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Abstract: The objective of the ongoing study is to present plant extract and irradiation dual-assisted
synthesis of silver nanoparticles. Durio zibethinus peel extract functioned effectively both as a reducing
agent and stabilizer under light-emitting diode-artificial sunlight. Several tests were conducted to
explore the optimal parameters, including the concentration of Durio zibethinus peel extract, the
temperature used for extraction, and the duration of extraction, which were closely related to the
formation and stability of the plant extract-synthesized nanosilver. The green-synthesized material was
pure silver phases and dispersed uniformly in spherical shapes with an average size of 17.4 nm.
Antimicrobial activities of negatively spherical nanoparticles (—25.6 mV) were briefly covered in the
negative-gram bacteria (Escherichia coli, Pseudomonas aeruginosa, and Salmonella enterica),
positive-gram bacteria (Bacillus subtilis, Lactobacillus fermentum, and Staphylococcus aureus), and
cancer cells (Human oral KB, Hepatoblastoma-derived HepG2, Lung A549, and Breast MCF7). The
extract-assisted silver nanoparticles exhibited a highly significant inhibition against Pseudomonas
aeruginosa, Lactobacillus fermentum, and MCF7. Additionally, the produced silver nanoparticles were
also utilized to determine Cu?* by colorimetric method with a limit of detection at 1.8 pg/L.

Keywords: antimicrobial activity; colorimetric detection; Durio zibethinus peels; light-emitting diode-
artificial sunlight; silver nanoparticles.
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1. Introduction

In the present age, the emergence of nanotechnology has drawn numerous scientists'
attention due to its characteristic properties and a series of applications in multitudinous fields
of chemistry [1], medicine [2], microbiology [3], technology [4], and the environment [5].
Gold, silver, and copper have become the most desirable metallic nanoparticles owing to their
exclusive properties. Silver compounds have strong oxidation abilities to treat varied bacterial
infections [6]. However, since many antibiotics had first come on the market, the use of these
silver compounds drastically decreased. Scientists tried reducing metals to their nanoscale,
significantly altering their chemical, physical, and optical natures. Silver nanoparticles
(AgNPs), whose diameters range from 1 to 100 nanometers, have become promising
antimicrobial agents [7]. AgNPs possess the capability to invade the bacterial cell wall, alter
the structure of cell membranes, and even cause cell death. As a result, the techniques for
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creating AgNPs emerged with a range of biomedicinal applications, including antibacterial [7],
antifungal [8], and anticancer activity [9].

The properties and stability of synthesized AgNPs depend on various factors, such as
shape, size, and surface charge [10]. AgNPs are more fragile, prone to oxidation, and capable
of forming massive clusters. Hence, exploring synthetic methods that allow for control of the
shape, size, and surface charge of produced AgNPs has recently received much attention.
Several techniques have been developed involving physical, chemical, and green synthesis for
AgNP formation [11]. Both "Top-down" and "Bottom-up"” methodologies are used to create
AgNPs [12]. In the "Top-down" procedure, suitable bulk silver is broken into small particles
by size reduction using physical processes, while the "Bottom-up™ procedure involves the
application of multiple chemical and biological treatments through the self-assembly of atoms
to newly generated nuclei, which eventually form into nanoscale particles [13]. Regardless of
the techniques followed, the general principle is to convert silver ions Ag* dissolved in silver
salt solutions into silver atoms Ag® through chemical reduction. With chemical methods,
sodium citrate (Na3CsHs07), sodium borohydride (NaBH4), and hydrazine (N2H4) were known
as the most powerful chemical reducing agents employed in the synthesis of AgNPs [14].
Nonetheless, these agents are expensive and have environmental toxicity [11]. Similarly,
physical methods involve expensive types of equipment and waste a lot of energy when using
physical agents that employ high-energy electromagnetism and electromagnetic waves, such
as gamma radiation [15], UV radiation [16], and laser radiation [17]. In addition, it is also a
time-consuming process to raise the ambient temperature surrounding the source material to
achieve thermal stability [18]. Consequently, green synthesis routes utilizing plant extracts are
considered to have tremendously outstanding advantages due to their eco-friendly,
straightforward, and non-toxic manufacturing procedure. In particular, phytoconstituents
extracted from bio-organisms not only play an essential role as a reducing agent but also act as
a capping agent that could attach to the surface of AgNPs [19].

