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Abstract

Rice is one of the major cereal crops and staple food for large part of the world, especially Egypt. Unfortunately,
huge quantities of it are lost because of being infected with insect pests during storage. The rice weevil, Sitophilus
oryzae (Coleoptera: Curculionidae), is one of those pests. Such insect pests are controlled by using highly toxic
chemicals that threaten human health and negatively affect the environment. The trend has been to search for eco-
friendly insecticides instead of these dangerous chemicals. Plant oils have emerged as promising alternatives for
managing storage pests for their eco-friendly properties, rapid biodegradability, and lower toxicity to humans and
the environment. So, the present research bio-assayed the repellent effect of five essential oils; basil, clove, lavender,
peppermint, and thyme, using three laboratory bioassays: food preference tests (including multiple- and two-choice
bioassays) and an area-preference test. Results indicated that lavender oil exhibited the strongest repellent effect
across all bioassays, followed by thyme oil, which also showed a marked repellency in the two-choice tests. In
contrast, basil oil displayed mixed results, showing a repellent effect in the multiple-choice test while acting as an
attractant in the two-choice bioassay. Peppermint and clove oils yielded moderate to insignificant effects depending
on the test-type applied. Results support the potential of essential oils as natural and environmentally friendly
alternatives to chemical insecticides, contributing to the protection of stored grains without harming human health
or the environment.
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1. Introduction:

Insect pests represent a major problem in
fields and warehouses. They destroy more than 35
percent of crops globally. We lose a lot of cereal
grains via insect infestation during storage,
particularly in the developing countries such as
Egypt. Rice, being one of the staple foods mostly
consumed in our daily life all over the world, has
been infested by many important insect pests such
as Sitotroga cerealella, Sitophilus oryzae,
Sitophilus granarius. (lleke and Ogungbite, 2014,
57).

The rice weevil, Sitophilus oryzae
(Coleoptera: Curculionidae), is one of the most
economically significant pests affecting stored
rice and other cereal grains, particularly in tropical
and subtropical regions worldwide. It is
responsible for extensive quantitative and
qualitative losses in stored food grains, leading to
significant economic implications for food
security and trade (Singh et al., 2017, 502;
Agrahari and Mishra, 2024, 98).

S. oryzae adults is small but its body is very
strong. Typically measure between 2 to 3 mm in
length and are characterized by an elongated snout
(rostrum) and a cylindrical, reddish-brown to
black body with faint light spots on the elytra
(hardened forewings). They have well-developed
chewing mouthparts at the tip of the snout,
allowing them to bore into grains (Saad et al.,
2018, 175).

The rice weevil is a holometabolous insect; its
life cycle consists of four stages: egg, larva, pupa,
and adult. The adult female S. oryzae_lays eggs
inside grain kernels, where the eggs hatch in about
3 days, and feed internally, hollowing out the
grains. The larvae are legless, creamy white with
a brown head capsule, and remain hidden inside
the grain until pupation. The entire life cycle takes
about 26 to 32 days under optimal conditions,
leading to multiple generations per year in warm
environments (Arabi, 2008, 3; Thulasy et al.,
2025, 1).

S. oryzae primarily infests whole grains such
as rice, wheat, maize and barley, where it actively
breeds and completes its life cycle stages. Recent
studies indicate that its host range has expanded
to include split legumes, further increasing its
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threat to stored food supplies (Deepthi and
Manjunatha, 2015, 182).

Both the adult and larval stages of S. oryzae
are internal feeders, causing substantial
reductions in grain weight due to internal
consumption, nutritional value as larvae consume
endosperm, market quality, making the grains
unfit for human consumption and germination
ability of stored seeds, reducing viability for
future planting. Additionally, their activity
facilitates secondary infestations by other stored
grain insects, fungi and other microbial
contaminants, exacerbating post-harvest losses.
Infestation by S. oryzae not only results in direct
consumption of the grains but also increases
moisture levels within storage units, creating
favourable conditions for fungal growth,
particularly Aspergillus and Penicillium species,
which produce mycotoxins harmful to human and
animal health (Singh et al., 2017, 503; Saad et al.,
2018, 176; Tayeb et al., 2018, 510; Tangadi et al.,
2021, 22; Mahfuz et al., 2023, 36; Thulasy et al.,
2025, 3).

The control of S. oryzae has traditionally
relied on synthetic insecticides, such as methyl
bromide and phosphine and fumigation which,
despite their effectiveness, pose several
challenges. Excessive and indiscriminate use of
these chemicals has led to the development of
insect resistance; reducing the effectiveness of
chemical treatments over time. The presence of
chemical residues in food products posing health
hazards to consumers, environmental
contamination and affecting beneficial organisms,
soil health, and water sources. In addition,
excessive use of chemical pesticides may lead to
some diseases including neurotoxicity, endocrine
disruption, and potential carcinogenic effects in
humans (Akter and Akter, 2016, 52; Singh et al.,
2017, 504; Saad et al., 2018, 178; Tayeb et al.,
2018, 512; Agrahari and Mishra, 2024, 99;
Thulasy et al., 2025, 2).

