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ABSTRACT

In this study, green synthesis of silver nanopatrticles via Cratoxylum glaucum leaf extracts
loaded with polyvinyl alcohol and its bacterial activity were tested. Nanosilver from ‘Pucuk Idat’
leaves has a non-uniform size and tends to agglomerate, making the nanoparticle size unstable
and challenging to apply further. Therefore, so that nanoparticles do not aggregate, efforts are
made to add stabilizers. Polyvinyl alcohol (PVA) is a polymer that can be used as a stabilizer
because it can prevent unwanted aggregation and oxidation processes. UV-Vis analysis results
show that PVA as a stabilizer can avoid an increase in wavelength shift. Based on the results of
this XRD analysis, it can be concluded that in this research sample, the silver nanoparticle is
formed with a cubic crystal system, and it can be observed that the smallest average particle size
is in the 0.75% Ag/PVA sample of 10.32 nm. Furthermore, based on the antibacterial test against
E. coliand S. aureus, it can be explained that the 0.75% PVA-modified nanosilver sample showed
weak to medium antibacterial activity.
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INTRODUCTION for medical devices which sterilize air and

surfaces [3]. Silver nanoparticle synthesis
The development of research and

. . ) continues to be directed at economical and
studies of nanotechnology is currently growing

) . environmentally friendly synthesis. The use of
very rapidly. One of the exciting developments

_ ) ) plant media is an innovation in producing silver
of nanomaterials to study is silver

) ) ) . nanoparticles. Indonesia is rich in tropical
nanoparticles. A silver nanoparticle is a

. Lo i plants, and this is an opportunity for
material that has antimicrobial properties. It

) ) o researchers to continue to develop silver
can be used in various applications such as

] ) nanoparticles based on local Indonesian
wound dressings [1] and cotton fibres [2],

. . N ) plants, especially in Bangka Belitung.
which function to inhibit bacterial growth,

. . . ) i Several methods of synthesizing silver
antiseptic sprays and antimicrobial coatings

nanoparticles have been used, including
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chemical methods [4], electrochemistry [5],
radiation [6], photochemical methods [7], and
Langmuir Blodgett [8]. However, most
chemical methods used to synthesize these
Ag nanoparticles involve toxic chemicals that
pose a risk to the environment. Therefore,
several researchers have used green
synthesis to synthesize nanoparticles using
microorganisms [9], nata de coco [10], and
plants [11].

The Bangka Belitung Islands have
various potential endemic plants to be
developed [12]. One of the interesting plants
to study is the ‘Pucuk Idat’ (Cratoxylum
glaucum). The people in Bangka Belitung
know Pucuk Idat very well because it is often
used for food seasoning. In addition, pucuk
Idat leaves contain many antioxidant
compounds such as polyphenols, flavonoids
and tannins [13]. Furthermore, the phenolic
content in the leaves of Pucuk Idat has been
proven to be used as a bioreduction in
synthesising silver nanoparticles [14]. Some
plants that have been used to synthesize silver
nanoparticles are Tristaniopsis merguensis
[15], Dilenia indica [16], Jatropha curcas [17],
and tiger grass (Lantana camara L.) [18].

In a previous study, silver nanopatrticles
from Cratoxylum glaucum leaf extracts had a
non-uniform size. As a result, they tended to
agglomerate so that the nanoparticle size
became unstable and challenging to apply
further [14]. Therefore, to prevent nanoparticle
aggregation, efforts were made to add
stabilizers [19]. Polyvinyl alcohol (PVA) is a
polymer that can be used as a stabilizer
because it can prevent aggregation and

oxidation processes [20].

In this study, the green synthesis of
silver nanoparticles via Cratoxylum glaucum
leaf extracts loaded with polyvinyl alcohol and
its bacterial activity were tested. Antibacterial
activity tests were carried out on Escherichia
coli and Staphylococcus aureus, bacteria that
can cause human digestive infections. Silver
ions interacting with cells will prevent protein
synthesis, decrease membrane permeability,
and ultimately cause cell death in both
bacteria. Green silver nanoparticles are
expected to be an environmentally friendly
material that is economical and effective as an

antibacterial [21].

