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Abstract: Nanotechnology is a growing area of research.
For example, gold nanoparticles have a wide variety of
applications, including optical, electronic, and medical;
they are also used as catalysts in biosensor applications
and can be used for scanning, carrier, heat source, and
sensors. Therefore, nanoparticle synthesis is of great
importance to the country’s economy and to scientific
development. Nanoparticle synthesis involves using
chemical methods, physical methods, or both chemical
and physical methods. The synthesis is performed at
high pressures or high temperatures and severe condi-
tions, both of which have a high cost in terms of energy.
In our investigation, we used a green synthesis method,
which used quail eggs that required more moderate con-
ditions and less energy. The yolk from quail eggs has a
high protein and vitamin content. Using quail egg yolks,
the reaction conditions were optimized in terms of pH,
temperature, and concentration. The morphological
properties of the obtained gold nanoparticles were char-
acterized using an ultraviolet-visible spectrophotometer,
a scanning electron microscope, and an X-ray diffraction
analysis.
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1 Introduction

When we look at the advent of nanotechnology, we can
see that nanoparticles (NPs) with different properties
are used in many fields, including industrial, biomedi-
cal, medical, diagnostics, biomarkers, cell labeling,
antimicrobial, pharmaceutical, pollution control,
drug delivery systems, cancer therapy, biosensors,
and materials chemistry [1-3]. NPs have a high surface
area-to-volume ratio, and they also have different char-
acteristics from their starting materials; these proper-
ties include conductivity and electrical and chemical
properties.

Gold NPs are one of many NPs that are used in
various applications, including the use of catalysts,
biological labeling, optics, plasma, electronics, pho-
tothermal therapy, and biomedical fields [4-10], sug-
gesting that because gold NPs are an inert metal, they
can be used as excellent catalysts. One study reduced a
nitro derivative as toxic substances in the presence of
gold NP catalyst [11]. Recently, studies have been con-
ducted on the detection of chromium ions in water by
gold NPs [12-14]. It is possible to increase the sample
studies for gold NPs.

Gold NPs have been synthesized using different
physical and chemical methods, including the Turk-
evich method, the biphasic Schiffrin-Brust method, and
the seeding growth method [15-18]. However, research-
ers using green syntheses reported there were no dis-
advantages, such as limited quantities of obtained
NPs, compared with using chemical methods, which
required a lot of energy, produced toxic substances,
required multiple reactions, and involved high costs
[19, 20].

Green synthesis of NPs has many advantages over
chemical methods; it is simple and small, has a low cost,
is nontoxic, and has an ease of shape and stability control.
There are many studies in the literature about the green
synthesis of gold NPs. However, each alternative method
for NPs from gold has value because of the increase in area
used [21-25]. Some studies showed the synthesis of nano-
metals and their alloys using chicken eggs and magnesium
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(Mn?*/Mn?), iron (Fe?*/Fe?*), copper (Cu*), zinc (Zn*), and
nickel (Ni**) ions [26-28].

In our study, we used quail egg yolks, which have high
protein and vitamin contents, for the green synthesis of
gold NPs. The characteristics of the synthesized gold NPs
were explored using a spectrophotometer, a scanning
electron microscope (SEM), and an X-ray diffraction (XRD)
analysis.

2 Materials and methods
2.1 Chemicals and reagents

Chloroauric acid (HAuCl,), sodium acetate (CH,COONa), sodium
bicarbonate (NaHCO,), and disodium phosphate (Na,HPO,) were
purchased from Sigma-Aldrich (USA). The pH level of the solution
was adjusted by 0.1 M of hydrochloric acid (HCI) or 0.1 M of sodium
hydroxide (NaOH). All the chemicals used were analytical grade
without any further purification. Distilled water was used for all the
tests (GFL 2004). Fresh quail eggs were purchased from a local gro-
cery store (Erzurum, Turkey).

2.2 Synthesis of Au NPs

The research commenced immediately after the quail eggs were
obtained. To prepare the green synthesis reaction medium, the
quail egg whites and yolks were separated. One milliliter of egg yolk
was added to 99 ml of distilled water, and the solution was mixed
together to prepare a homogeneous reaction medium using a mag-
netic stirrer for 30 min. The egg yolk homogenate was then allowed
to leach out of the heterogeneous components through filtration. The
egg yolk homogenate was used as the reaction medium for the green
synthesis.

First, 2.0 ml of 10.0 mM HAuCl, was quickly added to the egg
yolk homogenate to prepare 100 ml of the reaction medium. The
reaction medium was stirred with the help of a magnetic stirrer at
100 rpm at normal atmospheric pressure, and the medium was kept
at room conditions. The reaction was monitored using a spectropho-
tometer for 72 h.

