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The ZnO-NPs have been successfully produced and characterized using Coffea arabica extract
using the green method. The successful formation of nanoparticles was indicated by a color change
brown. Phytochemical characterization revealed that Coffea arabica extract is rich in bioactive
compounds, including alkaloids, flavonoids, and phenolics, which have significant antioxidant
potential. The results of the antioxidant activity tests showed that increasing concentrations of
Coffea arabica extract correlated with enhanced free radical scavenging activity, with a relatively
low ICso value, indicating this coffee extract can serve as an effective source of antioxidants.
Histological assessment revealed damage to cell structures due to exposure to ZnO-NPs, including
membrane dilation, epithelial layer damage, and signs of apoptosis and necrosis. The ZnO-NPs
synthesized result from Coffea arabica extract showed possess larvicidal potential and beneficial
antioxidant properties, however attention is needed regarding potential toxicity at certain

in any medium, provided the original author and
source are credited.

concentrations.
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Introduction

Green synthesized is a methods utilized for synthesizing
nanoparticles using environmentally friendly.>?2 This process of using
natural or biological materials such as plants, microorganisms, or
enzymes as reducing and stabilizing agents,*® without toxic chemicals
or extreme reaction conditions.®” Green synthesis has made it easier,
faster, and more cost-effective to create metallic nanoparticles such as
copper, silver, gold, and selenium in recent years.8%01  The
Mosquitoes play a significant role in the spread of various diseases in
both urban and rural areas. The most common mosquito-borne diseases
such as dengue, Zika, and Chikungunya.'®'4% To address this issue,
researchers recommend the application of nanotechnology as a solution
for insect-borne diseases.'61"18 Potential of green synthesized plant-
based metallic nanoparticles have attratted great to controlling insect
vectors, including mosquitoes. 1202t The research have been shown that
nanoparticles made from copper, gold, palladium, silver, zinc, carbon,
and silica effectively reduce mosquito populations.?2232425  These
nanoparticles disrupt various biological processes in mosquitoes, thus
helping to control the spread of the diseases they carry.? 2" Zinc oxide
(ZnO) is another essential element living organisms require for various
physiological and structural functions.?8293031
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ZnO nanoparticles (ZnO NPs) are gaining popularity in various
scientific fields due to their low toxicity, high stability, and unique
properties.®2%33435  The research has shown that biologically
synthesized ZnO NPs are safer, more environmentally friendly,%3” and
more cost-effective than those produced using chemical or physical
methods. Recent studies indicate that ZnO NPs are safe, compatible
with living organisms, and free from harmful substances.8394041
Additionally, various scientific methods are available for the biological
synthesis of ZnO NPs from plant extracts such as dried leaves, seeds,
and bark. Given these advantages, it is increasingly important to
research and synthesize ZnO nanoparticles to leverage their benefits in
practical applications.*2434445 Coffea arabica belongs to the genus
Coffea in the Rubiaceae family and presents a high concentration of
phenolic compounds with strong antioxidant properties that can inhibit
infections, including those caused by severe acute respiratory syndrome
coronavirus type 2.464748 Research has identified chlorogenic acid as a
major component of Coffea arabica extract, along with small amounts
of caffeic acid.* * This extract has been proven to possess antioxidant,
anti-photoaging, and anti-inflammatory effects, demonstrating its
benefits on human skin fibroblasts and genetically unmodified mice.
Additionally, it efficiently mitigates reactive oxygen species (ROS)
induced by ultraviolet (UV) radiation. Recent studies have emphasized
the remarkable properties of Coffea arabica extract. One investigation
revealed its strong larvicidal activity against mosquito larvae,
particularly Aedes aegypti, a species responsible for spreading diseases
such as dengue fever, Zika virus, and chikungunya. Similarly, research
by Kaitana et al. (2023) demonstrated that Pangi leaf extract effectively
eliminates mosquito larvae and acts as a natural insect repellent.>!
Building on these findings, this study focuses on evaluating the biotoxic
potential of ZnO nanoparticles synthesized from Coffea arabica extract
against Aedes aegypti larvae, assessing their pathological markers, and
comparing the results with those from green and roasted Coffea arabica
extracts. The text discusses mosquito-borne diseases like dengue, Zika,
and Chikungunya, highlighting their increasing global health impact
and the challenges of controlling them with conventional methods such
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as chemical insecticides. It emphasizes the need for innovative,
environmentally friendly solutions like nanotechnology, specifically
green synthesis of nanoparticles. This approach is safer and more
sustainable, avoiding toxic chemicals and extreme reaction conditions,
making it cost-effective and efficient.>> Metal nanoparticles such as
silver (Ag), gold (Au), and zinc oxide (ZnO) have shown significant
potential as antiviral and larvicidal agents. They can inhibit dengue
virus replication and disrupt the biological structure of wvector
mosquitoes. The biological synthesis of nanoparticles using plant
extracts is highlighted as a safer and more eco-friendly alternative to
chemical or physical methods. ZnO nanoparticles produced via
biological synthesis have high stability, low toxicity, and good
biocompatibility, suggesting their potential in medical applications and
vector control.>*54 Plant extracts like Coffea arabica have demonstrated
antioxidant, anti-inflammatory, and significant larvicidal effects against
Aedes aegypti, the main vector for diseases like dengue and Zika.
Nanoparticle synthesis's utilization of these extracts could be crucial in
developing effective and eco-friendly vector control strategies. The
urgency of this research lies in the need for more environmentally
friendly and effective nanotechnology-based solutions to combat the
threat of insect-borne diseases. In this study, we successfully
synthesized ZnO nanoparticles from Coffea arabica extract using green
synthesis methods. The ZnO nanoparticles showed significant larvicidal
activity against Aedes aegypti larvae, alongside notable antioxidant
properties. However, histological analysis revealed potential tissue
damage at certain concentrations, indicating both promise and caution
for future applications in vector control.

