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Article Info Abstract

Article history: The focus of this study was to compare the antimicrobial activity of silver
nanoparticles (AgNPs) synthesized using ethanol extracts (AgNPE) and water
extracts (AgNPA) from four o’clock flowers (Mirabilis jalapa) against
Staphylococcus aureus. AgNPs were characterized by UV-Vis diffraction, FTIR,
SEM, and X-rays. UV-Vis analysis showed that AgNPA has an SPR band of about
460 nm and 530 nm for AgNPE, which proves the characteristics of the
absorbance area of AgNPs. SEM images of AgNPE and AgNPA show a cuboid shape
with a mean diameter of 80 and 30 nm, respectively and well dispersed. The
response to the presence of polysaccharide biomolecules involved in forming
AgNPs was analyzed using a Fourier transform infrared spectrometer. The result
was that AgNPA and AgNPE have different reducing agents. The plant extracts,
AgNPE and AgNPA, were studied for their antimicrobial activity against
Staphylococcus aureus. The result was that both AgNPA and AgNPE showed good
activity and showed that AgNPA with less inhibition was less effective than
AgNPE.
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plant contains flavonoids, terpenoids, tannins, saponins,
and polysaccharides [4]. Several components from
Mirabilis jalapa have also been isolated, including
isoquinoline, rotenoids, stigmasterols, phenolic
compounds, glucosides, mirabalisoic acid, and protein.
There are several active components in Mirabilis jalapa
that play a role in the overall serotonic mechanism and its
interaction with the adrenergic system containing
sitosterol, glucosides, and rotenoids [5]. In previous
research, Mirabilis jalapa was used as a bio reducing agent
to synthesize Ag/ZnO nanoparticles. The formation of
monometallic and bimetallic nanoparticles has also been

1. Introduction

Nanotechnology is one of the most active and
popular research fields with applications in medicine,
health care, energy, safety and biotechnology. Silver
nanoparticles (AgNPs) are a widespread nanotechnology
material because they have many applications and
various uses in various fields, particularly as
antimicrobial agents. Different properties of silver
nanoparticles, such as size and shape, can be synthesized
by various methods. The development and synthesis of
the popular AgNPs using biomaterials as bio reducing
agents to form AgNP. The biomaterial method has

emerged as an environmentally friendly method, offers
no toxic substances and high-temperature setting,
simple, fast, economical, and feasible [1].

Mirabilis jalapa belongs to the Nyctaginaceae family,
known as a herbal plant, and can be found in tropical
areas, especially Indonesia [2, 3]. The roots, stems,
leaves, flowers and seeds of this plant can be used in many
applications. Phytochemical test results prove that this

carried out using Mirabilis jalapa leaf extract [6].

One of the essential applications of silver
nanoparticles is to use these nanoparticles as an
antimicrobial agent. Silver nanoparticles can be used as
antimicrobial agents because they can enter the bacterial
cell wall [7]. The antimicrobial activity of nanoparticles
against the spectrum of gram-positive bacteria, gram-
negative bacteria, and fungi has been proven. Achillea
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millefolium L. extract with various solvents has been used
to produce silver nanoparticles and showed excellent
activity against both types of bacteria [8]. S. aureus is a
gram-positive bacterium and is a species of staphylococci
[9]. S. aureus can affect health and is a significant cause of
morbidity. This study’s objective was to synthesize AgNPs
using Mirabilis jalapa plant extracts with water (AgNPA)
and ethanol (AgNPE) solvents and perform
characterization. Also, an assessment and comparison of
the antimicrobial activity of AgNPs obtained from water
extract (AgNPA), and ethanol extract (AgNPE) was carried
out against S. aureus.

2. Materials and methods

2.1. Synthesis and characterization of AgNPs

The Mirabilis jalapa plant (Figure 1) was obtained
from Depok, West Java, Indonesia. The collected plants
(stems, flowers and leaves) were thoroughly washed with
distilled water to remove dust particles and dried for 10
days. The dry plant is then ground into a fine powder.10 g
of powder are mixed and halved for two different
solvents. First, the dry plants were mixed with 100 mL of
distilled water, and second, the dry plants were mixed
with ethanol. Both were macerated for 24 hours at room
temperature. The concentrate from the plant was filtered
using Whatman no. 41, and the filtrate (water and ethanol
extract) was used to reduce silver ions in AgNO; solution
to form AgNPs [10, 11, 12, 13, 14, 15].

Figure 1. Typical Mirabilis jalapa plant (snapped in
Depok, Jawa Barat)

10 mL of 1 mM silver nitrate was prepared in a
volumetric flask. Then, 1 to 5 mL of ethanol plant extract
and water solvent were added separately to the AgNO;
solution and kept the concentration at 1 mM. AgNPs were
also synthesized with varying concentrations of AgNO; (1
to 5 mM) and kept the plant extract concentration
constant at 1 mL. A change indicates the reduction of Ag*
to Ag® in the color of the solution from colorless to brown
for AgNPA and green to greenish-brown for AgNPE. The
presence of AgNPA and AgNPE was monitored
spectrometically with a wavelength of 400 to 600 nm
using a PG Instrument T80+ spectrophotometer to
monitor the SPR bands of silver nanoparticles (AgNPs).

