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Abstract: The production of silver nanoparticles using biological methods has become the preferred choice
of experts over chemical and physical methods because it is cost-effective, rapid, requires minimal energy, and is
environmentally friendly. In this study, antibacterial activities of bio-silver nanoparticles synthesized using leaf
extract of Cymbopogon nardus against Gram-positive Staphylococcus aureus (S. aureus) and Gram-negative
Escherichia coli (E. coli) were assessed. Using TEM it was found that most of the nanoparticles are spherical,
and their diameters vary from 7.0 nm to 31.0 nm with the mean diameter calculated to be 15.7 £+ 4.60 nm.
The UV-VIS spectrum shows 435 nm as the wavelength of localized surface plasmon resonance while the FTIR
spectrum indicates the presence of the extract on the surface of the particles, suggesting the action of extracts
as the reducing as well as capping agents. Antibacterial assessment was done using both diffusion disc and
spectrophotometric methods, and the results show that the silver nanoparticles can inhibit the growth of both
gram-positive (S. aureus) and gram-negative (E. coli) bacteria.
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I. INTRODUCTION

Silver nanoparticles (AgNPs) have been the focus of many
studies in recent times. This is due to the facts that they have
been used in many applications, i.e., in medicine and biosafety
[1], in cosmetics products [2], in textile [3], and in water treat-
ment [4], wherein these applications AgNPs are used because
of their antibacterial properties. Other than that AgNPS are
also used in electronic products [5], in biosensing and pho-
tocatalytic applications [6], microstrip antenna [7], and many
more.

AgNPs can be produced using physical, chemical, and bi-
ological methods [8]. However, due to the high cost and en-
ergy of physical methods, and the issue of toxicity in chemi-
cal methods, biological methods become popular methods of
choice. Using biological methods, AgNPs can be produced
quickly and easily, and the methods are economically and en-
vironmentally friendly. In biological methods, AgNPs can be
produced using plant extracts and microorganisms (fungi and
bacteria) as reducing agents. The involvement of cell culture
in using microorganisms to produce AgNPs makes the meth-
ods more complicated compared to the one using plant ex-
tracts.

AgNPs have been produced using plant extracts and their
physical, chemical, and biological properties have been ex-
amined. Examples of plant extracts used are leaf extracts

of Graptophyllum pictum [9], Syzygium aromaticum [10],
Anredera cordifolia [11], of Ficus variegate [12], stem extract
of Anredera cordifolia [13], tuber extract of Manihot escu-
lenta [14], seed extract of Sauropus androgynus [15], flower
extract of Hemigraphis colorata [16], and fruit extract of An-
nona squamosa [17]. In all these studies, the physical, chem-
ical, and antibacterial properties of AgNPs were studied, and
in some of these studies, Indonesian traditional plants, such
as Graptophyllum pictum, Syzygium aromaticum, Anredera
cordifolia, Ficus variegate, Manihot esculenta, and Sauropus
androgynus, were used. All of these studies showed that Ag-
NPs can be synthesized using plant extract and have a poten-
tial as an antibacterial agent.

In this present study, for the same purpose, leaf extract of
another Indonesian traditional plant, Cymbopogon nardus is
used to synthesize AgNPs and to examine their physical and
antibacterial properties. The choice of this extract was due
to the results of studies showing their antibacterial properties.
Studies have shown the potential use of Cymbopogon nardus
in medicine by evaluating its essential oil antibacterial and an-
tifungal activities [18, 19]. Other studies also show that the
major compound of oils of Cymbopogon nardus leaves is Cit-
ronellal [20, 21], which has been shown to have antibacterial
activity [22].

The objectives of this study are to synthesize silver
nanoparticles using leaf extract of Cymbopogon nardus, to
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characterize their physical properties, and to assess their an-
tibacterial activity against Gram-positive S. aureus and Gram-
negative E. coli.

II. METHODOLOGY
A. Synthesis of Silver Nanoparticles

Before the preparation of leaf extract, which follows the
protocol described in the previous study [10], leaves of Cym-
bopogon nardus were collected from a local garden in Ambon,
Indonesia. Tap water and distilled water were consecutively
used to clean the leaves. 20 grams of the leaves were cut into
small pieces, dropped into 200 ml distilled water, and the mix-
ture was heated for 20 minutes. The mixture was cooled and
filtered through a Whatman filter paper No.1 to get the extract.
Then, the leaf extract was mixed with 1 mM AgNOs (silver
nitrate) solution (1:2 vv) to obtain AgNPs.