Materials and Methods

Chemicals and Tools

Coffea arabica beans from Toraja, South Sulawesi-Indonesia, ZnO,
Methanol, as well as reagents such as Benedict's, Biuret's, Phenols,
Dragendorff's, Braemer's, Shinoda's, Liebermann's, and Frothing's,
were used alongside phosphate buffer, sulfuric acid, NaOH, and 2,2-
diphenyl-1-picrylhydrazyl (DPPH). Sodium acetate anhydrous (Smart
Lab) and acetic acid pro analysis (Merck) were included, while folin
ciocalteu reagent (Merck), aluminum chloride pro analysis (Merck),
and NaxCOs were sourced from WINLAB laboratory chemicals
reagent, UK. The research utilized a spectrophotometer (T60-UV-Vis
PG-Instruments, UK) and a centrifuge (Benchmark Scientific Z326E
[Z2326-E] Hermle Universal Centrifuge).

Rearing of Target Insects

Aedes aegypti mosquito eggs were collected from colonies maintained
in the Parasitology Laboratory, Faculty of Medicine, Hasanuddin
University. This step ensures that the mosquito species used is Aedes
aegypti, which is relevant for the study as it is known to be a vector for
diseases such as dengue fever and Zika virus. The eggs were then
allowed to hatch into larvae under controlled laboratory conditions,
including a room temperature of 28°C, appropriate humidity, and
natural lighting. These conditions were designed to mimic their natural
environment to ensure optimal hatching. The hatched larvae were kept
in dechlorinated tap water to avoid toxic effects that could interfere with
the research outcomes. Additionally, the larvae were fed aquarium fish
food, a standard nutritional source to support their growth until they
reached the stage required for the study. This method was designed to
ensure that the larvae were reared in a uniform environment, free from
external factors that could potentially affect the research results.

Plant Extract and Synthesis of ZnO NPs

20 grams of green Coffea arabica powder and 20 grams of roasted
Coffea arabica powder were weighed separately to ensure accuracy.
Each powder type was then dissolved in 100 mL of distilled water,
resulting in two distinct solutions. The mixtures were heated to a
temperature of 80°C using a magnetic stirrer to ensure proper
dissolution and optimal extraction of compounds. The heating process
was maintained for 1 hour to maximize extraction efficiency, and the
resulting solutions were filtered using ashless filter paper (No. 11) to
remove solid residues. In parallel, a 40 mM zinc oxide (ZnO) solution
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was prepared. The ZnO solution was then mixed with each Coffea
arabica extract in a 1:1 ratio, ensuring uniform mixing. The formation
of ZnO nanoparticles (ZnO NPs) was visually confirmed by a color
change in the mixture from brown to light green, indicating successful
nanoparticle synthesis. The ZnO NPs were collected in powder form by
washing the solution three times with distilled water to remove
impurities. The washed mixture was then centrifuged at 12,000 rpm for
15 minutes using a centrifuge (HERMLE Z 366 K1) to separate the
nanoparticles from the liquid phase. Finally, the isolated ZnO NPs were
dried inan oven at 80°C for 16 hours to remove any remaining moisture,
resulting in a fine nanoparticle powder ready for further analysis or
applications.

Characterization of Phytochemicals of Coffea arabica

Alkaloid Test

Two mL of the plant extract is placed into a test tube to test for the
presence of alkaloids in the sample. Two mL of dilute hydrochloric acid
(HCI) and stirred thoroughly. Afterward, a few drops of Wagner's
reagent are added to the mixture. The presence of alkaloids will be
indicated by forming a reddish-brown precipitate, signaling a positive
reaction for alkaloids.> 7

Flavonoid Test

The flavonoid test is performed by adding 2 mL of the plant extract into
a test tube. A few drops of dilute sodium hydroxide (NaOH) solution
are added to the extract. If the mixture turns yellow, it indicates the
presence of flavonoids. A few drops of dilute hydrochloric acid (HCI)
are added to the mixture to confirm the result. The disappearance of the
yellow color after adding HCI will confirm the presence of flavonoids
in the sample.s 57

Terpenoid Test (Salkowski Test)

