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Abstract. Interest in biogenic silver nanoparticles (AgNPs) is steadily increasing due to the cost-
effective, easy, and environmentally friendly way in which they are synthesized. Synthesis using
polychaete (Marphysa moribidii) extract as a reducing agent is particularly new and has the
potential of being applied in various industries. However, biogenic AgNPs require synthesis
optimization to increase their stability, yield, and characteristics. To meet these requirements,
several synthesis parameters (such as polychaete size (body width), silver nitrate (AgNOs3)
concentration, pH of polychaete crude extract, and the temperature during pre-incubation) and
storage conditions were optimized in this study. The optimized conditions for obtaining high yield
and stable AgNPs were polychaetes with a body width of 6-8 mm, 1 mM AgNO3 with polychaete
crude extract of pH 9, preheated at 90°C for 15 min before incubation at 30°C (150 rpm) for 24
hours, and stored at 4°C for long-term stability. The formation of AgNPs was confirmed through
observation of a color transition (from pinkish to yellowish-brown) and analysis of UV-Vis spectra
(between 398 and 400 nm). Scanning electron microscopy and transmission electron microscopy
revealed the formation of spherical AgNPs with an average size of approximately 40.19 nm. Further,
the optimized AgNPs demonstrated high storage stability for up to 6 months without any
agglomeration. It is believed that these parameters are eminently suitable for the production of
stable biosynthesized AgNPs.
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1. Introduction

Research into nanotechnology has garnered significant interest worldwide over the
last few decades due to its superior physical, chemical, and biological properties compared
to its bulk form (Usman et al., 2018; Khalil et al, 2019). One of the most promising
nanoparticles in the scientific world is silver nanoparticles (AgNPs).
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These are 10 to 100 nm in size and have superior physicochemical and antimicrobial
properties, mainly due to their large surface area per volume ratio (Jeevanandam et al,,
2018). Accordingly, AgNPs have been incorporated in various fields, including diagnosis,
therapeutics, electrical, antimicrobial action, and catalysis (Zhang et al., 2016; Lee and Jun,
2019; Nakamura et al., 2019).

Conventionally, AgNPs have been synthesized by utilizing physical and chemical
methods, which are costly and produce substances that are harmful to organisms and the
environment (Zhang etal., 2016). However, numerous chemical and physical methods have
been substituted by biological approaches in the last few years (Nakamura et al., 2019) that
are environmentally sustainable and economical, as no toxic or expensive chemicals are
utilized in the synthesis (Lee and Jun, 2019). In biological synthesis, two main components
are required to initiate synthesis: a silver precursor such as silver nitrate (AgNO3) and a
biomolecule cocktail extracted from living organisms that concurrently act as reducing and
stabilizing agents (Siddiqi et al., 2018). These biomolecules react with silver ion (Ag*) and
are reduced to AgNPs of various forms and sizes and act as capping agents to stabilize
AgNPs (Zhang et al., 2016).

Microorganisms and plants are commonly exploited as reducing agents in this method
since they are widely available in nature (Lee and Jun, 2019; Nakamura et al., 2019).
Synthesizing AgNPs from invertebrate marine sources (especially polychaetes) is a
relatively recent process. The polychaete is commonly referred to as a segmented worm (or
marine worm) and belongs to the class of Polychaeta (Phylum Annelida). Polychaetes are
generally used as pollution indicators, fish broodstock, and fish bait (Gaete et al,, 2017; Cole
et al.,, 2018; Masimen et al.,, 2020). Previous studies have indicated that some marine
polychaetes can synthesize AgNPs (Singh et al, 2014; Hussain et al.,, 2018). However,
synthesis was initiated utilizing species other than Marphysa moribidii (locally known as
‘ruat bakau’). This is from the Eunicidae family and is harvested locally to be used as bait
worm for recreational or artisanal fisheries (Idris et al,, 2014). Using M. moribidii as a
reducing agent in AgNP synthesis can increase the polychaete’s commercial value,
especially in Malaysia.

