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Abstract
Objectives: To investigate the potential of nanoparticles synthesized from
neem leaves in pest management for Bactrocera dorsalis.Methods: This study
involves extracting the insecticidal properties of neem (Azadirachta indica) by
fermenting air-dried leaves with rice wash. The crude fermented neem extract
(FNE) was applied as a biopesticide against male B. dorsalis in an improvised
olfactometer. The remaining crude extract was utilized in the green synthesis
of silver nanoparticles (AgNP) and copper nanoparticles (CuNP). The insecticidal
activities of FNE and the extracts with AgNP and CuNP were tested against
B. dorsalis. Findings: The experimental treatments 100% FNE and 20% FNE-
CuNP have the same effect as the positive control, causing the death of adult
male fruit fly of 83.33%mortality rate after 24 h. The treatment 20% FNE-AgNP
showed a higher mortality rate, 100%, after 24 h. Likewise, the results of the
larvicidal activities infer that the most effective treatment with a mortality rate
of 100% after 24-h exposure is the extract with silver nanoparticles. Moreover,
the neem extract, FNE-AgNP, and FNE-CuNP exhibited ovicidal properties,
suppressing the development of eggs into third instar larvae. Fermented neem
extract can be used to formulate biopesticide enhanced with nanoparticles for
controlling B. dorsalis. Novelty: This study showed that the fermented neem
leaves extract using rice wash is effective in the green synthesis of silver and
copper nanoparticles. The prepared biopesticide metal nanoparticles can be
used in the management of B. dorsalis.
Keywords: silver nanoparticles; copper nanoparticles; insecticidal; Bactrocera
dorsalis; Azadirachta indica
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1 Introduction

Fruit flies [Diptera: Tephritidae] are among the utmost economically significant pest species globally (1). The genus Bactrocera
is widely dispersed throughout tropical Asia, the South Pacific, Australia, and other countries, including parts of America
and Oceana and the sub-Saharan countries. They are well-documented invaders because of their superior mobility, high
reproductive rates, and extreme polyphagy levels. Bactrocera dorsalis is now the most invasive species in many typical host
fruits and vegetables (2).

Various technologies have been utilized for area-wide control of Bactrocera fruit flies and related species throughout Asia
and the Pacific (3–6). The male annihilation technique was the oldest but is now being modified with new lures, lure mixtures
and dispenser formulations (3).

The application of nanoparticles in agricultural productivity enhancement is currently an emerging technology (7–13).
The discovery of naturally occurring nanostructures in insects has led researchers to see nanotechnology’s potential in pest
management. Nanostructure components are present in the different parts of the insect’s body, varying from 200-1000 nm (14).

Neem (Azadirachta indica, A. Juss) tree has been famous in agriculture, industry, medicine, and the environment because
of its numerous bioactive ingredients such as triterpenoids and steroids, non-terpenoids, and non-steroid constituents (15–17),
which are known to have anticancer (18), fumigants for stored products (19), medicinal (20), insecticidal (21,22) and larvicidal (22)
properties.

In this study, rice wash was used to ferment neem leaves to extract the insecticidal properties against B. dorsalis.
The fermented extract was further used to prepare silver nanoparticles (AgNP) and copper nanoparticles (CuNP). These
nanoparticles were applied in experiments against fruit fly. The plant natural products (PNPs) from neem leaves are extracted
via fermentation using the microorganisms in the rice wash and the endophytic fungi inherent in the neem leaves. Endophytic
fungi are beneficial as biocontrol agents in plant protection (23,24).

2 Materials and Methods

2.1 Chemicals

TheCuSO4.5H2O, AgNO3, HCl, NaOH used in the preparation of nanoparticles, and themethyl eugenol used in trappingmale
fruit flies were of analytical grade.

2.2 Plant Materials Collection and Preparation of Extract

The neem branches were collected in the morning along the research avenue of Central Luzon State University, Science City
of Muñoz, Nueva Ecija, Philippines. The branches were washed thoroughly with tap water and were air-dried for five days in
the shade. The dry clean leaves were detached from the branches and were ground in a blender and stored in a tightly covered
amber bottle at room temperature until used in the extraction process.

The fermentationmethod described by Sasidharan et al. (25) was adopted in this experiment, except that the solvent used was
rice wash.