METHODS

Extraction of Cratoxylum glaucum Leaves

Pucuk Idat samples were obtained in
Sempan Village, Bangka Regency. First, the
leaves of Pucuk Idat are dried by aerating for
3-5 days. Then, the dried Pucuk Idat were
mashed using a blender and weighed 10
grams. Next, add a solution of 25 mL of
distilled water: 25 mL of ethanol, mix in a
shaker for 30 minutes, then filter to obtain
Pucuk Idat leaf extract.

Green synthesis of silver nanoparticles
via Cratoxylum glaucum leaf extracts
loaded with polyvinyl alcohol

The silver nanopatrticle synthesis was

carried out by adopting and referring to the
method developed by Kudle et al. [22] and
Wahyudi et al. [23]. The synthesis of silver
nanoparticles was carried out by the
reduction method by reacting 3 mL of a
bioreductor of Pucuk Idat leaf extract and 20
mL of AgNO3s 2mM solution and a variation of
12 mL PVA of 0%,; 0.75%; 1% ; 3% and 5%.
The process of adding AgNOs solution to the

bioreductor solution of Pucuk Idat leaf
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extract, which had been added with PVA, was
carried out gradually drop by drop through the
burette while continuously stirring using a
magnetic stirrer for 2 hours at room
temperature. The visual indicator for the
formation of silver nanoparticles is a change
in the color of the solution from yellowish to
brown. Silver nanoparticles was
characterized using UV-Vis and XRD. To
determine the average silver nanoparticles
particle size using the Debye-Scherrer
equation (1) [24].
KA
- B cosB

(1)

Description :
D = average patrticle size

A = wavelength of Cu-Ka (1,5406 A)
0 = bragg's angle (rad)

K = shape factor (0,9)
[ = FWHM (rad)
Antibacterial activity

The antibacterial activity of silver
nanoparticles was tested according to the
AATCC 147-1998 and AATCC 100-1999
standards. Antibacterial activity testing was
carried out by making a series of dilutions of
the test compound (synthesized colloidal silver
nanoparticles parent solution) with variations
of 25%, 50%, 75% and 100%. Control was
carried out on the test compound media. The
inhibition test was carried out by wetting sterile
paper discs with a diluted nano silver solution
and then placing them in a petri dish
containing Escherichia coli and Bacillus
subtilis test bacteria grown on NA media. The
inhibition of the test material is known by
measuring the clear zone around the paper
disc. At the same time, microbial activity is
determined by calculating the percentage

reduction in bacterial culture [23]

RESULTS AND DISCUSSION

Cratoxylum glaucum leaf extract was
extracted using ethanol as a solvent. The
ethanol solvent effectively extracts flavonoid
compounds as bioreductors on silver particles
[25]. Cratoxylum glaucum leaf extract contains
polyphenols, flavonoids and tannins [13]. In
several studies, these compounds can
produce or form nanoparticles from a metal
[26]. Phenolic compounds have hydroxyl
groups that can bind metals. The ability to
chelate metals from phenolic compounds is
due to the high nucleophilic character of
aromatic rings [27]. One of the green synthesis
methods that can minimize the use of
hazardous and environmentally unfriendly
inorganic materials can be done using plant
extracts [28]. In  synthesising  silver
nanoparticles, reducing silver ions in solution
generally produces colloidal silver with a
nanometers diameter. Over time, silver
nanoparticles can aggregate so that the
surface area decreases and causes the
particle size to get more significant due to the
instability of the particle size. Therefore, a
stabilizing material is needed to maintain the
stability of the nanoparticles. Materials used
as stabilizers include ligands and polymers
[29]. In this study, the synthesis of silver
nanoparticles using Polyvinyl Alcohol (PVA)
as a stabilizer is known to be an effective
stabilizer in synthesising silver nanoparticles
[20].

