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Abstract—The purpose of this study was to synthesize silver
nanoparticles (Ag NPs) using Sargassum sp. extract. Synthesized
Ag NPs are used as antibacterial agents in woven fabrics.
Sargassum sp. mixed with distilled water (1:4 w/v) then heated in
the microwave for 1 minute with various power level at 60; 70
and 80. The extract obtained was dropped in an AgNO3 solution
then heated in the microwave for 1; 3; 5; 7 and 9 minutes and
obtained colloidal silver nanoparticle. Based on analysis using
UV Vis obtained that Sargassum sp. extract can be used as a
bioreductor in the preparation of silver nanoparticles. The
Particle Size Analyzer (PSA) was used to obtain a particle
diameter with z-average is 94.8 nm. Ag NPs applications on
woven fabrics were characterized using XRD and NIR and
antibacterial activity. XRD and NIR results show that Ag NPs
has been deposited in woven fabrics, which is indicated by
differences in spectra and diffractogram of the samples and
blanks of woven fabrics. Woven fabrics deposited with Ag NPs
provide antibacterial activity, both against S. aureus and E. coli
bacteria.
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I. INTRODUCTION

Sargassum sp. is a Phaeophyceae group of seaweed found
in tropical areas, including Indonesia. Sargassum seaweed is
widespread in Indonesia, one of which is along the coast of the
island of Sumbawa - Bima. The types of Sargassum that grow
in Bima include Sargassum sp., Sargassum duplicatum and
Sargassum polycystum. So far, the use of Sargassum sp. in
Bima it is only sold as raw material for export [1]. Sargassum
sp. contains alginate and iodine compounds which are used in
the food, pharmaceutical, cosmetic and textile industries [2].
The chemical composition and pigments contained in brown
seaweed are the result of photosynthesis, the number of which
varies greatly depending on the type, development period and
growing conditions. Sargassum sp. contains active compounds
such as steroids, alkaloids, phenols, and triterpenoids which
function as antibacterial, antiviral and anti-fungal [3]. In
addition, these compounds can act as reducing agents because
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they have a strong tendency to reduce metals. Bioreductor is a
reduction method by utilizing biological materials, both
microorganisms and plants, as reducing agents for metal ions.
The ability to chelate and reduce metals in phenol compounds
is due to the high nucleophilic character of aromatic rings [4].
Seaweed Sargassum sp. has more capabilities than other natural
materials as a bioreductor. The use of bioreductors in the
synthesis of nanoparticles is known as the biosynthetic method

(5]

Nanoparticles have been widely used in various fields such
as health, cosmetics, food, and the environment [6]. One of the
nanoparticles that have been widely developed is silver
nanoparticles because they have properties as antibacterial
agents [7]. The shape and size of silver nanoparticles are very
important in determining their optical, electrical, magnetic,
catalyst and antimicrobial properties [8]. The smaller the
particle size the greater the antimicrobial effect [9]. In this
study, silver nanoparticles were synthesized using extracts of
Sargassum sp. Extraction of dye from seaweed Sargassum sp.
microwave method is used so that extraction process can be
short.

Il. EXPERIMENTAL SECTION

A. Extraction of Bioreductor

Sargassum sp. powder of mixed with distilled water at a
ratio of 1: 4 (w/v) then heated in the microwave for 1 minute at
power level 60; 70 and 80. The mixture obtained was then
filtered until the extract of Sargassum sp. [10].

B. Preparation of Silver Nanoparticles (Ag NPs)

The synthesis of silver nanoparticles was carried out by
mixing 90 mL of 1x10-3 M AgNO3 solution with 10 mL of
extract of Sargassum sp. then heated in the microwave for 1; 3;
5; 7 and 9 minutes. The mixture obtained was then analyzed
using a UV Vis and PSA spectrophotometer.
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C. Application on Woven Fabrics

The woven fabric is cut to a size of 10 cm x 10 cm. Then
dip it in colloidal silver nanoparticles then stirred using a
shaker at 150 rpm for 24 hours and dried at 30 °C [11].