B. UV-VIS and FTIR Spectroscopies

To identify the wavelength of maximum absorption of
Cymbopogon nardus AgNPs, UV-VIS spectroscopy was used.
The wavelength is related to the localized surface plasmon res-
onance [23]. In this experiment, UV-VIS spectrophotometer
UV-1700 PharmaSpec Shimadzu was used. For the measure-
ments, the AgNPs sample (3.5 ml) was contained ina 10 x 10
mm optical path cuvette, and 3.5 ml extract was used as the
standard. The wavelength used from the light source varied
from 600 nm to 300 nm.

To characterize chemical bonds, thus to confirm the pres-
ence of the extract on the surface of Cymbopogon nardus Ag-
NPs, FTIR spectroscopy was used. In this experiment, FTIR
spectrophotometer 8201 PC Shimadzu was used. Before the
measurements, the sample was centrifuged for 20 minutes
(12.000 rpm) and a 2 mg pellet was taken and mixed with
200 mg KBr. The wavenumbers used varied from 4000 cm1
to 400 cm~1.

C. Determination of Size and Concentration of Silver
Nanoparticles

To identify the shape and size distribution of Cymbopogon
nardus AgNPs, Transmission electron microscopy (TEM) was
used. In this experiment, TEM JEOL JEM 1400 owned by
Departemen Kimia Gadjah Mada University was used. In the
measurements, a small drop of the sample was put onto a Cu-
substrated grid and was left to dry at room temperature.

The molar concentration of Cymbopogon nardus AgNPs, c,
was calculated using the formula

Nt
¢= NV Ny

)]

where Np and V are the total amount of Ag atoms used
(Found from the concentration of 1 mM AgNO3) and the vol-

ume of water used, respectively, while N is the number of Ag
atoms and N4 is Avogadros number [24]. N can be calculated
using the formula

Na 2

where, p, D, and M are the density of FCC silver, the mean
diameter of the particle, and silver atomic mass, respectively.

D. Antibacterial Assay

Antibacterial activities of Cymbopogon nardus AgNPs
against both Gram-positive S. aureus and Gram-negative E.
coli, were examined using disc diffusion and spectrophoto-
metric methods. The procedure for these two methods follows
the protocol used previously [10].

For bacterial culture preparation, a loop of each bacterial
culture was suspended in the nutrient broth (500 ml), and each
suspension was put in a shaker at room temperature overnight.
Each of the overnight cultures was diluted with distilled water
until it reached an inoculum size of about 1.5 x 10® CFU/ml
(Optical Density (OD) 620 = 0.1).

In a disc diffusion method, a nutrient agar (NA) plate was
prepared, and about 200 ul of the diluted culture for each
bacterial suspension was spread on the NA surface using a
spreader. The solution of AgNPs was washed with distilled
water by centrifugation (12,000 rpm) 2 times. Sterile paper
discs were infused with the solution of AgNPs (20 pl/disc)
and were left in a laminar airflow to dry for about 30 minutes.
The discs were placed into the NA surface, 3 discs per plate
for 3 replicates. The plates were then incubated at 37°C in an
incubator for 24 hours followed by measurements of inhibi-
tion zones.

In a spectrophotometric method, OD values at 620 nm of
samples with and without AgNPs were measured to see the
effect of AgNPs on the growth of bacteria. The first sample
was the mixture of 500 1 diluted culture bacterial suspension,
5 ml nutrient broth, and AgNPs, while the second sample was
the mixture of 500 pl of each diluted culture bacterial suspen-
sion, 5 ml nutrient broth, and 5 ml distilled water. OD 620 was
chosen since it is far enough from the maximum absorption of
435 nm. The OD 620 values were measured after incubation
times of 0, 2, 4, 6, 8, 12, 16, 20, and 24 hours. A colorime-
ter (Smart 2 LaMotte) was used to measure OD 620, where
for sample 1 (with AgNPs) solution of AgNPs was used as a
standard, and for sample 2 (without AgNPs), distilled water
was used as a standard.

