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Comparative insecticidal efficacy of conventional and ultrasound-
assisted ethanolic extracts of different growth stages of Melia
azedarach on mortality of Aphis fabae nymphs
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Abstract: The insecticidal effects of Conventional Ethanolic Extract (CEE)
from five growth stages of Melia azedarach (including flower, small green fruit,
big green fruit, ripe fruit, and leaf) on nymphs of Aphis fabae were investigated.
In 1-2 day-old nymphs, no significant differences in mortality rates among the
extracts were found, with the leaf extract showing the highest mortality rate of
65.24 + 5.89%. In 3-4-day-old nymphs, the ripe fruit extract had the highest
mortality rate at 88.5 + 2.79%, while the small green fruit extract had the lowest
at31.83 £ 4.17%. Additionally, the insecticidal effects of ethanolic extracts from
the five growth stages of M. azedarach were tested using Ultrasound-Assisted
Extraction (UAE). For 1-2-day-old nymphs, significant differences were noted
between the control and ethanol treatments (P > 0.0001), with lower mortality
than the extracts (P > 0.00001). The leaf extract recorded the highest mortality
rate (98.0 £ 1.33%), while the big green fruit extract had the lowest (87.5 +
4.61%). In 3-4 day-old nymphs, the results mirrored previous findings, showing
significant differences (P > 0.0001) with higher mortality rates from the extracts
(P >0.00001). Again, the leaf extract had the highest efficacy (96.9 + 1.30%),
while the small green fruit extract had the lowest (86.8 + 4.72%). When
comparing the insecticidal effects of ethanolic extracts obtained through CEE
and UAE on A. fabae, the data showed that, except in two cases, UAE
significantly increased mortality rates compared with CEE (P > 0.0001).
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Introduction

Aphis fabae Scopoli is among the various
pests that impact cultivated agricultural
products globally (Blackman and Eastop,
2007). This aphid infests a wide range of
plants; over 200 species worldwide and
approximately 50 species in Iran are
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susceptible (Hodjat, 1986). Currently, control
measures for A. fabae Scopoli rely on
numerous pesticides. However, this practice
can inadvertently increase target pest
populations, promote the emergence of
secondary pests, and drive pesticide
resistance in the target pest (Schepers, 1989;
Hardin et al., 1995; Longley et al., 1997).
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The indiscriminate application of non-
selective pesticides has resulted in the
destruction of natural enemies, contributing to
a continuous rise in pest populations.
Moreover, the misuse and overuse of chemical
pesticides adversely affect agricultural
ecosystems and human health. Pesticide
residues found in agricultural products,
especially fresh fruits and vegetables, can
heighten the risk of cancer in humans (Dadang
etal., 2009). Therefore, it is vital to implement
long-term, healthy, low-risk, effective, and
natural pest control strategies.

Melia azedarach, a plant native to Australia
and southeastern Asia, is recognized for its
significant pesticidal properties (Lee et al., 1991;
Schmutterer, 1989; Valladares et al., 1997). The
insecticidal effects of M. azedarach are primarily
attributed to compounds such as azadirachtin,
salannin, and meliantrol, which disrupt insect
growth and reproduction (Isman et al., 1996).
While its antinutritional properties and effects on
insect development are well documented, the
molecular mechanisms underlying these effects
remain largely unexplored (Hoffmann and
Lorenz, 1998; Deshmukh and Renapurkar, 1987;
Nicoletti, 2020).

