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Abstract 
In recent years, interest in metal-based antibacterial materials has increased due to microorganisms gaining resistance to 
antibiotics. Silk sericin obtained from Bombyx mori cocoon has found use in many different areas thanks to its 
biocompatibility, hydrophilic character and biodegradability. Zinc oxide nanoparticles (ZnONPs) obtained in various zinc 
salts exhibit broad-spectrum antibacterial properties. In this study, to be produce metal based antibacterial materials, 
synthesis of silk sericin-coated ZnONPs (SS-ZnONPs) in a green and scalable method was investigated by using silk sericin 
protein as both reducing and capping agent to obtain ZnONPs. For producing SS-ZnONPs, 2% silk sericin solution was mixed 
with Zn(NO3)2 solution and the blend solution was heated at 100 °C for a certain period of time.  Observing surface plasmon 
resonance (SPR) peak specific at 380 nm in the UV-vis spectrum of SS-ZnONPs represented the formation of ZnONPs. Then, 
the chemical, morphological, crystalline, thermal, and antibacterial properties of the synthesized SS-ZnONPs were 
examined. Characteristic peak of the Zn-O band was found in fourier transform infrared spectroscopy (FTIR) analysis of SS-
ZnONPs. According to scanning electron microscopy (SEM) analyses, ZnONPs had morphology similar to cubic/hexagonal 
shape, showed a uniform structure, and did not represent any agglomerations. In energy dispersive spectroscopy (EDS) 
analyses of SS-ZnONPs, peaks belonging to carbon, nitrogen, oxygen, sulphur, and zinc elements were observed. The 
formation of Zn peak indicated that the zinc ions were transformed into ZnONPs. In addition, characteristic peaks of zinc 
were seen in the X-ray diffractometer (XRD) result of SS-ZnONPs. Thermogravimetric analysis (TGA) showed that the 
thermal stability and remaining amount of SS-ZnONPs was higher compared to pure silk sericin powder due to the 
formation of ZnONPs. Lastly, agar well diffusion test was carried out with Staphylococcus aureus (ATCC 6538) and 
Escherichia coli (ATCC 25922) bacteria and SS-ZnONPs showed antibacterial action against S. aureus. It has been observed 
that the obtained SS-ZnONPs can be used as antibacterial agents. However, it was also understood that the ZnONPs 
concentration in this study was low for high antibacterial activity. 
Keywords: Green synthesis, Silk sericin, Zinc oxide nanoparticles, Antibacterial materials   
 
I. INTRODUCTION
Nanoparticles (NPs) are atomic level particles having 1-100 nm size and they can be produced from a wide 
variety of materials. NPs are categorized as metallic NPs (for example; Ag, Zn and Au), metal and non-metal 
oxides NPs (for example; ZnO, FeO and AlO); semiconductor NPs (for example; CdS, ZnS and ZnSe) and 
carbon NPs [1,2]. Compared to bulk materials, NPs have different advanced features in size, distribution and 
morphology [3]. The quantum effect, surface and heterogeneity of NPs play a significant role in the chemical 
reactivity, optical, mechanical, electrical and even magnetic features of NPs. Heterogeneity and surface area of 
NPs can also affect other properties such as antimicrobial activity [2,3]. 
 
In the field of nanotechnology, there have been spectacular developments in recent years, with various advanced 
methodologies to synthesize NPs of certain forms and sizes. NPs can be obtained by physical, chemical and 
biological and green procedures. Various physical and chemical techniques such as sol-gel synthesis, laser 
ablation, hydrothermal and lithography have been developed. However, these methods may have disadvantages 
such as requiring special equipment and skilled labour, and may have toxic effects due to the use of harmful 
chemicals [4]. Increasing demands for environmentally friendly NPs have increased the interest in obtaining NPs 
with green synthesis methods instead of physical and chemical methods [5]. Many metal and metal oxide NPs 
have been synthesized by green synthesis methods, by using natural molecules as both stabilizing and reducing 
agents [5-7].  
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One of the excellent metallic nanomaterials is zinc 
NPs (ZnNPs) and ZnONPs. Zinc is a highly active 
element and also a powerful reducing agent [8]. Zinc 
is one of the most essential microelements in human 
beings and is existed in all of tissues, especially 
muscle, skin and bone [2,9,10]. ZnONPs are obtained 
from zinc salts by various methods such as chemical 
or chemical vapor deposition, hydrothermal synthesis 
technique, laser vaporization condensation technique, 
precipitation and green synthesis technique [13]. 
ZnONPs have a wide range of usages areas in 
different industrial areas [2,11]. With wide band gap 
(3.37 eV), ZnO has good transparency at room 
temperature and it is used as semiconductor materials 
[11,12]. Due to the strong pharmacological properties 
of ZnO, ZnONPs has usage areas in health fields as an 
anticancer, antimicrobial and antioxidant agent [2,11]. 
Additionally, ZnONPs are less toxic to the human 
body compared to other NPs and Zn ions, which are 
the dissolved form of ZnO, are substances found in 
normal human physiological system [13].  

