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ABSTRACT

Biosynthesis is a form of synthesis that involves the utilization of living organisms as biological agents. Zinc oxide is a versatile
semiconductor material that exhibits antibacterial properties, thereby impeding the proliferation of germs. The objective of this
research was to examine the impact of synthesis temperature on the properties of ZnO for its potential use as an antibacterial agent
against E. coli. Zinc oxide (Zn0O) nanomaterial powder was synthesized by a biosynthetic approach employing a combination of zinc
nitrate hexahydrate (ZNH) and pineapple fruit extract. The synthesis temperature was varied at four different levels: 28°C, 50°C, 75°C,
and 100°C. The physical properties of zinc oxide (Zn0O) nanoparticles were examined using UV-Vis spectroscopy, X-ray diffraction
(XRD), and field emission scanning electron microscopy (FESEM). The antibacterial activity was assessed using the disc diffusion
method. This study provides empirical evidence supporting the efficacy of ZnO nanoparticles as antibacterial agents.
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1. INTRODUCTION

Nanomaterials play a crucial role in the advancement of
scientific and technological fields. There are two primary
aspects that distinguish nanomaterials from bulk
materials. First, nanomaterials possess a significantly
smaller size, resulting in a larger surface-area-to-volume
ratio. Second, nanomaterials exhibit particle sizes that fall
within the nanoscale range[l]. Nanomaterials have
versatile applications in diverse fields, including health[2],
the environment, agriculture, food, industry, electrical
equipment, and energy[1]. The antibacterial properties of
ZnO nanomaterials have been observed to effectively
impede the growth of many bacteria, including Salmonella
enteritidis, Escherichia coli, Botrytis cinerea, and
Penicillium expansum[3-5].

Zinc oxide (Zn0) is a white powder that exhibits limited
solubility in neutral solutions but can dissolve in highly
acidic or alkaline environments[6,7]. Additionally, it
possesses favorable thermal stability[7-9]. ZnO has a band-
gap energy of around 3.3 eV[10], rendering it highly
suitable for application as an antibacterial agent[7]. At
present, researchers have devised a novel approach to the
synthesis of nanomaterials, known as the biosynthetic
method, which entails the utilization of biological
substances or microorganisms[8,11]. The biosynthetic
process presents itself as a viable alternative because it
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uses environmentally sustainable ingredients, is easily
accessible, is cost-effective, and avoids hazardous
chemicals[12].

The purpose of this research is to utilize a biosynthetic
method for the fabrication of ZnO nanoparticles and to
evaluate their potential as antibacterial agents. The
existing research gap lies in the limited systematic
investigation of how variations in synthesis temperature
influence particle formation, size, morphology, and
antibacterial performance of ZnO nanoparticles produced
from pineapple extract. Furthermore, a comparative
analysis was conducted between these synthesized
nanomaterials and commercially available ZnO. The ZnO
samples were manufactured under controlled temperature
conditions. Different synthesis temperatures can yield
diverse types and sizes of nanomaterials[13-16]. The
biological agents utilized in this study consisted of extracts
derived from pineapples. Pineapple is known to possess
various beneficial components, including vitamin C,
phenolic compounds, and bromelain enzymes, which are
associated with antimicrobial properties. The present
study employed UV-Vis, XRD, and FESEM techniques for
characterization, along with the disc diffusion method to
assess antibacterial activity.
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2. MATERIALS AND METHODS
2.1. Materials and Reagents

The materials utilized in this study encompassed pineapple
(Ananas  comosus), Zinc Nitrate = Hexahydrate
(Zn(NO3),-6H,0), Sodium Hydroxide (NaOH), methanol,
distilled water, Nutrient Agar (NA), Nutrient Broth (NB),
Mueller Hinton Agar (MHA), Escherichia coli bacteria, 0.9%
physiological NaCl, commercial ZnO, and disc paper with a
diameter of 6 mm. All chemical reagents were purchased
online from Sigma-Aldrich and Merck. The Escherichia coli
culture was obtained from the Biology Laboratory of Riau
University, while the distilled water used in the synthesis
process was supplied by the Chemistry Laboratory of Riau
University.

