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Abstract

This research focused on adding value to dragon fruit peel waste by utilizing it in the synthesis
of antibacterial nano zinc oxide (Nano-ZnO) through a green synthesis process. In this study,
all the dragon fruit peels were extracted using the solvent extraction technique with three
different solvents (deionized water, ethanol, and methanol) for 1, 2, 3, 4, and 5 h, respectively.
The amount of flavonoids from the extract was determined using UV-Vis spectrophotometer
to obtain the optimum extraction time, which was 4 h for DI water as the solvent. Moreover,
antibacterial Nano-ZnO was synthesized successfully by a green synthesis process using
zinc nitrate Zn(NOs)2 and the extracts. The molecular vibrations as well as the crystal
structure and morphology were investigated by Fourier transform infrared spectroscopy (FT-
IR), Raman spectroscopy (Raman), X-ray diffraction (XRD), and field emission scanning
electron microscopy (FE-SEM), respectively. Additionally, the antibacterial efficacy of the
nano-zinc oxide samples was evaluated using disc diffusion method. Gram-positive bacteria
(Staphylococcus aureus) and Gram-negative bacteria (Escherichia coli) were the test agents.
The research shows that the X-ray diffraction patterns of all synthesized ZnO nanoparticles
(NPs) exhibited a wurtzite (hexagonal) crystal structure. FT-IR spectroscopy confirmed the
presence of Zn-O stretching vibrations at approximately 500 cm™. Furthermore, the FE-SEM
reveals that ZnO-yellow particles displayed spherical morphologies with an average particle
size of 145 nm. At the same time, ZnO-White and ZnO-Red nanoparticles exhibited a
combination of rod-like and elliptical morphologies, with average particle sizes of 168 nm and
321 nm, respectively. In addition, the antibacterial activity demonstrates effective inhibition
against S. aureus and E. coli in all three ZnO nanoparticle conditions.
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1. Introduction

In recent years, ZnO NPs have attracted significant attention from researchers due to their
unique optical properties, leading to their widespread application in various fields including
electronics, textiles, cosmetics, and biology (Rahman et al.,, 2022). ZnO NPs can be
synthesized using different methods including chemical and physical approaches.
However, green synthesis has emerged as a promising alternative due to its safety,
environmental friendliness, reduced researcher exposure to hazards (Mendes et al., 2024),
sustainability, and cost-effectiveness (Naiel et al., 2022).

Green synthesis involves synthesizing nanostructured materials using plant
extracts, microorganisms, bacteria, and other natural resources as reducing agents instead
of conventional chemical reductants. Consequently, various plant parts have been
employed for ZnO NP synthesis because plant extracts contain phytochemicals such as
flavonoids, phenols, saponins, alkaloids, tannins, and terpenes, which act as both reducing
and capping, or stabilizing agents (Loganathan et al., 2021; Mahmoud et al., 2022).

Dragon fruit (Hylocereus spp.) is a tropical fruit belonging to the genus Hylocereus
and the Cactaceae family. It originated in the West Indies and Latin America
(Aminuzzaman et al., 2019). Vietnam was the first to introduce it to Southeast Asia, and it
has since become an economically important crop in Thailand. The fruit contains tiny black
seeds and has a skin with different colors depending on the variety. The most common
varieties are Hylocereus polyrhizus (red flesh with red skin), Hylocereus megalanthus
(white flesh with yellow skin), and Hylocereus undatus (white flesh with red skin). Dragon
fruit flesh is highly popular among consumers due to its nutritional and medicinal benefits.
Moreover, the discarded peel can add value, as it contains betacyanin, anthocyanins, and
other flavonoids, making it a source of antioxidants, anti-inflammatory agents, and reducing
agents (Khoo et al., 2022).

