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Short Communication:
Green Synthesis of Silver Nanoparticles Using Citrus sinensis Peels Assisted
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centrations. The CNR values for tube currents
4.98, and 48.26, respectively. In contrast, the CNR
¥5.32, and 81.67. The results obtained from the
clearly demonstrate that silver nanoparticles
iopamidol. Hence, silver nanoparticles have significant

silver nanoparticles; microwave irradiation; contrast agent; computed
contrast-to-noise ratio

m INTRODUCTI based on nanoparticles. The density of silver, measured
at 10.49 g/cm’, is higher than the density of iodine,
which is measured at 4.93 g/cm’. The increased
concentration of silver nanoparticles leads to a greater
surface area for interaction, resulting in enhanced
absorption of X-rays [4]. In addition, it demonstrates
thermal and photostability [4], is cost-effective [5], and
can be obtained in a highly pure state [6]. Hence, the
utilization of silver nanoparticles holds promise for
enhancing medical imaging. According to Mattea et al.
[7], the inclusion of silver nanoparticles at various
concentrations and depths in the tissue led to an increase
in signaling. This finding indicates that silver
nanoparticles possess the ability to function as

augment the quality of photographs. Iodine
as a contrast agent in CT scans. Iodine has

§"'is limited by its short duration of blood
circulation [2] and the occurrence of negative effects [3].

Recently, a novel alternative contrast agent called
nanoparticles was introduced. High-density metal
materials may be used to create effective contrast agents

Tanty Fatikasari et al.



2 Indones. J. Chem., xxxx, xx (x), xx - xx

radiosensitizers and amplifiers of dose. This was clarified
by Mondal et al. [8], who used optical coherence
tomography (OCT) to view soft tissue in animals. The
results indicate that silver nanoparticles can penetrate
chicken breast tissue layers, resulting in enhanced
contrast and improved imaging depth at different time
intervals. Furthermore, nanoparticles have a longer
circulation time in the bloodstream compared to iodine,
resulting in more accurate imaging [9].

Silver nanoparticles can be synthesized using several
methods, including laser ablation, pyrolysis, electron
beam lithography, sonochemical processes, and sol-gel
processes [10-11]. approach is
somewhat expensive due to the need for advanced

Nevertheless, this

machinery, a large quantity of resources, and its extended
duration. A novel method known as green synthesis can
address this shortcoming. Green synthesis is a process
that involves phytochemical compounds found in plants,
such as flavonoids, phenols, tannins, and alkaloids [12-
13]. This approach is regarded as ecologically sustainable
due to its limited use of chemicals, cost-effective
reliance on relatively uncomplicated equipmg
The Citrus sinensis peel contains a significant
phytochemicals, specifically 15%
alkaloids, 3-4% flavonoids, and 3
phytochemical compound faci
hydroxyl groups, which transfe
(Ag"), leading to the re i

generate more uniform heat [14]. An investigation is
conducted to analyze the impact of microwave power on
the creation of distinct nanoparticles. To determine their
properties, the nanoparticles are further analyzed using

UV-vis, FTIR, XRD, and TEM
Subsequently, the nanoparticles underwent in vitro

techniques.

testing to evaluate their efficacy as a CT contrast agent.
We then compared the obtained fi with those of

the standard iodine-based CT contrast a

m EXPERIMENTAL SECTION
Materials

The materials used in this e
sinensis peels, silver x
hydroxide (NaOH),
iopamido].

ered water. The extract was first immersed and then
heated to a temperature of 90 °C for a duration of
10 min. It was then allowed to cool down to the ambient
temperature and filtered using Whatman paper. Finally,
the extract was thereafter kept in the refrigerator for
future use.