Traditional extraction methods, including
Conventional Extraction and Soxhlet Extraction,
have been employed for many years but are often
time-consuming and require substantial amounts
of solvent (Bitwell et al., 2023). Growing
environmental concerns and inefficiencies in
these methods have increased demand for new
extraction techniques that minimize time and
solvent use while being more eco-friendly. One
such innovative approach is Ultrasound-Assisted
Extraction (UAE) (Vinatoru, 2001). This method
enhances extraction efficiency and quality while
reducing the time and solvent required. UAE has
emerged as a crucial technique for extracting
valuable compounds from plant resources
(Vilkhu et al., 2008). UAE devices are available
in two forms: Probe and Bath, suitable for both
industrial and laboratory applications (Wu et al.,
2022; Vinatoru, 2001). Ultrasound waves above
20 kHz penetrate plant tissues, creating cycles of
compression and expansion that lead to
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cavitation—the formation of tiny bubbles that
grow to a critical size and then collapse,
releasing significant energy into the surrounding
environment (Zhang et al., 2017). This
cavitation accelerates plant cell breakdown,
promoting rapid compound release. Numerous
studies have confirmed the advantages of UAE,
which include reduced extraction time, increased
yield, and minimized solvent consumption
(Chemat et al., 2017). For example, Vilkhu et al.
(2008) emphasized that ultrasound waves create
strong, localized turbulence that enhances mass
transfer. Additionally, Shotipruk et al. (2001)
demonstrated that cavitation occurring near solid
particles generates micro-jets that can break
down cell walls, further improving extraction
efficiency. Several factors influence the
effectiveness of UAE, including the moisture
content of the plant material, particle size, and
extraction duration. Moisture is particularly
important, as ultrasound energy diminishes with
distance from the source and is absorbed more
effectively in denser materials. Using moistened
plant tissue (plant material plus solvent) can help
maintain ultrasound energy, and reducing
particle size can enhance extraction efficiency
(Bitwell et al., 2023). Temperature control is
crucial, as excessive heat may degrade extract
quality (Gil-Martin et al., 2022). Recent studies
show that UAE can effectively extract various
compounds from plant tissues, including
essential oils and bioactive compounds (Chemat
et al., 2017; Gil-Martin et al., 2022; Wu et al.,
2022). Moreover, solvent choice significantly
influences ultrasound extraction efficiency, with
certain solvents enhancing the yield of specific
compounds (Tavares et al., 2021).

This study investigates the pesticidal
effects of the extracts from five growth stages
of M. azedarach L. (flower, small green fruit,
big green fruit, ripe fruit, and leaf) using an
ethanolic solvent. The research compares two
extraction methods—conventional extraction
and ultrasound-assisted extraction. The
efficacy of these extracts was tested under
laboratory conditions on 1- to 2-day-old and 3-
to 4-day-old nymphs of A. fabae (black bean
aphid).
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Materials and Methods

Insect rearing

To investigate the influence of extracts from
different growth stages of M. azedarach on
insect control, A. fabae was used. To rear insects
under laboratory conditions, aphids were
collected from the experimental teaching
greenhouse of Shahid Bahonar University of
Kerman, Kerman, Iran (30°19'51.33" N,
56°55'41.72" E, elevation 1776 m). Expert
colleagues in the Plant Protection Department,
who specialize in aphid taxonomy, identified A.
fabae. After relocating the aphids to the
laboratory, we established a colony. Broad bean
leaves (Vicia faba Linnaeus var. major Harz)
were used as the food source for rearing the
aphids in special rearing containers (plastic
containers with a diameter of 6 cm and a height
of 4 cm, containing 0.7% agar gel). The agar gel
was used to maintain moisture and keep the host
plant leaves viable for a longer period. Typically,
10 to 15 adult aphids were placed in each
container for mass rearing. The container
openings were covered with special lace
(transparent silk) to allow for adequate air
circulation. Subsequently, the containers were
placed in a growth chamber maintained at 25 + 1
°C and 50 + 10% relative humidity, under a
photoperiod of 16 hours of light and 8 hours of
darkness. Aphids were reared for approximately
one week under controlled conditions. As their
population increased, the rearing medium—
fresh host plant leaves and agar gel—
deteriorated. To maintain suitable conditions and
keep the aphids healthy, we periodically
transferred adults to fresh Petri dishes containing
new leaves and agar gel. This routine was
maintained throughout the rearing period to
ensure the colony remained vigorous.

To ensure age uniformity, 200 adult aphids
from the initial colony were isolated and kept in
a separate colony. After 24 hours, the adults were
removed and returned to the main colony. The
nymphs produced during this period, aged 1 to 2
days, were used for testing. To prepare 3- to 4-
day-old nymphs, the 1- to 2-day-old nymphs
were kept in a separate colony, and after 48
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hours, they reached the desired age and were
utilized for the experiments.

Preparation of plant samples

Various growth stages of M. azedarach—
including flower, small green fruit (with an
average diameter of 3 mm), large green fruit
(with an average diameter of 7 mm), ripe fruit,
and leaf—were collected from their natural
habitat in Mahan (Kerman province, latitude
30°3'36" N, longitude 57°1727" E, 1794 m
altitude) for subsequent experiments. The flower
samples of M. azedarach were collected in late
April, while the unripe fruits and leaves were
collected in May and June. The ripe fruit samples
were gathered in November. Different growth
stages of the fruit were specifically selected for
testing, as they vary in chemical composition.
This selection allows for examining how these
compositional  differences impact insect
responses. The plant materials were transported
to the laboratory, where they were dried at room
temperature under shade and ventilation
conditions. Once fully dried, the plant parts were
ground into a fine powder using an electric
stainless steel mill.