Durian (Durio zibethinus Murr., Family: Bombacaceae, Genus: Durio) is the prominent
tropical fruit of Southeast Asian countries and is known as the "King of Fruit" because of its
exclusive odor and offensive taste. Vietnam's Durio zibethinus (D. zibethinus) output has
recently expanded dramatically, becoming an important source of revenue for farmers who
reside in fruit-growing regions [20]. An average D. zibethinus' mass ranges from 1 to 3 kg.
However, the weight of the residue only makes up 60-70% of the total weight of the fruit,
which leads to a massive amount of agricultural waste [21]. In an attempt to solve this problem,
researchers have conducted several studies about making use of D. zibethinus peels for their
translation into valuable nanomaterials [22]. The existence of flavonoids, polysaccharides,
phenolic acids, phenolic glycosides, and pectin in the extract's chemical constituents plays an
important role in the formation and stabilization of AgNPs [23]. Meanwhile, pectin, which was
found in various fruit remnants, has been recently investigated for its potential in the formation
of metal nanoparticles. The hydroxyl and methoxyl groups within the structure of pectin
functioned as reductants in the biosynthesis and stabilization of AgNPs [24]. Recently, D.
zibethinus peel extract has been considered for use in synthesizing AgNPs. Alzahrani's research
synthesized AgNPs from durian shell aqueous solution to detect the presence of ammonia at
low concentrations [22]. The outcomes showed that fabricated AgNPs had an average size of
around 25 nm and detected ammonia at 500 ppm concentrations. Another study, producing
AgNPs from the durian ring extract with fluorescent light bulb assistance, was published by
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Chutrakulwong [25]. TEM images showed that the produced AgNPs were spherical with a
small particle size of about 10 nm and possessed extraordinary stability.

Besides, the photoreduction of silver salts also benefits from the support of light
sources, including fluorescent light, LED, laser, and sunlight [26-29]. Numerous advantages
have emerged for these light-driven processes, including improved optical properties, well-
controlled morphology, excellent photon efficacy, and energy stability [27]. Plenty of research
on photoinduced techniques has been conducted. Chutrakulwong was successful in obtaining
spherical AgNPs for 5 min utilizing biomass made from durian rind exposed to sunlight [25].
Likewise, Lee productively studied AgNP synthesis employing Dryopteris crassirhizoma
rhizome extract under various sources of light [27]. The altered color of the plant extract after
30-minute irradiation was attributed to the presence of AgNPs. Compared with other lights,
LED artificial sunlight makes it easier to control the intensity and is more affordable due to its
low energy consumption [30].

This work is the first to study a green-synthesized approach using D. zibethinus peel
extract assisted under LED artificial sunlight. Synthesis conditions for AgNP formation,
including the influence of the concentration of D. zibethinus peel extract, the temperature used
for extraction, and the duration of extraction, were estimated. Additionally, there is a
comprehensive investigation into the efficient synthesis and stability of the produced AgNPs.
Finally, the characteristics of the green-synthesized AgNPs, such as antimicrobial activities
and colorimetric assays for Cu?* detection, were considered in detail.

2. Materials and Methods

2.1. Materials.

Fresh and ripe D. zibethinus peels were procured at a local market (Can Tho, Vietnam).
Merck-procured silver nitrate AGQNO3s was employed as the precursor for synthesizing AgNPs.
Throughout the investigation, double-distilled water was used as a solvent to prepare the
solutions and extract them. Copper nitrate Cu(NOz3). with a concentration of 1000 mg/L
prepared in nitric acid HNOs 0.5 M from Merck was used as the copper standard.