2 mL of the plant extract is mixed with 2 mL of chloroform in a test
tube and shaken well. After that, 2 mL of concentrated sulfuric acid
(H2S0y) is carefully added along the side of the tube to form a layer. If
terpenoids are present, a reddish-brown color will appear at the interface
between the chloroform and sulfuric acid layers, indicating a positive
reaction. 57

Saponin Test (Foam Test)

To test for the presence of saponins, 2 mL of the plant extract is added
to a test tube along with 5 mL of distilled water. The mixture is shaken
vigorously for about 15 minutes and left to stand to observe foam
formation. The presence of saponins is confirmed if a stable and
persistent froth forms on the surface of the mixture.®5 57

Phenolic Test (Ferric Chloride Test)

The phenolic test is conducted by adding a few drops of 1% ferric
chloride (FeCls) solution to 2 mL of the plant extract in a test tube. The
mixture is then stirred and observed for a color change. The presence of
phenolic compounds will be indicated by a change in color to bluish-
green or dark, signaling a positive reaction for phenols.55: %

Antioxidant Potential of Coffea arabica

The antioxidant potential was evaluated through the DPPH assay.
Solutions for the control, sample, and blank were prepared, and their
absorbance was recorded at 517 nm after a 30-minute incubation period.
The antioxidant activity was calculated based on the radical scavenging
activity (RSA) formula (1):

(A control — A test)
A control

%RSA = ] x 100% 1)
Characterization of ZnO NPs

The spectrum of ZnO nanoparticles (ZnO NPs) was analyzed using a
visible/UV spectrophotometer, covering a wavelength range of 300 to
800 nm. (The research utilized a spectrophotometer (T60-UV-Vis PG-
Instruments, UK). To further characterize the surface morphology and
structural properties of ZnO NPs synthesized from Coffea arabica,
analysis was performed using a scanning electron microscope (SEM)
(Tabletop Microscope, HITACHI TM3000, Japan). Fourier-transform
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infrared spectroscopy with an infrared spectrometer (IR Prestige-21,
Shimadzu) was used to identify the functional groups contributing to
the reduction and stability of ZnO NPs. Scanning Electron Microscope
(SEM) Tabletop Microscope.

Larvicide Bioassay

The larvicide bioassay was performed to assess the effectiveness of
ZnO nanoparticles (ZnO NPs) and Coffea arabica extracts in
controlling Aedes aegypti parasites. The bioassay was conducted using
transparent 250 mL cups, with each assay repeated three times to ensure
the reliability and accuracy of the statistical results. Each cup was filled
with 20 freshly collected larvae and various concentrations of ZnO NPs
(10, 20, 30, 40, and 50 ppm), as well as roasted and green Coffea arabica
extracts (10, 20, 30, 40, and 50 ppm), were tested. The lethal
concentration (LCso) values after 24 hours of treatment were calculated
using SPSS software, with the significance threshold set at p < 0.05,
determined through probability analysis.

Histopathological Study

Aedes aegypti larvae were treated with ZnO NPs derived from Coffea
arabica to observe its effects on the morphology and structure of the
larvae. As part of the control procedure, some larvae were immersed in
10 percent formalin buffer solution for 24 hours to kill and preserve the
tissue. After treatment, the larvae preserved in formalin underwent a
dehydration process using graded alcohols, followed by clearing with
xylene to remove any remaining alcohol. The larvae were then
sectioned into thin slices, approximately 5 to 7 microns thick, using a
microtome. These sections were subsequently stained with
hematoxylin-eosin, a standard staining technique used to assess cellular
structures based on procedures described in previous studies. This
staining process allowed the researchers to observe any changes in the
larval tissue treated with ZnO NPs compared to the formalin-preserved
control group.

Morphological Study

The morphological change on dead Aedes aegypti larvae treated with
ZnO NPs was carefully examined under a microscope (Nikon
Microsystems, Japan). The outer body parts of larvae, such as siphon,
setae, eyes, antennae, anal gills, abdomen, thorax, and head, were
closely checked. Record and compare any visible deviations or
discolorations in the treated larvae to a control group.

Ecotoxicology Study

This study aimed to investigate the effects of green ZnO nanoparticles
(ZnO NPs) on the survival rate of Artemia salina. To begin the
experiment, Artemia salina eggs were incubated until they hatched,
resulting in nauplii being used as the study subjects. The newly hatched
nauplii were exposed to various concentrations of ZnO NPs, namely 10,
20, 30, 40, and 50 ppm, to observe the effects of different concentrations
on their survival rate. After 24 hours of exposure, the survival rate was
calculated using the mortality rate formula (2):

Mortality Rate (%) = (Number of Deaths) / (Number of Lives) x 100
2

In this calculation, the number of deaths was determined by counting
the nauplii that died after exposure. In contrast, the number of lives was
based on the nauplii that survived after the 24-hour period. This
approach allows for the analysis of how ZnO nanoparticles affect the
survival of Artemia salina at different concentrations.

Results and Discussion

Production and Characterization of ZnO-NPs

Zinc Oxide Nanoparticles (ZnO-NPs) were produced, indicated by a
visible color change from brown. The nanoparticles were then
characterized using UV-Vis spectroscopy and FTIR methods. Further
information on this characterization can be found in our previous
research.%
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Phytochemical Profile of Coffea arabica Samples

Table 1 shows the results of phytochemical screening on Coffea arabica
samples aimed at detecting the presence of various bioactive
compounds in the Coffea arabica extract.

