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Abstract: In recent years, green synthesized nanomaterials have garnered wide interest
due to its inherent features like rapidity, cost-effectiveness, and environmentally friendly
technique. The green synthesis of Zinc oxide nanostructures (n-ZnO) using two kinds of
plant extract, lavender (Lavandula angustifolia) and meniran (Phyllanthus niruri), were
discussed and their antibacterial activities were compared. Characterization by means of
X-ray diffraction (XRD), Fourier transform infrared (FTIR), and field emission-scanning
electron microscopy/energy dispersive X-ray spectroscopy (FE-SEM/EDS) were used to
confirm the successful formation of n-ZnO using both plant extracts. The antibacterial
activity of the n-ZnO synthesized from two different plant extracts was tested against
Klebsiella pneumoniae and methicillin-resistant Staphylococcus aureus (MRSA). The
results show that both n-ZnO has antibacterial activity against MRSA. Minimum
inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) values
for n-ZnO synthesized from meniran extract were 78 and 156 mg/mL, respectively, while
MIC and MBC values for n-ZnO synthesized from lavender extract were 156 and
312 mg/mL, respectively. These results confirm that the n-ZnO prepared from meniran
extract is more effective in inhibiting MRSA than the n-ZnO prepared from lavender
extract. This study proves that plant-based n-ZnO has anti-microbial activities and may
serve as antimicrobial therapeutics.
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m INTRODUCTION

Bacterial infection diseases are serious health
problems that are considered as a threat to human health

The increasingly advanced development of science
and technology has an impact on the birth of future
technology, and it is nanotechnology. They are being
represented as fundamental building blocks of future
technology, and these materials will give new advanced
properties. The diverse applications of this future
technology provide a lot of attention in various fields
including biology, medicine, energy, pharmaceuticals,
food industry, and agriculture. Nanoparticles are one of
the right approaches in developing nanotechnology [1].

around the world. This also has an impact on the
economic and social sectors. Increased outbreaks and
infections of pathogenic bacteria, bacterial antibiotic
resistance, the emergence of new mutated bacteria,
bacterial infections in hospitals, and the lack of suitable
vaccines in developing countries constitute a global
health hazard for humans, especially children. Some
examples are methicillin-resistant Staphylococcus aureus
(MRSA) and Klebsiella pneumonia infections in
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contaminated food and drinks. MRSA is a variant of the
S. aureus bacteria, which has virulent characteristics, is
resistant to many antibiotics, and often causes nosocomial
infections in hospitalized patients [2]. K. pneumonia is the
main bacteria that causes pneumonia, which is the largest
cause of death among children [3]. Thus, the development
of antibacterial nanotechnology needs to be carried out to
reduce bacterial infectious diseases caused by
contaminated food and drink.

Metal oxide nanoparticles are more interesting to
research because they show several physical properties
such as dimensions, uniform size distribution, morphology,
and crystallinity, as well as better chemical properties
compared to large or bulk materials [4]. Zinc oxide
nanostructures (n-ZnQO) are among the most popular
metal oxide nanoparticles because they are non-toxic,
biocompatible, and easy surface functionalization [5]. n-
ZnO are versatile semiconductors that display significant
optical transparency and luminescent properties in UV-
visible regions [6]. n-ZnO has drawn interest in past two-
three years due to its wide range of applications in the field
of optoelectronics, optics, and biomedical systems. The
most common technique in synthesizing n-ZnO is the
chemical approach, such as sol-gel, hydrothermal, spray
pyrolysis, microwave-assisted techniques, chemical vapor
deposition, ultrasonic approach, and precipitation
methods [6]. These approaches suffer from high energy
demand and use chemicals during the process that have a
toxic impact on the environment and allow the
occurrence of dangerous side products from reactions, so
a more environmentally friendly synthesis technique is
urgently required [7].