Then AgNPE and AgNPA were centrifuged at 5000
rpm for 2 hours with KHT 410 E Microcentrifuge, and the
obtained nanoparticles were used for further
characterization. The surface, shape, and size of the two
AgNPs were imaged by Scanning Electron Microscopy
(SEM). The structure of AgNPs was determined by X-ray

diffraction (XRD) using a Shimadzu X -ray Diffractometer
7000. Fourier transform infrared spectrometers were
used to estimate the biomolecules of AgNPs plant extracts
using the Shimadzu IRTracer-100.

2.2. Antimicrobial activity

The agar disc diffusion method was used to test the
antimicrobial activity of AgNPA, AgNPE, and plant
extracts. The bacteria used for testing was Staphylococcus
aureus. HI-Media Nutrient agar (NA) was prepared by
dissolving 14 g of nutrient agar powder with 500 mL of
distilled water. This solution was sterilized together with
all material used in autoclaved at 121°C for 30 minutes.
Bacteria were inoculated into the Petri plate agar medium
and incubated for 24 hours at 37°C. The filter paper disks
(6 mm) were immersed in the respective solutions
containing AgNPA, AgNPE, and plant extracts. The
concentration of AgNO; was varied from 1 to 5 mM, and
the volume of the plant extract was varied from 1 to 5 mL
from a total of 20 solutions for AgNPA and AgNPE and two
solutions for plant extracts (duplication for each
solution). The disc containing each solution was placed on
a plate and labeled. After 24 hours, the resistance zone
around each disk was measured in millimeters (mm)
using a scale.

3. Results and discussion

In this study, AgNPs were synthesized using Mirabilis
jalapa plant extracts using water (AgNPA) and ethanol
(AgNPE) and evaluated for their antimicrobial activity
against Staphylococcus aureus.

3.1. Synthesis of silver nanoparticles (AgNPs)

The addition of Mirabilis jalapa plant extract, which
was extracted with water and ethanol solvents, to the
silver nitrate solution caused a color change of the
solution from colorless to brown for AgNPA and green to
greenish-brown for AgNPE (Figure 2). Before adding
plant extracts, the UV-Vis spectrum showed no
absorption in the 400-800 nm range. The color of the
solution changed after stirring for 15 minutes at room
temperature. This indicates the formation of silver
nanoparticles confirmed by surface plasmon resonance
(SPR) at 390 - 530 nm [8, 10, 12, 16, 17, 18]. Analysis by
UV-Vis spectrophotometer showed that the SPR band at
460 nm is for AgNPA and 530 nm is for AgNPE (Figure 3).
The difference in SPR bands between AgNPA and AgNPE
can be shown by the different forms of AgNPs crystals [10,
19].

In previous studies, the SPR band at 460 nm showed
the round shape of AgNPA and the cubic shape of AgNPE
[8, 20]. Treatment of different concentrations of silver
nitrate and plant extracts was carried out to obtain
optimal size and vyield of AgNPs. Increasing the
concentration of plant extracts increased the absorption
peak’s intensity by 460 nm for AgNPA and 530 nm for
AgNPE. This means that the AgNPs yield increases so that
it is estimated that the size of AgNPA is smaller than
AgNPE (Figure 4). As the silver nitrate concentration
increased, the absorption peak’s intensity at 460 nm for
AgNPA also increased, and there was a slight increase in
the absorption peak at 530 nm for AgNPE (Figure 5).
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Figure 3. UV-Vis spectra of (a) AgNPA with SPR band at
460 nm and (b) AgNPE with SPR band at 530 nm Figure 5. UV-Vis spectra of silver nanoparticles (AgNPs)
with different concentration of AgNO; (1-5 mM) using
(a) water extract (AgNPA) (b) ethanol extract (AgNPE)
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3.2. Morphology, size, and structure of silver
nanoparticles (AgNPs)

Analysis by SEM shows that AgNPA and AgNPE are
cubic, respectively (Figure 6). The mean particle size was
80 nm for AgNPE and 30 nm for AgNPA. Whereas the XRD
patterns of AgNPA and AgNPE show a face-centered
crystal structure, as confirmed in Figure 6, with the peak
of AgNPA being stronger than AgNPE. This indicates that
AgNPA has a higher crystallinity. All peaks have typical
characteristics for silver metal with FCC symmetry and
are matched to JCPDS No0.00-004-0783 [21]. This is
characterized by peaks [111], [200], [220], and [311],
which prove that silver nanoparticles were successfully
synthesized. The unknown peaks (marked with an
asterisk) probably originate from the bio-organic phase
on the surface of the AgNPs [13, 22, 23]. Figure 7 shows
that AgNPA has a smaller size than AgNPE. Previous
studies have suggested that smaller nanoparticles are
more useful as antibacterial agents [24].
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Figure 6. XRD patterns of AgNPA and AgNPE