Table 1: Results of phytochemical testing on Coffee arabica

samples
Phytochemical test Result [54]
Alkaloid Negative Positive
Flavonoid Positive Positive
Terpenoid Negative Negative
Saponin Negative Negative
Phenolic Positive Positive

The result obtained from phytochemical screening:

Alkaloids (+):
A positive result (+) indicates that the Coffea arabica sample contains
alkaloids. Alkaloids are organic compounds that generally have
bioactive properties and are commonly found in various plants.
Alkaloids like caffeine are the main components that contribute to the
stimulant properties of coffea.

Flavonoids (+):
The presence of flavonoids in the sample is also marked by a positive
result (+). Flavonoids are a group of phenolic compounds with strong
antioxidant properties, which can help fight free radicals and offer
health benefits such as reducing the risk of heart disease.

Terpenoids (Steroids) (-):
A negative result (-) indicates that terpenoids or steroids were not
detected in this Coffea arabica sample. Terpenoids and steroids are
compounds that typically play a role in biological activities such as anti-
inflammatory and hormone regulation. Their absence may suggest that
this Coffea arabica is richer in phenolic and alkaloid compounds than
terpenoids.

Saponins (-):
A negative result (-) for saponins indicates that these compounds are
absent in the Coffea arabica sample. Saponins are known for their
antimicrobial properties and ability to form foam in water. Their
absence may imply that this Coffee arabica does not exhibit
characteristics commonly associated with saponins.

Phenolics (+):
A positive result (+) indicates the presence of phenolic compounds.
Phenolic compounds play an essential role as antioxidants, helping to
prevent oxidative damage to cells and tissues. The presence of phenolics
in Coffee arabica suggests significant potential health benefits,
particularly in protecting against degenerative diseases.
Overall, these phytochemical test results indicate that the tested Coffee
arabica sample is rich in bioactive compounds such as alkaloids,
flavonoids, and phenolics, all of which have high potential health
benefits, especially related to antioxidant activity. However, the
absence of terpenoids and saponins suggests that other bioactive
compounds may be more dominant in this coffea.

The Effect of ZnO NPs Mediated by Coffea arabica on Antioxidant
Potential

Based on the results of antioxidant tests on roasted Coffea arabica
samples, it can be seen that there is an increase in antioxidant activity
as the sample concentration increases. At a concentration of 10 pg/mL,
antioxidant activity reached 21.00% and continued to increase, reaching
62.63% at 160 ug/mL (Table 2). The higher the concentration of Coffea
arabica extract, the greater its ability to scavenge free radicals, as
evidenced by the increased percentage of antioxidant activity. The 1Cso
value of the roasted Coffea arabica was 108.0229 pg/mL, indicating
moderate antioxidant activity. This relatively low ICso value implies
potential as a source of antioxidants, which can be utilized in health
products.
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Table 2: Antioxidant activity roasted Coffee arabica samples

Concentration (png/mL) Antioxidant activity (%) ICso Value (ug/mL) ICso Value
(ng/mL) [56]
10 21.00
20 23.75
40 32.38 108.02 126.60
80 45.88
160 62.63

Characterization of ZnO NPs from Toraja Coffea arabica

UV-Vis Spectroscopy

The UV-Vis spectrophotometer characterization graph of zinc oxide
nanoparticles (ZnO NPs) from Coffea arabica samples shows a
significant absorbance peak at around 382 nm with an absorbance value
close to 10. This peak reflects the characteristic feature of ZnO NPs,
which typically exhibit maximum absorption in the wavelength range
of 370-400 nm. High absorption at this wavelength indicates the
successful synthesis of ZnO NPs in the sample (Figure 1). In addition
to the main peak, the graph shows several additional absorbance peaks
around 371 nm and 338 nm, which may reflect particle size variations
or additional features within the material.

After the main peak, there is a sharp decrease in absorbance at both
lower and higher wavelengths, indicating that the material has optimal
absorption around 382 nm. Overall, this graph confirms the typical
optical characteristics of ZnO NPs in the Coffea arabica sample, which
may open up applications in various fields, such as photocatalysis or the
development of ZnO-based sensors.
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Figure 1: The UV-Vis spectrophotometer characterization
graph of zinc oxide nanoparticles (ZnO NPs)