Thus, there is a growing demand for
sustainable alternatives that ensure effective pest
control without harming human health or the
environment. The best of those alternatives are
green pesticides, which originated from plants.
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Plant-derived substances, including oils,
have emerged as promising alternatives for
managing storage pests. Botanical insecticides,
also called green insecticides, are known for their
eco-friendly properties, rapid biodegradability,
and lower toxicity to humans and the environment
(lleke and Ogungbite, 2014,57; Singh et al., 2017,
505; Thulasy et al., 2025, 4).

Botanical insecticides offer multiple modes of
action, including:

-Repellency: Certain plant compounds emit
volatile organic chemicals that repel insects away
from the grains (Maia and Moore, 2011, 10;
Agrahari and Mishra, 2024, 100; Mahfuz et al.,
2023, 37).

-Feeding Deterrence: Bioactive compounds such
as alkaloids, flavonoids, and phenolics interfere
with insect feeding behavior (Arabi, 2008, 6;
Thulasy et al., 2025, 4).

-Oviposition Deterrence: Certain essential oils
prevent females from laying eggs on treated
grains, thus reducing population buildup over
time (Tayeb et al., 2018, 514; Tangadi et al., 2021,
24).

-Toxicity: Some plant extracts exhibit neurotoxic
effects on insects by disrupting neurotransmitter
functions, leading to paralysis or mortality (Abd
El-Salam, 2010, 5; Akter and Akter, 2016, 55;
Seada et al., 2016, 4; Saad et al., 2018, 180; Tayeb
et al., 2018, 513; Agrahari and Mishra, 2024, 100;
Thulasy et al., 2025, 4).

In recent years, many researchers have
studied the different possible effects of plant oils
on stored grain insects. Among those studies,
Popovi¢ et al. (2006, 38) and Seada et al. (2016,
4), who investigated the toxicity and repellency
effects of basil oil against Sitophilus oryzae. Their
results showed that the basil oil caused significant
mortality and repellency effects, which were
concentration- and time-dependent, in both two-
and multiple-choice bioassays. Besides, Al-Harbi
et al. (2021, 13-14) found that the basil oil
recorded the highest repellence activity against S.
oryzae with a value of 82.3% after 5-hours of
exposure. As well, Abd El-Salam (2010, 3)
concluded that the thyme oil can deter insects, and
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that deterrent effect is highly valuable for
managing insect infestations in stored grains. Saad
et al. (2018, 181) found that essential oils such as
clove, neem, and eucalyptus have shown
promising insecticidal properties due to their high
content of bioactive compounds like eugenol,
azadirachtin, and cineole, which interfere with
insect physiology. Additionally, powders derived
from pepper, garlic, and ginger have demonstrated
inhibitory effects on S. oryzae development,
making them valuable components of integrated
pest management (IPM) strategies (Singh et al.,
2017, 506; Thulasy et al., 2025, 6). Mahfuz et al.
(2023, 37) stated that lavender oil showed very
high repellent effect against S. oryzae. Also,
Al-Harbi et al. (2021, 13) found that lavender oil
achieved 100% mortality after 24 and 48 hours of
exposure against S. oryzae adults. Besides, the oil
was recorded high repellence activity against S.
oryzae (Al-Harbi et al., 2021, 15).

Based on the aforementioned harmful effects of S.
oryzae on stored grains, as well as the potential
effectiveness of plant oils, as shown in previous
researches, so, the present research aims to survey
the repellent activity of essential oils derived from
five plant species: Ocimum basilicum (basil),
Syzygium  aromaticum  (clove), Lavandula
angustifolia  (lavender),  Mentha  piperita
(peppermint), and Thymus vulgaris (thyme)
against adult S. oryzae in stored paddy.

2. Materials and Methods

2.1 Insect Rearing

The adult rice weevils, S. oryzae (Fig. 1), used in
the present experiment were collected from
infested rice samples, identified, isolated, and then
reared on rice under laboratory conditions as stock
culture from October 2024 to March 2025 in the
Zoology Laboratory, Department of Biological
and Geological Sciences, Faculty of Education,
Ain Shams University, Egypt.

The tested insects were of mixed sexes, and the
rice was stored for a specific period at an
appropriate  temperature to ensure stable
conditions before starting the experiments.
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Figure (1): The rice weevil adult.
(https://www.naturespot.org/species/sitophilus-oryzae#gallery-1)

2.2 Tested Plant Oils

Table 1 represents a list of the botanical oils
selected for this study. The selected plant oils used
in the study include clove, basil, lavender,
peppermint, and thyme. The oils were purchased
from local markets specializing in natural herbs.
The selection of these oils was based on their
toxicity against stored-product insects, in addition
to their common use as food flavourings, spices,
traditional remedies, and components in
pharmaceutical formulations, as found in the
previous literature.