2.2. Preparing D. zibethinus peel extract.

The fresh and ripe D. zibethinus peels were rinsed under distilled water to purify the
surface. The following stage was the removal of the exocarp (green parts), accumulating the
mesocarp and the endocarp (white parts), and cutting them into small pieces. The collected
residues were dried at 80°C for 48 h, milled into fine powders using a mechanical grinder, and
preserved at 4°C for additional use. An adequate amount of prepared D. zibethinus peel powder
was boiled with 100 mL of double-distilled water at the determined temperature and required
duration for extraction to become a heterogeneous mixture. The extract was purified through
Whatman paper and subjected to centrifugation at 6800 rpm for 60 min to eliminate solid
residue. It was then used for nanomaterial synthesis.

2.3. Synthesizing AgNPs.

AgNP formation was integrated by dissolving a constant amount of silver nitrate at 1
mM in the D. zibethinus peel extract with LED photoirradiation for 2 h. Nanomaterial was
formed by the presence of LED light, denoted as AgNPsDz-SLL. The color of the homogenous
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solution, converted from pale yellow to yellow-brown, determined the existence of AgNPs.
The concentration of silver nitrate was kept at 1 mM in all experiments, whereas the effects of
the alternated concentration of D. zibethinus peel powder (1, 3, 5, 7, and 9 g/L), temperature
used for extraction (30, 40, 50, 60, and 70°C), and duration of extraction (5, 10, 20, 30, and 45
min) on the AgNPsDz-SLL synthesis were investigated to specify the finest condition for the
procedure.

2.4. Characterization of the produced AgNPs.

The ultraviolet-visible (UV-Vis) spectrophotometer (V-730, Jasco) was used to
recognize the presence of AgNPs and evaluate the durability of AgNPsDz-SLL. The
morphology and size of the produced AgNPs were characterized by a JEOL-1400 transmission
electron microscope (TEM). Further, the crystal structure of AgNPs was verified using a
Bruker D2 Phaser X-ray diffractometer (XRD) instrument operated at a voltage of 40 kV and
a current of 40 mV using CuK, radiation. A particle electrophoresis apparatus (Zetasizer
instrument, Malvern, Nano ZS) was utilized to evaluate the stability and measure the surface
charge of AgNPs. The presence of functional groups in the D. zibethinus peel extract and
synthesized AgNPs was determined by Fourier-transform infrared (FTIR) spectroscopy. An
inductively coupled plasma optical emission (ICP-OES) spectroscopy was used to determine
the presence of Ag™ in the precursor and AgNPsDz-SLL to evaluate the efficiency of synthesis.
The reaction efficiency (H) under the optimal condition was determined using the following
formula (1).

H=—"tx 100 (1)

o

Where C, and C; are the Ag" ion initial concentrations and Ag" ion residual
concentrations, respectively.

2.5. Antibacterial activity of the photosynthesized AgNPs.

The antimicrobial activity of the synthesized AgNPsDz-SLL was evaluated against
gram-negative bacteria, including Escherichia coli (E. coli ATCC 25922), Pseudomonas
aeruginosa (P. aeruginosa ATCC 15442), and Salmonella enterica (S. enterica ATCC 35664),
as well as gram-positive bacteria, including Bacillus subtilis (B. subtilis ATCC 6633),
Lactobacillus fermentum (L. fermentum N4), and Staphylococcus aureus (S. aureus ATCC
13709). Trypticase soy broth and trypticase soy agar were used in the quantitative growth
experiments of bacteria. Following the 0.5 McFarland standard, bacteria strains with 5x10°
CFU/mL were subcultured onto agar plates at 37°C-24 h. Ampicillin and cefotaxime were
employed in the standard antibiotic disks to suppress positive-gram and negative-gram
microorganisms, respectively. After incubation, the plates were assessed for inhibition zone
via the 50% inhibition concentration (ICsp) at 630 nm absorbance.

