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Antibacterial Activity of Synthetic ZnO/Pectin on Staphylococcus
aureus
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Abstract. The hydrothermal method is commonly used to synthesize ZnO nanoparticles
because it produces products with high crystallinity and purity. However, this method is
relatively time-consuming. This research combines hydrothermal and precipitation methods to
produce ZnO in a shorter time. ZnO was also synthesized using a capping agent to control the
smaller particle size as confirmed by the aging time needed to precipitate the particles. The
synthesized ZnO nanoparticles can be added to food and beverage products as zinc additives
and antibacterial agents which are beneficial to the body. Furthermore, the ZnO nanoparticles
were tested for their antibacterial activity using Staphylococcus aureus as a model for gram-
positive bacteria.
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1. Introduction

Nanotechnology is a branch of technology related to the synthesis, characterization,
and exploration of various nanomaterials, specifically nanometer-scale materials (1-100 nm).
These nanomaterials have better characteristics than larger materials [1]. One of the commonly
developed nanomaterials is metal oxide, such as zinc(Il) oxide (ZnO) because of its wide

applications, environmental friendliness, and diverse physicochemical characteristics [2].

ZnO nanoparticles can be formed naturally in the form of the mineral zincite with
relatively low abundance in nature, so ZnO nanoparticles are widely produced synthetically
[3]. ZnO nanoparticles can be synthesized by solution-based and vapor-phase methods. The
solution-based method is simpler as compared to the vapor phase-based method. It is also easier
to control the morphology and size of ZnO nanoparticles with this approach by adjusting
experimental factors such as the type of solvent, type of precursor, and reaction conditions.
Solution-based ZnO nanoparticle synthesis methods consist of hydrothermal, solvothermal,
precipitation, sol-gel, microwave, microemulsion, electrospinning, flux, wet chemical,

electrochemical deposition, and polyols [4].

A combination of precipitation and hydrothermal methods was used in this research.
The growth of nanoparticle crystals using the hydrothermal method utilizes high temperature
and pressure [5]. The hydrothermal method produces ZnO nanoparticles with high purity and
crystallinity, as well as uniform size, morphology, and crystal phase [6]. However, the

hydrothermal method requires relatively long reaction times, to be specific 4 hours [7], 10



hours [8], and 17-19 hours [9]. Therefore, in this research, the time required for the
hydrothermal process is shortened by using precursors in the form of crystals previously
formed through a precipitation process, so that the ZnO nanoparticles still have high

crystallinity and uniform size with a shorter synthesis time.

The ZnO nanoparticles have high surface energy, so they tend to aggregate and
agglomerate with other particles. Aggregation and agglomeration of particles occurred during
the synthesis process leading to bigger size particles so that there is probability that the particles
are out of nanometer range. The aggregation and agglomeration of nanoparticles can be
circumvented using capping agents such as pectin. These capping agents act as stabilizers that
inhibit the over-growth of nanoparticles [10]. Pectin molecules interact with the surface of ZnO
nanoparticles through electrostatic interaction so that ZnO surface energy will decrease. In
addition, pectin molecules also surround ZnO nanoparticles so that interactions between
nanoparticles can be prevented, minimizing the aggregation and agglomeration of ZnO

nanoparticles during the synthesis process.

ZnO nanoparticles have high antibacterial activity with high effectiveness at low
concentrations, that is 0.16—5 mmol/L, against Gram-positive and Gram-negative bacteria [11].
The smaller ZnO nanoparticles will exhibit higher antibacterial activity due to the larger
specific surface area so it will have higher particle surface reactivity [1]. The mechanism of
ZnO nanoparticles as an antibacterial involves direct interaction between the ZnO surface and
the bacterial cell wall. Therefore, the presence of pectin as a capping agent around the surface
of ZnO nanoparticles potentially affects the antibacterial properties of these nanoparticles. In
this study, the antibacterial activity of complex ZnO/pectin will be compared to ZnO

nanoparticles synthesized without pectin as the capping agent.

2. Methodology
2.1. Tools and Materials

The tools used in this study were glassware, analytical balance (Kern ADB 200-4), 1
mL and 5 mL micropipette (Nichipet EX K08716091 and H07Z02841), hotplate (Ika HS-7),
oven (Memmert UN- 55), centrifuge (HETTICH EBA-200), centrifuge tube, 35 mL plastic
bottle, test tube, test tube rack, gloves, and brush. The materials used in this study were pectin,
1 M NaOH (Merck), zinc(Il) acetate dihydrate (Zn(CH3COO)2-2H20) 0.1 M (Merck),

distilled water, universal pH indicator, and KBr.