SEM (Scanning Electron Microscope) Analysis

ZnO NPs' analysis of aggregated surface morphology and a porous
structure are studied using scanning electron microscopy (SEM) (Figure
2). This is a common characteristic of ZnO nanoparticles, which often
experience agglomeration due to their high surface energy, causing
particles to cluster together. This aggregation can influence the optical
and catalytic properties of ZnO, enhancing the surface area beneficial
for certain applications. At various magnifications (1.5, 3.0, and 4.0k),
the particles display a rough, irregular granular structure, with sizes
ranging from several micrometers to nanometers, indicating that the
synthesis method produces multi-scale ZnO particles. The observed
porosity on the particle surface suggests the presence of spaces between
particles, likely due to natural organic compounds from Coffee
arabica acting as reducing and stabilizing agents for the nanoparticles.
This porosity can provide advantages in applications like photocatalysis
and adsorption by increasing surface interaction. The SEM images were
captured at 15 kV, a common setting used to balance resolution and
sample penetration, especially for nanoparticles. With scale bars of 10
pm and 30 pm shown in the images, it can be inferred that the particle
sizes vary, including larger agglomerates and finer particles within each
cluster. These findings indicate that ZnO nanoparticles derived
from Coffee arabica extract exhibit a porous structure with aggregation
and surface roughness, potentially enhancing their functional properties
in applications such as catalysis, adsorption, or antimicrobial agents.

FISIKA - UH 15kV 5.8mm x3.00k BSE H %

Figure 2: SEM (Scanning Electron Microscope) analysis of
ZnO nanoparticles synthesized from Coffee arabica extracts
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FTIR Analysis Results

Fourier determined the functional groups- transform infrared
spectroscopy (FTIR) to reveal several characteristic absorption peaks
(Figure 3). Functional groups observed include carbonyl (C=0), which
typically appears in the wavelength range of around 1650-1750 cm™,
amide (C-N), which appears in the absorption region of approximately
1200-1350 cm™, N-H (stretching or bending of nitrogen) usually
appears around 3200-3500 cm™, and C-N amide which also appears in
the 1200-1350 cm™ range. These results suggest that the green synthesis
process yielded caffeine or the main compounds found in coffee.
Meanwhile, Zn-O typically shows characteristic vibrations in the 400-
600 cm ™ region in the FTIR spectrum.
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Figure 3: FTIR analysis ZnO-NPs by Coffea arabica

Histological Evaluation of Tissue Damage Due to Exposure to ZnO-
Arabica Nanoparticles

Histological analysis is a scientific technique that observes the structure
and condition of tissues at the microscopic level, typically with special
staining that highlights cellular details and tissue components. This
method allows researchers or doctors to detect structural changes or
tissue damage caused by diseases, treatments, or certain interventions,
such as nanoparticle exposure.

In this study, the results of the histological tests indicate damage to the
Lumen Space (LS) and dilation of the Perithttopic Membrane (PM),
suggesting that ZnO nanoparticles may induce oxidative stress in the
tissue, impacting cellular structure and leading to swelling or damage
to the membrane. ZnO is known as an antimicrobial agent, but at certain
concentrations, it can be cytotoxic to normal cells (Figure 4).

Before the addition of ZnO-Ar NPs
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Furthermore, the rupture of the Epithelial Layer (EL) indicates that ZnO
nanoparticles, possibly in conjunction with Arabica, disrupt the cellular
structure that protects the surfaces of organs or tissues. This disruption
may occur due to changes in the microstructure of the tissue caused by
the interaction of nanoparticles with the cell membrane. Additionally,
hypertrophy of cells (H) may occur as a response to the stress
experienced by cells due to exposure to ZnO nanoparticles, where cells
attempt to adapt to an unusual environment but instead undergo
pathological enlargement. Finally, the presence of karyorexis (Kr) and
karyolysis (KI), which involve fragmentation and degradation of the
cell nucleus, indicates apoptosis or necrosis due to ZnO nanoparticle
toxicity. Excessive production of reactive oxygen species (ROS) often
triggers this process, which disrupts mitochondrial function and leads
to nuclear damage.

Morphological Study

The physical changes observed in the larvae include discoloration of the
body, cellular damage, or deformation, particularly in major organs
such as the thorax and abdomen, which can be observed
microscopically and can be seen in Figure 5. In addition, the larvae
experienced a cessation of movement, indicating signs of damage or
death. The chemical effects due to the accumulation of nanoparticles
were also evident, characterized by areas of the larvae's body appearing
brighter or more reflective, as observed in the images before and after
the treatment (Figure 4).

Figure 4: Histological Evaluation of Tissue Damage Due to
Exposure to ZnO-Arabica Nanoparticles on Aedes aegypti
Larvae

After the addition of ZnO-Ar NPs

Figure 5: Effect of ZnO-Ar NPs Addition on Aedes aegypti Larvae a). before the addition of ZnO-Ar NPs): Aedes aegypti larvae in
intact condition without treatment with ZnO-Ar NPs nanoparticles, b). after the addition of ZnO-Ar NPs: The larvae show significant
morphological changes, including tissue damage due to exposure to ZnO-Ar NPs nanoparticles.
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Conclusion

In this study, green synthesis of ZnO-NPs was successfully synthesized
from Coffea arabica extract. Current results show that Coffea arabica
extract is rich in bioactive compounds, including alkaloids, flavonoids,
and phenolics. Antioxidant activity assays performed using the DPPH,
with a relatively low ICso value, indicate that this coffee extract can be
an effective source of antioxidants. Histological assessment revealed
damage to cell structures due to exposure to ZnO-NPs, including
membrane dilation, epithelial layer damage, and signs of apoptosis and
necrosis. This indicates that ZnO-NPs can induce oxidative stress and
may be toxic to tissues.