2.6. Anticancer activity of the plant-mediated AgNPs.

Various cancer cells, including Lung (A549), Hepatoblastoma-derived (HepG2),
Human oral (KB), and Breast (MCF7), were consistently studied with different concentrations
to assess the anticancer efficacy of AgNPsDz-SLL. Cancer cell lines were subcultured in

Dulbecco's modified Eagle's medium (DMEM) with 10% fetal bovine serum (FBS) and 1%
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penicillin-streptomycin. The cultured cells were kept in a humidified incubator with 5% CO>
at 37°C. Trypan blue was used to stain the cells, and the number of viable cells was counted
using a hemocytometer. The cancer cells were cultivated in a 96-well plate at a density of 3x10*
CFU/well for 72 h. A549, HepG2, KB, and MCF7 cancer cells were examined with altered
concentrations: 1, 4, 16, and 64 mg/L for biosynthesized AgNPs. The solvent used in the
control culture was dimethyl sulfoxide. The cancer cell lines were cultivated and incubated at
37°C-72 h in a humidified incubator with 5% CO>. Thereafter, 100 mg/mL MTT reagent was
aspirated, and the formazan crystals were dissolved by adding 100 pL of dimethyl sulfoxide.
The homogeneous solution was further incubated at 37°C-4 h. In this study, all control samples
contained an equal amount of Ellipticine, and the optical density of the studied samples was
determined using a 96-well plate reader microplate at a wavelength of 540 nm. The activity of
cancer cell viability inhibition was computed using the following equation (2) [31].

[ = Asample_Ablank x 100 (2)

Acontrol — Ablank
where | is the percentage of inhibition. The absorbances of the tested, blank, and control

samples are denoted by Asample, Ablank, and Acontrol, respectively.
2.7. Colorimetric detection of Cu?".

AgNPsDz-SLL were centrifuged at 6800 rpm-4 h to separate the extract, and the
collected nanoparticles were completely dispersed into water. Standard solution Cu(NO3z)2 was
diluted in water to obtain a solution of Cu?* of 10 mg/L. At first, to create a 3900 pL Cu?*
solution with various concentrations, x pL of 10 mg/L Cu?* was mixed with water until the
total volume reached 3900 pL. Then, the desired concentration of Cu?* was achieved by
introducing 100 pL of AgNPsDz-SLL to 3900 pL of Cu?*. Finally, the absorbance of the as-
prepared solutions was recorded in the wavelength range of 300-700 nm. The detection limit
of Cu?*, indicated as LOD, was calculated according to the formula (3).

LOD = 3.3:SD 3)

where SD is the standard deviation of the curve and b is the slope of the calibration curve.

3. Results and Discussion

3.1. Synthesizing AQNPsDz-SLL.

Figure 1 presents the UV-Vis spectrum of 1 mM AgNOs (Ag), 3 g/L of D. zibethinus
peel extracted at 60°C-30 min (DzExt), solution of 1 mM AgNOs and DzExt (Ag-DzExt), and
solution of 1 mM AgNOs and DzExt with LED-artificial sunlight irradiation (Ag-DzExt-SLL).
The surface plasmon resonance (SPR) appeared on Ag-DzExt and Ag-DzExt-SLL, while Ag
and DzExt were absent from SPR. As can be seen, the presence of colloidal AgNPs on the
prepared samples showed an SPR around 422 nm, characterizing AgNPs [32-34]. In addition,
the peak intensity increased with the support of LED-sunlight irradiation, indicating that higher
AgNPs were produced. From the initial investigation, LED-sunlight exhibited an effective
enhancement in the rate of conversion of Ag* into Ag®, followed by some research [25, 28].
Thus, LED artificial sunlight was considered for further utilization.
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Figure 1. UV-Vis spectra of the initial investigation for photosynthesizing AgNPs.