III. RESULTS AND DISCUSSION
A. Formation of Cymbopogon nardus Silver Nanoparticles

Fig. 1(a) shows the sample of Cymbopogon nardus AgNPs
a few hours after mixing the extract and silver nitrate solu-
tion. Once mixed, the color of the sample was transparent-
light yellow (not shown) and with time, it changed to become
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FIG. 1: (a) The sample of Cymbopogon nardus AgNPs and (b) the UV-VIS spectrum of Cymbopogon nardus AgNPs.
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FIG. 2: (a) TEM photograph and (b) the particle size distribution of Cymbopogon nardus AgNPs.

yellowish-brown as shown in the figure. The color of the sam-
ple is due to a phenomenon known as localized surface plas-
mon resonance (LSPR). Electrons on the surface of a particle
oscillate with a unique frequency known as a plasmon, where
the frequency depends on the size, shape, and dielectric prop-
erties of the particle [23]. When light with the same frequency
as the frequency of plasmon impinges on the particle, the light
is absorbed and LSPR takes place. The change of the color of
the sample from transparent to yellowish-brown is one of the
indicators of the formation of AgNPs.

Fig. 1(b) shows the UV-VIS spectrum of Cymbopogon
nardus AgNPs, where the sample was impinged with light
wavelength varying from 600 nm to 300 nm. The figure
shows maximum absorption at the wavelength of 435 nm. The
435 nm wavelength is then the wavelength (or frequency) of
LSPR. Yellowish-brown color of the sample observed is due
to the fact that the blue color (435 nm) was absorbed, and
the color observed is usually the complement of the color ab-
sorbed [25]. The 435 nm wavelength of LSPR is consistent
with the results from previous studies showing that the wave-
length of LSPR for AgNPs ranges from 415 - 459 nm [26].

B. The Size and Concentration of Cymbopogon nardus Silver
Nanoparticles

The shape and size distribution of Cymbopogon nardus Ag-
NPs were identified using TEM and Fig. 2(a) shows one of
the TEM photographs. From all the TEM photographs taken,
most of the particles were found to be spherical. 100 of the
particles in the photographs were chosen randomly to mea-
sure the particle diameters, where they were found to vary
from the minimum value of 7.0 nm to the maximum value of
31.0 nm, and the mean diameter was found to be 15.7 + 4.6
nm. Fig. 2(b) shows the particle size distribution. The range
of diameters of Cymbopogon nardus AgNPs found are typical
diameters for bio-AgNPs. For instance, diameters of Grap-
tophyllum pictum AgNPs ranging from 5.4 to 50.6 nm [9],
Syzygium aromaticum AgNPs from 2.9 to 33.6 nm [10], Fi-
cus variegate AgNPs from 10.0 to 40.5 nm [12], and Manihot
esculenta AgNPs from 5.5 to 68.0 nm [14].

The number of Ag atoms in one nanoparticle (N) was then
determined using Eq.(2), where the mean diameter D = 15.7
nm, the density of FCC silver p = 10.5 g/cm®, and silver
atomic mass M = 107.868 g, and was found to be N = 118,678.
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FIG. 3: FTIR spectrum of Cymbopogon nardus AgNPs.

FIG. 4: The inhibition zones on the NA surface containing (a) S. aureus and (b) E. coli after applying Cymbopogon nardus
AgNPs.

The molar concentration (c) of the AgNPs was determined us-
ing Eq.(1), where N7 = 0.001 x 6.02 x 1023, V=9 ml, and
N = 118,678, and the value was found to be ¢ = 936 nM. This
concentration is in the same order of magnitude (hundreds of
nM) as that of other green AgNPs previously studied [27].

C. FTIR Spectrum of Cymbopogon nardus Silver
Nanoparticles

FTIR spectrum of Cymbopogon nardus AgNPs is shown
in Fig. 3. The peak of a broad band at 3425 cm™! indi-
cates a hydrogen-bonded O-H stretching, while two consec-
utive minor peaks at 2924 and 2854 indicate CHy asymmetric
and symmetric stretches, respectively. The peak at 1635 is in-
dicative of a C=O0 stretch and the peak at 1033 is contributed
from an asymmetric C-C-O stretch. The band with a peak at
1381 is likely due to O-H bending. All of these results are

indicative of the presence of the extract on the surface of the
particle. This suggests the involvement of the extract as a re-
ducing agent in the formation of Cymbopogon nardus AgNPs
as well as a capping agent in stabilizing the AgNPs.