Preparation of plant extracts by conventional
extraction

For each growth stage of the fruit, as well as for
the flower and leaf of the plant, 70 g of powdered
plant material was placed into a 500 mL flask.
Ethanol (96% v/v; Kimia Alcohol Co., Iran) was
added to each flask to a total volume of 150 mL.
Ethanol was chosen as the solvent because it
effectively extracts a wide range of
phytochemicals from plant materials. The
mixture was stirred for one hour to ensure
thorough extraction. After stirring, the flask lids
were sealed with Parafilm® to prevent solvent
evaporation, which is crucial for maintaining
extract concentration. To protect the flasks from
direct light exposure, they were wrapped in
aluminum foil to prevent degradation of light-
sensitive compounds. The remaining mixture
and herbal extracts were stored in the refrigerator
at 4 °C for 24 hours to allow further extraction
of active compounds. After this period, the
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extracts were filtered through Whatman® No. 91
filter paper to remove solid residues. For
subsequent experiments, a 50 pg/mL solution (as
a single rate) was prepared from each extract.
For this experiment, the solvent was not
evaporated. Instead, the concentration of each
concentrated extract was determined based on its
dry matter content. To do this, 1 mL of each
extract was transferred into a pre-weighed
microtube and dried until a constant weight was
reached and all solvent was removed. The dry
residue was calculated by subtracting the weight
of the empty tube from the final weight, then
dividing by the initial extract volume to
determine concentration in pg/mL. As the initial
concentration of all extracts exceeded 50 pg/mL,
the required dilution factor was calculated using
the standard equation C:V: = C;V2, and the
extracts were diluted with ethanol to achieve a
final concentration of 50 pg/mL for use in the
bioassays. This concentration was chosen based
on previous studies indicating that this range
often yields optimal results for biological assays
involving plant extracts. For instance, Céspedes
et al. (2014) showed that similar concentrations
effectively inhibited insect activity, allowing
clearer analysis of the extracts' insecticidal
properties. In our preliminary experiments, we
observed over 50% mortality in most treatments
at this concentration of M. azedarach ethanolic
extracts. This concentration also showed
insecticidal activity against A. fabae.

Producing plant extracts through ultrasound-
assisted extraction

This stage focused on enhancing the efficiency
and quality of phytochemical extraction using
ultrasound-assisted ~ extraction  techniques.
Ethanol (96%) was selected as the dispersion
mediator, recognized for its effectiveness in
extracting a broad spectrum of phytochemicals
from plant materials. Seventy grams of finely
ground plant material from various growth stages
were placed in a 500 mL glass container, to which
ethanol was added to reach a final volume of 150
mL. The container was then placed in the UP200s
ultrasonic device (Hielscher, Germany), and the
water temperature was maintained between 20
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and 30 °C, which is optimal for extraction, as
suggested by relevant studies (Shen et al., 2023).

To prevent damage to the ultrasonic
equipment, the device was programmed to rest for
1 minute after 2 minutes of operation, and this
cycle was repeated throughout the 45-minute
extraction period for each extract. After
extraction, the resulting plant extract was filtered
from the residual plant material using Whatman®
No. 91 filter paper. For subsequent experiments,
we prepared a 50 pg/mL solution from each
extract. The concentration determination and
adjustment steps were performed as described in
the previous experiment. The ultrasonic device
operated at 80 kHz with a 0.6 duty cycle, allowing
efficient extraction.

Bioassay tests

This study investigated the effects of flower
extracts, various growth stages of fruit, and leaf
extracts of M. azedarach on 1-2 days-old and 3-
4 days-old nymphs of the black bean aphid. Two
extraction  techniques  were  employed:
Conventional extraction and Ultrasound-assisted
extraction, to evaluate their impact on the yield
of extracts and their insecticidal potency. Each
experimental unit comprised a 6 cm Petri dish
containing 0.7% agar gel, topped with a fresh
broad bean leaf, on which 20 nymphs were
placed. A concentration of 50 ug/mL of each
extract (single rate) was prepared for testing.
Ethanol was used as the solvent for all solutions.
In the witness treatments, ethanol was used as
the extraction solvent, while the control group
received no additional substance, allowing the
aphids to grow freely. The experiments were
conducted by uniformly spraying the extracts
onto the aphids using a laboratory-grade glass
reagent sprayer with a rubber bulb, applying a
consistent volume of 5 mL per 10 Petri dishes.
After treatment, the aphids were maintained
under controlled conditions at 25+ 1°C and
50 + 10% relative humidity, with a 16:8 (L: D) h
to simulate natural conditions. After 48 hours,
the number of dead insects in each treatment was
counted. Mortality was confirmed when no
movement was observed after gently stimulating
the legs and antennae with a fine brush. For each
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extract, at least 10 replications were conducted
to ensure the reliability of the results.