Although M. moribidii extract can function as a reducing agent in AgNP synthesis,
biological synthesis requires optimization to produce higher quality AgNPs with desirable
traits for industrial purposes (Velgosova et al, 2017; Nair et al, 2018). Synthesis
parameters such as the body width of polychaete, storage conditions of AgNPs, pH values,
temperature, and precursor concentration can be manipulated to produce AgNPs of
different shapes and sizes. Further, this optimization process can significantly stabilize
AgNPs (Zhang et al., 2016). Thus, this paper presents the optimization process conditions
for AgNP synthesis using M. moribidii by varying parameters such as the body width of
polychaete, storage conditions of AgNPs, AgNO3 concentration, pH of polychaete crude
extract, and the temperature during the pre-incubation period.

2. Methods

Marphysa moribidii samples were collected from sediments during low tide at a
mangrove area in Malaysia. Polychaetes were then acclimatized in aquaria that mimicked
the polychaete’s natural habitat prior to the experiment.

2.1. General Procedure of AgNP Synthesis

Polychaete extraction was carried out as reported by Rosman et al. (2020). A total of
10 mL aqueous crude extract was mixed thoroughly with 90 mL of silver nitrate (AgNO3)
(Bendosen, UK) and underwent dark incubation at 30°C (150 rpm) for 24 h. Two negative
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control types were prepared by mixing 10 mL of double-distilled water (ddH20) with 90
mL of 1 mM AgNOs. Commercial positive control AgNPs were purchased from Sigma Aldrich
(USA). Samples were left at room temperature (30+£2°C) after incubation and periodically
checked for yellowish-brown color formation in the solution, which would indicate the
formation of AgNPs (Ayad et al., 2019).

2.2. Effects of Different Body Width Classes of polychaete on AgNP Synthesis

Various polychaete classes were screened to analyze their potential for reducing Ag* to
AgNPs. These polychaetes were categorized based on their body width: Class I (3-5 mm),
Class II (6-8 mm), and Class III (9-11 mm). For each polychaete, the body widths of the first
seven chaetigers were measured and expressed in mm (Gorska et al., 2019). It should be
noted that the width of chaetigers does not include parapodia or bristles.

2.2.1. Preparation of polychaete crude extract according to body width

Unwanted dirt particles from freshly killed polychaetes were removed by washing
thoroughly using artificial seawater and then rinsed with ddHz0 three times. A total of 10 g
polychaetes of varying body widths were weighed, cut into fine pieces, homogenized using
a WT-130 homogenizer (El Dorado Labtech), and mixed with 100 mL ddH20 solution
(Rosman et al., 2020). The mixtures of three samples were incubated on the bench for 1 h
before filtration with Whatman No. 1 filter paper (11 um). Polychaete crude extraction was
then performed on ice and stored at 4°C for further use.

2.3. Effects of Different Physical Parameters on AgNP Synthesis

The physical parameters were optimized using the polychaete crude extract with body
widths obtained from the previous optimization. The color and absorbance of the resulting
reaction mixture were measured spectrophotometrically. The optimal condition was
determined according to the darkest yellowish-brown color of the solution with the highest
UV-Vis absorbance reading (Ayad et al.,, 2018). All experiments were carried out in triplicate
(n=3).
2.3.1. Effects of AgNO3 concentration

A series of AgNO3 concentrations (0.5, 1, 2, and 4 mM) was tested for the reaction
mixture (Amini et al.,, 2017). Then, 10 mL of aqueous crude extract was mixed with 90 mL
of AgNOs in various concentrations and subjected to dark incubation at 30°C (150 rpm) for
24 h.

2.3.2. Effects of crude extract pH

The pH of the crude extract was optimized at different pH values (3, 5, 7,9, and 11) by
adjusting the pH using 0.1 M HCl and 0.1 M NaOH according to the method described by
Ndikau et al. (2017). Subsequently, 10 mL of aqueous crude extract in various pH values
was then mixed with 90 mL of ImM AgNOs and subjected to dark incubation at 30°C (150
rpm) for 24 h.

2.3.3. Effects of temperature during the pre-incubation period

Here, 10 mL of pH 9 aqueous crude extract was mixed with 90 mL of 1 mM AgNOs. The
reaction mixture was then treated at various temperatures (4, 30, 50, 70, and 90 °C)
throughout pre-incubation (30 min) without agitation before incubation at 30°C (150 rpm)
for 24 h in the incubator shaker (Amini et al., 2017). The shapes of AgNPs synthesized at
different temperatures during the pre-incubation period were analyzed using a
transmission electron microscope (TEM).