D. Antibacterial Activities of Cymbopogon nardus Silver
Nanoparticles

Fig. 4(a) and 4(b) show the inhibition zones on the NA sur-
faces containing S. aureus and E. coli, respectively, 24 hours
after introducing Cymbopogon nardus AgNPs. For S. aureus,
the mean diameter (4 standard deviation) of the inhibition
zones is 8.3 £ 0.3 mm, while for E. coli, it is 6.3 £+ 0.3 mm.
The results of statistical analysis (t-test, p < 0.05) suggest
no significant difference between the two, which implies that
Cymbopogon nardus AgNPs inhibit the growth of both S. au-
reus and E. coli equally.
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FIG. 5: OD 620 of S. aureus and S. aureus with Cymbopogon nardus AgNPs.
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FIG. 6: OD 620 of E. coli and E. coli with Cymbopogon nardus AgNPs.

Fig. 5 shows an OD 620 of S. aureus samples with and
without the AgNPs 24 hours after the application of the Ag-
NPs, thus denoting the growth of S. aureus with and without
the application of the AgNPs. OD 620 of S. aureus sample in-
creases in 24 hours denoting S. aureus growth, while OD 620
of S. aureus mixed with the AgNps levels off, denoting the
inhibition of S. aureus growth by the AgNPs. The statistical
analysis of the two data shows a significant difference (t-test,
p < 0.05) of OD 620, thus the growth of S. aureus, between
samples with the AgNPs and those without the AgNPs, at 6
hours and more after introducing the AgNPs. The comparison

of these two implies that Cymbopogon nardus AgNPs inhibit
the growth of S. aureus.

Fig. 6 shows an OD 620 of E. coli samples with and without
the AgNPs 24 hours after the application of the AgNPs, thus
denoting the growth of E. coli with and without the applica-
tion of the AgNPs. Similar to the data of S. aureus, OD 620
of samples without the AgNPs increases, while of samples
without the AgNPs levels off, denoting the inhibition of E.
coli growth by the AgNPs. The statistical analysis of the two
data shows a significant difference of OD 620 (t-test, ;0.05)
between the two at 6 hours and more after introducing the
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AgNPs. The comparison of these two data implies that Cym-
bopogon nardus AgNPs inhibit the growth of E. coli.

For comparison of the ability of the AgNPS in S. aureus
and E. coli, data of OD 620 of samples with the AgNPs be-
tween S. aureus (Fig. 5) and E. coli (Fig. 6) 6 hours after
introducing the AgNPs were analyzed, and the results show
no significant difference in the effect of inhibition on S. au-
reus and E. coli (t-test, ;0.05). These facts suggest that the
AgNPs inhibit the growth of E. coli as well as they inhibit the
growth of S. aureus, which is consistent with the results from
the disc diffusion method.

The results of this study show that AgNPs synthesized us-
ing Cymbopogon nardus leaf extract can inhibit the growth of
both S. aureus and E. coli. One of the factors contributing to
this effect is the size of the particle. The mean diameters of
15.7 nm of Cymbopogon nardus AgNPs make them easy to
adhere to the surface of the cell membrane of S. aureus and
E. coli. To disrupt the cell membrane, the particles need to
adhere first. The small size of the particles also benefits them
in reaching the location in the cell. Another factor is the abil-
ity of AgNPs to release Ag™t ions [28]. The Positif ion of
Ag can interact electrostatically with the negatively charged
membrane of the cell, which penetrates inside the membrane
changes the DNA structure of bacteria, and may cause the
death of the cell. Another researcher suggests that the Ag-
NPs can stimulate the formation of reactive oxygen species
that may lead to oxidative stress in the cell [29].