2. Materials and Methods

This research study focused on the valorization of dragon fruit peels from three varieties
into antibacterial zinc oxide nanomaterials via a green synthesis process. Schematic
diagram of all steps in this research is presented in Figure 1. All analyses were described
as follows.

i. Preparation
Dragon peel Extract
{ : ii. Synthesis Zn0O NPs
g

iii. Antibacterial

Dragon Fruit pecls

Figure 1. Schematic diagram of all steps in this research
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2.1 Dragon fruit peel waste

Dragon fruit peel wastes, i.e. Hylocereus polyrhizus (Red), H. megalantus (Yellow), and H.
undatus (White), were collected from industrial factories and washed with tap water to
remove impurities. The peels were then rinsed with deionized water and dried in an oven
at 60°C for 12-24 h or until completely dry. The dried peels were ground into fine powder
using a blender and stored for further extraction. Zinc nitrate 6-hydrate (Zn(NO3)2.6H20)
of laboratory grade (KemAus, Australia) was used as the zinc precursor.

2.2 Extraction of flavonoids from dragon fruit peel

Two grams of each prepared dragon fruit peel powder were mixed with 100 mL of different
solvents (deionized water, ethanol, and methanol) in Erlenmeyer flasks. The mixtures were
shaken for various durations (1, 2, 3, 4, and 5 h). After each shaking period, the Erlenmeyer
flasks were heated in a water bath at 60°C for 1 h. The solutions were then filtered using
Whatman No. 1 filter paper. Finally, the total flavonoid content of each extract was
determined using a Thermo Scientific Orion AquaMate 7000 Vis spectrophotometer by
measuring the absorbance at 374 nm (As,.). The total flavonoid content was then
calculated using equation (1) and expressed as milligrams of Quercetin equivalent per
gram of dry fruit peel (mg/g) (Pedro et al., 2016).

TF) = A374nm xdilution factor (1 )

Total flavonoids ( .

2.3 Green synthesis of ZnO NPs

In this step, different dragon fruit peel extracts, extracted using deionized water as the
solvent, were used as reducing agents for synthesizing zinc oxide nanoparticles. Two
grams of zinc nitrate were mixed with the extracts in different ratios (5, 10, 15, 20, 25, and
30 mL) in a 50 ml beaker. The mixture was then stirred at 300 rpm for 1 h and placed in a
water bath at 60°C for 1 h. The solution was dried in an oven at 60°C. Finally, the samples
were calcined at 500°C for 4 h. The resulting zinc oxide nanoparticles were referred to as
Zn0O-Red, ZnO-Yellow, and ZnO-White.

2.4 Analysis of ZnO NPs

The crystallinity of the synthesized ZnO nanoparticles was analyzed using X-ray diffraction
(XRD) with a Smart lab diffractometer (Rigaku) to confirm their identity. The Raman spectra
were recorded using a DXR Raman spectrometer (Thermo Scientific) and FTIR
spectroscopy was employed to identify the functional groups on the nanoparticles. The
morphology of the nanoparticles was examined using a field emission scanning electron
microscope (FE-SEM) (Apreo S-Thermo Fisher Scientific).

2.5 Antimicrobial activity assay

The antibacterial activity of the synthesized zinc oxide nanoparticles was evaluated using
the disc diffusion method (Santhoshkumar et al., 2014). The nanoparticles were dispersed
in water to obtain a 0.3 mg/mL concentration. Aliquots of 20 uL of the nanoparticle
suspension were dropped onto sterile filter paper discs (6 mm diameter) placed on the
surface of agar plates previously inoculated with the test bacteria (Staphylococcus aureus
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and Escherichia coli). The plates were incubated at 37°C for 24 h. The inhibition zones
around the discs were measured and recorded and the larger the inhibition zone, the
greater the antibacterial activity of the nanoparticles.