Silver nanoparticles modification was
carried out with variations in PVA
concentrations of 0%, 0.75%, 1%, 3% and 5%,
and this aims to determine the effect of the
addition of PVA on the silver nanoparticles

size. A change in the color of the solution to
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brown marks indications for the formation of
silver nanoparticles. The longer it turns black,
the color of the solution gets darker with time.
The reduction process of Ag*to Ag® due to the
bonding of the -OH functional group derived
from phenolic compounds [21] in the
Cratoxylum glaucum leaf extract. The
prediction of silver nanoparticle formation from
the reduction reaction by the polyphenolic
compounds contained in the Cratoxylum

glaucum leaf extract can be seen Figure 1,

OH

Polifenol

show the reduction reaction between the
polyphenolic compounds and Ag* ions. In the
early stages, the polyphenolic compounds in
the solution change from the R-OH group to
the R-O group, which is ready to react.
Furthermore, polyphenols bind Ag* and form
RO-Ag groups. At this stage, a reaction occurs
in which the bound Ag* ion undergoes a
polyphenol chain termination reaction and

then releases to form Ag® [30].

(o}

HO o W o
H 0, o 0,

OH ) OH
\ p \ J
Hi
OH
OH

Figure 1. Prediction reactions in the synthesis of silver nanoparticles by polyphenols [31]

Table 1. Data of UV-Vis Analysis

AgNO3s (mM) PVA (%) A Max (nm) Range Silver
nanoparticles
2 0 451 395-438 nm
1 370.5 [32]
3 449
5 392.5
50 0 405
0,75 360
3 370
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The stability of the synthesized silver
nanoparticles colloid is known through
measurements using a spectrophotometer.
The stability of the colloidal silver
nanoparticles solution is known from the
change in the absorption peak. Suppose
there is a shift in the absorption peak to a
larger wavelength. In that case, it indicates
that the stability of the silver nanoparticles
colloid is still low due to an agglomeration
event [23]. The results of the UV-Vis analysis
are presented in Table 1.

Based on Table 1 shows that the
addition of PVA affects the stability of silver
nanoparticles. AQNOs 2mM shows a large
maximum wavelength shift from 1% to 3%
and a shift to a smaller wavelength at 5%
PVA concentration. It indicates that 5% PVA
produces relatively stable silver
nanoparticles compared to 3% PVA. The
larger the wavelength, the larger the size of
silver nanoparticles due to the instability of
the nanoparticle size. The results of UV-Vis
analysis from the use of PVA at AQNO3z2 mM
did not show a wavelength in the wavelength
range of silver nanoparticle formation, so
another effort was made, namely by
increasing the concentration of AgNOs.
Increasing the concentration of AgNOs can
increase the vyield of silver nanoparticles
produced [33]. The concentration of AgNOs
used is 50 mM. This concentration is used
because it is the optimum concentration in
silver  nanoparticle  synthesis using
Cratoxylum glaucum leaf extract [14]. In
Table 1, it can be observed that at 0% PVA,

the maximum wavelength produced is in the
range of silver nanoparticle formation, but
when PVA is added, the wavelength
absorption shifts to be smaller. It explains that
PVA as a stabilizer can prevent an increase
in the wavelength shift and decrease the
wavelength.

XRD Analysis

The Debye-Scherrer equation
characterisation using XRD was carried out
to obtain information about crystal degree
and orientation and to determine crystal size.
The PVA-modified silver nanoparticles XRD

diffractogram is presented in Figure 2.

Ag/PVA 3%

Ag/PVA 0.75%

Ag/PVA 0%

2theta (degree)

Figure 2. Diffractogram of  silver
nanoparticles/PVA

Silver nanoparticles diffractogram
shows a diffraction pattern that corresponds
to the silver diffraction pattern based on ICDD
data (International Center For Diffraction
Data) No. 01-071-4613 are at 26 38.09°,
44.27°, 64.41° and 77.35° with Index of Miller
(111), (200), (220), and (311). Therefore,
based on the results of this XRD analysis, it
can be concluded that the sample in this
study formed silver nanoparticles with a cubic

crystal system.
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Table 2. Size analysis of silver nanoparticles

Sample 20 (deg) 0 (rad) FWHM (rad) D (nm) Average Particle
size (nm)

Ag/PVA 0% 37.99 0.3315 0.0054 27.36 35.60
44.11 0.3849 0.0031 47.84
64.24 0.5606 0.0040 40.71
77.26 0.6742 0.0067 26.49

Ag/PVA 0.75% 38.309 0.3343 0.0150 9.79 10.32
44.45 0.3879 0.0180 8.33
64.54 0.5632 0.0143 11.45
77.5 0.6763 0.0152 11.70

Ag/PVA 3% 38.40 0.3351 0.0155 9.47 11.22
44.73 0.3903 0.0159 9.44
64.92 0.5665 0.0127 12.89
77.80 0.6789 0.0136 13.08

Based on Table 2, the smallest average
particle size in the Ag/PVA sample of 0.7%
indicates that the resulting particle size is
smaller at lower PVA concentrations. PVA in
small concentrations, which can preserve and
stabilise a small number of silver nanopatrticles,
can effectively produce small-sized silver
nanoparticles [34].