2.3.4. Effects of different storage conditions on the stability of AgNPs
The reaction mixture was preserved under different conditions (room temperature of
30£2°C and in a fridge at 4°C) for seven days to research the stability of synthesized AgNPs
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(Velgosova et al,, 2017). The optimal storage condition was determined by changes in the
surface plasmon resonance (SPR) peaks, which exhibited minimal shifts in absorbance and
wavelengths.

2.4. Characterization of Optimized AgNPs

Color changes of biosynthesized AgNPs were recorded through visual observations.
The bio-reduction of AgNO3 was confirmed from the SPR peak formation obtained by the
UV-Visible spectrophotometer (UV-1800) (Shimadzu, Japan) at wavelengths ranging from
300 to 600 nm. The AgNP morphology was examined using scanning electron microscopy
(SEM) (JSM-6390 LA (JEOL, USA)) at an accelerating voltage of between 15 and 20 kV. All
samples were prepared by a mounting process. A drop of AgNPs was deposited onto dry
poly-L-lysine and coated with gold via sputtering (Auto Fine Coater-JEOL) prior to analyses.
The shape and average particle sizes of biosynthesized AgNPs were observed using TEM
(Tecnai G2 Spirit Biotwin (USA)) at 120 kV. The samples were prepared by drop-casting
diluted biosynthesized AgNPs on a coated copper grid. The residual solution was then dried
using blotting paper, and TEM measurements were performed at ambient temperature.
Image | software was used to predict the average size of the AgNPs.

3. Results and Discussion

Optimization was carried out to enhance the stability, yield, and characteristics of the
AgNPs. UV-Vis spectra analysis of all optimizations was conducted at Week 4, indicating a
maximum reduction of AgNO3 to AgNPs except for optimizing storage conditions, which
were only observed at Day 7. In this research, the biomolecules of the polychaete crude
extract served as both reducing and stabilizing agents for AgNP synthesis. The first evidence
of the presence of AgNPs was the gradual color changes of a pinkish solution to yellowish-
brown due to the excitation of surface plasmon vibrations when the polychaete extracts
were mixed with AgNOs precursor (Ayad et al., 2019). Surface plasmon resonance (SPR)
occurs when conduction electrons in AgNPs undergo a collective oscillation when induced
by light at specific wavelengths, which has become a vital characterization in nanoparticle
synthesis (Zhang et al., 2016). Further confirmation of the existence of AgNPs was the
formation of UV-Vis absorption peaks between 380 and 450 nm (due to the SPR
phenomenon) and the reduction of AgNO3 (Ndikau et al., 2017). According to the literature,
the absorption band in the range of 380-450 nm in the UV-Vis spectra might be attributable
to the AgNPs (Chowdhury et al, 2016; Vinayagam et al, 2018). Moreover, it is well
established that SPR bands are susceptible to and highly dependent on the size and shape
of the nanoparticles, the AgNOs concentration, and the type of biomolecules presented in
the biological extract (Raja et al., 2017; Ruttkay-nedecky et al., 2019). Figure 1 illustrates
the mechanism of AgNP formation and the differences between solution colors of
polychaete crude extract, AgNOs3 solution, and biosynthesized AgNPs.

3.1. Optimization of Polychaete Classes according to Body Widths

Arange of polychaete age classes were used to research their effects on AgNP synthesis.
Body width is a standard technique for determining the polychaete age class (Occhioni et
al., 2010). Hence, M. moribidii was categorized into three main classes according to body
width: Class I (3-5 mm, young), Class II (6-8 mm, adult), and Class III (9-11 mm, old).
Exposure of AgNOs to crude extracts of various age classes of polychaetes was shown to
affect the biosynthesis of AgNPs, as depicted in Figure 2. Further, Figure 2a reveals that only
the solution of AgNPs synthesized from Class II polychaetes turned yellowish-brown,
indicating the formation of AgNPs.
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Figure 1 Mechanism of AgNP synthesis utilizing a crude polychaete extract (M. moribidii): (a)
Polychaete crude extract; (b) Precursor AgNOs; and (c) Biosynthesized AgNPs