Table 1: General information of the tested plant oils

English Scientific name Family Arabic
name name name
Clove Syzygium aromaticum Myrtaceae Jas 8
Basil Ocimum basilicum Ol

Lavender Lavandula angustifolia . sy
- — Lamiaceae —
Peppermint Mentha piperita b glias

Thyme Thymus vulgaris Ko

2.3 Repellency Bioassays

To determine the potential repellent effect of the
tested plant oils against S. oryzae adults, three
different experimental techniques were applied:

2.3.1 Food-Preference Tests

(a) Multiple-Choice Bioassay

Multiple-choice bioassay was done according to
the methodology designed by Abdel-Rahman et al.
(2011, 37) and adopted by Ismail (2018, 1339). In
the present investigation, a similar strategy was
adopted to study the repellent effect in the
presence of rice treated with tested oils.
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To conduct a multiple-choice bioassay, a set of
small triangular mesh bags was arranged in a
circular pattern within a rimmed tray. Six bags
were randomly selected, each containing
approximately 20 grams of rice treated as follows:
five bags contained rice treated with one of the
selected plant oils mixed with acetone as a solvent.
One bag was treated with acetone alone, serving as
a control. In the acetone-treated rice, the solvent
was allowed to evaporate completely for half an
hour before the test.

Figure (2): Food-preference test (Multiple-choice
bioassay).

A total of 30 adult rice weevils were placed at the
centre of the circular tray, initially confined within
a perforated cover for 15 minutes to allow for
acclimatization before the experiment began. Then
the cover was carefully removed, allowing the
weevils to explore treated rice freely. Once insect
activity had completely ceased, the panel was
securely covered with adhesive tape to ensure a
tight seal.

After 24-hours treatment, the contents of each bag
were gently emptied, and the weevils inside were
collected and counted accurately. Weevils that
remained outside the bags were not included in the
final count. To validate the results, the experiment
was repeated three times.

(b) Two-choice Bioassay

A procedure similar to the multiple-choice
bioassay was used (Abdel-Rahman et al., 2011, 38
and Ismail, 2018, 1339). However, in this setup,
the mesh bags were designed in a semi-circular
shape to allow for a more precise comparison of
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the results, the choice between each tested oil
versus its control (Fig. 3).

Petri dishes (14-cm in diameter) were used, with a
mesh fabric arranged inside them in an opposing
manner. The dishes were then securely sealed with
a tight-fitting lid. Each Petri dish was prepared to
include two different treatment conditions for
comparison. One  compartment  contained
approximately 20 grams of rice treated with one of
the tested plant oils, while the other compartment
held untreated rice as a control group.

B

Figure (3): Food-preference test (Two-choice bioassay).

Ten weevils were placed at the centre of each Petri
dish, equidistant from both compartments. The
dishes were left in complete darkness for 24 hours,
allowing the insects to choose between the treated
and untreated rice. After the designated period, the
distribution of insects within each section of the
dish was recorded. The mesh bags of treated rice
were carefully collected, and the number of
weevils in each half was counted to determine
their preference. Any weevil that did not settle in
either designated section was excluded from the
final analysis. To ensure result accuracy, the
experiment was repeated three times.

2.3.2. Area-Preference Test

To evaluate the repellent properties of each tested
oils in the absence of rice, an area preference test
was conducted based on the methodologies
described by Abdel-Rahman et al. (2011, 38), with
slight modification (Fig 4).

Test materials were prepared using Whatman filter
paper No. 1 (9 cm in diameter), which was divided
into two equal halves. The test oil was dissolved in
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acetone, and 0.3 ml of the solution was applied to
one half of the filter paper. The treated papers were
left to dry completely to ensure full evaporation of
the solvent.

During the test setup, the treated half of the filter
paper was attached to the untreated half (which
had been exposed to the solvent only) using
adhesive tape; to prevent any possible transfer of
oils between the opposite halves of treated filter
paper in each Petri dish., with a sufficient gap to
maintain accurate measurements.

Figure (4): Area-preference test.

Ten weevils were placed in the centre of each Petri
dish on the middle tape, randomly oriented to
minimize potential external influences on the
insects. Three replications were used for each
tested oil. Counts of the weevils present in each
half were made after 1-, 2-, 3-, 4-, 5- and 24-
hours after treatments.

The resulting data was statistically calculated by
the formula of Talukder and Howse (1993, 2465)
and the average repellency values were classified
to repellency classes based on the scale designed
by Juliana and Su (1983, 155), as described in the
following Data analysis section.