Silk cocoons are formed two main proteins called 
sericin and fibroin [14]. Fibroin is a fibrous protein 
that forms the structure of the cocoon and has been 
used for years in different application areas [15]. On 
the other hand, sericin is a globular water-soluble 
protein that keeps the fibroin proteins in the cocoon 
together. Sericin has 18 distinct amino acids in its 
structure and mostly contains amino acids containing 
polar groups [14]. After obtaining fibroin in silk 
processing plants, the sericin protein is disposed of 
together with the wastewater. However, sericin is a 
cheap, readily available, biodegradable and 
biocompatible material [5,7]. Many valuable 
biological activities of silk sericin have been reported 
in the literature and silk sericin has wide applications 
areas in tissue engineering [16,17], wound healing 
material synthesis [18,19], drug delivery [20,21], 
cosmetics [22,23] and food additives [24]. After the 
studies showing the usability of sericin in these 
important areas, many researchers continue to make 
new studies on sericin. Although sericin is mostly 
used in the production of wound dressing materials 
due to its increase in cell proliferation and 
biocompatibility, it is a protein with different uses, 
such as a reducing agent in the production of various 
NPs [25-28], in the synthesis of packaging materials 
[29] and in the production of adsorbent materials [30].

There are a few studies in the literature using sericin 
protein for ZnONPs synthesis [8,31]. However, to our 
knowledge, there is no study in the literature on the 
production of stable ZnONPs using only silk sericin as 
reducing and stabilizing material. However, in these 
studies, sericin protein was not used alone as a 
reducing and coating agent. In the current our study, 
stable ZnONPs were obtained by a simple, green 
method using only silk sericin solution as reducing 
and stabilizing agent and the chemical, morphological, 

thermal and antibacterial properties of the obtained 
SS-ZnONPs were investigated. 

II. MATERIALS AND METHODS
2.1. Materials 
Silk sericin in solid powder form (obtained from 
Bombyx mori silkworm, CAS no. 60650-88-6; 60650-
89-7, MA: ca. 138 kDa) was taken from Nembri
Industrie Tessili. All other chemical and the bacterial
cultures mediums were supplied from Merck
(Germany) and Across Bio, respectively.

2.2. Synthesis of SS-ZnONPs 
Silk sericin and zinc solutions were prepared for the 
obtaining of SS-ZnONPs. To prepare sericin solution, 
2 grams of sericin were taken and added to 100 mL of 
water. After heating the mixture, pH of sericin mixture 
was raised to above 7 with NaOH, ensuring complete 
dissolution of sericin [5]. Then, the prepared 10 mM 
Zn(NO3)2 solution (30 mL) was added to the boiling 
silk sericin solution (30 mL) in a controlled manner. 
When Zn(NO3)2 were added to the silk sericin 
solution, a white-cloud-like solution was formed. The 
mixture was heated in a controlled manner for 2 hours 
and in continuation, it was stirred for 24 hours at room 
temperature. For FTIR, XRD, SEM-EDS analyses, 
liquid mixture of SS-ZnONPs was poured into petri 
dishes and the mixture was dried in an oven (50 °C, 1 
day). Finally, powders of SS-ZnONPs were collected 
as solids from petri dishes.  

2.3. Characterization of SS-ZnONPs 
With a UV-Vis spectrophotometer (Biochrom, UK), 
UV-Vis absorption spectra of SS-ZnONPs solution 
was measured between 300 and 500 nm wavelength 
range. For chemical characterization of SS-ZnONPs, 
the FTIR spectra of the silk sericin and SS-ZnONPs 
were obtained with a FTIR device (Bruker Vertex 70 
V). The morphologies and elemental analysis of the 
SS-ZnONPs were investigated with a SEM device and 
EDS analysed were obtained on SEM images 
(QUANTA 400F Field Emission SEM). After mixing 
the SS-ZnONPs homogeneously, with a ZetaSizer 
instrument (Malvern Instruments, Malvern, UK), the 
zeta size and potential of the SS-ZnONPs were 
recorded. The crystal structure of SS-ZnONPs was 
examined with a XRD device (Rigaku Ultima-IV 
brand) in the 0-80° scanning range. The thermal 
properties of SS-ZnONPs and original silk sericin 
were determined by TGA (PerkinElmer) between 25-
950 °C with 10 °C/min heating rate.  