2.2. Preparation of Pineapple Extract

The extract sample originated from a recently harvested
pineapple. The pineapple fruit was washed using distilled
water, followed by the removal of its outer skin. Next,
approximately 250 g of thoroughly cleaned pineapple was
prepared for the extraction process. The juice of the
pineapple fruit was extracted by squeezing and then
filtered using Whatman paper. Ultimately, a total volume of
approximately 60 mL of filtrate was obtained and then
stored at a temperature of 10°C. This temperature was not
intended as a negative condition, but rather to reduce
enzymatic activity, prevent natural fermentation, and
preserve the stability of bioactive compounds in the
pineapple extract prior to its use in the ZnO synthesis
process.

2.3. Biosynthesis of ZnO Nanomaterials

ZnO nanoparticles were synthesized via a biochemical
pathway, namely biosynthesis. A solution containing 0.05
M ZNH and a solution containing 1 M NaOH were both
diluted in 100 mL of distilled water. Subsequently, the
solutions were transferred into a beaker and stirred using
a magnetic stirrer until homogeneity was achieved. Zinc
oxide nanoparticles were created through a chemical
reaction between ZNH and 20 mL of pineapple extract,
which was employed as a reducing agent. NaOH solution
was used as an acidity regulator. A 1 M NaOH solution was
incrementally added until the pH level reached 12.
Temperature variations were applied during the
nanomaterial growth stage by heating the biosynthesized
solution in an oven at 28°C, 50°C, 75°C, and 100°C. Each
temperature-treated sample was designated as ZAP (Zinc-
Reducing Agent Product), referring to the ZnO produced
under specific reducing-agent conditions. After the heating
process, the samples were allowed to stand until
precipitation occurred. The resulting precipitates were
then separated, dried, and ground into a fine powder,
which was subsequently characterized to determine their
structural and morphological properties. The ZAP sample

530

synthesized at the optimal temperature, yielding the
highest-quality ZnO nanomaterials, was selected for
further antibacterial activity testing[17-19].

2.4. Characterization and Antibacterial Test

In this study, a UV-1800 Shimadzu
spectrophotometer with UV-Probe software was used to
monitor the optical properties of the samples. X-ray
diffraction (XRD) was performed using PANalytical
equipment (Bruker, Netherlands), and the field emission
scanning electron microscope (FESEM) used was the
JEOL JSM-7600F Schottky series, manufactured in
Japan. In addition, antibacterial assessment was
conducted using the disc diffusion technique against
Escherichia coli bacteria.

3. RESULTS AND DISCUSSION

3.1. XRD Analysis

Figure 1 displays the XRD patterns of ZnO nanomaterial
samples and the reducing-agent-derived ZnO (ZAP). The
ZnO crystal exhibits a total of nine diffraction peaks. The
three largest peaks are observed at angles of 26 = 31.801°,
34.479°, and 36.245°, corresponding to the crystal planes
100, 002, and 101, respectively. The observed diffraction
pattern is consistent with the established diffraction
pattern of ZnO material, as defined by Joint Committee on
Powder Diffraction Standard (JCPDS) number 01-079-
0205. The lattice parameters of pristine ZnO are a = 3.2069
A and ¢ = 5.1380 A, which are in line with previous
works[20]. Meanwhile, the ZAP samples under different
synthesis temperatures show slightly higher values than
pristine ZnO, as depicted in Table 1. This observed pattern
provides evidence that the ZnO compound exhibits a
crystalline structure known as wurtzite -hexagonal[21,22].

The crystal-size values of the ZnO and ZAP 28°C samples
were determined using XRD characterization and data
analysis employing the Scherrer equation[23,24]. The
crystallite sizes of pristine ZnO and ZAP ranged from 23.95
nm to 27.14 nm. The average crystal size among these
samples was determined to be 25.84 nm. The average
crystal size is directly proportional to the resulting full
width at half maximum (FWHM) value[25]. The large
crystal dimensions suggest that the resulting spectrum
becomes increasingly sharp and narrower [26].

Table 1. Lattice parameters of pristine ZnO and ZAP samples

Sample a(d) c(A) c/a D (nm)
Zn0 3.2069 5.1380 1.6022 23.95
ZAP 28°C 3.2507 5.2105 1.6029 26.44
ZAP 50°C 3.2490 5.2059 1.6023 25.58
ZAP 75°C 3.2444 5.1986 1.6023 26.07
ZAP 100°C 3.2484 5.2053 1.6024 27.14
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Figure 1. XRD pattern of ZnO and ZAP nanomaterials.
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Figure 2. Williamson-Hall plot for the ZAP XRD pattern.
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Table 2. Micro-strain analysis of ZAP samples.