Synthesis of silver nanoparticles

A solution containing 0.05 M silver nitrate was
combined with 200 mL of peel extracts and adjusted to a
pH of 10. The combination was next subjected to
microwave irradiation (using a Samsung microwave
operating at a frequency of 2.45 GHz) for 5 min, using
various power settings (100, 180, 300, 450, and 600 W)
to ascertain the most favorable condition. Following the
reaction, the liquid underwent a color transformation
from a transparent yellow hue to a reddish-brown shade,
suggesting the successful synthesis of silver
nanoparticles [20-21]. Further, the silver nanoparticle

solution is subjected to filtration using a vacuum filter,
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resulting in the collection of pellets which are further
dried on a hotplate. Subsequently, the powder was
collected for further analysis.

Characterization techniques

A UV-vis spectrophotometer was used to maintain
the formation of silver nanoparticles in the solution at
wavelength 200-700 nm and TEM was used to measure
the size of silver nanoparticles. The FTIR spectrum of C.
sinensis peel extracts and colloidal silver nanoparticles
was recorded to investigate how biomolecules act in the
formation of silver nanoparticles at wavenumber 4000-
500 cm™', while the crystalline nature was examined by
XRD analysis.

In vitro CT imaging

Silver nanoparticle powder was dispersed in distilled
water at concentrations of 100, 150, and 200 mg/L and
then sonicated for 30 min in a 10 mL vial. Iopamidol as
iodin-based contrast liquid was also diluted to a similar
concentration, which was then homogenized by
sonication for 30 min. A GE Revolution Ma
Primaya Hospital Semarang was used to eval

CT imaging. With a head procedure slice t

aligned and exposed by the axia
acquisition of the intensity sig

and then the contra
using the following

Synthesized Silver

Nanoparticles

UV-vis analysis
The reduction of silver ions into nano-size has been
achieved by using microwave irradiation to synthesize

silver nanoparticles. Fig. 1 illustrates the color transition
from a light-yellow shade to a reddish-brown hue,

providing evidence for the creation of silver

nanoparticles. To verify the succe he reaction, a

UV-vis spectrophotometer was used pbserve any
color changes in the solutions.

The UV-vis spectra in Fig. 2 d

osz et al. [24]. The silver

Fig 1. Solution before (a) and after (b) microwave

irradiation
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Fig 2. UV-vis spectra of silver nanoparticles synthesized
by Citrus sinensis peels extract
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wavelengths from 100 to 600 W, respectively. The
absorbance of the samples shows a positive connection
with increasing power. Specifically, the absorbance values
are 0.302,0.785,0.842, 1.168, and 2.407. Porrawatkul et al.
[25] found that higher absorption values indicate a larger
number of nanoparticles. Silver nanoparticles have a
wavelength range between 400 and 450 nm [17,26].
Wavelengths above 450 nm, which exhibit strong
absorption, indicate a higher probability of interparticle
interaction and the possibility of particle aggregation in
the sample. Consequently, the research determined that a
power of 300 W was optimal for synthesizing silver
nanoparticles.

FTIR analysis

Fig. 3 displays the FTIR spectra of silver
nanoparticles. Fig. 3. shows a comparison of the FTIR
spectrum on the colloid of silver nanoparticles with the
extract of C. sinensis peels. From the spectrum, the groups
that play an important role in the reduction process can
be analyzed. The presence of O-H bonding, whichugi
hallmark of a polyphenol molecule, is sho
absorption peak in the wavenumber rangg

by oxidation entails breaking t
creating a carboxylic acid group
[25,27]. Zayed et al.
band at 2363 cm™' ¢
at633cm™
carbonyl (C=0)
erpenoids, thereby
vity [25,27,29-30].

ak seen at 1526 cm™ corresponds

ated that the absorption band seen at 1382-
caused by the existence of a C-H bond, as
stated by €
1261 cm™
catechins [32]. These chemicals later become present in

umurthy et al. [31]. The absorption band at
dicates the presence of flavonoids and

the colloid of silver nanoparticles. The lack of absorbance
that this
emphasizing its crucial contribution to the creation of

indicates substance is being reduced,

silver nanoparticles. An absorption band seen at the
wavenumbers of 1059-1061 cm™ indicates the presence

of a carboxyl group, which may be ascribed to either a

rred to as flavonoids,
enoids, and ketones. This research
y Senthamil et al. [12] and
which suggest that the presence of
henols in C. sinensis peel extract
process of reducing silver ions to silver
also