By comparison, the solutions of AgNPs synthesized from Class I and III polychaetes
were found to be cloudy and light greenish-yellow, indicating no AgNP formation. Further
analysis was possible by observing changes in the SPR bands of AgNPs synthesized using
Class I, Class I, and Class III polychaetes. The SPR band of biosynthesized AgNPs from Class
I polychaete exhibited a broad peak at 396.50 nm, confirming the formation of AgNPs (as
presented in Figure 2b). This broad absorption peak implied larger biosynthesized AgNPs
(Ndikau et al., 2017). Moreover, no visible peak was detected from the SPR band from both
reaction mixtures containing Class I and Class III polychaetes, confirming no AgNP
formation. The negative control of AgNOs3 and the positive control of AgNPs from Sigma
Aldrich exhibited a persistent SPR band throughout the experimental period.
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Figure 2 AgNPs synthesized from various body widths of M. moribidii (Class I, Class II, and Class
[11): (a) Color changes at Week 4; and (b) Analysis of UV-Vis spectra

The occurrence of biosynthesized AgNPs was suggested as being attributable to the
reduction of silverion (Ag*) to AgNPs (Ag?), mediated by electron shuttle from the oxidation
of reducing agents (El-Seedi et al., 2019). Further, research suggested that different ages of
samples might produce a different nature of the biogenic reducing agent. The older
polychaetes (Class III) produced AgNPs with undesirable characteristics, and the less stable
condition might be due to the weak activity of the bioactive compound, which is supposed
to act as a reducing agent and/or stabilizer. Similarly, AgNPs produced from young
Fusarium oxysporum achieved superior results compared to the older cultures with a
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similar incubation time (Shahzad et al., 2019). However, AgNPs synthesized from Class II
polychaetes exhibited a superior result compared to Class [ polychaetes. A possible reason
for this is the augmented level of reducing agents in the Class II polychaetes responsible for
Ag* reduction. As Class I polychaetes were young, the concentrations of reducing and
stabilizing agents might have been inadequate.

It has been proposed that sterols, proteins, phenols, fatty acids, ether, and
carbohydrates in the polychaete crude extract can probably synthesize and stabilize AgNPs
(Singh etal, 2014; Peietal.,, 2020; Rosman et al., 2020). These functional groups could have
reacted with Ag* to produce AgNPs and subsequently prevent agglomeration of AgNPs, as
reported in other studies (Pei et al., 2020; Rosman et al., 2020).

3.2. Effects of Different Physical Parameters on AgNPs Synthesis

3.2.1. Optimization of AgNO3 concentration
Based on Figure 3a, yellowish-brown colors were observed in AgNP solutions

synthesized utilizing 0.5 and 1 mM of AgNOs concentrations. However, beyond these
concentrations (2 and 4 mM of AgNOs) the solutions turned cloudy and light greenish-
yellow, indicating no formation of AgNPs. According to the UV-Vis spectra (Figure 3b), the
absorbance of the SPR peak of AgNPs increased slightly from 0.5 mM (1.34) to 1 mM (1.54)
and then plateaued from 2 to 4 mM of AgNOs. Further, AgNPs synthesized from 2 mM
onwards were not stable during the experiment, and the aggregation of newly formed
AgNPs could be observed. The SPR peaks of AgNPs synthesized using 0.5 and 1 mM AgNOs3
were 393 and 399 nm, respectively, validating the formation of AgNPs. However, both SPR
peaks of AgNPs synthesized using 0.5 and 1 mM AgNOs still exhibited a wide peak,
indicating that the particles were polydispersed (Ashraf et al., 2016).

1 mM 2mM

0.5 mM

3.0
“ —0.5mM

- — 1M

Zoy —2mM

” \ —1mM
" 3 50l ~—— Negative control-AgNO;3

—— Positive vontrol-AzNPs from Sigma Aldrich

Absorbance (a.u.)