Antibacterial activity

A qualitative antibacterial activity test

was carried out by measuring the growth

inhibition zone of the test bacteria. The tested

silver nanoparticles sample was 0.75% Ag/PVA
silver nanoparticles because it had the smallest
average particle size. An antibacterial activity
test was carried out on Escherichia coli and
Staphylococcus  aureus  bacteria.  The
antibacterial activity test using the disc diffusion
method was carried out by placing a paper disc
that had been soaked in a solution on a solid
medium that had been inoculated with the test

bacteria. The results of the antibacterial activity

test can be observed in Figure 3.

Figure 3. Antibacterial activity of silver nanoparticles against (a) Escherichia coli and (b)

Staphylococcus aureus
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Table 3. Inhibition zone diameter

Ag/PVA 0.75% Inhibitign zone diameter (mm) . Category
E. coli S. aureus E. coli S. aureus
25% 4,20 3,03 Weak Weak
50% 4,78 3,25 Weak Weak
75% 5,50 3,63 Medium Weak
100% 5,70 4,63 Medium Weak

Figure 3 shows that the activity of
inhibiting the growth of Escherichia coli and
Staphylococcus aureus bacteria was
indicated by the formation of an inhibition
zone on MHA media. The size of the
inhibition  zone means the silver
nanoparticle’s inhibitory power [23]. The
results of the inhibition zone measurements
are presented in Table 3.

Based on Table 3, it can be explained
that the 0.75% PVA-modified

nanoparticles sample showed weak to

silver

moderate  antibacterial activity. The
antibacterial inhibitory zone activities were
grouped into four categories, namely: weak
activity (<5mm), medium (5-10 mm), strong
(>10-20 mm), and very strong (>20-30
mm). The antibacterial inhibitory activity
was expressed based on the clear zone
produced around the paper disc. The
diameter of the zone of inhibition of
bacterial growth is measured in mm [35].
When viewed from the size of the inhibition
zone, the antibacterial activity against
E.coli was greater than S.aureus because
Escherichia coli is a class of Gram-negative
bacteria where the cell wall of Gram-
negative bacteria consists of one or more
thin layers of peptidoglycan and an outer
membrane. The peptidoglycan layer, while
Staphylococcus aureus, is a group of

Gram-positive bacteria whose cell walls

consist of several layers of peptidoglycan
that form a thick and rigid structure and
contain a cell wall substance called teichoic
acid [36]. Because it has only a tiny layer of
peptidoglycan and does not contain
teichoic acid, the cell walls of Gram-
negative bacteria are more susceptible to
physical treatment, such as the

administration of antibiotics or other

antibacterial agents [37]

CONCLUSION

The formation of silver nanoparticles
occurs through green synthesis, where the
reduction reaction of Ag* to Ag® occurs by
polyphenolic compounds in the Cratoxylum
glaucum leaf extract. The effect of adding
PVA on the synthesis of nanosilver from
Cratoxylum glaucum leaf extract provides
good stability in particle size. Adding 0.75%
PVA gives the smallest nanosilver particle
size of 10.32 nm based on Debye Scherrer’s
calculations from XRD data analysis.
Antibacterial activity resulting from nanosilver
extract of Pucuk Idat leaves showed weak to
moderate antibacterial activity against E.coli
and S.aureus bacteria. The development of
this research will continue to be carried out in
the future related to optimising the synthesis
method  and

application  of  silver

nanoparticles.