2.4. Evaluation of Antibacterial Properties of SS-
ZnONPs 
Agar well diffusion test procedure was carried out in 
solid medium by using E. coli and S. aureus bacteria 
according to our previous works [5,7,32]. For the test, 
liquid cultures of E. coli and S. aureus bacteria were 
prepared and the number of cells in cell suspensions 
for bacterial cultures was adjusted to 108 
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microorganisms/mL by measuring optical densities of 
the bacterial cultures. 100 µL bacterial samples from 
these suspensions were poured to Mueller Hinton agar 
plate (prepared in 20 mm petri dish) and the cells were 
spread over the entire surface with sterile cotton swab. 
After 10 minutes of bacterial plating, wells were 
opened in solid media with 7 mm diameter with 1 mL 
pipette tip back on each agar surfaces. 100 µL of SS-
ZnONPs samples (sterilized by keeping under UV-
light at 254 nm in a cabinet for 1 hour) were placed to 
the opened wells and the petri dishes were incubated 
for 24 hours at 37 ºC. For the antibacterial test 
performed, autoclave sterilized water and gentamicin 
antibiotic discs were used as negative and positive 
control, respectively. After 24 hours of incubation, it 
was checked whether there were inhibition zone areas 
around the wells and the resulting inhibition zone 
diameters were measured with the help of a ruler.  

III. RESULTS AND DISCUSSION
3.1. Production of SS-ZnONPs 
For production of SS-ZnONPs, solutions of silk 
sericin and Zn(NO3)2 were blended and solution of 
sericin-Zn(NO3)2 was heated at 100 ºC after NaOH 
addition (Figure 1). As time passed, sericin-Zn(NO3)2 
solution colour turned form yellow to cloudy white. 
The occurance of color change was proof that silk 
sericin converted zinc ions to ZnONPs. Because, 
sericin can reduce the zinc ions to ZnONPs due to its 
functinal groups found its structure. This color change 
observed due to ZnO formation has been reported in 
many studies in the literature [33,34].  

Figure 1: Obtaining SS-ZnONPs with silk sericin 
solution  

Afterwards, the absorbances of solutions of silk 
sericin, Zn(NO3)2 SS-ZnONPs were recorded between 
300-500 nm and the results were given in Figure 2.
SPR peak specific to ZnONPs around 380 nm was
observed while Zn(NO3)2 and sericin solution did not
show any SPR peak. There are many studies in the
literature showing that ZnONPs have SPR peaks in the
range of approximately 350-400 nm [35,36]. This
peak formation represent formation of  hexagonal
wurtzite ZnO and according to the literature, the result
we obtained was compatible [37,38].

Figure 2: UV-Vis analyses of Zn(NO3)2, silk sericin, 
and SS-ZnONPs sample between 300-500 nm 

3.2. Characterization of SS-ZnONPs 
For the SS-ZnONPs samples, zeta size and zeta 
potential was found as 316.4 and -22.4 mV, 
respectively (Figure 3 (a) and 3(b)). The zeta 
potentials of the synthesized SS-ZnONPs were found 
to be negative. This result shows that the synthesized 
SS-ZnONPs were stable and had homodispersed 
distribution since the negatively charged ZnONPs 
repelled each other in aqueous solution [32,39]. The 
fact that NPs had a negative zeta potential is because 
of the use of sericin protein as a coating agent. 
Because, ZnONPs were synthesized at a pH that was 
above the isoelectric point of the sericin (isoelectric 
point of silk sericin is 3.7) [5]. When we look at the 
zeta size distribution plot of the synthesized NPs, it 
was seen that the ZnONPs have different size 
distributions. 
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Figure 3: Zeta potential (a) and size distribution (b) of 
SS-ZnONPs sample 

The FTIR analyses of silk sericin and SS- ZnONPs 
powders were given in Figure 4. In the FTIR result of 
pure silk sericin, amide 1 (at 1634 cm−1), amide 2 (at 
1515 cm-1) and amide III (at 1236 cm-1) peaks were 
clearly seen. In addition, the peaks around at 3266, 
2927 and 1404 were observed due to the O-H 
stretching vibration, C-H groups and symmetrical- 
asymmetrical stretching of the methyl group, 
respectively [5,7]. It was also observed that all peaks 