2.3 Optimization of parameters for the green synthesis of nanoparticles

The procedure for the synthesis of AgNP and CuNP was described by Paragas, Cruz and Fiegalan (2020) (26) with some
modifications.

One millimolar of AgNO3 and CuSO4.5H2O solutions was used to synthesize AgNPs and CuNPs by reduction reaction
using the neem leaves extracts. A change in color from yellow to reddish-brown indicated the reduction of Ag+ to Ag0 and
Cu2+ to Cu0.

The synthesis of metal nanoparticles was optimized by varying the pH (5, 7, and 11), temperature (30oC, 56oC, and 100oC),
and volume ratio of aqueous neem leaves extract and working solutions (AgNO3 and CuSO4.5H2O). The following volume
ratios were used: 5:95, 10:90, 15:85, 20:80 and 25:75 of the neem extract to AgNO3 and 1:99, 5:95, 10:90, 15:85 and 20:80 to
CuSO4.5H2O.

The optimum parameters for the synthesis of nanoparticles were evaluated by the absorbances showing a peak within the
400-440 nm range (for AgNP) and 500-600 nm (for CuNP).The nanoparticles were further analyzed through Fourier transform
infrared (FTIR) spectroscopy, scanning electron microscopy, and zeta sizer.
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2.4 Collection of Test Insects

Male fruit flies were trapped inside a canister with cottonmoistened with 0.5 mLmethyl eugenol.The trap was placed under the
mango or guava tree early in the morning. The canister was covered when there were enough fruit flies inside. Cotton dipped in
sugar solution placed on the canister’s net covering served as the fruit flies’ food. One hour after introducing the sugar solution,
the fruit flies were transferred to the olfactometer using a transparent tube.

B. dorsalis larvae were collected from infested guava fruits.The infested fruits which were picked on the ground were washed
with tap water and were incubated in the laboratory for two days before collecting larvae. Those infested fruits taken from the
tree were cleaned with tap water and incubated in the laboratory for five days. The larvae used in the larvicidal effect were
second and third instar.

Guava fruits with bruises (pricked by female fruit flies) were picked from the guava tree. These were washed with tap water
and rinsed with distilled water. The fruits were then placed in twelve (12) separate beakers covered with Petri dishes and
incubated for one week.

2.5 Mortality Test

2.5.1 Adulticidal Effect
The neem-metal nanoparticles’ (AgNPs and CuNPs) adulticidal activities were tested using the improvised olfactometer
described in the earlier reports of Paragas, Cruz and Fiegalan (21,26). The mortality rates were observed at 6, 12, and 24 h.

Treatment applications were the following: Treatment 1 (Rice wash - RWa); Treatment 2 (100% fermented rice wash neem
extract - FNE); Treatment 3 (20% FNE-AgNP); Treatment 4 (20% FNE-CuNP); and Treatment 5 (control). Percent mortality
was computed using that described by Abbot (27).

2.5.2 Larvicidal effect
Larvicidal activity of the dilute fermented rice washes neem extracts (100%FNE), and the 20%FNE-AgNP and 20%FNE-CuNP
were tested to the second and third instar larvae of the fruit fly. The percentage mortality was recorded after 6, 12, and 24 h.

2.5.3 Ovicidal effect
Ovicidal activity of the 100% FNE, 20% FNE-AgNP, and 20% FNE-CuNP was also tested. Twelve ripe guava fruits of almost
exact sizes infested with fruit flies were collected, washed with tap water, and rinsed with distilled water. These were placed
in separate 250-mL beakers and were added with 5 mL of the extracts. The fruits were rotated every day to ensure that the
extract can penetrate the inside of the fruit. On the fifth day, larvae that come out of the solution and those inside the fruits
were counted. Dead larvae were identified and counted as 1st, 2nd, or 3rd instar. The fruit was opened, and living larvae were
picked using tweezers and placed in a petri dish. The larvae were likewise identified and counted.

2.6 Statistical Analysis

All the experiments were done in three replications. The percentage mortalities of adult fruit flies and larvicidal and ovicidal
effects were evaluated using analysis of variance (ANOVA). Post hoc analysis using Duncan Multiple Range Test (DMRT) was
done for significant variances (a = 0.05). A PASW Statistics 18 software was used.