Recently, green synthesis of nanoparticles from
plant extracts has received much attention from
researchers because it uses less toxic materials that can
produce similar products. Green synthesis nanoparticles
is an approach of synthesizing nanoparticles using
microorganisms and plants having biomedical
applications. It includes synthesis through part of the
plants (roots, leaves, stems, seeds, or fruits), bacteria,
fungi, algae, etc. Green synthesis methods are becoming
the most preferred methods as they single step, clean, safe,
and  cost-effective. routes

Biosynthetic provide
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nanoparticles of better-defined sizes and morphology as
compared to other physical methods [8-10].

The natural strains and plant extract secrete some
phytochemical compounds such as polyphenols,
flavonoids, terpenoids, and phenolic acids, which can be
used as reducing and capping agents in the synthesis of
metal oxide nanoparticles, so they can replace the need
for reducing agents from hazardous materials [11]. The
extract of lavender plant (Lavandula angustifolia) and
(Phyllanthus

ingredients that contain many essential compounds and

meniran leaves niruri) are natural
have been used as medicine for a long time. Lavender
extract contains linalool and linalyl acetate as good
antibacterial and antioxidant agents [12]. The medicinal
of P.
antidiabetic,

activities niruri include antihypatotoxicity,
and antimicrobial activities with its
compounds, such as alkaloids, tannins, and flavonoids
[13]. Compared to lavender extract, the study on the
utilization of meniran extract in synthesizing n-ZnO and
then applied as antibacterial agent is still limited.
Anbuvannan et al. [14] synthesized n-ZnO using
meniran extract and zinc nitrate as precursor and then
used as the photocatalyst. Therefore, this study explores
the use of plant-derived n-ZnO for antibacterial
application. All n-ZnO was prepared using biosynthesis
approach from two kinds of plant extract (L. angustifolia
and P. niruri) and then both plant-derived n-ZnO were

tested against MRSA and K. pneumonia.
m EXPERIMENTAL SECTION

Materials

There were two different plants used in this study;
lavender plants and meniran leaves. The chemicals used
to prepare n-ZnO in this research were zinc acetate
dihydrate (Zn(CH;COO),-2H,O0) and 2M sodium
(NaOH)
(Na,COs), gallic acid, Folin-Ciocalteu, aluminium

hydroxide solution. Sodium carbonate
trichloride (AICL), quercetin, and methanol were used
for the determination of total phenolic and flavonoid
content. Dimethyl sulfoxide (DMSO) solution, absolute
ethanol (C,HsOH), 70% alcohol, Brain-heart Infusion
(BHI) broth and agar media, McFarland standard 0.5,

sodium chloride (NaCl), suspension of MRSA and K.
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pneumoniae bacteria, distilled water, and universal pH
paper were used for antibacterial assessment.

Instrumentation

Plant extraction and preparation of n-ZnO were
performed using laboratory glassware (Pyrex) and a
hotplate magnetic stirrer (IKA C-Mag HS7). The n-ZnO
was dried using oven (Memmert UN55) and furnace
(Nabertherm 30-3000). The characterization instruments
used in this study were XRD (PANalytical AERIS), FTIR
(Shimadzu IR Prestige-21), and FE-SEM/EDS (Hitachi
SU-3500).

Procedure

Preparation of lavender extract

The dried lavender was refined using a blender to
become powder. The lavender extract was made by
dissolving 2 g of plant powder in 100 mL of distilled water.
The solution was stirred and heated at 70 °C for 30 min.
The lavender extract was cooled and filtered using
Whatman filter paper No. 1. Then the filtrate obtained
was stored at 2 °C for subsequent experimental uses.

Preparation of meniran extract

Ten grams of meniran leaves powder were mixed
with 100 mL of distilled water and boiled at 100 °C for
10 min. The leaves powder mixture was then filtered
using Whatman filter paper No. 1, and the filtrate was
stored at 4 °C to prepare n-ZnO.

Preparation of n-ZnO from lavender extract

The preparation of n-ZnO from lavender extract
was carried out based on the literature with slight
modifications [15]. Briefly, 5 mL of lavender extract was
added to 50 mL of Zn(CH3COO),-2H,0 0.75 M. The pH
of the solution was 6 and then adjusted to 10 by adding
dropwise of 2 M NaOH. The solution was kept stirred and
heated at 70 °C for 30 min. The change in color from
brownish yellow to yellowish white indicated the
formation of n-ZnO. The mixture solution was then
collected via decantation and filtered using Whatman
filter paper No 1. The precipitate was washed with
distilled water to remove residuals. The purified
precipitate was dried at 70 °C in a hot air oven for 4 h,
then calcined at 400 °C for 30 min. The material was
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mashed in a mortar pestle and stored at room

temperature for further characterizations and

applications.