Conflict of Interest

The authors declare no conflict of interest

Author's Declaration

The authors hereby declare that the work presented in this article is
original and that they will bear any liability for claims relating to the
content of this article.

Acknowledgments

The authors express their deepest gratitude to the Laboratory Analysis
Team at the Veterinary Teaching Hospital of Hasanuddin University for
their support and collaboration in this research. Special thanks are also
extended to all the staff and other laboratories that contributed outside
the university. Without the assistance and cooperation of all parties, this
research would not have been completed.

References

1. Vijayaram S, Razafindralambo H, Sun YZ, Vasantharaj S,
Ghafarifarsani H, Hoseinifar SH, Raeeszadeh M.
Applications of green synthesized metal nanoparticles—a
review. Biol. Trace Elem. Res. 2024; 202: 360-386.

2. Kandav G, Sharma T. Green synthesis: an eco-friendly
approach for metallic nanoparticles synthesis. Part. Sci.
Technol. 2024; 42(5): 874-894.

3. Aswathi VP, Meera S, Maria CGA, Nidhin M. Green
synthesis of nanoparticles from biodegradable waste extracts
and their applications: a critical review. Nanotechnol.
Environ. Eng. 2023; 8:377-397.

4. Finore I, Feola A, Russo L, Cattaneo A, Di Donato P,
Nicolaus B, Poli A, Romano I. Thermophilic bacteria and
their thermozymes in composting processes: a review. Chem.
Biol. Technol. Agric. 2023; 10(7): 1-22.

5. Maghraby YR, El-Shabasy RM, Ibrahim AH, Azzazy HME.
Enzyme immobilization technologies and industrial
applications. ACS Omega. 2023; 8: 5184-5196.

6. Elnahal ASM, El-Saadony MT, Saad AM, Desoky ESM, El-
Tahan AM, Rady MM, AbuQamar SF, El-Tarabily KA. The
use of microbial inoculants for biological control, plant
growth promotion, and sustainable agriculture: A review. J.
Plant Dis. Protect. 2022; 162: 759-792.

7. Sidhu AK, Verma N, Kaushal P. Role of biogenic capping
agents in the synthesis of metallic nanoparticles and
evaluation of their therapeutic potential. Front. Nanotechnol.
2022; 3: 1-17.

8. Devi L, Kushwaha P, Ansari TM, Kumar A, Rao A. Recent
trends in biologically synthesized metal nanoparticles and
their biomedical applications: a review. Biol. Trace Elem.
Res. 2024: 202: 3383-3399.

9. Naseem K, Aziz A, Tahir MH, Ameen A, Ahmad A, Ahmad
K, Arif M, Hassan W, Najeeb J, Rao E. Biogenic synthesized
nanocatalysts and their potential for the treatment of toxic
pollutants: environmental remediation, a review. Int. J.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

Environ. Sci. Technol. 2024; 21: 2163-2194.

Bhattacharjee N, Som |, Saha R, Mondal S. A critical review
on novel eco-friendly green approach to synthesize zinc
oxide nanoparticles for photocatalytic degradation of water
pollutants. Int. J. Environ. Anal. Chem. 2024; 104(3): 489-
516.

Vijayaram S, Razafindralambo H, Sun YZ, Vasantharaj S,
Ghafarifarsani  H, Hoseinifar SH, Raeeszadeh M.
Applications of green synthesized metal nanoparticles—a
review. Biol. Trace Elem. Res. 2024; 202: 360-386.

Priya SS, Vasantha-Srinivasan P, Altemimi AB, Keerthana
R, Radhakrishnan N, Senthil-Nathan S, Kalaivani K,
Chandrasekar N, Karthi S, Ganesan R, Alkanan ZT, Pal T,
Verma OP, Prockéw J. Bioactive molecules derived from
plants in managing dengue vector Aedes aegypti (Linn.).
Molecules. 2023; 28:2386.

Maia LJ, de Oliveira CH, Silva AB, Souza PAA, Miiller
NFD, Cardoso JC, Ribeiro BM, Santos de Abreu FV,
Campos FS. Arbovirus surveillance in mosquitoes: Historical
methods, emerging technologies, and challenges ahead. Exp.
Biol. Med. 2023; 248(22): 2072-2082.

Anoopkumar AN, Aneesh EM. A critical assessment of
mosquito control and the influence of climate change on
mosquito-borne disease epidemics. Environ. Dev. Sustain.
2022; 24:8900-8929.

Gabiane G, Yen PS, Failloux AB. Aedes mosquitoes in the
emerging threat of urban yellow fever transmission. Rev.
Med. Virol. 2022; 4(32): 1-11.

El-Samad LM, Bakr NR, Abouzid M, Shedid ES, Giesy JP,
Khalifa SAM, El-Seedi HR, ElI Wakil A, Al Naggar Y.
Nanoparticles—mediated entomotoxicology: lessons from
biologica. Ecotoxicology. 2024; 33: 305-324.