https://www.neliti.com/id/publications/54288/sintesis-nanopartikel-perak-dan-uji-aktivitasnya-terhadap-bakteri-e-coli-dan-s-a
https://swepub.kb.se/showrecord?q=onr%3A%22swepub%3Aoai%3ADiVA.org%3Auu-11205%22&n=1&d=swepub&noredirect=true&vw=full&tab2=abs
https://onesearch.id/Record/IOS3450.INLIS000000000003752#description
https://ejournal.unsrat.ac.id/index.php/pharmacon/article/view/440

JKPK (JURNAL KIMIA DAN PENDIDIKAN KIMIA), Vol.7, No. 3, 2022, pp. 314-323 321

ACKNOWLEDGEMENT

Thank you to the Universitas Bangka

Belitung through LPPM UBB for the funding

grant of Penelitian Dosen Tingkat Universitas

2021

with contract number

247 L/UN50/L/PP/2021.

REFERENCES

[1]

[3]

[4]

[5]

[6]

H. A. Ariyanta, “Preparasi Nanopartikel
Perak dengan Metode Reduksi dan
Aplikasinya sebagai Antibakteri
Penyebab Luka Infeksi,” J. MKMI, no.
Maret, pp. 3642, 2014,

doi: 10.30597/mkmi.v10i1.477.

A. Haryono and S. . Harmami, “Aplikasi
Nanopartikel Perak pada Serat Katun
sebagai Produk Jadi Tekstil
Antimikroba,” J. Kim. Indones., vol. 5, no.
1, pp. 1-6, 2010.

Z. M. Xiu, Q. B. Zhang, H. L. Puppala, V.
L. Colvin,and P. J. J. Alvarez, “Negligible
particle-specific antibacterial activity of
silver nanoparticles,” Nano Lett., vol. 12,
no. 8, pp. 4271-4275, Aug. 2012,

doi: 10.1021/nI301934w.

Y. Sun, Y.Yin, B. T. Mayers, T. Herricks,
and Y. Xia, “Uniform silver nanowires
synthesis by reducing AgNO3 with
ethylene glycol in the presence of seeds
and poly(vinyl pyrrolidone),” Chem.
Mater., vol. 14, no. 11, pp. 47364745,
Nov. 2002,

doi: 10.1021/cm020587b.

B. Yin, H. Ma, S. Wang, and S. Chen,
“Electrochemical synthesis of silver
nanoparticles under protection of poly(N-
vinylpyrrolidone),” J. Phys. Chem. B, vol.
107, no. 34, pp. 8898-8904, Aug. 2003,
doi: 10.1021/jp0349031.

N. M. Dimitrijevic, D. M. Bartels, C. D.
Jonah, K. Takahashi, and T. Rajh,
“Radiolytically induced formation and
optical absorption spectra of colloidal
silver nanoparticles in supercritical

(8]

]

[10]

[11]

(12]

ethane,” J. Phys. Chem. B, vol. 105, no.
5~ pp. 954959, Feb. 2001,
doi: 10.1021/jp0028296.

A. Callegari, D. Tonti, and M. Chergui,
“Photochemically Grown Silver
Nanoparticles with Wavelength-
Controlled Size and Shape,” Nano Lett.,
vol. 3, no. 11, pp. 1565-1568, Nov.
2003,

doi: 10.1021/nl034757a.

A. Swami, P. R. Selvakannan, R.
Pasricha, and M. Sastry, “One-step
synthesis of ordered two-dimensional
assemblies of silver nanoparticles by the
spontaneous reduction of silver ions by
pentadecylphenol langmuir
monolayers,” J. Phys. Chem. B, vol. 108,
no. 50, pp. 19269-19275, Dec. 2004,
doi: 10.1021/jp0465581.

K. B. Narayanan and N. Sakthivel,
“Biological synthesis of  metal
nanoparticles by microbes,” Advances in
Colloid and Interface Science, vol. 156,
no. 1-2. pp. 1-13, Apr. 22, 2010.

doi: 10.1016/j.¢is.2010.02.001.

H. F. Aritonang, D. Onggo, Ciptati, and
C. L. Radiman, “Insertion of Platinum
Particles in Bacterial Cellulose
Membranes from PtCls and H2PtCle
Precursors,” in Macromolecular
Symposia, Jul. 2015, vol. 353, no. 1, pp.
55-61, 2015,

doi: 10.1002/masy.201550307.