D. Antibacterial Activity

The test was carried out by placing a woven cloth coated
with nanoparticles and a blank woven cloth that was cut round

over a culture of Staphylococcus aureus and Escherichia

coli bacteria. Clear zone measurements were carried out after
24 hours of incubation time for bacteria and carried out for 48
hours of incubation time [11].

I11. DISCUSSION

This research was conducted to synthesize silver
nanoparticles (Ag NPs) using a bioreductor from the extract of
seaweed Sargassum sp. The synthesis method using reducing
agents from natural materials is known as biosynthesis. The
dye extraction process and biosynthesis of silver nanoparticles
in this study were carried out with the help of microwave
radiation. In the process of extracting dye from the powder of
Sargassum sp. done using the microwave for 1 minute. The use
of microwave in the extraction process is due to the energy in
the microwave extraction process directly to the specific target
sample and in a specific way, so that no heat is lost to the
environment, because the heating process takes place in a
closed system [12]. The unique heating mechanism can
significantly reduce the time required for the extraction process
[13]. Heating using microwave involves three times the
conversion of energy, namely electrical energy into
electromagnetic energy, then kinetic energy and then into heat
energy [14].

The heating process uses a microwave starting from the
outside of the surface then conduction into the sample so that
the inside of the sample will also be heated. However, the
higher the microwave power level used in the extraction
process will cause a decrease in the absorbance value of the
extract. This is because the high heating causes a change in the
structure of the compound and the evaporation of the bioactive
compounds in the extract of Sargassum sp. Graph of the
absorbance measurement results of Sargassum sp. on the
variation of microwave power level as shown in Figure 1.
Based on the UV Vis graph in Figure 1 shows that the
extraction process of Sargassum sp. produce an extract with
optimum absorbance at level 60.
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Fig. 1. UV Vis graph of Sargassum sp. in power level variations.

In the extraction process, the extract of Sargassum sp.
brown. The extract obtained was then mixed with 1 x 10-3 M
AgNO3 solution as a precursor. In the biosynthesis process of
silver nanoparticles, microwaves are also used to speed up the
synthesis process. The synthesis process is carried out at a
power level of 60 with a variation of heating time. The result of
the synthesis is colloidal silver and a white precipitate is
formed. The results of the characterization of colloidal silver
using a UV Vis spectrophotometer as shown in Figure 2 below.
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Fig. 2. UV Vis Graph of Silver Nanoparticles on heating time variations.

Based on the graph in Figure 2 shows that the UV Vis
graph of the precursor for the AgNO3 solution produces a peak
at a wavelength of 216 nm. Meanwhile, the UV Vis graph of
the colloidal silver nanoparticles experienced a peak shift at a
wavelength of 268 nm. The shift in the absorbance peak
indicates that the colloid has formed Ag nanoparticles of
varying sizes. In addition, the shift in the absorption peak was
caused by the bonding between silver particles and the OH
group in the extract of Sargassum sp. thus increasing the
amount of energy required for electron excitation [15].
Biosynthesis of silver nanoparticles was carried out by varying
the synthesis time. Based on the UV Vis graph in Figure 2, it is
found that the optimum product for silver nanoparticles is
obtained for 7 minutes of synthesis.

Particle size greatly affects the properties and performance
of a material. The smaller the size of a particle, the better its
properties and performance. The silver nanoparticles produced
in this study were measured using Particle Size Analysis
(PSA). The data from the measurement of silver particle
diameter are as shown in Figure 3. Based on the graph in
Figure 3, the size of the silver nanoparticles produced by the
synthesis has a diameter that varies from 39.58-279 nm. While
the average size of the particle diameter is 94.8 nm.
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Fig. 3. Particle distribution of Ag NPs.