Mapossa AB, da Silva Junior AH, Mhike W, Sundararaj U,
de Oliveira CRS. Electrospun polymeric nanofibers for
malaria control: Advances in slow-release mosquito repellent
technology. Macromol. Mater. Eng. 2024; 309(8): 1-28.
Majeed H, Iftikhar T, Abid R. Green synthesis of zinc
nanoparticles with plant material and their potential
application in bulk industrial production of mosquito-
repellent antibacterial paint formulation. React. Chem. Eng.
2024; 9(3): 677-683.

Patil S, Rajkuberan C, Joseph J. Biogenic nanoparticles as a
strong larvicidal agent in integrated pest management.
Biogen. Nanomater. Health Environ. 2024; 1: 1-14.

Kudesia N, Banu AN. Larvicidal efficacy of green
synthesized silver nanoparticles on Aedes aegypti and its
impact on nontarget Daphnia magna. Indian J. Microbiol.
2024: 6: 1-13.

Nie D, Li J, Xie Q, Ai L, Zhu C, Wu Y, Gui Q, Zhang L,
Tan W. Nanoparticles: A potential and effective method to
control insect-borne diseases. Bioinorg. Chem. Appl. 2023;
1:1-23.

Narayanan L, Kamaraj C. An investigation into the larvicidal
activity of biologically synthesized silver and copper oxide
nanoparticles against mosquito larvae. Chem. Biodivers.
2024; 4(21): 74.

Pouthika K, Madhumitha G. A review on plant-derived
nanomaterials: an effective and innovative insect-resistant
strategy for alternate pesticide development. J. Environ. Sci.
Technol. 2024; 21: 2239-2262.

Khaire P, Mane S, Narute T, Musmade N. Nano-pesticides:
A dab hand at eliminating pests. Nanotechnol. Sustainable
Agric. 2024; 1:1-20.

Mosa MA, Ibrahim DSS, El-Tabakh MAM, El-Abeid SE.
Recent advances in using nanotechnology in the management
of soilborne plant pathogens. Nanotechnol. Plant Health.
2024; 1: 1-24.

Barbhuiya RI, Tinoco NN, Ramalingam S, Elsayed A,
Subramanian J, Routray W, Singh A. A review of
nanoparticle synthesis and application in the suppression of
diseases in fruits and vegetables. Crit. Rev. Biotechnol.

95

© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Trop J Nat Prod Res, January 2025; 9(1):90 — 96

Taylor & Francis. 2024;64(14): 4477-4499.

Patil D. Surface modification using nanostructures and
nanocoating to combat the spread of bacteria and viruses:
recent development and challenges. J. Micromanufacturing.
2024; 25165984241228087.

Fatima A, Zaheer T, Pal K, Abbas RZ, Akhtar T, Ali S,
Mahmood MS. Zinc oxide nanoparticles: Significant role in
poultry and novel toxicological mechanisms. Biol. Trace
Elem. Res. 2024; 202: 268-290.

Verma N, Kaushal P, Sidhu AK. Harnessing biological
synthesis: Zinc oxide nanoparticles for plant biotic stress
management. Front. Chem. 2024; 12: 01-16.

Saxena P, Harish, Shah D, Rani K, Miglani R, Singh AK,
Sangela V, Rajput VD, Minkina T, Mandzhieva S, Sushkova
S. A critical review on fate, behavior, and ecotoxicological
impact of zinc oxide nanoparticles on algae. Environ. Sci.
Pollut. Res. 2024; 31: 19105-19122.

Jha S, Rani R, Singh S. Biogenic zinc oxide nanoparticles
and their biomedical applications: a review. J. Inorg.
Organomet. Polym. Mater. 2023; 33(10): 1437-1452.

Asif N, Amir M, Fatma T. Recent advances in the synthesis,
characterization, and biomedical applications of zinc oxide
nanoparticles. Bioprocess Biosyst. Eng. 2023;46(1):45-67.
Saeed M, Marwani HM, Shahzad U, Asiri AM, Rahman
MM. Recent advances, challenges, and future perspectives
of ZnO nanostructure materials towards energy applications.
Chem. Rec. 2024;24(1):23-45.

Chaudhary S, Shivalkar S, Sahoo AK. Biosynthesis of zinc
oxide nanoparticles and major applications. Mycosynthesis
of Nanomaterials. 2023;12(3):101-125.

Abbasi R, Shineh G, Mobaraki M, Doughty S, Tayebi L.
Structural parameters of nanoparticles affecting their toxicity
for biomedical applications: a review. J. Nanopart. Res.
2023;25(2):150-175.

Allah MA Albo Hay, Alshamsi HA. Green synthesis of ZnO
NPs using Pontederia crassipes leaf extract: characterization,
their adsorption behavior, and anti-cancer property. Biomass
Convers. Biorefinery. 2024;14(1):20-39.

Velsankar K, Parvathy G, Mohandoss S, Sudhahar S. Effect
of green synthesized ZnO nanoparticles using Paspalum
scrobiculatum grains extract in biological applications. J.
Electron Micosc. Tech. 2022;8(5):243-259.