Data analysis

To verify the basic assumptions of the data, the
data were first tested for normal distribution and
homogeneity of variance using the Bartlett test
(Kohler et al., 2002). For data that did not meet
the assumptions of normal distribution,
transformations were applied to achieve
conformity, utilizing the Box-Cox formula:

Y =X2-1/Aif A #0,

Y =InXifA=0,

Where: Y — the transformed value, X — the
untransformed value, and 0 <A <1 (Anonymous,
1996).

Statistical analyses for the experiments
conducted in this study were performed using Stat
Plus (Version 5.8.4, 2009). To compare data from
the in vitro studies, One-Way ANOVA with Fisher's
Least Significant Difference (LSD) test was utilized.

Results

Insecticidal effects of ethanolic extract from
conventional extraction

The insecticidal effects of ethanolic extracts
from five growth stages of Persian lilac (M.
azedarach) on 1-2 days-old and 3-4 days-old
nymphs of black bean aphids (A. fabae) are
summarized in Figure 1.

1-2 days-old nymphs:

Results indicate no significant differences in
mortality rates among the ethanolic extracts of
flower, small green fruit, big green fruit, ripe
fruit, and leaf. However, ethanol showed a
significant difference in mortality percentage
compared with extracts from all five growth
stages (P > 0.002). Although the leaf extract
produced the highest average mortality rate
(65.24 £5.89%) and the large green fruit extract
the lowest (51.19+7.04%), the difference
between the two was not statistically significant.

3-4 days-old nymphs:

In this age group, mortality percentages in the
control and ethanol treatments differed
significantly from all extracts (P > 0.00001).
Additionally, the small green fruit and big green
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fruit extracts showed significant differences in
mortality rates when compared to the flower, ripe
fruit, and leaf extracts (P > 0.02). Furthermore,
significant differences were found between the
small green fruit and big green fruit extracts, as
well as among the flower, small green fruit, and big
green fruit extracts regarding their insecticidal
efficacy on 3-4-day-old nymphs (P > 0.00001).
However, the flower extract did not differ
significantly from the ripe fruit and leaf extracts.
Moreover, a significant difference in mortality
rates was observed between the leaf extract and all
other extracts, except for the flower extract (P >
0.02). Similarly, the mortality rate of the ripe fruit
extract was significantly different from all extracts,
except for the flower extract (P > 0.004). Overall,
the ripe fruit extract demonstrated the highest
mortality percentage among the plant extracts at
88.5 + 2.79%, while the small green fruit extract
exhibited the lowest mortality percentage at 31.83
+4.17%.

Insecticidal effects of ethanolic extract from
ultrasound-assisted extraction

1-2 Day-Old Nymphs: The findings (Fig. 2)
indicate a statistically significant difference in
mortality rates between the control and ethanol
treatments (P > 0.0001). Moreover, mortality
rates in these treatments were significantly lower
than those of extracts from all five growth stages
(flower, small green fruit, big green fruit, ripe
fruit, and leaf) (P > 0.00001). Notably, a
significant difference was also observed between
the mortality percentages of the big green fruit
and leaf extracts (P > 0.02). However, no
significant differences were detected among the
insecticidal effects of the flower, small green
fruit, and ripe fruit extracts, nor when compared
to the leaf and big green fruit extracts. Overall,
the leaf extract showed the highest mortality rate
(98.0 £ 1.33%), while the big green fruit extract
showed the lowest (87.5 + 4.61%).