The result showing that AgNPs inhibit the growth of E. coli
as well as the growth of S. aureus is consistent with previous

studies using Syzygium aromaticum and Phaleria macrocarpa
AgNPs [10,30]. However, this is in contrast to the previous
studies showing that AgNPs are more effective in inhibiting
the growth of E. coli than of S. aureus [12,31-34], suggest-
ing that it is because the cell membrane of E. coli is thinner
than that of S. aureus. Furthermore, Some studies show that
AgNPs inhibit the growth of S. aureus more effectively than
they inhibit the growth of E. coli [35,36]. These three cases
suggest that the thickness of the cell membrane is not the only
successful factor for AgNPs to inhibit the growth of bacteria.

IV. CONCLUSION

These studies show that Cymbopogon nardus leaf extract
can facilitate the formation of silver nanoparticles. The color
of the silver nanoparticle sample, yellowish-brown, is due to
a localized surface plasmon resonance phenomenon, which
absorbs the blue light of 435 nm shown by the UV-VIS spec-
trum. The results from FTIR measurements show the presence
of the extract on the surface of the particle. The nanoparticles
are mostly spherical, and their diameters vary from 7.0 nm to
31.0 nm with mean diameters of 15.7 + 4.60 nm. Cymbo-
pogon nardus silver nanoparticles can inhibit the growth of E.
coli and S. aureus shown by the antibacterial assessment using
both disc diffusion and spectrophotometric methods, and the
inhibition ability in E. coli is as good as in S. Aureus.

[1] Li Xu, et al., ”Silver nanoparticles: Synthesis, medical applica-
tions and biosafety,” Theranostics, vol. 10, p. 8996-9031, 2020.
doi: 10.7150/thno.45413.

[2] Swati Gajbhiye, and Satish Sakharwade, ~’Silver Nanoparticles
in Cosmetics,” Journal of Cosmetics, Dermatological Sciences
and Applications, vol. 6, p. 48-53, 2016. http://dx.doi. org/10.
4236/jcdsa.2016.61007.

[3] Ana Isabel Ribeiro, et al., ”Stabilization of Silver Nanoparti-

cles on Polyester Fabric Using Organo-Matrices for Controlled

Antimicrobial Performance,” Polymers, vol. 14, p. 1138, 2022.

doi: 10.3390/polym14061138.

Yuanyuan Yu, et al., "Purifying water with silver nanoparticles

(AgNPs)-incorporated membranes: Recent advancements and

critical challenges,” Water Research, vol. 222, p. 118901, 2022.

doi.org/10.1016/j.watres.2022.118901.

[5] Abderrhmane Bouafia, er al., “The recent progress on

silver nanoparticles:  Synthesis and electronic applica-

tions,” Nanomaterials (Basel), vol. 11, p. 2318, 2021. doi:
10.3390/nano11092318

Kevin Varghese Alex, et al., ”’Green synthesized Ag nanopar-

ticles for bio-sensing and photocatalytic applications,” ACS

Omega, vol. 5, p. 13123-13129, 2020. doi: 10.1021/ac-

somega.0c01136.

[7] RJ. Matyas, et al., “Microstrip antenna from sil-
ver nanoparticles printed on a flexible polymer sub-
strate,” Materialstoday, vol. 4, p. 5030-5038, 2017.
doi.org/10.1016/j.matpr.2017.04.110.

[8] S. Iravani, et al., ’Synthesis of silver nano-particles: chemical,

[4

—

[6

—_

physical and biological methods,” Research in Pharmaceutical

Sciences, vol. 9, p. 385-406, 2014.

Synodalia C. Wattimena, Doan R. Silooy, and Philipus J. Patty,

”Characterization of green silver nanoparticles of Graptophyl-

lum pictum leaf extract: from the localized surface plasmon res-

onance to the antimicrobial activity,” Journal of Physics: Con-

ference Series, vol. 1943, p. 012065, 2021. DOI 10.1088/1742-

6596/1943/1/012065.

[10] Synodalia C. Wattimena, A. A. Reniwuryaan, Philipus J.
Patty, “Physical-chemical and antibacterial properties of green-
synthesized silver nanoparticles mediated by leaf extract of
Syzygium aromaticum L,” Journal of Physics: Conference
Series, vol. 1825, p. 012090, 2021. DOI 10.1088/1742-
6596/1825/1/012090.