G. M. Sulaiman, W. H. Mohammed, T.
R. Marzoog, A. A. A. Al-Amiery, A. A. H.
Kadhum, and A. B. Mohamad, “Green
synthesis, antimicrobial and cytotoxic
effects of silver nanoparticles using
Eucalyptus ~ chapmaniana  leaves
extract,” Asian Pac. J. Trop. Biomed.,
vol. 3, no. 1, pp. 58-63, 2013,

doi: 10.1016/S2221-1691(13)60024-6.

O. Roanisca, R. G. Mahardika, and F. I.
P. Sari, “Total Phenolic and Antioxidant
Capacity of Acetone Extract of
Tristaniopsis meguensis Leaves,” J.


https://journal.unhas.ac.id/index.php/mkmi/article/view/477
https://pubs.acs.org/doi/10.1021/nl301934w
https://pubs.acs.org/doi/10.1021/cm020587b
https://pubs.acs.org/doi/10.1021/jp0349031
https://pubs.acs.org/doi/10.1021/jp0028296
https://pubs.acs.org/doi/10.1021/nl034757a
https://pubs.acs.org/doi/10.1021/jp0465581
https://www.sciencedirect.com/science/article/pii/S0001868610000254
https://onlinelibrary.wiley.com/doi/10.1002/masy.201550307
https://pubmed.ncbi.nlm.nih.gov/23570018/
https://pubmed.ncbi.nlm.nih.gov/23570018/

322 V. A. Fabiani & R. Lingga, Green Synthesis of Silver Nanoparticles...........

[13]

[14]

[15]

[16]

[17]

[18]

Sains dan Terap. Kim., vol. 1, no. 1, pp.
10-13, 2019,
doi: 10.33019/jstk.v1i1.1274.

R. G. Mahardika and O. Roanisca,
“Aktivitas Antioksidan dan Fitokimia dari
Ekstrak Etil Asetat Pucuk Idat
(Cratoxylum glaucum),” J. Chem. Res,
vol. 5, no. 2, pp. 481-486, 2018,

doi: 10.30598//ijcr.2018.5-rob.

V. . Fabiani, F. Sutanti, D. Silvia, and M.
. Putri, “Green Synthesis Nanopartikel
Perak Menggunakan Ekstrak Daun
Pucuk Idat (Cratoxylum glaucum)
sebagai Bioreduktor,” Indones. J. Pure
Appl. Chem., vol. 1, no. 2, pp. 68-76,
2018,

doi: 10.26418/indonesian.v1i2.30533.

V. A. Fabiani, M. A. Putri, M. E. Saputra,
and D. P. Indriyani, “Synthesis of Nano
Silver using Bioreductor of Tristaniopsis
merguensis Leaf Extracts and Its
Antibacterial Activity Test,” JKPK (Jurnal
Kim. dan Pendidik. Kim., vol. 4, no. 3, p.
172, Dec. 2019,

doi: 10.20961/jkpk.v4i3.34617.

Rado, V. A. Fabiani, and R. G.
Mahardika, “Synthesis of nanosilver with
simpur leaf (Dillenia indica) modified
PVA as antibacterial,” IOP Conf. Ser.
Earth Environ. Sci., vol. 1108, no. 1, p.
012014, Nov. 2022,
doi:10.1088/1755-315/1108/1/012014.

H. Bar, D. K. Bhui, G. P. Sahoo, P.
Sarkar, S. P. De, and A. Misra, “Green
synthesis of silver nanoparticles using
latex of Jatropha curcas,” Colloids
Surfaces A Physicochem. Eng. Asp., vol.
339, no. 1-3, pp. 134-139, May 2009,
doi: 10.1016/j.colsurfa.2009.02.008.

B. Ajitha, Y. Ashok Kumar Reddy, and P.
Sreedhara Reddy, “Green synthesis and
characterization of silver nanoparticles
using Lantana camara leaf extract,’
Mater. Sci. Eng. C, vol. 49, pp. 373-381,
Apr. 2015, doi:
10.1016/j.msec.2015.01.035.