Preparation of n-ZnO from meniran extract

The method of n-ZnO preparation was performed
according to previous studies [13,16], with some
Zn(CH;COO), 0.2M in 50mL of
distilled water was stirred for 10 min. Meniran leaf

modifications.

extract was then titrated at about 2.5 mL for 2 h under a
continuous stirring process at a temperature of 60 °C.
The mixture pH was maintained at 12 by adding NaOH
0.1 M. The mixture was centrifuged at 6,000 rpm for
5 min and washed with distilled water. The residue was
dried overnight in the hot air oven at 60 °C to yield a pale
white color n-ZnO and then calcined at 400 °C for
30 min.

Determination of total phenolic and total flavonoid

The Folin-Ciocalteu method was used to determine
total phenolic content (TPC) using gallic acid standard
solution [17-18]. About 5 mg of plant extract was diluted
in 5 mL of methanol and then 20% of Na,CO; was added
to 1 mL of this diluted extract and left for 2 h at room
temperature. The absorbance of this mixture was then
measured using UV-vis spectrophotometer at a
wavelength of 765 nm. The total phenolic content was
obtained as mg/g gallic acid of the plant extract.

The total flavonoid content (TFC) was determined
using a standard curve with quercetin as the standard
[19-20]. Diluted plant extract was added with AICl; in
methanol and NaOH 1 M. This mixture was then
measured using UV-vis spectrophotometer at a
wavelength of 510 nm. The flavonoid content was
expressed as mg of quercetin equivalents (QE)/100 g of
plant extract.

Antibacterial activity

The minimum inhibitory concentration (MIC)
assay is used to determine the inhibitory effect of the
synthesized n-ZnO on the growth of the bacteria. The
method used to determine the MIC was microdilute.
First, samples were prepared by dissolving the n-ZnO
with DMSO at a 500 mg/mL concentration. The bacteria
that will be tested, K. pneumoniae and MRSA, were
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prepared by dissolving them in NaCl solution and
increasing their concentration to 10° colony-forming
units, then their turbidity was compared to the standard
(McFarland 0.5). Microtitration 96-well plates were used
in this method, and 100 pL of BHI broth media was
titrated in wells 1-10 (from top to bottom). The sample
was titrated at 100 uL in the first well. Suspension from
the first well was then pipped up and titrated into the
second well, then this treatment was carried out until the
10" well and the last suspension was discarded. Next, each
bacteria was titrated at 100 uL into the 19-10" well, then
homogenized by a micropipette. All the wells were closed
and incubated at 37 °C for 24 h. Afterward, the wells were
observed for clarity and turbidity. The MIC value was the
one with the least concentration and had the highest
clarity in the suspension.

The minimum bactericidal concentration (MBC)
assay was the next part after the MIC assay to determine
the antibacterial activity of the n-ZnO sample. This
method used broth suspension from the well that showed
the best MIC value. The broth suspension was streaked
onto BHI agar media and incubated at 37 °C for 24 h. The
MBC value was shown by preventing the growth of the
bacteria on the BHI broth media.

m RESULTS AND DISCUSSION

Plant-derived n-ZnO were formed through a
chemical reaction between a Zn(CH;COO); solution with
two different plant extracts at basic condition. The
reaction between mixing solutions of Zn(CH;COO), and
NaOH will produce Zn(OH),, CH;COONa, and H,O, as
shown in Eq. (1). The formation of Zn(OH), begins with
the formation of a transparent turbid solution and then in
Eq. (2) the mixture becomes milky white, forming a
colloid. Excessed OH™ ions will react with Zn(OH), to
form the [Zn(OH)4]>" complex and dissociate again to
form Zn** and OH ions listed in Eq. (3). ZnO is formed
in Eq. (4) through the heating process of Zn(OH), [16].
The chemical reaction for the formation of ZnO from the
process of mixing Zn(CH;COOH),-2H,O with NaOH is
shown in Eq. (1-4).
Zn(CH;C00), -2H,0 +2NaOH