Sample Micro-strain, Equation
€ (%)
ZAP 28°C 0.18 y=0.0018x + 0.0033
ZAP 50°C 0.27 y=0.0027x + 0.0017
ZAP 75°C 0.11 y=0.0011x + 0.0042

Micro-strain analysis from XRD data can be obtained from
the Williamson-Hall (WH) plot[27,28]. The observed
micro-strain indicates lattice defects in the nanomaterial,
which may arise from oxygen vacancies, rapid crystal
growth, or low-temperature synthesis conditions[27].
Figure 2 shows the WH plots of the ZAP samples. The slope
of the linear fitting plot corresponds to the micro-strain. All
ZAP samples show moderate strain, which is likely
contributed by rapid-growth effects or low-temperature
synthesis.

3.2. Analysis of UV-Vis Spectroscopy

Figure 3 displays the UV-Vis absorbance spectra of the ZnO
and ZAP nanoparticles. The UV-Vis spectrum exhibits
substantial absorption within the wavelength range of 300-
364 nm, as indicated by the characterization results. The
ZnO0 nanomaterials synthesized wusing pineapple
precursors exhibit a spectral profile consistent with ZnO

nanoparticles, specifically with wavelengths below 400
nm, as reported by Kumar et al[29]. Figure 3 illustrates the
spectral distribution of ZAP at a temperature of 75°C,
exhibiting two distinct peaks at wavelengths of 334 nm and
364 nm. As expected, the absorption of ZnO nanomaterials
occurs near 364 nm[30,31], whereas the absorption of the
plant extract appears around 334 nm. These results
indicate that the synthesized sample corresponds to ZnO,
which can be verified from the UV-Vis spectral profile and
the position of the absorption peaks. The absorption band
of ZnO nanoparticles typically falls within the range of 250-
400 nm, and the peak observed at 364 nm aligns well with
the characteristic optical properties of ZnO.

The UV-Vis spectroscopy technique is commonly employed
to determine the band-gap energy value of a sample[32].
The band gap refers to the magnitude of the separation
between the valence band and the conduction band in
terms of energy levels[33].. Determination of the band gap
is accomplished using the Tauc plot approach, as described
in the study conducted by Johannes et al. [32]. This method
involves graphing the curve of (ahu2) against the photon
energy (hv). The band-gap energy values acquired for the
Zn0 and ZAP samples were 3.15 eV, 3.09 eV, 3.07 eV, 3.19
eV, and 3.09 eV, respectively. The disparity in the energy
band gap arises from variations in the dimensions of the
particles that are produced.
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Figure 3. UV-Vis absorption spectra of ZnO and ZAP nanomaterials.
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Figure 4. FESEM image of ZnO and ZAP nanomaterials.

3.3. FESEM Analysis

Figure 4 presents an FESEM image of the surface
morphology of the ZnO sample at a magnification of 50,000
times. The structural analysis of the ZnO nanomaterial
powder reveals that the specimen exhibits a nanoflake
morphology, which is characterized by a rough and uneven
surface resembling nano-chips. The nanostructure exhibits
the occurrence of lumps or agglomeration. The findings
presented here align with the prior research conducted by
Arasu et al.[34].

The materials known as ZAP 28°C and ZAP 50°C have a
hexagonal cross-sectional morphology characterized by
sheet-like structures that include slight tapering and
irregular surface texture[35]. The findings of this
investigation indicate that ZAP 75°C yields the most
favorable outcome because of its hexagonal cross-sectional
geometry. However, it is worth noting that the inter-
particle groups exhibit a higher degree of agglomeration,
resulting in the production of smaller materials within
larger clusters[36]. . This occurrence can be attributed to
the production of ZAP nanoparticles, whereby pineapple
fruit extracts are included as reducing agents. At a
temperature of 100°C, the sample structure exhibits
progressive and pronounced agglomeration[37]. Das et al.
[38] showed that the introduction of temperature to the
sample affects the arrangement and dispersion of ZnO and
ZAP nanoparticles.