2.4 Data Analysis

- The results were calculated as mean + standard
deviation (SD) using Excel Program (Office 365).
- The percentage of change (Change%) was
calculated using the following formula:

Change % = [Treated value - control value) /
control value] x 100

Volume 2, July 2025



-To determine the statistical differences between
means, a paired sample t-Test was used to compare
values between the treated and control groups by
using “T test calculator online program”. The
statistical significance levels were classified as
follows:

“Highly significant” when (P<0.01), “Significant”
when (P<0.05) and “Not significant” if (P>0.05).
-Calculation of Percentage of repulsion (PR%) in
Area-preference tests was made using the formula
of Talukder and Howse (1993, 2465), as follows:
(PR %) = [(N-C)/C]*100

Where: N= number of weevils present in the
control half; C= total number of tested weevils in
the Petri dish.

Positive PR% (+) expressed repellency and
negative ones (-) expressed attractancy.

Average repellency values were classified as
repellency classes based on the scale designed by
Juliana and Su (1983, 155): Repellency classes:
(Repellency rate = Class): (<0.1=0), (0.1-20=1),
(20.1-40=I1), (40.1-60=I11), (60.1-80=1V) and
(80.1-100=V).

3. Results

In the present study, Repellency tests were
conducted to evaluate the effectiveness of five
essential oils: Basil, Clove, Lavender, Peppermint,
and Thyme, in repelling Sitophilus oryzae. The
study was performed under laboratory conditions
using three different bioassays: Food-preference
tests (multiple-choice and two-choice) and Area-
preference tests. Results of the repellency tests are
tabulated in Tables 2-4.

3.1 Food- preference tests

3.1.1 Multiple-choice bioassay

Table 2 represents the data of Multiple-choice
bioassay of the tested oils against S. oryzae. As
compared with the control, lavender oil
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demonstrated the strongest repellent effect with a
highly significant change of -46.7% (p<0.01). In
the second rank, thyme oil reveals also a highly
significant change of -27 (p<0.01) as compared
with controls. Basil oil showed a significant
change of — 33.5% (p<0.05).

On the other hand, Peppermint and clove oils
showed an insignificant change of -20.4% and
6.6% (p>0.05).

3.1.2 Two-choice bioassay

Table 3 represents the data of Two-choice
bioassay of the tested oils against S. oryzae. As
compared with the control, the ranking of the
tested oils in terms of repellent effectiveness
differed slightly. Thyme, lavender, clove and
peppermint oils showed a highly significant
repellent effect (-84.7, -57.1, -42 and -23.6%,
respectively, p<0.01).

In contrast, basil oil showed a significant attractant
effect (50%, p<0.05) which differ from the results
obtained with multiple-choice bioassays.

3.2 Area-preference tests

Table 4 represents the data of Area-preference
tests of the tested oils against S. oryzae. Lavender
oil once again exhibited the highest repellency (-
46.1%), classifying it as a Class Il repellent, the
highest repellency category in the present study.
While peppermint and thyme oils demonstrated
moderate repellent effects (-22.8%) and were
classified as Class Il repellents. Basil and Clove
oils showed weaker repellency, with rates of -
13.9% and -8.9%, respectively, placing them in
Class I, the lowest repellency category.

Based on the present findings, lavender
and thyme oils exhibited the highest repellency
effect against S. oryzae across all experiments.
Peppermint oil also demonstrated moderate
repellent effects. In contrast, Basil oil exhibited
weak repellent effects.
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Table 2: Repellency effect of the tested oils on food preference of S. oryzae as evaluated by the Multiple-choice
bioassay, at laboratory conditions.

Beetles found in sections% % t-Test
Treatment”)| Min. | Max. | Mean + SD Change p-value Significant
level®

Control 10 26.7 16.7 £ 6.7

Basil 0 26.7 11.1+104 -33.5 0.0161 *
Clove 10 23.3 17.8 £5.2 6.6 0.4803 ns
Lavender 6.7 10 89+1.5 -46.7 0.0001 *k
Peppermint | 3.3 20 13.3 £6.7 -20.4 0.0542 ns
Thyme 10 13.3 122 +1.5 -27 0.0007 ok

MThree replicates for each treatment, 30 beetles per replicate.
@Significant level: ns, insignificant (p>0.05); *, significant (p<0.05); **, highly significant (p<0.01)

Table 3: Repellency effect of the tested oils on food preference of S. oryzae as evaluated by the Two-choice
bioassay, at laboratory conditions.