1
= Zn(OH), +2CH;COONa +2H,0 L

Zn*" +20H" =Zn(OH), )
Zn?" 4 40H = [zn(OH) ) ]27 (3)
Zn(OH), = ZnO +H,0 (4)

The proposed reaction of n-ZnO formation can be seen
in Fig. 1, as adapted from Nurbayasari and Saridewi [21].
The n-ZnO was synthesized by plant extracts (lavender
and meniran) which contribute as a stabilizer and
capping agent.

Lavender and meniran extract contain
phytochemicals or biological active components. This
study determined the phytochemical compounds of
phenolic (TPC) and flavonoid (TFC) from both extracts.
The results show the lavender extract contained
165.1 mg/g of flavonoid and 77.1 mg/g of phenolic, while
meniran extract contained 115.7 mg/g of flavonoid and
352.2 mg/g of phenolic. The results confirm that lavender
extract contains higher flavonoid concentrations, while
meniran  extract  contains  higher  phenolic
concentrations. These biological active components
from lavender and meniran extract were used in the
reduction process of Zn*" ions to Zn’. The Zn’ atoms
were grouped and made a cluster, and then the particle
growth and size were affected by their growth rate.
Functional groups from the lavender and meniran
components interact with the zinc surface, making a
capper in the Zn° cluster called capping. The function of
the capping agent is to prevent aggregation between
clusters and make a stable n-ZnO. In binding the Zn°

cluster, hydroxy groups also play a role, so the surface of

O reduction
+ + NaOH mmd

Plant Zn
extract acetate Cluster
format»on
Pamcle
growth and
c applﬂg
Zn cluster
n-ZnO cappmg

Fig 1. Scheme of the n-ZnO formation using plant
(lavender and meniran) extracts
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the particle is covered by negatively charged ions. Due to
the presence of negative charges, there was a repulsive
force between negative that

charges prevented

aggregation between nanoparticles [22].
XRD Patterns of n-ZnO

XRD
crystallinity of the material, the type of crystals, and the

characterization aims to determine the

crystal size of the material formed. The diffractogram
obtained from the OriginPro shows that the peaks
detected at 20 range from 30-80°. The data obtained from
the characterization was then compared with the Miller
Index on Crystallography Open Database (COD). Fig. 2
shows the diffraction pattern of ZnO formed from
lavender and meniran extracts.

XRD data is used to compare the intensity of the
peaks in the diffractogram data measured from the
sample with the peaks in the standard ZnO diffractogram.
Based on the results obtained from the QualX, n-ZnO
from meniran leaf extract shows that the phase formed is
zincite and has a hexagonal crystal form. The
corresponding COD data for n-ZnO is No. 00-900-4180.
The crystal structure of n-ZnO from the lavender extract
is wurtzite with a hexagonal shape. The results are in
accordance with COD data No. 00-900-4178.

The average particle size is calculated using the
Debye-Scherrer equation contained in Eq. (5);
p-_K2 (5)

BcosO
where D is the average particle size (nm), K is Scherrer's

869

constant, which is 0.9, X is the wavelength of X-ray
radiation, 0 is the diffraction angle (Bragg), and f is full
width at half maximum (FWHM). The analysis results
obtained using OriginPro and Excel showed that the
average crystalline size of n-ZnO from lavender extract
was 19.827 nm with a crystallinity of 79.77%, while n-
ZnO from meniran leaf extract was 19.363 nm with a
crystallinity of 57.57%.