belonging to sericin protein were present in the FTIR 
analysis of NPs. These findings proved that SS-
ZnONPs were coated with sericin. Although there 
were peaks related to sericin in the spectrum of SS-
ZnONPs compared to pure sericin, shifts in these 
peaks have occurred. These shifts resulted from the 
interaction of sericin with ZnO. Mumtaz et al. [40] 
synthesized ZnONPs using chitosan and silk fibroin, 
and by FTIR analysis, they observed that there were 
shifts in the peaks of chitosan and fibroin in the 
spectrum of coated ZnONPs. The authors attributed 
the reason for these shifts in the peaks to the 
interaction of chitosan and fibroin with ZnO. In the 
FTIR analysis of SS-ZnONPs, in addition to sericin-
related peaks, a new peak observed at 618 cm-1, which 
is the characteristic peak of the Zn-O band [41]. The 
formation of this peak proved the formation of 
ZnONPs in the presence of sericin as reducing agent. 
In addition, peaks associated with carboxylate ions (at 
1593 cm-1) and amine salt (at 847 cm-1) were seen as 
the synthesis was performed in alkaline conditions 
using the sericin solution. These new peaks found in 
the SS-ZnONPs group represented that the amide 
bonds of silk sericin were hydrolyzed at alkaline 
conditions during the sysnthesis [5]. Moreover, in SS-
ZnONPs FTIR result, a new peak formation observed 
at 1119 cm-1 indicated the presence of C-O around 
ZnONPs [42].  

Figure 4: FTIR spectra of silk sericin and  SS-ZnONPs sample 
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(a) (b)

(c)

The SEM illustrations of SS-ZnONPs at different 
magnification were shown in Figure 5 (a) and (b). As 
seen from the images, the synthesized SS-ZnONPs 
have a cubic/hexagonal appearance and did not come 
together and form agglomerates. The high stability of 
particles with negative surface charge in zeta potential 
measurements has also been proven with SEM 
analysis. In addition, these images showed that by 
using silk sericin as a stabilizing and coating agent, 
NPs that were stable and did not form aggregates were 
obtained. In the literature, it has been shown that 

stable ZnONPs were synthesized in ZnONPs synthesis 
studies using various substances as coating agents 
[33,34,40]. EDS analysis taken on the SEM pictures of 
SS-ZnONPs was given in Figure 5 (c). In the EDS 
analyses of SS-ZnONPs, peaks belonging to carbon, 
nitrogen, oxygen and sulfur elements as well as zinc 
peaks were observed. The existence of Zn peaks 
represented the formation ZnO from zinc salt. Due to 
the sericin  protein, which was found as a coating 
agent around the obtained NPs, elemental structures 
belonging to the protein were seen in their structure.

Figure 5: SEM images of SS-ZnONPs sample at different magnifications ((a) x25.000, (b) 50.000 
magnification) and EDS analysis of SS-ZnONPs powder (c) 

The XRD examination results of pure silk sericin and 
SS-ZnONPs were given in Figure 6. According to 
XRD result, sericin had contained both crystalline and 
amorphous structures. The sharp and wide peak, 
between 15-25°, showed the semi-crystalline structure 
of silk sericin with crystal and amorphous regions. In 
the XRD result of SS-ZnONPs, this broad peak 
belonging to the sericin was also found due to coating 
of ZnONPs with sericin. In ZnONPs synthesis studies 

carried out with different coating agents, characteristic 
peaks belonging to the hexagonal structure of the ZnO 
formed have been reported in many previous studies 
[8,41]. As in these studies, in the XRD analysis of SS-
ZnONPs, characteristic peaks of zinc oxide were 
found. The diffraction peaks found at 31.57, 34.032, 
36.01, 47.515, 56.63, 62.68 and 67.83 ° associated 
with the 100, 002, 101, 102, 110, 103 and 112 
hexagonal crystallographic planes of ZnO [42,43].  
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Figure 6: XRD spectra of silk sericin and SS-ZnONPs 
sample 

The thermal degradation properties of pure silk sericin 
and SS-ZnONPs were invectigated with TGA analysis 
and the results were given in Figure 7. According to 
TGA analysis, sericin degraded in 3 steps. In the first 
degradation step, sericin has lost moisture found its 
structure. In other degradation steps, organic 
structures of silk sericin were degraded [25] and the 
remaining mass of the silk sericin was found to be 
20.276% at the end of 950 ºC. Accorinding to TGA 
thermograms of SS-ZnONPs, SS-ZnONPs degraded in 
4 steps. In the first step, it had lost the moisture in its 
structure, but the weight loss was more than the mass 
loss of silk sericin. ZnONPs are able to retain water in 
their structure and, compared to pure silk sericin, 
therefore, the mass loss due to moisture loss in the 
first step was increased. In the second and third 
degradations steps, the organic sections of silk sericin 
found around the ZnONPs degraded. In the 4th step, 
residual materials that may be on the surface of SS-
ZnONPs have been degraded [44]. The amount 
remaining of SS-ZnONPs was found to be 29.922% at 
950 ºC. TGA analysis results showed that the amount 
of remaining substance in ZnONPs samples increased 
at 950 ºC in comprasion with pure sericin. The 
increament in the amount of remaining residue 
compared to the pure sericin was due to the formation 
of ZnONPs.  