% Beetles (Mean+SD) Y t-Test
Treatment” Control Treated C(ilange p-value Significant
level®
Basil 40 +20 60 =20 50 0.0382 *
Clove 63.3+8.9 36.7 £8.9 -42 0.0001 *k
Lavender 70 £ 6.7 30 +6.7 -57.1 0.0001 *k
Peppermint 56.7 + 8.9 43.3+8.9 -23.6 0.0034 *k
Thyme 86.7 +11.1 13.3+11.1 - 84.7 0.0001 *k

M Three replicates for each treatment, 10 beetles per replicate.
@Significant level: ns, insignificant (p>0.05); *, significant (p<0.05); **, highly significant (p<0.01)

Table 4: Repellency effect of the tested oils on Area-preference of S. oryzae as evaluated by using Area-
preference test after 6-time intervals, at laboratory conditions.

Treatment® Average repellency (hours after treatment)® Overall Repellency
th | 2h | 3h | 4h | 5h | 24n | average% class ®
Basil -13.3 | -16.7 -6.7 | -23.3 | -16.7 -6.7 -13.9 |
Clove -20 -10 -10 0 -6.7 -6.7 -8.9 |
Lavender -26.7 | -53.3 -46.7 -50 -46.7 -53.3 -46.1 111
Peppermint | -26.7 | -13.3 -26.7 | -13.3 | -20.0 -36.7 -22.8 11
Thyme -33.3 | -26.7 -30 -13.3 | -30.0 -3.3 -22.8 11

@ Average of three replicates, 10 beetles per replicate.

@Repellency class: repellency value<0.1=class 0, 0.1-20=I, 20.1-40=1I, 40.1-60= 111, 60.1-80= 1V, 80.1-100= V.
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4. Discussion

The increasing concern to avoid the
negative impacts of chemical insecticides has
accelerated the search for alternative eco-friendly
pest management strategies. Among those,
essential oils (EOs) extracted from aromatic plants
which have demonstrated promising insecticidal
and repellent activities against stored product pests
such as Sitophilus oryzae (Al-Harbi et al., 2021,
2).

The current study emphasizes the potential
use of essential oils as eco-friendly repellents for
managing Sitophilus oryzae infestations in stored
rice. Through a series of laboratory experiments,
food-preference tests (including multiple-choice
and two-choice bioassays) and area-preference
tests, the repellent activity of five essential oils
(basil, clove, lavender, peppermint, and thyme)
were thoroughly assessed.

In the present investigation, the multiple-
choice bioassay showed that lavender and thyme
oils is the strongest repellent oils comparing with
the control. While basil oil showed a significant
repellency effect. On the other hand, Peppermint
and clove oils showed an insignificant effect as
compared with the control. Concerning the two-
choice bioassay, Thyme, lavender, clove and
peppermint oils showed a highly significant
repellent effect comparing with the control. In
contrast, basil oil showed a significant attractant
effect, which differ from the results obtained with
multiple-choice bioassays. Area-preference tests
revealed that lavender oil once again exhibited the
highest repellency (Class Il1). While peppermint
and thyme oils demonstrated moderate repellent
effects (Class Il). Basil and Clove oils showed
weaker repellency, (Class 1). Based on the present
findings, lavender and thyme oils exhibited the
highest repellency effect against S. oryzae across
all experiments. Peppermint and clove oils also
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demonstrated moderate repellent effects. In
contrast, Basil oil exhibited weak repellent effects.

The study results concluded that the
lavender oil is a promising candidate for
developing eco-friendly pest management
strategies against stored-product insects as it
showed a strong repellency effect through
different research bioassays against the rice
weevil.

The promising results of lavender oil in
different repellency tests were in accordance with
the findings of Mahfuz et al. (2023, 37). They
stated that lavender oil showed very high repellent
effect against S. oryzae. Their results showed that
the highest repulsion effect of lavender oil was
observed after 5 hours of exposure (Class V) after
the area-preference tests. Also, Al-Harbi et al.
(2021, 13) found that lavender oil achieved 100%
mortality after 24 and 48 hours of exposure against
S. oryzae adults. Besides, the oil was recorded
high repellence activity against S. oryzae with a
value of 77.5% after 5 h of exposure (Al-Harbi et
al., 2021, 15). As well, Alkan et al. (2021, 405)
stated that lavender oil has shown a remarkable
potential eco-friendly insecticidal agent against
Sitophilus granarius, a close relative of S. oryzae.
The authors tested essential oils which were
extracted from three commercial lavender
cultivars. The oils exhibited varying levels of
fumigant, contact, and repellent activity under
laboratory conditions. In addition, Germinara et al.
(2017, 135) found that lavender oil showed a
significant repellent activity against S. granaries
on wheat. In filter paper-disc bioassays, oil
repellency reached Class V (>80%) and in arena-
choice assays, the oil disrupted insect orientation
even when wheat grain odours were present.