IR Spectra of n-ZnO

Analysis of functional groups for lavender and
meniran extracts and the plant-based n-ZnO are shown
on the FTIR spectra ranging from 400 to 4000 cm™ (Fig.
3). For the extract spectrum in both lavender and
meniran in Fig. 3(a) and Fig. 3(b), respectively, the broad
peak at 3200-3600 cm™ showed the hydroxyl group
(OH) stretching vibration. A peak in the range 1550-
1650 cm™ can be defined as C=C vibration, at the
lavender extract could be the frequency of linalool and
linalool acetate vibration [23]. Thus, in meniran extract,
this range peak was the cycloalkene showing the
existence of polyphenol groups. Linalool and
polyphenol in the extract were important capping agents
for forming Zn(OH),. The synthesized n-ZnO from the
lavender and meniran spectra in Fig. 3(c) and 3(d)
showed no difference in peaks. The peaks of OH groups
can be seen at 3200-3600 cm™, and the wavenumber at
1300-1400 cm ™ was defined as the stretching vibration
of C-O-H functional groups. The vinyl group

(RHC=CH,) was shown at 1635-1650 cm™". The spectrum

(a) n-ZnO lavender

~——— (b) n-ZnO meniran

Intensity (a.u.)
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Fig. 2. X-ray diffractogram of n-ZnO from the (a) lavender and (b) meniran extract
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Fig 4. UV-vis spectra analysis of n-ZnO from (a) lavender and (b) meniran extract

of Zn-O bond presence was assigned at the fingerprint
zone (< 700 cm™). In this spectrum, the Zn-O peak was
shown at 400-500 cm™" [24]. Those spectra confirmed that
both lavender and meniran, with their phytochemicals
like alkaloid, terpenoid, and phenolic, had contributed to
stabilizing the n-ZnO synthesis. These results were
supported by previous studies [25-27].

UV-vis Studies of n-ZnO

The plant extract and the resulting n-ZnO were
characterized using a UV-vis spectrophotometer to
determine the maximum wavelength. The wavelength
used in this characterization is 200-800 nm. Fig. 4(a) and

4(b) show the results of measuring the maximum
wavelength of lavender extract, meniran extract, and n-
ZnO produced from each extract.

The results of UV-vis measurements of lavender
extract showed a typical absorption peak at a maximum
wavelength of 364 nm and an absorbance value of 0.48,
while the results of UV-vis measurements of meniran
leaf extract showed a typical absorption peak at a
maximum wavelength of 376 nm and an absorbance
value of 0.49. The absorption peaks in lavender extract
and meniran leaf extract predict that lavender and
meniran leaf contain secondary metabolites such as
alkaloids, flavonoids, and tannins.
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The appearance of an absorption peak at a
maximum wavelength of 260 nm and an absorbance value
of 0.6 indicates that n-ZnO from the lavender extract was
successfully formed. The appearance of an absorption
peak at a wavelength of 260 nm predicts that n-ZnO has
an surface plasmon resonance (SPR) phenomenon [28].
The maximum absorbance of n-ZnO from meniran leaf
extract is at a wavelength of 335 nm, which is close to the
research result of Saravanan [13], where ZnO resulting
from green synthesis with meniran leaf extract has a
maximum absorption at a wavelength of 369 nm.

Morphological Studies of n-ZnO

The FESEM image of synthesized n-ZnO lavender
was given in Fig. 5(a) and n-ZnO meniran was given in
Fig. 5(b). These figures confirm that the n-ZnO lavender
has the shape of a nanocube while n-ZnO meniran has the

15.0kV
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shape of a truncated hexagonal. The average size of n-
ZnO was analyzed using the Image] application by
collecting 50 size data points of n-ZnO. Then, the data
were input into the OriginPro application, resulting in
the histogram in Fig. 6. Based on the calculation, the
average particle size for n-ZnO lavender is 80.27 nm, and
for n-ZnO meniran is 71.12 nm.

The average particle size obtained shows that the
n-ZnO size was in the nanomaterial category (0-
100 nm). But, as shown in Fig. 6, there were still particles
exceeding 100 nm. Agglomeration can be the cause of
this large size. Moreover, FESEM/EDS was used to
analyze the purity of n-ZnO. Fig. 7 shows the results
from EDS of n-ZnO lavender and meniran. From the
results, there were two peaks, which were zinc and
oxygen elements. The n-ZnO lavender is composed of
52.0% zinc and 48.0% oxygen, and n-ZnO meniran is

0.1pym

x100,000 7.9 8 SEM_SEI

Fig 5. FESEM image of n-ZnO (a) lavender and (b) meniran
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Fig 6. Histogram average particle size of n-ZnO prepared from (a) lavender and (b) meniran extracts
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composed of 53.0% zinc and 47.0% oxygen. This result
confirmed that there are no impurities in synthesized n-
7ZnO, both in lavender and meniran.