[19]

(20]

[21]

(22]

(23]

[24]

(25]

A. Haryono, D. Sondari, S. . Harmami,
and M. Randy, “Sintesa Nanopartikel
Perak dan Potensi Aplikasinya,” J. Ris.
Ind., vol. 2, no. 3, pp. 156-163, 2008.

W.Handayani, H. Zukhrufa, Y. Yasman,
& C. Imawan, "Effectiveness of silver
nanoparticles  synthesized using
Diospyros discolor Willd.(Bisbul) leaf
extract for antimicrobial agents”. In AIP
Conference Proceedings, vol. 2314, no.
1, pp. 020007. AIP Publishing
LLC,2020.

S. N. Sinha, D. Paul, N. Halder, D.
Sengupta, and S. K. Patra, “Green
synthesis of silver nanoparticles using
fresh water green alga Pithophora
oedogonia (Mont.) Wittrock and
evaluation of their antibacterial activity,”
Appl. Nanosci., vol. 5, no. 6, pp. 703—
709, Aug. 2015,

doi: 10.1007/s13204-014-0366-6.

K. . Kudle, M. . Donda, R. Merugu, Y.
Prashanthi, and M. P. Rudra,
“Microwave assisted green synthesis of
silver nanoparticles using
Stigmaphyllon littorale leaves their
characterization and  antimicrobial
activity,” Int. J. Nanomater.
Biostructures, vol. 3, no. 1, pp. 13-16,
2013,

doi: 10.7897/2230-8407.04644.

T. Wahyudi, D. Sugiyana, and Q.
Helmy, “Sintesis Nanopartikel Perak
dan Uji Aktivitasnya terhadap Bakteri
E.coli dan S.aureus,” Arena Tekst., vol.
26, no. 1, pp. 55-60, 2011,

doi: 10.31266/at.v26i1.1442.

M. Bharani, T. Karpagam, B.
Varalakshmi, G. Gayathiri, and K. .
Priya, “Synthesis and Characterization
of Silver Nanoparticles from Wrightia
tinctoria,” Int. J. Appl. Biol. Pharm.
Technol., vol. 3, no. 1, pp. 58-63, 2013,

F. Abd Karim, R. Tungadi, and N. A.
Thomas, “Biosintesis Nanopartikel
Perak Ekstrak Etanol 96% Daun Kelor


https://journal.ubb.ac.id/index.php/stannum/article/view/1274
https://ojs3.unpatti.ac.id/index.php/ijcr/article/view/167
https://jurnal.untan.ac.id/index.php/IJoPAC/article/view/30533
https://jurnal.uns.ac.id/jkpk/article/view/34617
https://iopscience.iop.org/article/10.1088/1755-1315/1108/1/012014
https://www.sciencedirect.com/science/article/abs/pii/S0927775709000739
https://www.sciencedirect.com/science/article/pii/S0928493115000454
https://link.springer.com/article/10.1007/s13204-014-0366-6
https://www.researchgate.net/publication/274184707_Microwave_assisted_green_synthesis_of_silver_nanoparticles_using_Boswellia_Serrata_flower_extract_and_evaluation_of_their_antimicrobial_activity
https://www.neliti.com/id/publications/54288/sintesis-nanopartikel-perak-dan-uji-aktivitasnya-terhadap-bakteri-e-coli-dan-s-a

[26]

[27]

[28]

[29]

[30]

[31]

JKPK (JURNAL KIMIA DAN PENDIDIKAN KIMIA), Vol.7, No. 3, 2022, pp. 314-323 323

(Moringa oleifera) dan Uji Aktivitasnya
sebagai Antioksidan,” Indones. J.
Pharm. Educ., vol. 2, no. 1, pp. 32-41,
2022,

doi: 10.37311/ijpe.v2i1.11725.

M. S. Akhtar, J. Panwar, and Y. S. Yun,
“Biogenic  synthesis of  metallic
nanoparticles by plant extracts,” ACS
Sustain. Chem. Eng., vol. 1, no. 6, pp.
591-602, 2013,

doi: 10.1021/sc300118u.

A. Michalak, “Phenolic compounds and
their antioxidant activity in plants growing
under heavy metal stress,” Polish J.
Environ. Stud., vol. 15, no. 4, pp. 523—
530, 2006.