[11] Synodalia C. Wattimena, and Philipus J. Patty, ”Antibacterial
properties of silver nanoparticles synthesized using leaf extract
of Anredera cordifolia as a reducing agent,” World Journal of
Pharmacy and Pharmaceutical Sciences, vol. 6, p. 1673-1683,
2017.

[12] Synodalia C Wattimena, Violin Ririmasse, Amos Killay, and
Philipus J Patty, “Kinetics of Formation and Characterization
of Green Silver Nanoparticles of Ficus variegata Leaf Extract,”
Jurnal Kimia Sains dan Aplikasi, vol. 25, p. 34-40, 2022.
doi.org/10.14710/ jksa.25.1.34-40.

[13] Synodalia C. Wattimena, and Philipus J. Patty, ”Synthesis of sil-
ver nanoparticles mediated by stem extract of Anredera cordi-
folia and study of their antimicrobial properties,” The Pharma-
ceutical and Chemical Journal, vol. 4, p. 129-136, 2017.

[9

—



82

(14]

[15]

(16]

(17]

(18]

[19]

(20]

[21]

(22]

(23]

[24]

[25]

Synodalia C. Wattimena, et al. /J. Fis. dan Apl., vol. 21, no. 2, p. 76-82, 2025

Synodalia C. Wattimena, et al., “Properties of bio-silver
nanoparticles mediated by tuber and leaf extracts of Mani-
hot esculenta,” Biosaintifika, vol. 14, p . 271-278, 2022.
doi.org/10.15294/biosaintifika.v14i2. 37667.

Robert Hutagalung, et al., ”Green synthesis of silver nanopar-
ticles using seed extract of Sauropus androgynus and their ap-
plication as an anti bacterial agent,” World Journal of Pharmacy
and Pharmaceutical Sciences, vol. 7, p 1351-1360, 2018.
Murugan Elangovan, Dhayalan Ramachandran, and Krishnan
Rajesh, ”Green synthesis of silver nanoparticles using flower
extract of Hemigraphis colorata as reducing agent and its bio-
logical activity,” Letter in Applied NanoBioScience, vol. 10, p.
2646-2654, 2021. doi.org/10.33263/ LIANBS104.26462654.
Maria Malik, et al., "Biosynthesis and characterizations of sil-
ver nanoparticles from Annona squamosa leaf and fruit extracts
for size-dependent biomedical applications,” Nanomaterials
(Basel), vol. 12, p. 616, 2022. doi: 10.3390/nano12040616.
Mohd Fazrullah Innsan M.E,, et al., ”Pharmacodynamic proper-
ties of essential oils from Cymbopogon species,” African Jour-
nal of Pharmacy and Pharmacology, vol. 5, p. 2676-2679, 2011.
DOI:10. 5897/AJPP11.693.

Luciani G. De Toledo, et al., ”Essential oil of Cymbopogon nar-
dus (L.) Rendle: A strategy to combat fungal infections caused
by Candida Species,” International Journal of Molecular Sci-
ences, vol. 17, p. 1252, 2016. doi.org/10.3390/ijms17081252.
Koba Koffi, et al., ’In vitro cytotoxic activity of Cymbopogon
citratus L. and Cymbopogon nardus L. essential oils from
Togo,” Bangladesh Journal of Pharmacology, vol. 4, p. 29-34,
2009. DOI:10.3329/bjp.v4i1.1040.

Kazuhiko Nakahara, et al., ”Chemical composition and anti-
fungal activity of essential oil from Cymbopogon nardus (Cit-
ronella Grass),” Japan Agricultural Research. Quarterly, vol. 37,
p- 249-252, 2003. doi.org/10.6090/jarq.37.249.

J.C. Lopez-Romero, H. Gonzalez-Rios, A. Borges, and M.
Simoes, “Antibacterial effects and mode of action of se-
lected essential oils components against Escherichia coli and
Staphylococcus aureus,” Evidence-Based Complementary And
Alternative Medicine, vol. 2015, Article ID 795435, 2015.
doi.org/10.1155/2015/795435.

Eleonora Petryayeva, and Ulrich J Krull, "Localized surface
plasmon resonance: nanostructures, bioassays and biosensing—
areview,” Analytica Chimica Acta, vol. 706, p. 8-24, 2011. doi:
10.1016/j.aca.2011.08.020.