3-4 Day-Old Nymphs: Similar trends were
observed in this age group, with a significant
difference in mortality percentages between the
control and ethanol treatments (P > 0.0001).
Ethanolic extracts from all five growth stages of
M. azedarach showed significantly higher
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mortality rates than both the control and ethanol
treatments (P > 0.00001). However, the
mortality rates among these five extracts did not
differ significantly. Among the extracts, the leaf

extract again showed the highest insecticidal
efficacy, with a mortality percentage of 96.9 +
1.30%, while the small green fruit extract
showed the lowest efficacy at 86.8 + 4.72%.
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Figure 1 Effect of ethanolic extracts from conventional extraction from flowers, various growth stages of fruits,
and leaves of Melia azedarach on 1-2 days old and 3-4 days old nymphs of Aphis fabae under laboratory
conditions. Means with the same letters are not significantly different (LSD test, P <0.05).
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Figure 2 Effect of ethanolic extracts obtained through Ultrasound-Assisted Extraction (UAE) from flowers,
various growth stages of fruits, and leaves of Melia azedarach on 1-2-day-old and 3-4-day-old nymphs of
Aphis fabae under laboratory conditions. Means with the same letters are not significantly different (LSD

test, P < 0.05).
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Comparison of insecticidal effects from two
extraction methods

To enable a more accurate comparison of the
mean mortality rates of A. fabae caused by
extracts obtained through two different methods,
and to assess mortality across various
developmental stages of the aphids, the data are
presented in Figure 3. The results indicate that,

except in two cases, extracts obtained using the
ultrasound-assisted extraction method (UAE)
significantly increased mortality rates compared
with the conventional extraction method (CEE)
(P = 0.0001). Additionally, mortality rates
caused by the same extract across different aphid
developmental stages showed no significant
differences, except in one case.
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Figure 3 Insecticidal effects of ethanolic extracts from flowers, various growth stages of fruits, and leaves
of Melia azedarach obtained by Conventional Ethanolic Extraction (CEE) and Ultrasound-Assisted Ethanolic
Extraction (UAE) methods on 1-2-day-old and 3-4-day-old nymphs of Aphis fabae under laboratory
conditions. Bars labeled with different lowercase letters indicate significant differences among the extraction
methods within the same developmental stage. In contrast, bars labeled with different uppercase letters
indicate significant differences between developmental stages within the same extraction method (LSD test,

P <0.05).
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Discussion

This study investigated the insecticidal effects
of  ethanolic extracts (Conventional
Extraction) from different growth stages of M.
azedarach on A. fabae nymphs. In 1-2-day-old
nymphs, mortality rates among the extracts
were similar, but ethanol showed significantly
lower mortality, aligning with Tavares et al.
(2021) on the impact of extraction solvents on
insecticidal potency. In contrast, in 3- 4-day-
old nymphs, significant differences were
observed, with the ripe fruit extract showing
the highest mortality rate (88.5 + 2.79%).
These results do not align with the findings of
Indriyani et al. (2023), which suggest that
immature plant parts typically contain higher
levels of bioactive compounds. In ripe fruits,
there may be higher levels of active
compounds that exhibit insecticidal properties.
This may be due to metabolic changes during
different growth stages and the accumulation
of specific compounds in mature fruits.
Studies suggest that compounds like
flavonoids and terpenoids, known for their
insecticidal effects, may vary in concentration
throughout the plant's development (Roy et al.,
2022). The leaf extract also exhibited
considerable efficacy, supporting the findings
of Afzal et al. (2024). The lower mortality rate
of the small green fruit extract suggests that
extract efficacy varies with developmental
stage. Overall, the findings highlight the
importance of both extraction methods and
plant growth stages in determining insecticidal
efficacy and emphasize the need for further
research to identify specific bioactive
compounds responsible for these effects.

The significant increase in mortality rates
observed with the  Ultrasound-Assisted
Extraction (UAE) method aligns with findings
from other studies showing UAE's enhanced
efficiency in extracting bioactive compounds
with insecticidal properties (Chemat et al., 2017,
Gil-Martin et al., 2022; Wu et al., 2022). This
enhanced release likely contributes to the higher
mortality rates observed compared with the
conventional  extraction method (CEE).
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Moreover, UAE's capability to maintain the
stability and potency of bioactive compounds
during extraction (Shen et al., 2023) might
explain its higher efficacy in inducing aphid
mortality. However, despite these findings,
mortality rates across different developmental
stages of A. fabae did not differ significantly,
suggesting that these stages are equally
susceptible to the active components in the
extracts. This uniformity may be attributed to the
general mechanism of action of the compounds,
which likely disrupts essential physiological
processes, such as respiration or cellular
metabolism, affecting all developmental stages
(Lengai et al., 2020).

These results underscore UAE as a promising
method for obtaining potent insecticidal extracts
and offer advantages over traditional extraction
methods. Future research should further explore
optimizing UAE parameters to maximize
insecticidal efficacy and assess long-term
impacts on aphid populations across different
environmental conditions.
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