K. N. Thakkar, S. S. Mhatre, and R. Y.
Parikh, “Biological synthesis of metallic
nanoparticles,” Nanomedicine:
Nanotechnology, Biology, and Medicine,
vol. 6, no. 2. pp. 257-262, Apr. 2010,
doi: 10.1016/j.nan0.2009.07.002.

A.L.Wang, H. B. Yin, X. N. Cheng, Q. F.
Zhou, and X. F. Zhang, “Effect of
Different Functional Group-Containing
Organics on Morphology-Controlled
Synthesis of Silver Nanoparticles at
Room Temperature,” Acts Met. Sin.
(Engl. Lett, vol. 19, pp. 362—-370, 2006,

doi: 10.1016/S1006-7191(06)62074-7.

I. O.Wulandari, B. E. Pebriatin, V.
Valiana, S.Hadisaputra, A. D. Ananto, &
A.Sabarudin, "Green synthesis of silver
nanoparticles coated by water soluble
chitosan and its potency as non-
alcoholic hand sanitizer formulation.
Materials, vol.15,n0.13,pp 4641,2022
doi:. 10.3390/mal15134641

G. A. D. Lestari, I. E. Suprihatin, and J.
Sibarani, “Sintesis Nanopartikel Perak
(NPAgQ) Menggunakan Ekstrak Air Buah
Andaliman (Zanthoxylum
acanthopodium DC.) dan Aplikasinya
pada Fotodegradasi Indigosol Blue,” J.
Kim. Sains dan Apl., vol. 22, no. 5, pp.
200-205, 2019.

(32]

[33]

[34]

(35]

(36]

[37]

S. D. Solomon, M. Bahadory, A. V.
Jeyarajasingam, S. A. Rutkowsky, C.
Boritz, and L. Mulfinger, “Synthesis and
study of silver nanoparticles,” J. Chem.
Educ., vol. 84, no. 2, pp. 322-325,
2007,

doi: 10.1021/ed084p322.

F. Sutanti, D. Silvia, M. A. Putri, and V.
A. Fabiani, “Pengaruh Konsentrasi
AgNO3 pada Sintesis Nanopartikel
Perak  Menggunakan  Bioreduktor
Ekstrak Pucuk Idat (Cratoxylum
glaucum KORTH),” in  Prosiding
Seminar Nasional Penelitian dan
Pengabdian pada Masyarakat, pp.
175-178, 2018,

doi: 10.33019/snppm.v2i0.615.

D. Apriandanu, S. Wahyuni, and S.
Hadisaputro, “Sintesis Nanopartikel
Perak Menggunakan Metode Poliol
dengan Agen Stabilisator
Polivinilalkohol (PVA),” 3. MIPA, vol. 36,
no. 2, pp. 157-168, 2013.

D.Kruszewska,J.Lan, G.Lorca, N.
Yanagisawa, |, Marklinder, & A.
Ljungh, " Selection of lactic acid

bacteria as probiotic strains by in vitro
tests. Microecology and Therapy,vol.
29,pp. 37-49,2002.

M. Radji, Mikrobiologi. Jakarta: Buku
Kedokteran EGC, 2011,
ISBN: 9789790441057.

D. A. Mpila, Fatimawali, and W. 1.
Wiyono, “Uji  Aktivitas Antibakteri
Ekstrak Etanol Daun Mayana (Coleus
atropurpureus [L] Benth) terhadap
Staphylococcus aureus, Escherichia
coli dan Pseudomonas aeruginosa
secara In-Vitro,” Pharmacon, vol. 1, no.
1, pp. 13-21, 2012,

doi: 10.35799/pha.1.2012.440.


https://ejurnal.ung.ac.id/index.php/ijpe/article/view/11725
https://pubs.acs.org/doi/10.1021/sc300118u
https://www.sciencedirect.com/science/article/pii/S1549963409001154
https://www.sciencedirect.com/science/article/abs/pii/S1006719106620747
https://doi.org/10.3390/ma15134641
https://pubs.acs.org/doi/10.1021/ed084p322
https://journal.ubb.ac.id/index.php/snppm/article/view/615
https://onesearch.id/Record/IOS3450.INLIS000000000003752#description
https://ejournal.unsrat.ac.id/index.php/pharmacon/article/view/440