The effects of D. zibethinus peel concentration, extraction temperature, and extraction
time on the formation of AgNPs are shown in Figure 2. The effect of D. zibethinus peel
concentration of 1-9 g/L prepared at 60°C-30 min on the AgNPs synthesis was scrutinized
under LED-sunlight irradiation for 2 h. As Figure 2a illustrates, the measured absorption
spectra at the above concentrations show that the SPR was blueshifted with a higher intensity
with increasing concentration of D. zibethinus peel. The more reducing/stabilizing agents used,
the more AgNPs formed [35]. The lowest and broadest SPR peak in the visible regions was
observed at 1 g/L and increased considerably in a range of 3-9 g/L. The absorbance SPR peaks
became sharper with the D. zibethinus peel powder above 5 g/L. Furthermore, the spectra of
samples prepared at 5, 7, and 9 g/L with SPR peaked at around 423 nm, which demonstrated
there was an insignificant shift in the particle size of AgNPs [36]. However, there was a slight
enhancement in absorbance from 7 to 9 g/L (0.505 compared to 0.534). Therefore, the optimal
concentration of D. zibethinus peel for the further experiment was chosen as 7 g/L.

Following the concentration of D. zibethinus peel, the extraction temperature was also
a crucial parameter for testing. Figure 2b shows the effect of the temperature used for extraction
(30-70°C) on AgNP fabrication. The extract of 7 g/L D. zibethinus peel was prepared at 60°C-
30 min. Mixtures of the extract with AgNOs were subjected to LED sunlight exposure at room
temperature for 2 h. It was recorded that the absorbance intensity increased significantly from
30 to 40°C. Nevertheless, there was a steady decrease in the value of the AgNPs absorbance at
60 and 70°C. More phenolic constituents in the extract were soluble at higher extraction
temperatures, which was advantageous for forming metallic nanoparticles. Notwithstanding,
there was competition for complexation with the presence of more phytochemicals in the
extract, resulting in decreased AgNP formation [37]. Therefore, the optimal extraction
temperature for the present work was 40°C.

The varied extraction time of D. zibethinus peel from 5 to 45 min was tested with other
unchanged factors. Figure 2c shows a comparison of the SPR value of the synthesized samples.
A significant rise in absorbance was recognized by extending the duration of extraction from
5 to 20 min. Having lengthened the duration of extraction, more phytocomponents were
produced to enhance the conversion of Ag* to Ag®. These results were compared with the
research by Vishwasrao using sapota fruit waste for AgNP synthesis [38]. The absorbance of
samples slightly increased from 0.564 to 0.594, corresponding to a variation in extraction time
from 20 to 45 min. Thus, 20 min was selected as the appropriate extraction time.
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Figure 2. UV-Vis spectra of samples were sunlight-driven at different parameters: (a) Samples included 1
mM AgNO:; with 1-9 g/L of D. zibethinus peel extracted at 60°C for 30 min irradiated by LED sunlight for 2
h; (b) Samples included 1 mM AgNOs with 7 g/L of D. zibethinus peel extracted at 30-60°C for 30 min
irradiated by LED sunlight for 2 h; (c) Samples included 1 mM AgNOs with 7 g/L of D. zibethinus peel
extracted at 40°C for 5-45 min irradiated by LED sunlight for 2 h.

The optimum conditions for the AgQNPsDz-SLL synthesis were selected to be 7.0 g/L
of D. zibethinus peel extracted at 40°C-20 min. Comparing the residual concentration of Ag*
ion in the synthesized AgNPsDz-SLL with the concentration of Ag* ion in the precursor 1 mM
AgNOs to determine reaction efficiency. The obtained results in Table 1 revealed that
AgNPsDz-SLL reached a reaction efficiency of 83.4% with an AgNPs concentration of 72.4

mg/L.

Table 1. The concentration of Ag* from the ICP-OES measurement.