3 Results and Discussion

3.1 Green Synthesis and Characterization of Metal Nanoparticles

The resulting filtered neem leaves rice wash extract was brown. The crude extract changes in color when subjected to different
pH during the optimization procedure for nanoparticle synthesis. At pH 5, the extract was transparent (colorless), becoming
yellow at pH 7 and brownish at pH 11. A change in color of the crude extracts was also observed visually as the concentration
was increased. The higher the concentrations of the extracts, the darker the color. For temperature, the color of neem crude
extract was light yellow at 30ºC to orange-brown at 100ºC.

The effects of pH, temperature and volume ratio (neem extract: metal solution) on the surface plasmon resonance of the
FNE-CuNP and FNE-AgNP are analyzed using UV-Vis spectrophotometry. The optimum parameters for the preparation of
AgNP and CuNP are pH 11, 100oC, and 20:80 volume ratio.

FTIR spectroscopywas used to study the interaction between themetabolites present in the plant extracts and the synthesized
metal nanoparticles. Figure 1A is the FTIR spectroscopic spectra of the FNE, FNE-AgNP, and FNE-CuNP. The FTIR spectra
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of the FNE-AgNP and FNE-CuNP retain the FNE’s characteristic peaks, but distinct peaks’ intensities were changed. The
slight changes in the peaks’ intensities imply the possible adsorption of small amounts of the functional groups responsible
for reducing metal ions, such as the hydroxyl group, to metal nanoparticles’ surface (26). A significant change in the intensities
of O-H stretching and N-H vibrations are noticeable. These may be the functional groups responsible for reducing the silver
and copper ions, serving as capping and stabilizing agents.

Figure 1B shows the SEM images of FNE-AgNP and FNE-CuNP. The images show that AgNPs are smaller than CuNP. FNE-
AgNP has a mean radius of 16.92 ± 6.12 nm while 238.20 ± 20.19 for the FNE-CuNP. The surface charge, as measured by the
zeta potential using a zeta sizer, of the FNE-AgNP is -21.72 ± 0.09 while FNE-CuNP is -22.85 ± 0.28 (Table 1 ).

Fig 1. (A) FTIR spectra of the samples; (B) SEM image of (a) FNE-AgNP and (b) FNE-CuNP at 15 kV and x20,000
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Table 1. Some properties of the FNE-metal nanoparticles analyzed using a Zetasizer.
Nanoparticle Diffusion coefficient (cm2/s

x 10-7)
Zeta potential
(mV)

Mobility (µm
cm/s V)

Conductivity
(mS/cm)

Mean Radius (nm)

FNE-AgNP 8.3 -21.72 ± 1.11 -1.66 ± 0.09 0.27 ± 0.04 16.92 ± 6.12
FNE-CuNP 0.6 -22.85 ± 0.28 -1.75 ±0.03 1.85 ± 0.04 238.20 ± 20.19

3.2 Mortality Test

3.2.1 Adulticidal Activity
At 24-h exposure of the fruit flies to the various treatments, no fruit fly died in the rice wash. It was expected because the rice
wash water has no substance that is toxic to the fruit flies. The highest mortality was registered in the FNE-AgNP (100%) but
is not significantly different from FNE, FNE-CuNP, and positive control (83.33%). This result infers that the green synthesized
CuNP is as effective as the FNE after 24 h. The green synthesized AgNP, on the other hand, is even better than the FNE and the
positive control. A study on the effect of nano-silica against Sitophilus oryzae has proven the entomotoxicity of nanoparticles.
Its efficacy against the pest is higher than the bulk-sized silica with 90% mortality (28). In this study, the nanoparticles’ effect is
evident, that a 20% extract (from the 20:80 ratio in AgNP synthesis) is comparable with 100% fermented neem leaves extract.
This result implies that when the nanoparticles transport the active components such as the terpenoids, saponins, alkaloids in
the neem extract, the higher is the effect on the fruit flies’ mortality. These phytochemicals are responsible for reducing Ag+

into Ag0 and serving as the capping agent of the nanoparticles.
TheAgNPorCuNPmay block the input fromphagostimulatory receptors (29). Azadirachtin, a tetranortriterpenoid limonoid