T T T T T |
4 P 1 300 350 400 450 500 550 600

Wavelength (nm)
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Figure 3 AgNPs synthesized using Class Il polychaete and AgNOs; of different concentrations (0.5, 1,
2, and 4 mM) of AgNOs: (a) Color changes at Week 4; and (b) Analysis of UV-Vis spectra

These results provided some evidence that varying concentrations of AgNOs up to 1
mM resulted in a complete reduction of Ag*. Precipitates formed beyond this concentration
might be explained according to the theory of redox reaction. It is possible that the number
of electrons carried by a reducing agent is not sufficient to facilitate the reduction of excess
Ag* in the concentrated solution. Hence, AgNOs was not completely reduced by the crude
extract. This resulted in the generation of larger sizes of AgNPs due to AgNP aggregation
with unreacted AgNOs (Bhatnagar et al., 2019). These results are in agreement with other
studies in which the possibility of particle agglomeration increased at higher
concentrations (Raman et al., 2015; Shahzad et al., 2019).
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3.2.2. Optimization of crude extract pH
According to Figure 4a, the AgNPs synthesized using the crude extract of Class Il

polychaete and 1 mM AgNOs with different pH values produced different colors. The crude
extract color instantly changed from pinkish to brownish when the pH value was adjusted
to 3 and 5. The crude extracts maintained their original pinkish color when the pH value
was increased to 7, 9, and 11. After synthesis, the color of the AgNP solution at higher pH
values (7, 9, and 11) gradually changed to yellowish-brown, indicating the formation of
AgNPs (as shown in Figure 4b). An AgNP solution synthesized at pH 9 exhibited a darker
brown color, suggesting higher levels of AgNPs at pH values of 7, 9, 11. These results were
confirmed by analyzing the UV-Vis spectra, in which the maximum absorbance of AgNPs
was at pH 9 (0.72), followed by pH 7 (0.64), pH 5 (0.58), and pH 11 (0.53), as presented in
Figure 4c. Furthermore, an increment in pH values from 5 to 9 narrowed the SPR peak,
suggesting that the size of AgNPs reduced with an increase in pH (Karekalammanavar and
David, 2018). No peak was detected from a reaction mixture containing pH 3 crude extract.
Moreover, the SPR peaks of AgNP solutions synthesized from polychaete crude extract with

pH values of 5-11 appeared between 390.00 and 396.50 nm.
Contammatcd
w1th cotton-
like fungus

pH 9 pH 11
(b)

——pH 3
=——pH 5§

——pH7
—pH 9

——pH 11

—— Negative control-AgNO3

Positive control-AgNPs from Sigma Aldrich

0.8+
0.6+

0.4+

Absorbance (a.u.)

0.2

0.0

T T T T T 1
300 350 400 450 500 550 600
Wavelength (nm)

(9
Figure 4 AgNPs synthesized using 1 mM AgNOs and polychaete crude extract Class II with different
pH values (3, 5, 7,9, and 11): (a) Color of polychaete crude extract Class Il adjusted to different pH
values (3,5,7,9,and 11) before the addition of AgNO3; (b) Color changes at Week 4; and (c) Analysis
of UV-Vis spectra. AgNP solutions synthesized from crude extract with pH 3 and pH 5 were visibly
contaminated with cotton-like fungus (indicated by arrows).

Higher pH values facilitated a complete reduction of Ag* to AgNPs by providing
electrons, eventually forming many AgNPs with smaller diameters (Saxena etal., 2016). The
aggregation of AgNPs tends to dominate the nucleation process in acidic conditions. At
lower pH values (acidic), a large quantity of H* is available to neutralize the negatively
charged functional group of the reducing agent (Ndikau et al.,, 2017). Thus, the activity of a
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reducing agent is reduced. At higher pH values (alkaline), a large amount of -OH is available
in the solution, which will attract H* from a reducing agent, leaving a negatively charged
functional group (Ndikau et al, 2017). Thus, many functional groups are available for
binding to AgNOs, facilitating a higher number of Ag* to bind and form AgNPs with smaller
diameters.

If the number of AgNPs increases substantially, there is a possibility that degradation
and agglomeration may occur in the solution, decreasing the stability of synthesized AgNPs
(Ahmad et al., 2013). This phenomenon was observed when synthesizing AgNPs at pH 11,
which exhibited the lowest SPR absorbance. As the reducing agent’s reduction ability was
intact until pH 9, the aggregation could have occurred due to a lack of stabilizing agents
with respect to the number of excess AgNPs produced. Similar findings were documented
on Hippophae rhamnoides (sea buckthorn) aqueous leaf extract (Ahmad et al., 2013) and
Citrus sinensis (sweet orange) peel extract (Nair et al.,, 2018) mediated AgNP synthesis.