Chemical analysis of lavender oil made by
Al-Harbi et al. (2021, 9-10) provided further
insight into the bioactive components of the oil,

Volume 2, July 2025



such as eucalyptol, lavandulyl acetate, and
eugenol. These constituents are known for their
neurotoxic, fumigant, and repellent properties,
which likely contribute to the observed toxicity
and repellent activities. In the present study,
similar trends were observed, and the presence of
these compounds in lavender oil is consistent with
its obvious repellent effect.

Additionally, the present study findings

demonstrate that thyme oil exhibits significant
repellent properties against the rice weevil. In
multiple-choice bioassays, it showed a 27%
reduction in insect preference comparing with the
control. While the two-choice bioassay revealed
the highly significant repellent effect with more
striking decline of about 84.7% in the weevils’
preference, and it was ranked Class-Il in the
repellent categories.
Saad et al. (2017, 926) evaluated a variety of
botanical oils (including thyme) as ecofriendly
alternatives for controlling rice weevils using
fumigation techniques. Their study found that
thyme oil exhibited only a delayed toxic effect,
with significant mortality only appearing after 72
hours of exposure, making it the least effective
among the oils they tested. This suggests that
while thyme oil may not serve optimally as a fast-
acting toxicant, its repellent properties play a
crucial role in deterring infestations, thereby
limiting potential damage before the pests have a
chance to multiply on stored grains. Similarly,
Abd EI-Salam (2010, 3) concluded that the thyme
oil may not have a rapid toxic effect but can deter
insects and that deterrent effect is highly valuable
for managing insect infestations in stored grains.

The repellent effect of the thyme oil apparent in
the present study can likely be attributed to major
constituents such as thymol and carvacrol, which
appear to stimulate the chemosensory pathways of
the insects and trigger avoidance responses
(Hossain et al., 2019, 1441)
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In the present investigation, basil oil
showed significant repellent effect in the multiple-
choice test, ranked Class-I repellency in area-
preference bioassay. On the other hand, it showed
a significant attractive effect in the two-choice
bioassay. These results highlight that basil oil can
be effective, but its efficacy is highly
concentration-dependent and may vary with
application method (Maia and Moore, 2011, 9-10).
The present findings are somewhat in accordance
with the studies of Popovi¢ et al. (2006, 38) and
Seada et al. (2016, 4), who investigated the
toxicity and repellency effects of basil oil against
Sitophilus oryzae. Their results showed that the
basil oil caused significant mortality and
repellency effects, which were concentration- and
time-dependent, in both two- and multiple-choice
bioassays. Besides, Al-Harbi et al. (2021, 13-14)
found that the basil oil recorded the highest
repellence activity against S. oryzae with a value
of 82.3% after 5-hours of exposure.

These findings agree with those of Popovi¢ et al.
(2006, 38), who reported that basil essential oil
exhibited notable mortality (30.7% after 48 h),
repellency (72.5% after 48 h), and significant
inhibition of F1 progeny (only 14.5 offspring
compared to 208.6 in the control).

Basil oil is well-known by its antibacterial and
antifungal activities, besides have deterring effect
on some insects due to the presence of thujone,
camphor, linalool,1,8-cineole, methylchaviol
which have been reported to exert neurotoxic
effects on insects by inhibiting
acetylcholinesterase activity. Such compounds
may act through contact toxicity, repellency, and
disruption of reproductive processes (Seada et al,
2016, 9; Popovi¢ et al., 2006, 39).

Results of above-mentioned research concerning
basil oil are different from the present results

which may stem from variations in concentration,
purity, or experimental conditions.
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In the present investigation, peppermint
oil showed an insignificant effect in multiple-
choice food-preference test (p>0.05), ranked
Class-I repellency, whereas it showed highly
significant repellent effect in two-choice food
preference tests.

The present results are somewhat different from
the findings of Aarthi et al. (2022, 362) who bio-
assayed the repellency effects of two different
species of mint oils against S. oryzae. They found
that spearmint oil showed the highest repellent
activity (Class 1V repellency), followed by
peppermint oils, which also displayed class I11 and
IV repellency at higher doses.

The chemical composition of the oils plays a
pivotal role in their bioactivity. GC-MS analysis
revealed that Spearmint oil rich in carvone and
limonene, whereas peppermint oil contains higher
concentrations of menthol and menthone (Remesh
et al., 2023, 5). These constituents are well-
documented for the difference between the
repellency effects of the different plant species.

Therefore, the fluctuations in the repellent effects
of peppermint oil in the present study can be
attributed to the type of repellency tests, where
insects interact differently with different methods
of repellent bioassays, and the kind of the tested
oil (Maia and Moore, 2011, 9-10).

Finally, clove oil exhibited varying
repellent effects against Sitophilus oryzae across
different types of bioassays. In the two-choice
bioassay, clove oil showed a significant repellent
effect of -42% (p<0.01), indicating strong efficacy
in repelling the insect. However, its effect was
considerably weaker in the multiple-choice
bioassay and the area-preference test, with
repellency rates of 6.6% and -8.9%, respectively.
This variation suggests that the repellent efficacy
of clove oil may be influenced by the type of
bioassay and  surrounding  environmental
conditions.