from the neem seeds and limonoid and sulfur-containing compounds in other parts of the plant, such as leaves and barks,
affects the behavioral effects of insects through the chemoreceptor mechanism (30). In the first few minutes after the extracts
were introduced in the olfactometer, the fruit flies’ initial response was avoidance. The fruit flies phagostimulants are widely
distributed in the adult body, legs, wings, and the proboscis’ labellum, the external gustatory centers. All these phagostimulants
were detected and transcribed through the gustatory receptor neurons (GRNs) (29). Movement of the legs and spreading of
the wings without body movement a few seconds after introducing the rice wash-neem extracts and nanoparticles in the
olfactometer were observed. This behavior is manifested by the legs’ movement and suppresses proboscis extension (31). Effects
on the proboscis by the various extracts are shown in Figure 2(a-c) and nanoparticles aggregated in the wings (Figure 2d).

Fig 2. Effect of FNE (a), FNE-CuNP (b), and FNE-AgNP (c) on the proboscis of the fruit flies and presence of particles in the wings (suspected
to be aggregated nanoparticles) in (d); typical 2nd instar larva (e); effects of FNE (f), FNE-CuNP (g), and FNE-AgNP on 2nd instar larvae of
B. dorsalis.
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There are also instances where the flies immediately go near the extracts and ingest. According to Stocker, this phenomenon
is where the fly detects the taste only after ingestion. Ingestion happens in the pharynx where the labral sense organ, the
ventral and dorsal cibarial sense organs, and a central and dorsal row of fish-trap bristles detected the tastant (32). Loss of
fly mobility occurs when the flies’ phagostimulant organs have ingested some of the extracts. GRNs transmit directly to the
center of the brain, resulting in hyperactivity. Rattan (33) reported that the hyperactivity was possibly due to neuroexcitation.
The slowmobility could be due to energy depletion, neuromuscular fatigue, and neuroinhibition by possible oxygen deprivation
and reduced respiratory capacity, leading to mortality. Armstrong et al. (34) reported that AgNPs, inhibited membrane-bound
copper-transporters, resulting in intracellular copper depletion and caused the reduction of tyrosine hydroxylase activity that
reduces adult locomotive activity and reproductive development in Drosophila (35).

The FNE-CuNP treatment showed anti-fruit fly activity of 83.33% mortality at 12 h. Copper is regarded as essential to
arthropods’ physiological activity due to its role in hemocyanin (33). This respiratory protein transports oxygen throughout the
bodies of some invertebrates. The hemocyanin role may be the reason why FNE-CuNP has lower activity than FNE-AgNP.
Moreover, the anti-fruit fly activity of CuNPs could be due to the Cu consumed by the fruit flies for the respiratory protein.
Since the copper carries with it the phytochemicals from the neem that also inhibit proliferation and causes reduction rates of
protein synthesis, accumulation of these phytochemicals finally leads to cell death. A lower than 100% mortality in the FNE-
CuNP at 24 h than FNE-AgNP can be attributed to copper’s function in the fruit flies’ respiratory protein and oxygen transport.
The role of copper in the fruit fly, in this case, is dual. The FNE-AgNP’s dual functions in the fruit flies’ mortality are to inhibit
membrane-bound copper transporters and reduce tyrosine hydroxylase activity (35).

Theother properties that can affect the activity of the FNE-AgNP andFNE-CuNP are the diffusion coefficient, surface charge,
mobility, and conductivity, and mean radius of the nanoparticles. The FNE-AgNP has a higher diffusion coefficient than the
FNE-CuNP. Tolaymat et al. (36)mentioned that themobility of silver nanoparticles is affected by the surface charge.Usually, silver
nanoparticles have a negative surface charge in the pH range of 4-9. Electric fields affectwingmovement, leading to agitation and
changes in flies’ brain chemistry (37). In this study, upon placing the FNE-AgNP and FNE-CuNP on the olfactometer’s upper
portion, changes in the flies’ behavior were observed. The fruit flies were attracted to the AgNPs and CuNPs with negative
surface charges. As measured by the zeta potential using a zeta sizer, the surface charge of the FNE-AgNP is -21.72±0.09 while
FNE-CuNP is -22.85± 0.28 (Table 1 ). The difference in the fruit flies’ mortality can also be due to the size of the nanoparticles.
FNE-AgNP has a mean radius of 16.92 ± 6.12 nm while 238.20 ± 20.19 for the FNE-CuNP.