3.2.3. Optimization of temperature during the pre-incubation period
In this section, the influence of temperature (4, 30, 50, 70, and 90 °C) during the pre-

incubation period was analyzed in AgNP synthesis. Here, the AgNPs were synthesized using
1 mM of AgNOs and pH 9 polychaete crude Class II. Figure 5a shows the color variations
during pre-incubation (30 min). The reaction mixture solution treated at 90 and 70°C
changed color after 15 and 30 min, respectively. No color changes were observed by the
reaction mixture treated at 4, 30, and 50 °C. Generally, the AgNP solution color gradually
turned darker in conjunction with increasing observation times. As shown in Figure 5b, the
AgNP solution’s color became darker as the temperature increased from 70 to 90 °C during
the pre-incubation period.

Incubation Color changes
time 4°C 30°C 50°C 70 °C 90°C | Positive | Negative
control — | control -
AgNPs AgNO,
from solution
Sigma -
0 min d 4 OC 30 OC 50 OC
- ‘ ﬂ -
30 min d i '
_ 70 °C 90 °C
() (b)

AENPs from Sigma Aldrich

Absorbance(a.u.)
o
®

T T T T T i
300 350 400 450 500 550 600
Wavelength (nm)

()
Figure 5 AgNPs synthesized using 1 mM of AgNOs and pH 9 polychaetes crude Class II at different
temperatures (4, 30, 50, 70, and 90 °C) during the pre-incubation period: (a) Color changes indicate

the reduction of Ag* activity to AgNPs by M. moribidii extract occurred during pre-incubation (30
min); (b) Color changes at Week 4; and (c) Analysis of UV-Vis spectra
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Moreover, according to the UV-Vis spectra results (Figure 5c), the SPR absorbance of
AgNPs synthesized at 4, 30, and 50°C during the pre-incubation period was found to be
similar (approximately 0.77). Nevertheless, an increase in temperature above 70°C
increased the absorbance reading (0.90), indicating an improvement in the concentration
of AgNPs. The highest SPR absorbance of AgNPs was observed at 90°C (1.19), suggesting
maximum AgNP synthesis. This was because high temperatures impart increased kinetic
energy, resulting in faster synthesis rates (Verma and Mehata et al., 2016). The SPR peaks
of synthesized AgNPs treated at different temperatures during the pre-incubation period
presented the range 396.00-399.50 nm.

It is also suggested that temperature is a crucial factor for manipulating the shape of
synthesized AgNPs (Lee et al,, 2014). Based on TEM images (Figure 6), various shapes of
AgNPs were generated when treated at 4°C (rectangular and spherical), 30°C (hexagonal,
rectangular, and spherical), 50°C (rectangular, triangular, and spherical), and 70°C
(triangular and spherical) during the pre-incubation period. Uniformly spherical AgNPs
were synthesized at 90°C, which can be described by the concept of thermodynamics. Lee
et al. (2014) reported that silver atoms cannot rearrange their occupied positions easily
during the nucleation process due to insufficient kinetic energy. However, the kinetic
energy of the molecules increases and Ag+ is consumed more rapidly at higher
temperatures (90°C), leaving less possibility for particle size growth (Jain and Mehata,
2017). Thus, spherical particles of nearly uniform size distribution are formed at higher
temperatures.

@" Spherical s 7 S Rectahg‘u ar ,ReCt—?“_g“l'fl_?_
@/ ot
Hexagonal ‘ SSher
~ : : pherical
- o ‘ —_—e -
F a3, G
Rectangular . @/ Sphencal 5 Triangular I®
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® & 9%
(e " " Y P
(b) ()
) Spflerical ‘
@ MY

PR S ‘., Spherical

o e

"frian;gul.ar“ 4 : Spherical -
'.e - v . —— 0L s :
(d) (e)

Figure 6 Various shapes of AgNPs biosynthesized at different temperatures during the pre-
incubation period observed using TEM: (a) 4°C; (b) 30°C; (c) 50°C; (d) 70°C; and (e) 90°C. All AgNPs
synthesized at 90 °C during the pre-incubation period were spherical