These results are consistent with findings by Maia
and Moore (2011, 9-10) and Gitahi et al. (2021, 9)
who reported that the effectiveness of clove oll
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against S. oryzae varies depending on the
experimental setup, showing stronger effects in
direct-choice tests compared to multiple-choice
assays. Therefore, the repellent mechanism of
clove components can be attributed to this process,
where insects interact differently with the methods
of repellent tests, as shown before with peppermint
oil.

Besides, the current results are in harmony with
results of Viteri Jumbo et al. (2014, 32) who
determined evaluated the insecticidal and repellent
activities of clove oil against the bean weevil,
Acanthoscelides obtectusin. Their results indicate
clove oil showed toxicity effects, but it appears a
weak repellent for the grain weevils. They
concluded that the repellent effect of clove leaf oil
was a comparatively lower effect than the stem oil;
the leaf oil exerted nearly half of the effect of stem
oil. This variable efficacy of clove oil in the
present results could be linked to its volatile
composition, which may degrade rapidly in certain
conditions, as noted by Maia and Moore
(2011,10).

The repellent mechanism of plant oil can be
attributed to the chemical signals that are
perceived and processed in the olfactory centers of
the central nervous system in response to odor
molecules emitted in the insect’s environment.
This process affects ion transport and in turn the
release of acetylcholine esterase which hydrolyses
acetylcholine responsible for signal (Lopez and
Pascual-Villalobos, 2010, 284; Agrahari and
Mishra, 2024, 102). For a phytochemical
component to act as a repellent, it must be volatile
enough for its molecules to meet the insect's
olfactory sensory organs and generate an odor
perception. This ultimately leads to behavioral
changes triggered by olfactory stimulation, which
is essential for understanding the mechanisms of
insect attraction and repellency (Gitahi et al.,
2021, 9). As revealed in the present results, the
plant oils tested showed different repellent effects
against rice weevils.
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5. Conclusion:

Based on the present findings, lavender
and thyme oils exhibited the highest repellency
effect against S. oryzae across all experiments,
making them the most promising candidate for use
as a natural insect repellent. Peppermint oil also
demonstrated moderate repellent effects, making
them potential alternatives. In contrast, Basil oil
exhibited weak repellent effects, indicating its
limited use in managing S. oryzae. In general, the
present results support the potential of essential
oils as natural and environmentally friendly
alternatives to chemical insecticides, contributing
to the protection of stored grains without harming
human health or the environment.

Further research is needed to isolate the bioactive
compounds, evaluate their activity, and assess the
potential use of such plant oils widely in grain
stores. The present work net results are consistent
with  Egypt’s 2030 plan for
development and going green.

sustainable

Acknowledgement

The authors are sincerely appreciating and show
gratitude to the research project supervisor Dr/
Eman Hassan Ismail, Associate Professor of
Entomology, Biological and Geological Sciences
Department, Faculty of Education, Ain Shams
University. We appreciate her for all the support
and valuable advice starting with choosing the
research point, teaching, training, and participating
us in all the steps of the scientific research which
provides all the facilities that contributed greatly to
the progress of this work.

Additionally, we would like to thank the head of
the Department of Biological and Geological
Sciences, Prof Dr. Hanan Helmy Latif and the
dean of Faculty of Education, Prof. Dr. Safaa

Shehata for their continuous advice and support.

12

Basic Sciences Sector, Department of Biological and Geological Sciences, 102

References

Abd El-Salam, A. M. E. (2010). Fumigant toxicity
of seven essential oils against the cowpea weevil,
Callosobruchus maculatus (F.) and the rice
weevil, Sitophilus oryzae (L.). Egyptian Academy
of Biological Journal of Biological Sciences, 2(1):
1-6.

Abdel-Rahman, H. A., Hassanein A. H. M.,
Elkattan N. A. I., & Ismail E. H. (2011).
Evaluation of twenty botanical extracts and
products as sources of repellents, toxicants and
protectants for stored grains against the Almon
Moth, Cadra cautella. Functional Plant Science
and Technology, 5: 36-44.

Agrahari, P., & Mishra, B. B. (2024).
Formulation based management of plants product
as essential oils against stored grain insect pests
Sitophilus oryzae L. (Coleoptera:

Curculionidae). Journal of Biopesticides, 17(2),
98-105.

Akter, M., & Akter, S. (2016). Effect of botanicals
against Sitophilus oryzae on wheat grain in
laboratory. European International Journal of
Science and Technology; 5(7): 51-57.