3.2.2 Larvicidal Activity
The larvicidal effect of the extract is its ability to halt spontaneous parasite movement. Figure 2 confirms the effectiveness
of the extracts with nanoparticles. Rice wash water has no larvicidal effect even at 24 h of exposure. FNE-AgNP showed the
highest larvicidal activity (100%), followed by FNE (91.67%) and FNE-CuNP (75.00%). Analysis of variance showed significant
differences in the treatments. Post hoc analysis (DMRT) revealed that FNE-AgNP has the most significant larvicidal activity
but is as effective as FNE. This result conforms with Santhoshkumar et al.’s findings (38). AgNP synthesized using methanol has
higher activity than crude extracts.

Figure 2(f-h) demonstrate the effects of the FNE, FNE-AgNPs, and FNE-CuNPs on the larvae of B. dorsalis. Neem leaves
extract affected the open circulatory system of the fly larva. The dark spots near the heart’s posterior terminus are visible, which
means that the hemolymph’s circulation is disrupted. The effects of FNE-AgNP and FNE-CuNP on the dorsal vessels are shown
in Figure 2(g) and (h). The posterior terminus of the larvae was the first affected. The darkening or formation of spots in the
posterior terminus of the larva was prominent. FNE-AgNP has more considerable damage to the circulatory system than the
FNE-CuNP.

Some larvae did not show the formation of dark spots.They continued to feed on the extracts and proceeded to the next larval
stage, the third instar larva. Some pupated but with abnormalities (Figure 3 ) like non-retraction of the anterior end, blackish
anterior, semi-transparent puparium, and no flies came out of the puparium after few days. The abnormal and empty puparium
means that the neem extract and the nanoparticles could have functioned as antiecdysones that prevented the synthesis and
release of natural juvenile hormones or speed up the destruction of these hormones leading to the premature metamorphosis
of the larvae. These events mainly arise from the presence of an exoskeleton, which is cast off and re-formed at each ecdysis (39).
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Fig 3. Some abnormalities observed to larvae affected by neem extracts and nanoparticles: A – non-retraction of the anterior end; B – blackish
anterior end; C – semi-transparent puparium; and D – empty puparium.

3.2.3 Ovicidal Activity
The treatments’ ovicidal effect was determined using the guava fruits infested with fruit flies incubated in beakers with the
treatments for five (5) days. At the end of 5 days, the fruits were opened, and the larvae inside and outside the fruits were
counted. Thirty-seven (37) larvae were developed from the eggs (Table 2 ). The FNE and FNE-AgNP have a mean value of 4.50
larvae, while and FNE-CuNP has a higher mean number of larvae (5.67) from the eggs.

Table 2.The emergence of larvae in the fruits exposed with the treatments for 5 days.

Treatment
Mean Number of Living Larvae (4 replicates)
1st Instarns 2nd Instar 3rd Instar Mean*

Control (no treatment) 10 16.5 10.5 37.00a
FNE 0 4.5 0 4.50b
FNE-AgNP 3.25 1.25 0 4.50b
FNE-CuNP 5.67 0 0 5.67b

*Means with the same letter superscripts in a column are not significantly different at the 5% level by DMRT.

This result proves that the fermented neem extracts with AgNP and CuNP can suppress eggs’ development into larvae. Silva
et al. (40) reported earlier that neem extracts using different parts (leaves, barks, and seed kernels) showed sub lethal effects
against Ceratitis capitata, Mediterranean fruit fly adults. In this experiment the components in the extracts or maybe the AgNP
and the CuNP capping the bioactive agents could penetrate to the inside of the fruit where the fly oviposited the eggs.

4 Conclusion
This study concludes that the fermented neem leaves using rice wash could be used in the green synthesis of AgNP and CuNP.
The neem extract with nanoparticles exhibited mortality against male adult fruit fly, second instar larvae and eggs of Bactrocera
dorsalis. Fermented neem extract can be used to formulate biopesticide enhanced with nanoparticles for pest management of
B. dorsalis.
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