Sample Ag* concentration, mg/L | Reaction efficiency, % | AgNPs concentration, mg/L
AgNO3 86.8
AgNPsDz-SLL 14.4 83.4 72.4

3.2. Characteristics of AQNPsDz-SLL.

The stability of the synthesized AgNPs-SLL was measured for ten weeks using the UV-
Vis technique. As the storage time was extended for the duration of ten weeks, the characteristic
SPR bands slightly fluctuated, which proved that nanoparticles could remain stable (Figure 3).
Notably, a gradual rise in the absorbance was seen as storage time was prolonged, which
specified that AgNPs were continuously produced. Due to an incomplete reaction, numerous
reductants/stabilizers in the extract and residual Ag* ions [39, 40].

Figure 4 illustrates the crystal structure of the synthesized AgNPsDz-SLL on the X-ray
diffraction patterns. In the 26 range from 20 to 80°, AgNPsDz-SLL possessed four diffraction
peaks that were noted at 38.15°, 44.14°, 64.54°, and 77.53°. These peaks corresponded with
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(111), (200), (220), and (311) planes of crystalline silver, which could be inferred from the
face-centered cubic structure of silver metal (JCPDS No. 89-3722).

0.8 Initial
— 1w

0.6 — 2w
—3w
— 4w

Absorbance
[}
M~

0.0 T T T
300 400 500 600 700
Wavelength, nm

Figure 3. UV-Vis spectra of AgNPsDz-SLL according to the storage time.

The same findings were fabricated in Gopinath's research, in which AgNPs were
synthesized utilizing Pseudomonas putida cell membranes derived from soil [41]. Moreover,
the average crystallite size was calculated from the full width at half maximum (FWHM) of
the diffraction peaks using the following Scherrer equation (4).

_ Kx A 4)
xcosf

Where D is the average crystallite size, K means Scherrer's constant (K = 0.9), A
represents the CuK, radiation's wavelength, § symbolizes FWHM in radians, and 6 signifies

the angle of the diffraction signal.

The width at half peak height was calculated from the Gaussian distribution associated
with the peak values. The computed values for the phase composition and the crystallite size
of AgNPsDz-SLL are listed in Table 2. The result revealed that the crystallite size of AQNPsDz-

SLL was 14.6 nm.
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Figure 4. XRD pattern of AgNPsDz-SLL.

Table 2. The particle size from the XRD pattern of AgNPsDz-SLL.

20 (°) FWHM | Particle diameter, nm | Average particle diameter, nm
38.15 0.689 12.2
44.14 0.741 11.6
14.6
64.54 0.515 18.2
77.53 0.621 16.4

TEM image provided data about the morphology and size of the photosynthesized
AgNPsDz-SLL (Figure 5). As observed in Figure 5a, the obtained nanoparticles possessed
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spherical shapes and good dispersion. The mean size of AgNPsDz-SLL, whose average size
was 17.4 nm (Figure 5b).
o]

& 10
}O) I

8 16 24 32
Particle size, nm

Figure 5. TEM image (a) and the distribution size (b) of AgNPsDz-SLL.

The existence of functional groups in ExtDz and AgNPsDz-SLL was revealed by FTIR
spectroscopy in Figure 6a. Four major vibration bands could be observed, including the
broadband at 3421 cm™ from OH deformation vibrations of the alcohols and phenolic
compounds, 1633 cm™ from OH bending, 1387 cm™* from C-H symmetric deformation, and
1061 cm™* from the C-O-C- vibration band of the ether group. The presence of these functional
groups indicated that the D. zibethinus peel extract included a variety of phytoconstituents,
particularly pectin, phenolic compounds, and carbohydrates. These were considered vital
reagents for reducing and stabilizing the extract-assisted synthesis [42, 43]. Furthermore, there
was a distinctive decline in the transmittance of AgNPsDz-SLL compared to ExtDz,
confirming that phytochemicals in the extract participated in the synthesis process and
stabilized the surface of the formed spherical nanoparticles.