Furthermore, the component

o the stability of the created silver

XRD is also used to study the crystalline structure
of desiccated silver nanoparticles. The diffraction profile
in Fig. 4 displayed four distinct peaks at 20 values of 38.27,

Citrus sinensis peel extract
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Fig 3. FTIR spectra of silver nanoparticles
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000 - . . . .
3 nanoparticles using C. sinensis peel extract assisted by

microwaves showed a higher peak than the synthesis
(1) conducted at room temperature, despite the use of a
lower concentration of silver nitrate:
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Fig 4. XRD patterns of silver nanoparticles synthesized

with Citrus sinensis peel extracts

nm [40-41], the green
44.21, 64.57, and 77.56°. These peaks correspond to the les has a smaller mean size
(111), (200), (220), and (311) crystallographic planes,
respectively, according to the standard set by the Joint
Committee on Powder Diffraction Standards (JCPDS).

This indicates that the synthesized silver nanope
dispersed in an aqueous solution at three

[35-36]. Compared to plasmochemical entrations (100, 150, and 200 mg/L) and

electrochemical [38] methods, the green s
e consistently compared to iodine at the same

oncentration under 80 kV and 160 mA conditions. Fig. 6
illustrates the impact of X-ray radiation on the material.

silver nanoparticles shows a hi
suggests that there are more na
that, the XRD analysis did n

impurities. Furthermore, the g Despite the limited visibility of the color variation in the

Frequency
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Fig 5. TEM image and size distribution histogram of silver nanoparticles synthesized using Citrus sinensis peel extracts

assisted by microwave irradiation
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Aquadest investigation, the CNR exhibited a rise in consistency as
@) the concentration increased. The CNR value of silver
nanoparticles was 45.48 at a concentgation of 100 mg/L,

whereas iodine had a CNR value '@

values for silver nanoparticles at conce
and 200 mg/L were 62.83 and 92.8
comparison, the CNR values for i
57.82, respectively. With increasit

CNR ratio of silver nanoparticles
Fig 6. Image results of (a) iopamidol and (b) silver increasing trend, speci

nanoparticles with variations of composition as contrast  significant improven
CT imaging [44] which discover

picture, it is evident that silver nanoparticles produce nthesis of silver

higher HU values compared to iodine when the average oreater  values  as

value is calculated.
Fig. 7(a) and 7(b) illustrate the value of silver

nanoparticles at various dosages in comparison to iodine. 160. and 180 mA are 18.44. 17.56. and

At all concentrations, silver nanoparticles have a higher In contrast. the HU values of iodine

HU and CNR compared to iodine. The HU values of silver nd 7.63. Following the computation of
nanoparticles at concentrations of 100, 150, and 2¢ 0 368 at the present levels of 140, 160, and
are 10.1, 14.6, and 17.6, respectively. In contr
values of iodine are 6.7, 7.9, and 9.8. The researc

corresponding values for iodine were found to be
.83, 44.98, and 48.26. Referring to Fig. 8. As the

Consequently, an increase in na currents increase, the flow of photons also increases,

will result in a greater absorption resulting in better image density. According to the CNR

more vivid images [4 value, increasing density will lead to a reduction in noise,
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Fig 7. (a) HU of silver nanoparticles and iodine as a function of molar concentration and (b) comparison CNR of silver
nanoparticles and iodine at each concentration
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Fig 8. (a) HU of silver nanoparticles and iodine as a function of tu
nanoparticles and iodine at each tube current

resulting in enhanced contrast resolution. In addition, a
high CNR value signifies a stronger image [46], indicating

an improvement in the quality of the CT image. A r rescarch grant of Riset Publikasi

previous investigation by Matsubara et al. [47] found that No. 569-105/UN7.D2/PP/IV/2023.

increasing the tube current beyond 100 mA g
substantial decrease in noise. In addition, Katka 2 RLICT OF INTEREST
[48] also confirmed that an increase in currer

corresponding rise in the CNR value.
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