2.2. Experimental
2.2.1. Synthesis of ZnO using Pectin as a Capping Agent

The ZnO synthesis method is referred to [2] with modifications. A total of 50 mL of
0.25% (w/v) pectin was mixed with 12.5 mL of water and then stirred with a magnetic stirrer.
The solution was then added with 12.5 mL of 0.1 M Zn(CH3COO)2:-2H20 and stirred for 5—
10 minutes and the pH of the mixture was measured. After that, 5 mL of 1 M NaOH was added
to the solution dropwise (dropwise) until the pH of the solution reached 13 and the changes
were observed. The solution was stirred at 250 rpm, then heated for 10 minutes using a heating
plate at 80 °C and the bottle was closed. The hot solution was reacted hydrothermally by
placing it in the oven for 2 hours at a temperature of 80 °C. The solution that has been heated
in the oven is then cooled and the pH of the solution is measured again. The solution was cooled
and left at room temperature until it settled. Part of the sediment sample was separated from
the supernatant then washed using distilled water until the pH was neutral and then dried. Other

samples were encapsulated without separating the precipitate and supernatant and drying first.
2.2.2. Material Characterization

The morphology and particle size of ZnO/pectin were characterized using SEM at a
magnification value of 10,000-25,000 times. The material is prepared by coating using gold

metal.
2.2.3. Antibacterial Activity of Synthesized ZnO/Pectin Analysis

The media used in this study was Muller Hinton Agar (MHA). MHA media was
dissolved in an Erlenmeyer flask with distilled water. The dissolved media was then heated and
mixed until homogeneous. The media was sterilized using an autoclave at 121 °C for 15
minutes. Around 15 mL of the media was poured into a petri dish and left to solidify. After
that, suspension of Staphylococcus aureus test colonies was made by taking one loop of
colonies from solid NA media into a test tube containing physiological NaCl. Turbidity in the
test colony suspension was standardized to the 0.5 McFarland standard (approximately 1.5 x

108 CFU/mL).

Antibacterial activity analysis of each sample was carried out using 0.1 mL suspension
of test bacteria inoculated in MHA media. The suspension was then spread evenly with a
hockey stick and left to dry. Then, 50 pL of each ZnO nanoparticle sample was added to the
disc paper and placed on the surface of the media aseptically. After that, the media containing

bacteria suspension and ZnO nanoparticle sample was incubated for 24 hours at a temperature



of 37 °C. The inhibition zone formed around the paper disc was then measured using a caliper,

representing the antibacterial activity of the analyzed samples.

3. Results and Discussion
3.1. Synthesized ZnO/Pectin

ZnO was synthesized through the combination of precipitation and hydrothermal
methods. Zn(CH3COO).-2H20 was used as the zinc source, NaOH as the precipitate to form
ZnO crystals, and pectin as the capping agent. Pectin was first mixed with Zn(CH3COO),-2H>O
solution. The pectin used in this study is high methoxyl pectin (HMP) so the addition of
Zn(CH3CO0)2-2H20 to the pectin does not cause a gelation reaction. Gelation of the pectin
mixture with Zn?" ions occurs due to the interactions between cations and the oxygen atoms of
the carboxylate groups of pectin molecules. These cations are cross-linked to two carboxylic
groups from different pectin chains to form a three-dimensional structure [13]. The degree of
esterification of HMP is higher compared to low methoxyl pectin (LMP). The amount of
available oxygen atoms in HMP to interact with cations is relatively small so that the cross-
linking of two different pectin chains is also relatively small. Therefore, there is no gelation

occurred during the synthesis process.

NaOH was then added dropwisely to the previously prepared mixture until ZnO crystals
were obtained. The precipitation process produced a white solution which was then reacted
hydrothermally in the oven at a temperature of 80 °C. The white color of the solution became
more intense after the hydrothermal reaction, which indicated an increase in the number of
ZnO crystals formed during the hydrothermal reaction. The ZnO formation reaction occured is

as follows [14].
Zn(CH3COO0)2-:2H20 + 2NaOH — Zn(OH); +2CH3COONa + 2H>0
Zn(OH)2 — ZnO + H>0O

The synthesized sample had a pH of 13 due to the remaining CH3COONa and OH" ions.
After the synthesis process, the sample was settled, then two layers of the solution were formed
due to the separation of the precipitate and supernatant. The sample was then washed using
distilled water 3 times to remove the CH3COONa content and OH™ ions that were still present
in the sample until the sample pH became neutral. The sample was then dried in an oven to
remove the water content, resulting in a white powder-like solid with a yield of more than 90%

(Figure 1).



Figure 1. Synthesized ZnO/pectin powder

Pectin as a capping agent controlled the size of ZnO particles. ZnO samples synthesized
with the addition of pectin as a capping agent took a longer time to be precipitated compared
to samples synthesized without the capping agent addition. This showed the successful role of
pectin in controlling the size of ZnO particles. Pectin molecules surround the ZnO particles to
minimize aggregation and agglomeration of the ZnO particles [10]. Therefore, ZnO particles

were smaller and formed a more stable colloid so that it took a longer time to be precipitated.