9
ﬂ AgNPsDz-SLL b
o 2] 256
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Figure 6. (a) FTIR of ExtDz and AgNPsDz-SLL; (b) the zeta potential of AQNPsDz-SLL.

The stability of the synthesized colloidal AgNPs was shown in Figure 6b by the zeta
potential measurements. AgNPsDz-SLL manifested a negative value of —25.6 mV. Several
phytochemicals, including flavonoids, pectin, and carbohydrates, were present in the extract as
capping agents to prevent AgNP agglomeration, as evidenced by the extract's high negative
zeta potential values. The zeta potential value was higher than 20 mV, which suggested that
the produced AgNPs were highly stable [44].

Figure 7 and Table 3 demonstrate the inhibitory efficiency of AgNPsDz-SLL for
bacteria and cancer cells. The biological activity of the produced AgNPsDz-SLL against
bacteria and cancer cells was presented by the half-maximal inhibitory concentration (ICso).
As can be observed, microbial growth was inhibited to varying degrees based on introducing
AgNP concentrations. Regarding the antibacterial properties, AgNPsDz-SLL displayed the
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best inhibition activity on L. fermentum (ICso = 0.74 mg/L) for gram-negative bacteria and P.
aeruginosa (ICso = 0.18 mg/L) for gram-positive bacteria; the weakest antibacterial activity
was against B. subtilis, 64.00 mg/L AgNPs inhibited 45% B. subtilis growth. Order of
antibacterial activity of AgNPsDz-SLL followed: P. aeruginosa (ICso = 0.18 mg/L) > L.
fermentum (ICso = 0.74 mg/L) > S. enterica (ICso = 0.96 mg/L) < S. aureus (ICso = 1.82 mg/L)
< E. coli (ICs = 9.41 mg/L) > B. subtilis. Involving anticancer activity, the produced
AgNPsDz-SLL were effective at hindering the growth of cancer cells, including A549, HepG2,
KB, and MCF7, with ICso values of 10.42-41.28 mg/L. The breast cancer cell MCF7 exhibited
the greatest control of cancer cells with ICso = 10.42 mg/L.
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Figure 7. Antibacterial and anticancer activity of AQNPsDz-SLL.

Table 3. ICsp of AgNPsDz-SLL against bacteria/cancer cells.

. Control, mg/L
Bacteria/cancer cells AgNPsDz-SLL, mg/L Ampicillin | Cefotaxime | Ellipticine
Gram-negative S. enteri_ca 0.96 £0.04 142 +0.17
bacteria E. co_ll 9.41 £0.05 0.12 +0.01
P. aeruginosa 0.18 £0.02 14.32 £0.50
Gram-positive S. aure_u_s 1.82 £0.07 0.07 £0.02
bacteria B. subtilis — 9.95+1.79
L. fermentum 0.74 £ 0.04 3.40 £0.23
A549 40.62 +3.76 1.06 +0.07
cancer cells HepG2 23.87+£1.78 1.39+0.13
KB 41.28 +3.43 1.09 +0.07
MCF7 10.42 +0.12 1.32+0.10

The sensitivity of the colorimetric assay was verified by varying various Cu?*
concentrations and fixing AgNP concentrations for the plant-derived AgNPsDz-SLL (Figure
8). The UV-vis absorption spectra were verified on solutions containing AgNPs with increasing
Cu?* concentrations (Figure 8a). The calibration curve was established by the absorbance
difference of AgNPs at 422 nm (Figure 8b). The results indicated that with an increase in Cu?*
concentration, the absorbance value exhibited a decreasing trend, and the absorbance difference
exhibited an increasing tendency. The absorbance difference has a good nonlinear relationship
with Cu?* concentration from 5 to 1200 pg/L for AgNPs with a correlation coefficient of
0.9921, and the LOD of Cu?* was estimated to be approximately 1.8 ug/L. As can be seen, the
colorimetric assay using AgNPsDz-SLL was appropriate for the recognition of low-
concentration Cu?*. Copper is necessary in trace amounts for human health. However,
abnormal levels can lead to significant toxicity, including DNA damage, peroxidation, and
lipid damage. This can result in the development of various neurodegenerative diseases.
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Additionally, excessive Cu?* led to harmful effects and contributed to severe environmental
pollution [45, 46]. According to the United States Environmental Protection Agency, a
maximum contaminant level of 20 uM Cu?* in drinking water has been established [47].
Therefore, the synthesized AgNPsDz-SLL has the potential for detecting Cu?* in water.