3.4. Antibacterial activity test

The disc diffusion method was used to evaluate the
antibacterial activity of the synthesized samples. In this
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study, five discs were prepared: one control disc containing
only distilled water and four test discs containing ZAP
synthesized at different temperatures (25°C, 50°C, 75°C,
and 100°C). E. coli ATCC 25922 was selected because of its
clinical relevance and its common use in antibacterial
activity assays[39-41].

The first test used chloramphenicol antibiotic as the
positive control and distilled water as the negative control,
along with the sample. The positive control produced an
inhibition zone, indicating the antibiotic’s effect on E. coli
bacteria. Meanwhile, the distilled water showed no
inhibition zone, indicating the absence of antibacterial
activity. This proves that distilled water has no effect on
bacterial growth. However, the inhibition zone formed by
the antibiotic was larger than that of the sample. This
indicates that the ZnO nanomaterial was only able to
inhibit the growth of E. coli bacteria on a small scale. The
results of the first test are shown in Figure 5.

Figure 6 presents a representative example of the disc
diffusion test, in which only two discs are shown for
visualization purposes; however, all four ZAP samples and
the control disc were tested in the actual experiment. The
control disc did not produce any inhibition zone, whereas
the four synthesized ZAP samples produced inhibition
zones with varying diameters, confirming their
antibacterial activity. The diameter of the inhibition zone is
directly proportional to the antibacterial strength of a
material [42,43].
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Among the tested samples, the ZAP synthesized at 75°C
produced the largest inhibition zone, as summarized in
Table 2. This result indicates that the 75°C ZAP sample
exhibited a sharper and more spiky morphology, enabling
it to penetrate bacterial cell walls more effectively. The
higher permeability of E. coli cell walls to colloidal particles
[44] also contributes to the stronger inhibitory effect. The
formation of a clear area without bacterial growth
indicates a bactericidal effect, in which bacterial growth is
suppressed without causing cell lysis[44]. The size of the
inhibition zone may vary depending on the bacterial strain,
nanoparticle size, and concentration [46]. All four ZAP
samples synthesized at different temperatures were
included in the antibacterial activity results and discussed
comprehensively[45].

Table 3. Inhibition zone data of commercial ZnO and ZAP with
temperature variation

Component Inhibition zone The ratio to
(mm2) commercial Zn0 (%)
Commercial ZnO 1.11 0

Zn0 8.03 623.4
ZAP 28°C 471 324.3
ZAP 50°C 4.15 2739
ZAP 75°C 8.54 669.3
ZAP 100°C 1.43 28.8

Note: the diameter of the inhibition zone including the diameter of the
paper disc (6mm).

Disc paper

Test medium

coli using bioreductors from pineapple extract

Figure 5. (a) Chloramphenicol antibiotic, (b) 752C sample,(c)
distilled water, (d) pure pineapple extract.

Petri dish

Clear zone

Figure 5. Results test for antibacterial activity of E. coli.

4. CONCLUSION

The biosynthesis of ZnO nanoparticles utilizing pineapple
extract as a bioreductor, together with subsequent
characterization, was successfully accomplished. The use
of pineapple fruit extract as a reducing agent and
temperature variations throughout the synthesis process
affected the crystalline structure, absorption spectra, and
morphology of the samples. The mean size of the resultant
crystals was 25.84 nm. The utilization of pineapple extract
as a bioreducing agent in the manufacture of ZnO
nanoparticles resulted in notable inhibition of Escherichia
coli bacterial growth, with an observed inhibition-zone
diameter of 8.54 mm. The antibacterial activity was
enhanced by the formation of a larger inhibition zone.

We acknowledge that elemental analysis of Zn and O was
not performed in this study. While the XRD patterns and
FESEM results indicate the formation of ZnO, direct
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confirmation of elemental composition is unavailable. This
limitation has been noted, and we recommend that future
work include EDX or XPS analyses to quantitatively verify
the presence of Zn and O.

Regarding the reviewer’s inquiry on the reduction process
and functional group identification, the biosynthesis is
presumed to be driven by phytochemicals in pineapple
extract that typically act as bioreducing agents. However,
no functional group analysis (such as FTIR) was conducted
to validate this mechanism. This limitation has also been
acknowledged, and we suggest that future studies
incorporate FTIR or related spectroscopic methods to
confirm the functional groups involved in the reduction
and stabilization of ZnO nanoparticles.
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