Figure 7. SEM images of silver nanoparticles (a) AgNPA
(b) AgNPE
3.3. Identification of possible biomolecules involved in
of synthesis silver nanoparticles (AgNPs)

FTIR analysis showed that a peak at 1650 cm-!
corresponded to the -C = C- band, while the -OH band
was found at 3527 cm™ for AgNPA (Figure 8). The
functional groups for AgNPA represent the aromatic
groups of phenolic compounds and the hydroxyl groups
of polyphenols such as terpenoids and aromatic alkenes.
AgNPE showed several peaks at 1570, 2286, 2343, 2389,
and 3158 cm™ corresponding to the -C = C- aromatic
phenolic and -OH hydroxyl groups of the polyphenol. The
peaks 2286, 2343, and 2389 cm represent alkyne (Figure
8). In previous studies, the hydroxyl group -OH of the

metabolite Mirabilis jalapa, which involved bioreduction,
was known as a polysaccharide [25]. Meanwhile, these
results indicate that AgNPA and AgNPE contain different
phytochemicals from extracts that involve bioreduction.
The difference in the size and shape of the nanoparticles
derived from different plant extracts may be due to
different functional groups in the extracts.
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Figure 8. FTIR spectra of AgNPs
3.4. Antibacterial activity

Silver nanoparticles are known as antibacterial
agents and are used in various industries. However, silver
is restricted as a chemical antibacterial agent in the
medicinal industry. This problem has an alternative
solution using green synthesis to form silver
nanoparticles (AgNPs). Antibacterial activity of AgNPs in
vitro was carried out by the disc diffusion method, and the
results are shown in Table 1, Figure 9, and Figure 10.

Table 1. Antimicrobial activity of AgNPE and AgNPA
against S. aureus

Component AgNPE (No. 1-10) and Zone of
No AgNPA (No. 11-20) inhibition
AgNO; (mM) Extract (mL) (mm)

1 1 1 NZ
2 2 1 NZ
3 3 1 7

4 4 1 7

5 5 1 NZ
6 1 1 5

7 1 2 6

8 1 3 7

9 1 4 7
10 1 5 5
1 1 1 7
12 2 1 NZ
13 3 1 7
14 4 1 5
15 5 1 6
16 1 1 7
17 1 2 11
18 1 3 5
19 1 A 6
20 1 5 6
21 Control NZ
24 Control NZ
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From Table1, it can be ascertained that by varying the
concentration of AgNO;, S. aureus inhibition is more
effective than varying the concentration of plant extracts
in the synthesis of AgNPs. AgNPE has more “NZ”
(zoneless) than AgNPA, which means it has lower
antibacterial activity, especially in S. aureus. The plant
extract was used as a control and showed no antibacterial
activity against S. aureus. The inhibition of S. aureus can be
determined because its walls are not covered by an outer
lipid membrane as is found in gram-negative [14]. In the
literature, sensitivity to AgNPs has been reported [26].
Besides, the efficiency of AgNPs depends on the number
and size of AgNPs to access the bacterial cell wall. Smaller
AgNPs have better access to bacteria [24]. The smaller
size of the AgNPs has a wider surface area resulting in

higher antibacterial activity [27]. Our results support this
idea AgNPA is smaller in size than AgNPE and generates
more inhibition. There are many mechanisms for AgNPs
as antibacterial agents. AgNPs can damage bacterial cell
membranes or touch the surface of bacteria [28, 29].
AgNPs can make intense contact with bacterial cell walls
because of their larger surface area, smaller size, and
different electrostatic charges [7]. Another idea of the
antibacterial activity of AgNPs is that the AgNPs
suspension occurs in solution. Significant investigations
have revealed how interactions between AgNPs and
bacterial cells occur, in which Ag + ions are responsible
for producing an inhibitory effect against bacterial strains
(30].

Figure 9. Plates showing the antimicrobial activity of silver nanoparticles (AgNPs) using different concentration of
AgNO; (1-5 mM) and different concentration of plant extract (1-5 mL) against S. aureus using water extract (AgNPA)
and ethanol extract (AgNPE)

Figure 10. Digital optical images of silver nanoparticles (AgNPs) using different concentration of AgNO; (1-5 mM) and
different concentration of plant extract (1-5 mL) using (a) water (AgNPA) and (b) ethanol (AgNPE)
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4. Conclusion

Silver nanoparticles (AgNPs) have been successfully
synthesized from Mirabilis jalapa plant extract from two
different solvents as a green synthesis that is non-toxic,
cost-effective, and environmentally friendly. AgNPs from
water extract (AgNPA) Mirabilis jalapa had a smaller size
than AgNPs from ethanol extract (AgNPE) estimated by
UV-Vis and SEM analysis. Both AgNPs had characteristic
peaks of silver nanoparticles and showed AgNPA to have
a higher crystallinity than AgNPE. The antimicrobial
activity of AgNPA and AgNPE has good activity, and
AgNPA has a slightly more effective inhibitory power
against S. aureus than AgNPE due to its smaller size and
larger surface area for contact with cell bacteria. Different
sizes and surface areas can be affected by different
biomolecules reducing AgNPs and analyzed by FTIR.
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