As the gold chloride transformed to metallic gold NPs, the
medium was scanned using an ultraviolet-visible (UV-Vis) spectro-
photometer between 200 and 900 nm. In this way, the wavelength
for the maximum absorbance of gold NPs gold was detected. This
wavelength was determined in the optimization process. pH level,
temperature, reaction time, and metal ion concentration were
determined separately for optimizing the green synthesis reaction
[26-30].

2.2.1 Reaction time To determine the reaction time, the gold
solution was measured every 3 min for the formation of minute gold
NPs. The absorbance was monitored against the gold solution using
the spectrophotometer for 240 min.
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2.2.2 Optimum pH For the synthesis of gold NPs, different buffer
solutions were used to create different pH values. The medium
was formed using phosphate buffers (pH 2-3), acetate buffers
(pH 4-6), phosphate buffers (pH 7-8), and carbonate buffer
(pH 9-11). The absorbance changes were recorded using the
spectrophotometer.

2.2.3 Optimum temperature To determine at which temperature
the most efficient synthesis of gold NPs took place, the reactions
were performed at different temperatures, from 10°C to 90°C with
10° intervals. The optimum temperature was determined using a
spectrophotometer by measuring samples taken from the reaction
medium against a blind solution. At the end of the optimum time,
the optimum temperature was determined.

2.2.4 Optimum metal ion concentration The effect on gold NP
synthesis of using five different concentrations of HAuCl, solutions
(0.5, 1, 3, 5, and 7 mM) was studied. The reaction medium was
centrifuged at 15,000g for 15 min. The gold NPs were then obtained
as a precipitate, which was rinsed twice with distilled water and
dried under vacuum. The characterization of the obtained gold NPs
was then determined.

2.3 Characterization of gold NPs

Synthesized gold NPs were characterized using a UV-Vis spectro-
photometer (Epoch Nano Drop UV-Vis spectrophotometer) screening
from 200 to 900 nm. The topography of the gold NPs was detected
using an SEM. In addition, the size of the gold NPs was determined
using XRD analysis.

3 Results

3.1 Green synthesis of Au NPs

The green synthesis of gold NPs was carried out using a
reaction medium that was prepared from a quail egg yolk
and HAuCl, solution. For this study, the quail egg yolk
was diluted to 1/100 after being filtrated. The amount
of egg yolk protein was determined using the Bradford
method, and the solution was adjusted to 1.5 pg/ml
protein. The obtained results are in line with previous
studies [31].

The synthesis of gold NPs was performed using a reac-
tion medium prepared from quail egg yolk. The processing
steps used to prepare the reaction medium are shown in
Figure 1.

To prepare 100 ml of reaction medium, 2.0 ml of
10.0 mM HAuCl, solution was quickly added. The reaction
medium was stirred using a magnetic stirrer at 100 rpm
at normal atmospheric pressure; the medium was kept
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Figure 1: The processing to prepare the reaction medium.

at room conditions. After the quail egg yolk was added to
the reaction medium, its color changed from clear to red-
purple. This color change showed that the gold NPs had
formed [31].

3.2 Characterization of the synthesized
gold NPs

The absorbance of synthesized gold NPs was measured
against the blank using the UV-Vis spectrophotometer.
Figure 2 shows the UV-Vis spectra of the gold NPs syn-
thesized after 4 h. Because of the gold NPs excitation of
surface plasmon vibration, the reaction medium color
changed from light to dark red/purple. Gold NPs were syn-
thesized using quail egg yolk. Although the obtained gold
NPs were washed, the remaining proteins in the medium
give peak in the range 280300 nm (Figure 2). Also, the
peak at 547 nm (range, 500—660 nm) belonged to the gold
NPs. Many studies have identified those gold NPs had an
absorbance around 547 nm [32].

3.2.1 Effect of temperature

A UV-Vis spectrum of gold NPs, which is prepared at dif-
ferent temperatures, was given in Figure 3. Au NPs were
synthesized using a quail egg yolk for 4 h between 10°C
and 90°C. When the temperature was increased, the
absorbance increased at 20°C, as shown in Figure 3. A
high amount of gold NP synthesis was observed from the
proteins of egg yolks, which served as a catalyst at room
temperature. Au NPs synthesized at room temperature
provided a great advantage to reduce the heating costs
and prevented the loss of activity of quail egg yolk pro-
teins, which were denatured in high temperature.
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3.2.2 Effect of pH

A UV-Vis spectrum of the prepared gold NPs is given at
different pH levels in Figure 4. The effects of pH levels
(between 3 and 11) on Au NP synthesis were investigated.
For this purpose, suitable buffers were used: glycine-HCl
buffer (pH 2-3), Na-citrate buffer (pH 4-6), phosphate
buffer (pH 7-8), and carbonate buffer (pH 9-11). The
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Figure 2: UV-Vis spectra of gold nanoparticles.
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Figure 3: The effect of temperature on the synthesis of gold nano-
particles using quail egg yolk.
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Figure 4: The effect of pH on the synthesis of gold nanoparticles.

synthesis of NPs does not greatly affect pH levels, but the
high synthesis of Au NPs takes place at pH 7.0, as shown in
Figure 4. Increasing time did not have much effect on the
Au NP synthesis at different pH levels, but Pt NP synthesis
reached equilibrium at the end of 4 h.