08 0.5
— AgNPsDz-3I1
ﬂ ——5ugl kﬂ
— 10 il
0.64 —Wsttg/L 0.44
i —20ugll
® —Z5pgil %
2 — St 8 034
2 — 75 gL
g 0.44 —103 wafll ‘Lo
E: —— 200 ugiL 0 0.24
b —— 400 gL < B
—— 600 gl Abs_ — Abs, = 0.0236x —0.040
0.2 —— 800 gl 5
—— 1000 ugiL 0.14 R* =0.9921
e SD =0.0145
0.0 T T T 1 0.0~ T T T T
300 400 500 600 700 0 300 600 Q00 1200

Wavelength, nm Cu* concentration, ug/L

Figure 8. (a) The UV-vis absorption spectra of AgNPs with different concentrations of Cu?*; (b) the
relationship between Cu?* concentration and the absorbance difference.

Compared with recent studies for the Cu?* determination in water, fluorescence and
colorimetric methods exhibited better detection limits than the Raman technique (Table 4). The
synthesized AgNPsDz-SLL in the present work showed a good detection limit similar to
AUNPs, with LOD at 1.8 pg/L. Also, the colorimetric method is simple, non-toxic, low-cost,
has a simple operation, and rapid detection. Therefore, AQNPsDz-SLL material was a potential
candidate for colorimetric detection of Cu?*.

Table 4. A comparison of this work with other previously published studies.

Method Material Analytical ranges, pg/L | Limit of detection, pg/L | Reference

Raman AgNPs 64.0-64.0x10° 64.0 [48]

Raman Fe304@SiO2-AgNPs 0.5x10%-20.0x103 421.0 [49]
Fluorescence Carbon dots 0-10.9x10° 3.3 [50]
Fluorescence | Carbon dots/AgNPs 0-3.8x10° 8.3 [51]
Colorimetric AuNPs 3.2-256.0 2.2 [52]
Colorimetric AgNPs 0-256.0x10° 42.2x10° [53]
Colorimetric AuUNPs-AgNPs 0-10.0x10° 30.0 [54]
Colorimetric AgNPsDz-SLL 5.0-1.2x10° 1.8 This work

4. Conclusions

The current study successfully utilized an aqueous peel extract from a D. zibethinus
peel under LED artificial sunlight to synthesize AgNPs and address the agricultural waste
problem. Numerous phytoconstituents in the extract are managed as potent reducing and
stabilizing agents to produce small, uniformly distributed, highly durable AgNPs via a green
route. The effect of photo-irradiation on AgNP synthesis was examined through certain
parameters, such as the concentration of D. zibethinus peel extract, the extraction temperature,
and the extraction duration. These influencing factors suggested the optimum condition for
AgNP synthesis by 7.0 g/L of D. zibethinus peel powder extracted at 40°C for 20 min.
AgNPsDz-SLL had a reaction efficiency of 83.4%. Additionally, the obtained AgNPsDz-SLL,
whose average size was around 17.4 nm, possessed exceptional biomedical applications, such
as antibacterial and anticancer activities. Also, an efficient colorimetric method was developed
for the rapid Cu?* detection at a low concentration (1.8 ug/L). Due to the abundance of material
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and the uncomplicated process, this reliable, cost-effective, and environmentally friendly
method is ideal for large-scale manufacturing and a variety of applications.
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