3. Results and Discussion
3.1 Preparation of extract and synthesis of zinc oxide nanoparticles
Figure 2 shows the effect of each dragon fruit extract. Deionized water was found to be the
most effective solvent for extracting flavonoids, with the highest yield obtained after 4 h of
extraction. This was likely due to the neutral pH of deionized water, which promoted the

solubility of flavonoids and minimizes chemical reactions that could degrade them
(Wyrostek & Kowalski, 2021).
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Figure 2. Effect of extraction time on the flavonoid content of dragon fruit extracts
(a) Red dragon fruit extract (b) Yellow dragon fruit extract (c) White dragon fruit extract
DgR-DI = Extract from red dragon fruit using deionized water as the solvent,
DgR-Eth = Extract from red dragon fruit using ethanol as the solvent,
DgR-Met = Extract from red dragon fruit using methanol as the solvent
DgY-DI = Extract from yellow dragon fruit using deionized water as the solvent,
DgY-Eth = Extract from yellow dragon fruit using ethanol as the solvent,
DgY-Met = Extract from yellow dragon fruit using methanol as the solvent
DgW-DI = Extract from white dragon fruit using deionized water as the solvent,
DgW-Eth = Extract from white dragon fruit using ethanol as the solvent,
DgW-Met = Extract from white dragon fruit using methanol as the solvent

Zinc oxide nanoparticles (ZnO NPs) were synthesized using the obtained extracts
as reducing agents. Different volumes of the extract (5, 15, 20, 25, and 30 mL) were used,
and the percent yield was calculated to determine the optimal extract volume relative to the
zinc nitrate precursor. It was found that at least 25 mL of dragon fruit peel extract was
required for ZnO NP synthesis under all conditions, as shown in Figure 3. The reaction
between the extract and zinc nitrate can be represented by equation (2):

Zn(NO3)2.6H20s0iig) + flavonoid extract(iquid) > ZnO + organic product (2)
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Figure 3. The percent yield of zinc oxide nanoparticles (ZnO NPs) synthesized
using different volumes of dragon fruit peel extract.
ZnO-Yellow = zinc oxide synthesized using yellow dragon fruit peel extract,

ZnO-White = zinc oxide synthesized using white dragon fruit peel extract,
Zn0O-Red = zinc oxide synthesized using red dragon fruit peel extract

3.2 Characterization of zinc oxide nanoparticles

The crystallites of the ZnO NPs synthesized using different dragon fruit peel extracts were
analyzed with X-ray diffractometer (XRD), as shown in Figure 4a. The X-ray diffraction
(XRD) patterns displayed the (100), (002), (101), (102), (110), (103), (200), (112), (201),
(004), and (202) hexagonal wurtzite crystal planes of ZnO, observed at 26 angles of 36.2°,
31.7°, 34.4°, 36.9°, 43.2°, 56.9°, 62.9°, 69.1°, 72.6°, and 76.3°, respectively. All the
diffraction patterns corresponded to the JCPDS file No. 36-1451 of wurtzite-type ZnO (Thi
et al., 2020). The average crystallite size was calculated using the Scherrer equation: D =
(0.9 x N)/(B x cos 8) (A), where A is the wavelength of Cu Ka radiation (1.5406 A), B is the
full width at half maximum (rad), and 0 is the diffraction angle (degrees) (Sharma et al.,
2012). The average crystallite sizes for the ZnO NPs synthesized using the red, yellow,
and white dragon fruit peel extracts were 207 nm, 266 nm, and 188 nm, respectively.

The Raman-active modes of the ZnO wurtzite crystal was shown in the Raman
spectra (Figure 4b) to confirm the hexagonal wurtzite crystal structure of the synthesized
ZnO NPs (Sharma et al., 2012). Wurtzite-type ZnO, with two formula units per primitive
cell, belongs to the space group P63mc. The zone center optical phonons can be classified
according to the following irreducible representation: Iopt=Ai1+E1+2E2+2B1, where A1 and
E+1 are polar modes, B1 modes are silent and both Raman and infrared active, while E2
modes (E2 '°¥ and E2 Md") are Raman active only and nonpolar. The E2°% peak appears at
approximately 320 cm™', which matches well with the lattice vibrations of ZnO. The Exhigh
peak is observed at 437 cm-, which is primarily associated with the vibrations of oxygen
atoms (Séepanovié et al., 2010; Sharma et al., 2012). Additionally, a peak around 1050
cm' is characteristic of annealed ZnO samples, as previously observed in the Raman
spectra of annealed samples prepared from ZnO powder ground in a zirconia vial
(Vojisavljevic et al., 2008).