Antibacterial Activity of n-ZnO

Antibacterial activity tests were carried out using the
microdilution method because it has a higher level of
sensitivity than other methods. The microdilution
technique is used to calculate the MIC and MBC. The
calculation is based on turbidity, which indicates the
presence of bacterial growth and clarity, that is the absence
of bacterial growth which can be seen after incubation for
24 h at a temperature of 37 °C. The results of antibacterial
testing using the microdilution technique are shown in
Table 1. The antibacterial activity of n-ZnO from meniran
leaf extract is more effective than n-ZnO from lavender
extract, as seen from the MIC value against MRSA
bacteria, which is 78.12 ug/mL. In order to study the effect
of plant extract on the antibacterial properties, the
antibacterial activity of the lavender and meniran extract
were conducted against MRSA and K. pneumonia. The
results in Table 1 show that both plant extracts do not
have antibacterial properties (> 500 ug/mL), confirming

peV

Fig 7. EDS image of n-ZnO synthesized using (a) lavender and (b) meniran extract

(b)

cps/eV
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the antibacterial activity of the n-ZnO lavender and n-
ZnO meniran due to the ZnO nanostructured.

The antibacterial activity of n-ZnO has been referred
to several issues, but the exact inhibition mechanism is
not completely illuminated and is still controversial.
There are some possible distinctive mechanisms, such as
direct contact of n-ZnO with cell walls, resulting in
destructing bacterial cell, liberation of antimicrobial
ions mainly Zn** ions, and reactive oxygen species (ROS)
formation. The shape and size of n-ZnO affect the ability
of the n-ZnO to penetrate into cell walls of bacteria and
the biocidal activity [29]. In this study, the antibacterial
activity of the n-ZnO synthesized using meniran extract
against MRSA is higher than n-ZnO prepared using
lavender extract. This antibacterial activity may be due
to the particulate ZnO releases of free Zn** ions that are
toxic to the bacteria. The other proposed mechanism of
bacterial inhibition is due to the size of the n-ZnO. The
n-ZnO prepared using meniran extract is smaller than
the n-ZnO prepared using lavender extract. Smaller-
sized n-ZnO can easily penetrate into bacterial
membranes due to their large interfacial area, thus
enhancing their antibacterial activity [29-30].

EY

I Map Sum Spectrum
A%

0 b 10 15

Table 1. Antibacterial activity of plant-based n-ZnO

MRSA Klebsiella pneumonia
Compound MIC MBC MIC MBC
(ug/mL) (ug/mL (ug/mL) (ug/mL)
n-ZnO lavender 156.25 312.5 > 625 1250
n-ZnO meniran 78.12 156.25 625 625
Lavender extract > 500 > 500 > 500 > 500
Meniran extract > 500 > 500 > 500 > 500
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m CONCLUSION

The green synthesis of n-ZnO from two kinds of
plant extract, lavender (Lavandula angustifolia) and
meniran (Phyllanthus niruri), has been successfully
conducted in this study. The results confirm that green
synthesis of n-ZnO using plants such as lavender and
meniran has a promising potential because it is pollution-
free and eco-friendly, thus supporting the sustainability
environment. The phytochemical and biologically active
compounds in lavender and meniran extract can be used
as capping agents as well as stabilizers for the synthesis of
n-ZnO. The antibacterial activity of green synthesized n-
ZnO in both lavender and meniran were also assessed.
The results showed high antibacterial activity, as proven
by their MIC and MBC values. Rather than n-ZnO
lavender, n-ZnO meniran has better antibacterial activity,
as proven by the small MIC and MBC values. It highlights
the potential application of n-ZnO in biomedical fields, as
antibacterial or therapeutic agents.
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