Kakasi B, Varga FJ, Nagy ST. Nanomaterials on living
organisms: reduction of toxicity toward sustainability.
Sustainable Nanomaterials: Synthesis and Applications.
2024;17(3):299-319.

Zongiir A, Zeybekler SE. Evaluation of the effects of zinc
oxide (ZnO NPs) nanoparticles synthesized by green
synthesis on Caenorhabditis elegans. Biol. Futur.
2024;75(1):12-25.

Rohani R, Dzulkharnien NSF, Harun NH, Ilias IA. Green
approaches, potentials, and applications of zinc oxide
nanoparticles in surface coatings and films. Bioinorg. Chem.
Appl. 2022;19(2):77-95.

Alam M. Photocatalytic activity of biogenic zinc oxide
nanoparticles: in vitro antimicrobial, biocompatibility, and
molecular  docking  studies. = Nanotechnol.  Rew.
2021;10(3):149-167.

Clarke B, Ghandi K. The interplay of growth mechanism and
properties of ZnO nanostructures for different applications.
Small. 2023;19(1):1234-1256.

Pal K, Chakroborty S, Nath N. Limitations of nanomaterials
insights in green chemistry sustainable route: review on
novel applications. Green Processing and Synth.
2022;11(4):178-199.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

Medhi R, Marquez MD, Lee TR. Visible-light-active doped
metal oxide nanoparticles: review of their synthesis,
properties, and applications. ACS Appl. Nano Mater.
2020;3(10):10248-10282.

Abdelbasir SM, McCourt KM, Lee CM, Vanegas DC. Waste-
derived nanoparticles: synthesis approaches, environmental
applications, and sustainability considerations. Fornt. Chem.
2020; 31(8): 1-18.

Halder M, Jha S. Medicinal plants and bioactive
phytochemical diversity: a fountainhead of potential drugs
against human diseases. Medicinal Plants: Biodivers.
Biotechnol. Conserv. 2023;978-9811999369:121-147.
Chassagne F, Butaud JF, Ho R, Conte E, Hnawia E,
Raharivelomanana P. Traditional medical practices for
children in five islands from the Society archipelago (French
Polynesia). J. Ethnobiol. Ethnomed. 2023; 19(1): 1-56.
Karati D, Varghese R, Mahadik KR, Sharma R, Kumar D.
Plant bioactives in the treatment of inflammation of skeletal
muscles: a molecular perspective. Evid. Based Complement.
Altern. Med. 2022; 2022(1):4295802.

Simsek A, Cigek B, Turan E. The effect of chlorogenic acid
from green coffee as a natural antioxidant on the shelf life
and composition of hazelnut paste. Eur. Food Res. Technol.
2023; 249(4):847-859.

Yeager SE, Batali ME, Guinard JX, Ristenpart WD. Acids in
coffee: A review of sensory measurements and meta-analysis
of chemical composition. Crit. Rev. Food Sci. Nutr. 2023;
63(8):1010-1036.

Singh RK, Dhama K, Khandia R, Munjal A, Karthik K,
Tiwari R, Chakraborty S, Malik YS, Bueno-Mari R.
Prevention and control strategies to counter Zika virus, a
special focus on intervention approaches against vector
mosquitoes—current updates. Fornt. Microbiol. 2018: 8(9):
1-22.

Kaitana Y, Kurnia N, Tulung M, Tuda JSB, Mamahit JME,
Tallei TE. The potential pangi leaf extract for Aedes spp.
mosquito control. J. Adv. Biotechnol Exp Ther. 2023;6(1):
133-139.

KAS, JN, K VR. Zinc oxide-based antibacterial and antiviral
functional materials. Antibacterial and Antiviral Functional
Materials. ACS Publications. 2024;2:135-156.
Muthulakshmi L, Sundarapandian V, Nagapriyadarshini D,
Annaraj J, Mathew MT, Nellaiah H. Larvicidal and
Antimicrobial ~ Activities of Green-Synthesized Ag
Nanoparticles. Antimicrob. Antivir. Mater. 2022: 19;23-46
Abdulwahab Y, Ahmad A, Wahid I, Taba P. Coffee arabica-
derived copper nanoparticles: A potent larvicidal agent
against Aedes aegypti mosquitoes. J. Adv. Biotechnol Exp
Ther. 2024;7(2): 314-327.

Kharat SN, Mendhulkar VD. Synthesis, characterization, and
studies on antioxidant activity of silver nanoparticles using
Elephantopus scaber leaf extract. Mater. Sci. Eng.
2016;62:719-724.

Husain JH, Arumugam D, Nawabjohn MS, Kumaran S,
Pandurangan AK. Green Synthesis of Silver Nanoparticles
Using Centratherum anthelminticum Extract against Breast
Cancer Cells. Asian Pac. J. Cancer Prev.. APJCP.
2024;25(8):2711.

Ijoma KI, Ajiwe VIE, Ndubuisi. Evidence-Based Preferential
In Vitro Antisickling Mechanism of Three Native Nigerian
Plants Used In The Management of Sickle Cell Disease.
Malaysian J. Biochem. Mol. Biol. 2022; 3: 9-17.

96

© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