These results are validated as can be seen in the scanning electron microscope (SEM)
images of the synthesized materials. ZnO particles synthesized without capping agent are 100—
1000 nm in size with a flower-like morphology. This morphology is in accordance with the
result reported by [15] that ZnO particles synthesized with a pH close to or more than 11 will
have flower-like morphology. Meanwhile, particles synthesized using capping agents tend to
be smaller with higher particle size uniformity in the range of 100-200 nm. The exact size of
the ZnO particles is difficult to determine due to the presence of pectin on the surface of the
particles. The calcination process can be carried out to remove the pectin content in the sample

so that the exact ZnO particle size can be determined.
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Figure . SEM images of ZnO syntheed without pectin (left) and with pectin (right)



3.2. Antibacterial Activity of Synthesized ZnO/Pectin

Numerous studies have shown that ZnO nanoparticles exhibit remarkable antibacterial
activity against both Gram-positive and Gram-negative bacteria. The antibacterial activity of
ZnO nanoparticles depends on their size related to the mechanism of their action [16]. The
antibacterial activity of the samples in this study was analyzed using the disc zone method. The
inhibition zone of the sample represents the antibacterial activity of the sample. A wider
inhibition zone indicates higher antibacterial activity. The experimental results in Table 1 and
Figure 3 show that the ZnO/pectin sample exhibits the highest antibacterial activity compared
to commercial ZnO and synthesized ZnO. ZnO sample synthesized using pectin as a capping
agent, in this case, ZnO/pectin, has a smaller size than commercial ZnO sample and ZnO
synthesized without pectin as mentioned in the previous sub-chapter. These findings are similar
to El-Masry et al. [17] who reported that the smaller size of ZnO nanoparticles showed a more
effective antibacterial growth inhibition. This phenomenon could be explained through the
ZnO nanoparticles’ mechanism of action as the antibacterial agent that is related to the

interaction between nanoparticle’s surfaces with the bacteria.

Table 1. Antibacterial activity of ZnO and ZnO/pectin against Staphylococcus aureus

Samples S. aureus ATCC 6538 (mm)
Commercial ZnO 14.53 £2.58
ZnO/pectin 17.52+0.23
ZnO without pectin 12.20+0.24

Figure 3. Antibacterial activity of ZnO/pectin (13.1), commercial ZnO (14.1) and ZnO

without pectin (15.1) against Staphylococcus aureus

There are 2 proposed mechanisms of action of ZnO nanoparticles as antibacterial in
this study. The first mechanism is the generation of reactive oxygen species (ROS) induced by

ZnO nanoparticles that inhibit the growth of the bacteria and even cause the death of the



bacteria. ZnO nanoparticles are able to induce the production of ROS, such as hydroxyl radical
(OH), hydrogen peroxide (H202), and superoxide anion (Oz"), with the help of ultraviolet (UV)
light by converting water and oxygen from the air to its reactive species or ROS [18]. Electrons
in the valence band of ZnO nanoparticles leave the positively charged holes in the presence of
UV light and undergo numerous redox reactions with water and oxygen to produce ROS [19].
ROS could cause membrane damage that would lead to further disruptions in bacteria cells.
Furthermore, ROS could also disrupt the DNA, lipids, and proteins that are important in
supporting bacteria's life [20]. So, the disruptions inhibit the growth of the bacteria, or worse,

cause the death of bacteria as the mechanism shown in Figure 4.

H,0, O,
ROS DNA, lipids, and protein
H,0,, -0, -OH disruption

Membrane damage

Figure 4. Antibacterial activity of synthesized ZnO mechanism through the generation of

ROS [18]

The second mechanism is the deposition of ZnO nanoparticles on the surface of bacteria
and the accumulation of ZnO nanoparticles in the cytoplasm or periplasmic region. This
process could cause cellular dysfunction or disruption and disorganization of the membranes.
The deposition of ZnO nanoparticles produces Zn>". These ions will be attracted to the
negatively charged bacterial membrane causing the imbalance charges on the membrane that
will lead to membrane deformation [21]. However, there is a possibility that small particles
such as ZnO nanoparticles get through the plasma membrane of bacteria and are transported to
the cytoplasm. This process leads to the inhibition of some metabolic exchange of substances
and energy production by the ZnO nanoparticles causing the death of bacteria [22]. These
mechanisms correlate to the results in this study that interaction between the smaller particles
and bacteria surface will be more massive due to the larger particle's surfaces. Furthermore, the
smaller particles will be easier to get into the cell wall so the transportation of the particles into

the cells will be easier resulting in a more massive accumulation of particles in the cytoplasm.



4. Conclusion

ZnO nanoparticles can be synthesized through the combination of precipitation and
hydrothermal methods using pectin as a capping agent to control the particle size. Samples
synthesized using the capping agent are smaller in size than samples synthesized without the
capping agent, proven by the time needed for the ZnO particles to be precipitated. ZnO/pectin
also produces higher antibacterial activity than commercial ZnO and synthesized ZnO due to
the smaller size of particles. The mechanism of ZnO/pectin and ZnO as antibacterial can be
explained through several mechanisms including the generation of reactive oxygen species
(ROS) induced by ZnO nanoparticles, deposition of ZnO nanoparticles on the surface of

bacteria, and the accumulation of ZnO nanoparticles in the cytoplasm or periplasmic region.
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