3.2.3 Effect of contact time at room temperature

Absorbance change depending on the time of Au NP syn-
thesis reaction was given in Figure 5. It was observed that
the absorbance values were increased at 547 nm with the
increasing time. The synthesis of Au NPs reached the
maximum peak in the first 48 min and then the reaction
reached equilibrium. When the reaction was monitored
for 240 min, at the end of the reaction period, obvious
changes in the absorbance of Au NPs were not observed,
and the absorbance remained stable. The Au NP synthesis
reaction of the completion rate was 90.98% after 48 min,
and this reaction was observed for 10 days. The obtained
results showed that the Au NPs were prepared using the
green synthesis method and were not aggregate and
stable. The NPs were determined to remain stable condi-
tion after 10 days (240 h).

3.2.4 Effect of HAuCl, concentration

The effects of the HAuCl, concentration in the Au NP syn-
thesis that occurred in the quail egg yolk medium were
investigated. For this purpose, Pt concentrations (0.5, 1,
2.5, 5, 7.5, and 10 mM) and the same amount of egg yolk
medium were used for Au NP synthesis, in which an
increase in HAuCl, concentration was observed for 4 h
(Figure 6). In Figure 6, when 0.5 mM HAuCl, was used,
the signals of Au NPs were enriched in the strongest rate
and the spectrum was taken properly. A concentration of
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Figure 5: UV-Vis spectra of gold nanoparticles as function of time at
room temperature and pH 7.
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Figure 6: The effect of HAuCl4 concentration on the synthesis of
gold nanoparticles.

0.5 mM HAuCl, was appropriate for measuring the absorb-
ance and observing the reaction. Some studies used 5 mM
HAuCl, [33].

3.3 SEM analysis

Chemical and mineralogical compositions of green syn-
thesized Au NPs were determined by SEM, which was
used to examine the surface of adsorbent. Images of Au
NPs were magnified x5000 using Metek, Apollo prime,
active area 10 mm?, Microscope inspect S50, SE detector
R580 (Figure 7). It was observed from Figure 7 that most
of the Au NPs were spherical in shape. Well-dispersed Au
NPs were identified, with sizes ranging from 20 to 50 nm.

3.4 Fourier transform infrared spectroscopy
analysis

This band shows high shift to 3421 cm~! in gold NPs. The
medium intense band (2928 cm~!) observed in the C=0
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Figure 7: SEM image of gold nanoparticles.

stretching mode in the infrared spectrum of gold NPs indi-
cates the presence of ~-COOH group in the material bound
to Au NPs, and the C=0 groups do not attach to the gold
NPs. At 1642 cm™}, the band belonged to the free amine
groups or carboxylate ion of the amino acid residue of
quail egg yolk. It is well known that proteins can bind to
Au NPs (Figure 8) [32].

3.5 XRD analysis

The XRD spectra of the synthesized nanogold using the
aqueous solution of quail egg yolk are shown in Figure 9.
The XRD patterns showed intense peaks at 39.5°, 46.0°,
66.5°, and 73.5°, which may be indexed to (111), (200),
(220), and (311) hkl planes, respectively (Figure 9). These
indexed Bragg’s reflections resemble the cubic structures
of gold NPs in room temperature. Figure 9 represents the
XRD patterns of synthesized nanogold obtained green
synthesis method. Bragg’s peaks at (111), (200), (220), and
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Figure 8: Fourier transform infrared spectroscopy diffraction
pattern of the synthesis of gold nanoparticles.
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Figure 9: XRD pattern of the synthesis of gold nanoparticles.

(311) revealed the formation of face-centered cubic struc-
tures of gold NPs.

4 Conclusions

Au NPs, which occurred in the quail egg yolk medium,
were 20-50 nm. Au NPs were characterized using UV-Vis
spectroscopy, Fourier transform infrared spectroscopy,
SEM, and XRD. The synthesis of Au NPs was performed
using quantity, direction, and morphology characteriza-
tion. Synthesized Au NPs are considered to have a wide
range of applications in nanotechnology, catalyst, phar-
maceutical, and energy industries.
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