Figure 7: TGA results of silk sericin and SS-ZnONPs 
powder 

3.3. Antibacterial Properties of SS-ZnONPs  
NPs are seen as substitutes for antibiotics due to their 
low toxicity to the human body and broad-spectrum 
lethal effects against pathogenic microorganisms 
[45,46]. Bacterial cell walls are negatively charged 
because of teichoic acid found in gram-positive and 
phospholipid found in gram-negative bacteria. 
Therefore, it is thought that the ions released from 
NPs interact with the negatively charged cell wall and 
NPs show antibacterial activity [2,8]. The 
antimicrobial effects of NPs can be determined by 
growing microorganisms in culture media containing 
NPs or by establishing a direct interaction medium by 
electrospraying [47,48].  

Bacteria are divided into two main groups, gram 
positive and gram negative, according to differences 
in their cell wall structures. The cell wall differences 
of gram-positive and gram-negative bacteria create 
differences in the behaviour of bacteria against 
antibacterial materials [32]. In our study, in 
antibacterial test, we used S. aureus bacteria as gram-
positive bacteria and E. coli bacteria as gram-negative 
bacteria, which are frequently used in antibacterial 
tests.  

There are studies showing that ZnONPs synthesized 
with different coating agents have antibacterial 
activity on many microorganisms [40,49,50]. In the 
present study, antibacterial properties of the produced 
SS-ZnONPs was investigated against gram-positive S. 
aureus and gram-negative E. coli with performed agar 
well-diffusion test. The measured inhibition diameters 
for the samples and agar images of test were 
represented in Table 1 and Figure 8, respectively. For 
E. coli, it was observed that no zones of inhibition
were formed around the wells in which SS-ZnONPs
were added. These results showed that the obtained
NPs did not show any antibacterial effect on E. coli,
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which is in the gram-negative bacteria. In addition, in 
experiments with S. aureus, inhibition zones were 
found around the wells and this result showed that SS-
ZnONPs have antibacterial activities for S. aureus. 
Previous studies have shown that ZnONPs own more 
lethal influence on gram-positive bacteria [51,52]. 

This is an acceptable result, because, in general, gram-
negative bacteria show high resistance to antibacterial 
agents compared to gram-positive bacteria, due to the 
outer membrane structure found in their cell walls 
[32].  

Table 1. Measured inhibition zone values for positive, negative control, and SS-ZnONPs sample 
Samples Zone of Inhibition for E. coli 

(mm) 
Zone of Inhibition for S. 

aureus (mm) 
Posicitve control (PC, Gentamicin,10 µg) 19.67±0.41 22.67±0.82 

Negative control (NC, sterilized water) 0 0 

SS-ZnONPs 0 12.42±0.33 

Figure 8: Agar images of the applied antibacterial test (for E. coli; positive control (a), negative control (b), SS-
ZnONPs sample (c), for. S. aureus positive control (a), negative control (b), SS-ZnONPs sample (c)). 

IV. CONCLUSIONS
In the current work, green synthesis method was 
applied for producing of SS-ZnONPs. The synthesis 
of the obtained SS-ZnONPs was confirmed both by 
colour change and UV-Vis analysis. The chemical 
feature of the obtained SS-ZnONPs were examined by 
FTIR, and the Zn-O peak formed in the FTIR analysis 
was shown chemically to form ZnONPs. Looking at 
the SEM photographs, it is understood that the 
synthesized NPs have a cubic/hexagonal appearance 
and did not come together and form agglomerates. 
EDS analysis performed on SEM photographs showed 
that there were oxygen, carbon, sulphur, and nitrogen 
peaks in the structure of NPs, originating from the 

coating agent sericin. Moreover, Zn peak was seen in 
EDS analysis and this result proved that the elemental 
form of Zn was formed. In XRD analysis, 
crystallographic peaks belonging to the hexagonal 
structure of Zn were observed. With TGA analysis, it 
was observed that, compared to the pure sericin, there 
was an increase in the amount of remaining mass of 
SS-ZnONPs without degradation at the end of 950 ºC 
due to the formation of Zn-O. Finally, it was 
confirmed that the synthesized NPs had an 
antibacterial effect on S. aureus, a gram-positive 
bacterium. 
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