 

inhibition (ZOI) results, as illustrated in Table 2.  

Table 1. Antibacterial activity of plant extract, AgNO3 solution, EWAgNPs and antibiotics against E. coli and 

S. aureus. 

Zone of Inhibition (mm) 

Bacteria EW AgNO3 solution EWAgNPs  Penicillin  Kanamycin  

Escherichia coli 0 0.5±0.01 16.0±0.41 18.2±0.66 14.0±0.36 

Staphylococcus aureus 0 0.2±0.02 12.4±0.23 16.1±0.58 16.4±0.37 

The results clearly indicated that the antimicrobial activity of EW-AgNPs was on the 

higher side for E. coli (16.0 mm) compared to S. aureus (12.4 mm). The difference in cell wall 

thickness and composition (thick peptidoglycan in gram-positive S. aureus) can be the possible 

reason for the higher antimicrobial activity against E. coli compared to S. aureus. Further, it 

was observed that the antimicrobial activity of EW-AgNPS was comparable to commercial 

antibiotics. The ZOI value of penicillin and kanamycin for E. coli was 18.2 mm and 14.2 mm, 

respectively. The performance of EW-AgNPs for E.coli was better than kanamycin. On the 

other hand, for S. aureus, the ZOI value of penicillin and kanamycin was 16.1 mm and 16.4 

mm, respectively. The presence of a thick peptidoglycan layer in gram-positive bacteria (S. 

aureus) restricts the entry of silver nanoparticles inside of the cell. On the other hand, the 

peptidoglycan layer in the gram-negative bacteria (E. coli) is very thin. It, therefore, provides 

easy passage for nanoparticles to enter inside the cell. Hence gram-negative bacterial species 

are more susceptible to nanoparticles [40, 45]. Once nanoparticles enter the cell, it interacts 

with the DNA (deoxyribonucleic acid), degrades enzymes and proteins resulted in the cell 

death [12].  It was also observed that silver ions can intercalate between the DNA base pairs 

and cause cell damage. Silver nanoparticles can also induce the process of apoptosis by 

increasing the level of reactive oxygen species and intracellular calcium concentration [40, 46]. 

Further, the shape of the nanoparticle also plays an important role in its antimicrobial activity. 
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Spherical, triangular, circular, hexagonal, etc., are some common shapes that have been 

identified [12, 38]. Some studies suggested that nanoparticles with sharp ends (triangular or 

hexagonal) show higher antimicrobial activity as compared to spherical or circular-shaped 

nanoparticles. The available sharp end present in the triangular and hexagonal shaped 

nanoparticles can easily penetrate the bacterial cell membrane and, therefore, show 

significantly higher antimicrobial activity than spherical or circular shaped nanoparticles [40].   

The above results indicated that the nanoparticles synthesized by egg white protein have 

good potential for rapid degradation of toxic textile dye along with the significant antimicrobial 

activity. The process can be further optimized to maximize dye degradation at a maximum rate 

with minimum inputs.  

4. Conclusions  

The present study successfully demonstrated the efficacy of egg white portion for stable 

silver nanoparticles (EW-AgNPs) synthesis. The developed EW-AgNPs were characterized 

using various analytical techniques, such as UV-vis spectroscopy, Zeta-DLS, TEM etc. The 

analysis showed the efficient synthesis of silver nanoparticles which were stable in colloidal 

solution with spherical-diverse shapes. Further, the developed EW-AgNPs were found to be 

effective against E.coli and S. aureus. The EW-AgNPs also highlighted the enhanced 

degradation potential for blue dye. It is now clear that this simple, economical and eco-friendly 

process can be harnessed for sustainable nanotechnology. The present study strengthens the 

need to study the potential of egg white further to develop various other metallic nanoparticles 

which can be used for different applications.  
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