3.2.4. Optimization of storage condition of synthesized
After synthesis, the AgNP solutions were maintained at room temperature and 4°C.
Shifts in the UV-Vis wavelength and changes in AgNP solutions were monitored daily for
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one week. The results revealed that AgNP solutions stored at room temperature (Figure 7a)
exhibited a visible shift in the SPR band from 413 to 403 nm compared to the AgNP solution
stored at 4°C, which remained at 413 nm throughout the experiment (Figure 7b). The SPR
absorbance of AgNPs stored at room temperature significantly decreased from 0.73 to 0.49
in just seven days. This decrease in absorption intensity with a broad SPR band indicated
the aggregation and broad particle size distribution of AgNPs (Mishra et al, 2013). In
contrast, the SPR absorbance of AgNPs stored at 4°C slightly decreased from 0.73 to 0.67,
and the peak was still intact at day seven. These results indicated that a temperature of 4°C
slowed down the AgNP destabilization process compared to room temperature.

0.8
0.8

Day 1

0.6
0.6

0.4
0.4+

Absorbance (a.u.)

Absorbance (a.u.)

0.2 0.2+

0.0

T T T T T 1 0.0
300 350 400 450 500 550 600 300 . 400 a0 =50 £20 800

Wavelength (nm) Wavelength (nm)

(a) (b)

Figure 7 UV-Vis spectra of biosynthesized AgNPs solutions stored at different temperature from
day 1 to day 7: (a) Room temperature (30°C+2); and (b) 4°C

Any loss of AgNP stability can reduce the effectiveness of AgNPs’ properties. Further,
AgNPs are likely to modify their properties over time and can even synthesize under
optimized conditions (Mufioz et al.,, 2019). The stability of AgNPs depends on both the
optimization of AgNP synthesis and storage conditions to maintain the functionality of the
capping agent used for stabilization. Many factors can influence AgNP destabilization, such
as higher storage temperatures, exposure to sunlight, type of biomolecules presented in the
biological extract, nature of the capping agent, and the stabilization mechanism (Izak-Nau
et al,, 2015). In addition, the stability of AgNPs was reported as mainly dependent on
electrical charges on the surface of AgNPs, which were stable at low temperatures
(Velgosova et al., 2017). Therefore, maintaining the charge of AgNPs in the solution seems
to be crucial for maintaining the stability and biological effects.

3.3. Characterization of optimized AgNPs

Figure 8 shows the characterization of optimized AgNPs synthesized from M. moribidii.
The conditions were as follows: 1 mM concentration of AgNO3 with polychaete crude
extract pH 9, treated at 90°C during the pre-incubation period for 15 min before incubation
at 30°C (150 rpm) for 24 hours, and stored at 4°C for long-term storage. The color of
optimized AgNPs was retained without any agglomeration through observations for six
months, as shown in Figure 8a. Further, the SPR peak of optimized AgNPs was maintained
at 398-400 nm, as displayed in Figure 8b. The biosynthesized AgNPs were further
categorized by SEM and TEM. The SEM analysis confirmed the formation of spherical-
shaped AgNPs in higher densities and confirmed the development of AgNPs, as presented
in Figure 8c. By comparison, TEM analysis revealed spherical AgNPs with an average size
of 40.19 nm, as shown in Figure 8d. The larger particles may have resulted from particle
aggregation.
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Figure 8 Characterization of optimized AgNPs after six months: (a) Color of optimized AgNPs
maintained at 4°C; (b) UV-Vis spectra of optimized AgNPs; (c) SEM result; and (d) TEM result

4. Conclusions

This research has demonstrated the successful optimization of biogenic AgNPs
synthesized from marine polychaete (M. moribidii). The protocol was optimized, offering
rapid production of AgNPs with increased stability and characteristics. The present
investigation concluded that the green synthesis of AgNPs utilizing marine invertebrates
(M. moribidii) as reducing and stabilizing agents offered many advantages. These included
being economical, straightforward, and eco-friendly, which can scale up economic viability.
Future studies could consider exploring possible applications of biosynthesized AgNPs,
especially in healthcare. The findings of this research can be useful as a reference for
biogenic AgNPs and green nanotechnology research, with the aim of discovering more
marine polychaetes with the potential to be utilized as reducing and stabilizing agents in
AgNP synthesis.
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