Analysis of woven fabrics using Near Infrared (NIR)
radiation was carried out to detect the presence of Ag NPs
deposited on woven fabrics. Figure 4 shows a diagram of the
NIR radiation absorbance spectra on a woven cloth. Based on
the spectra in Figure 4, that woven fabrics deposited with Ag
NPs have a higher absorbance spectrum than woven fabrics
without modification (blank). The presence of Ag NPs on the
surface of the woven cloth can absorb more wave radiation
than the blank woven fabric with a larger particle size on the
surface. NIR radiation hitting woven fabrics has little energy
and only penetrates about 1 mm of the fabric surface,
depending on the fabric composition. The particle size of the
sample affects the spread of NIR radiation as it passes through
the sample. Large particles cannot scatter NIR radiation as
much as small particles. The more radiation that is absorbed
can provide a high absorbance value.
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Fig. 4. UV Vis NIR graph of Ag NPs coated fabrics.

The results of the characterization of woven fabrics using
XRD are as shown in Figure 5. Based on the diffraction
pattern, it is found that the woven fabrics that are neither coated
nor coated with Ag NPs are amorphous. The blank cloth
diffractogram obtained the main peak at 26 = 10.58°; 20 =
12.04° 26 = 20.36° and 2 = 21.84° These peaks show the
characteristics of cotton cloth. The diffractogram of Ag NPs
coated cloth, high intensity peaks were obtained at 26 = 32.7°
and 20 = 46.94°. The peaks that appear on both diffractograms
indicate the presence of peaks of Ag NPs embedded in the

woven fabric.
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Fig. 5. The diffractogram of a woven fabric.
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Clear zone measurements were carried out for 48 hours of
incubation. The data from the observation of the clear zone in
the sample are presented in table 1.

TABLE I. DIAMETER OF THE CLEAR ZONE OF WOVEN FABRIC SAMPLES
AGAINST E. COLI AND S. AUREUS
Hours E. coli S. aureus
0 0.0 0.0
3 0.2 0.1
6 3.0 1.5
9 3.9 2.2
12 1.7 2.7
15 1.8 1.8
18 0.3 1.0
21 0.3 1.1
24 0.0 0.7
42 0.0 0.5
48 0.0 0.0

Based on the observation of the clear zone diameter of the
woven cloth samples against E. coli and S. aureus bacteria
which are presented in table 1, a graph of the relationship
between time and the diameter of the clear zone can be made as
shown in Fig. 6.

50
4.0

-
20 —8—F coli

—8—5_gureus

20

1.0

0.0 s
o 10 20 30 40 50

Fig. 6. Diameter graph of woven fabrics clear zone against bacteria.

Based on the tables and figures, it shows that the clear zone
begins to form at 3 hours of incubation. At that time the
bacteria have entered the multiplication phase so that the
antibacterial activity of the sample can be seen. It can also be
seen that the samples have different antibacterial activity, as
seen from the clear zone diameter data obtained. In this study,
AgNPs were used to increase the antibacterial properties of
woven fabric samples. This is because AgNPs have
antimicrobial properties and are able to kill all pathogenic
microorganisms. Based on the results of this study, the Ag NPs
deposited cloth samples provide antibacterial activity, both
against E. coli and S. aureus bacteria.

IV. CONCLUSION

Silver nanoparticles (Ag NPs) can be synthesized using
Sargassum sp. extracts. The extraction and synthesis processes
can be carried out with the help of microwave. Absorbance of
the extract of Sargassum sp. The resulting optimum power
level was 60. Synthesis of Ag NPs at the variation of synthesis
time obtained the optimum conditions for 7 minutes. The size
of the synthesized Ag NPs varied in diameter from 39.58 to
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279 nm with an average particle diameter of 94.8 nm. AgNPs
applications on woven fabrics were characterized using XRD
and NIR and antibacterial activity. XRD and NIR results show
that Ag NPs has been deposited in woven fabrics, which is
indicated by differences in spectra and diffractogram of the
samples and blanks of woven fabrics. Woven fabrics deposited
with Ag NPs provide antibacterial activity, both against S.
aureus and E. coli bacteria.
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