Fourier transform infrared (FTIR) spectra were used to analyze the composition of
the synthesized ZnO nanoparticles. Figure 4c shows the FTIR spectra of the ZnO NPs.
The characteristic Zn-O stretching mode is observed at 500 cm™', while the symmetric
stretching vibration of hydroxyl groups appears at 3400 cm-'.
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The morphology of the ZnO nanoparticles synthesized using different dragon fruit
peel extracts is shown in Figure 5. As can be seen, the synthesized nanoparticles are
uniformly distributed and have a smooth surface. ZnO-Yellow exhibits spherical
morphologies (Bhuiyan & Mamur, 2021), with 145 nm particle sizes. In contrast, ZnO-White
and ZnO-Red nanoparticles exhibit a combination of rod-like and elliptical morphologies,
with a particle size of 168 and 321 nm, respectively (Figures 5b and 5c). The shorter
nanorod length of ZnO-White observed in Figure 5b is likely due to the lower flavonoid
content in the white dragon fruit extract (Tang et al., 2021). The reduced flavonoid
concentration may have inhibited the growth of ZnO nanorods.
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Figure 4. Structural characterization of ZnO NPs: (a) XRD (b) Raman (c) FTIR

Figure 5. FE-SEM images of ZnO synthesized with different dragon fruit peels at
magnification of 50,000X; (a) ZnO-Yellow (b) ZnO-White (c) ZnO-Red
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3.3 Antibacterial activity

The antibacterial activity of ZnO-Yellow, ZnO-White, and ZnO-Red against Gram-negative
bacterium (E. coli) and Gram-positive bacterium (S. aureus) was evaluated. All three ZnO
samples exhibited antibacterial activity against E. coli and S. aureus. However, ZnO-White
showed the highest antibacterial activity, as evidenced by the largest clear zones of 2.73
cm for E. coli and 1.27 cm for S. aureus, as shown in Figure 6¢. This enhanced activity of
ZnO-White may be attributed to its superior ability to disrupt the bacterial cell membrane.
With their thinner cell walls, Gram-negative bacteria are generally more susceptible to ZnO
nanoparticles than Gram-positive bacteria. The mechanism that causes cell death occurs
when zinc oxide nanoparticles are ionized, diffuse into cells, and react with bacterial cell
walls. This interaction involves the following mechanisms: (1) the production of ROS,
including OH- (hydroxyl radical) and O272 (peroxide) from the ionization of ZnO. These ROS
induce cell membrane disruption and DNA damage, ultimately leading to cell death (2) the
ionization of zinc oxide nanoparticles into Zn2* ions, which react with bacterial cells,
especially the cell membrane, cytoplasm, and nucleic acids, causing cell lysis and resulting
in bacterial cell death, and (3) direct interactions between zinc oxide nanoparticles and
bacterial cell membranes through electrostatic forces that damage the plasma membrane
and cause a leakage of intracellular components (Murali et al., 2021; Gomaa, 2022).
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Figure 6. The inhibition zones of S. aureus (a) and E. coli (b) by ZnO nanoparticles
synthesized using different dragon fruit peels and comparison of inhibition zone (c)
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4. Conclusions

The extracts from three different dragon fruit varieties (white, red, and yellow) as reducing
agents in the green synthesis of zinc oxide nanoparticles (ZnO NPs) were investigated in
this study. Deionized water was found to extract the highest amount of flavonoids. All three
dragon fruit extracts were successfully used to synthesize ZnO NPs. The ZnO NPs
synthesized using white dragon fruit extract exhibited the smallest crystal size (188 nm) as
confirmed by X-ray diffraction (XRD) analysis. Field emission scanning electron
microscopy (FE-SEM) images revealed that the ZnO NPs synthesized using white dragon
fruit extract also had the smallest particle size (145 nm). Finally, antibacterial activity
assays demonstrated that the ZnO NPs synthesized using all three dragon fruit extracts
effectively inhibited both E. coli and S. aureus.
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