Hai Liu, et al, "Plant-mediated synthesis of Au nanoparti-
cles: Separation and identification of active biomolecule in
the water extract of Cacumen platycladi,” Industrial & En-
gineering Chemistry Research, vol. 56, p. 5262-5270, 2017.
doi.org/10.1021/acs.iecr.7b00064.

Tao Huang, and Xiao-Hong Nancy Xu, “’Synthesis and charac-
terization of tunable rainbow colored colloidal silver nanoparti-
cles using single-nanoparticle plasmonic microscopy and spec-
troscopy,” Journal of Materials Chemistry, vol. 20, p. 9867-

(26]

[27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

9876, 2010. Doi.org/10.1039/COJMO01990A.

Synodalia C. Wattimena, and Philipus J. Patty, “Bio-
Nanopartikel Perak Sains and Aplikasi” (Bio-Silver Nanoparti-
cles Science and Application), 1st Edition. Yogyakarta: Deep-
ublish, 2023.

K. Kalishwaralal, et al, “Silver nanoparticles impede the
biofilm formation by Pseudomonas aeruginosa and Staphylo-
coccus epidermidis,” Colloid Surf. B: Biointerfaces, vol. 79, p.
340-344, 2010. doi: 10.1016/j.colsurfb. 2010.04.014.

Q.L. Feng, et al, ” mechanistic study of the antibacte-
rial effect of silver ions on Escherichia coli and Staphylo-
coccus aureus,” J. Biomed. Mater. Res., vol. 52, p. 662-
668, 2000. doi: 10.1002/1097-4636(20001215)52:4;662::aid-
jbm10;3.0.co;2-3.

Linlin Wang , Chen Hu , and Longquan Shao , ”The antimicro-
bial activity of nanoparticles: present situation and prospects
for the future,” Int. J. Nanomedicine, vol. 12, p. 1227-1249,
2017. doi: 10.2147/1JN.S121956.

Tri Puji Lestari, et al., “Physical characteristic and an-
tibacterial activity of silver nanoparticles from green synthe-
sis using ethanol extracts of Phaleria macrocarpa (Scheff.)
Boerl leaves,” Trad. Med. J.,, vol. 24, p. 16-21, 2019.
https://doi.org/10.22146/mot.37956.

H.M.M. Ibrahim, ”Green synthesis and characterization of sil-
ver nanoparticles using banana peel extract and their anti mi-
crobial activity against representative microorganisms,” J. Ra-
diat. Res. Appl. Sci., vol. 8, p. 265-275, 2015. doi.org/10.1016/
jJjrras.2015.01.007.

S. Rajesgkumar, “Synthesis of silver nanoparticles using
fresh bark of Pongamia pinnata and characterization of
its antibacterial activity against gram-positive and gram-
negative pathogens,” Resour. Technol., vol. 2, p. 30-35, 2016.
https://doi.org/10.1016/j.reffit. 2016.06.003.

Akhil Rautela, Jyoti Rani, and Mira Debnath, "Green synthe-
sis of silver nanoparticles from Tectona grandis seeds extract:
Characterization and mechanism of antimicrobial action on dif-
ferent microorganisms,” J. Anal. Svi. Technol., vol. 10, p. 5,
2019. doi.org/ 10.1186/s40543-018-0163-z

Majid Sharifi-Rad, et al., ”Green synthesis of silver nanopar-
ticles using Astragalus tribuloide Delile root extract: Char-
acterization, antioxidant, antibacterial, and anti-Inflammatory
Activities,” Nanomaterials vol. 10, p. 2383, 2020. doi:
10.3390/nano10122383

K.M. Reddy, er al., ”Selective toxicity of zinc oxide nanoparti-
cles to prokaryotic and eukaryotic systems, J. Appl. Phys. Lett.,
vol. 90, p. 1-3,2007. doi:10.1063/1.2742324

Z.E. Karvani, and P. Chehrazi, ”Antibacterial activity of ZnO
nanoparticle on gram-positive and gram-negative bacteria,” Afr.
J. Microbiol. Res., vol. 5, p. 1368-1373, 2011. doi:0.5897/
AJMR10.159