Al-Harbi, N. A., Al Attar, N. M., Hikal, D. M.,
Mohamed, S. E., Abdel Latef, A. A. H., Ibrahim,
A. A., & Abdein, M. A. (2021). Evaluation of
Insecticidal Effects of Plants Essential Oils
Extracted from Basil, Black Seeds and Lavender

against Sitophilus oryzae. Plants, 10(5), 829.

Volume 2, July 2025



Al-Harbi, N. A., Al Attar, N. M., & Hikal, D. M.
(2021). Evaluation of Insecticidal Effects of Plants
Essential Oils Extracted from Basil, Black Seeds
and Lavender against Sitophilus oryzae. Plants, 10
(829): 2-5.

Alkan, M., Guzel, M., Aksit, H., Bagdat, R. B.,
Alkan, F. R., & Evlice, E. (2021). Chemical
components and insecticidal effects of essential
oils from three lavender cultivars against adult
Sitophilus granarius (L., 1758) (Coleoptera:
Curculionidae). Turkish Journal of Entomology,
45(4), 405-416.

Arabi, F. (2008). Chemical Composition and
Insecticide Activity of Essential oil from
Perovskia abrotanoids (Lamiacea) against
Sitophilus oryzae (Coleoptera: Curculionidae) and
Tribolium castaneum (Coleoptera:
Tenebrionidae). International Journal of Tropical

Insect Science, 28 (3): 2-8.

Aarthi, K., Shanthi, M., & Srinivasan, G. (2022).
Repellent toxicity of mint essential oils against
rice weevil, Sitophilus oryzae L. The Pharma
Innovation Journal, 11(9), 362—-368.

Deepthi, N.,

Comparative

& Manjunatha, M.

development of rice

(2015).
weevil,
Sitophilus oryzae (L.) in stored split legumes.
Journal of Eco-friendly Agriculture, 10(2): 180-
183.

Gitahi, S. M., Piero, M. N., Mburu, D. N., &
Machocho, A. K. (2021). Repellent effects of

13

Basic Sciences Sector, Department of Biological and Geological Sciences, 103

selected organic leaf extracts of Tithonia
diversifolia (Hemsl.) A. Gray and Vernonia
lasiopus (O. Hoffman) against Sitophilus zeamais
Motschulsky (Coleoptera:

Scientific World Journal, 1: 1-13.

Curculionidae).

Germinara, G. S., Stefano, M. G., De Acutis, L.,
Pati, S., Delfine, S., De Cristofaro, A., & Rotundo,
G. (2017). Bioactivities of Lavandula angustifolia
essential oil against the stored grain pest Sitophilus
granarius. Bulletin of Insectology, 70 (1), 129-
138.

Hossain, F., Follett, P., Salmieri, S., Vu, K. D.,
Harich, M., & Lacroix, M. (2019). Synergistic
Effects of Nanocomposite Films Containing
Essential Oil Nanoemulsions in Combination with
lonizing Radiation for Control of Rice Weevil
Sitophilus oryzae in Stored Grains. Journal of
Food Science, 84 (6), 1439-1447.

lleke, K. D., & Ogungbite, O. C. (2014).
Entomocidal activity of powders and extracts of
four medicinal plants against Sitophilus oryzae
(L), Oryzaephilus mercator (Faur) and Ryzopertha
dominica (Fabr.). Jordan Journal of Biological
Sciences, 7(1), 57-62.

Ismail, E. H. (2018). Toxicity, repellency and
latent effects of some medicinal oils against
castaneum

Tribolium confusum and T.

(Coleoptera: Journal  of
Entomology and Zoology Studies, 6 (3): 1337—

1347.

Tenebrionidae).

Volume 2, July 2025



Juliana, G. & Su, H. C. F. (1983). Laboratory
studies on several plant materials as insect
repellents for protection of cereal grains. Journal

of Economic Entomology, 76: 154-157.

Kain, P., Boyle, S. M., Tharadra, S. K., Guda, T.,
Pham, Ch., Dahanukar, A., & Ray, A. (2013).
Odour receptors and neurons for DEET and new
insect repellents. Nature, 502(7472): 507-512.

Kedia, A., Prakash, B., Mishra, P. K., Singh, P., &
Dubey, N. K. (2016). Botanicals as ecofriendly
biorational alternatives of synthetic pesticides
against Sitophilus oryzae (L.) and Tribolium
castaneum (Herbst). Journal of Food Science and
Technology, 53(1), 1-18.

Lopez, M. D., & Pascual-Villalobos, M. J. (2010).
Mode of inhibition of acetylcholinesterase by
monoterpenoids and implications for pest control.
Industrial Crops and Products, 31 (2): 284-288.

Maia, M. F., & Moore, S. J. (2011). Plant-based
insect repellents: a review of their efficacy,
development and testing. Malaria Journal, 10(1):
1-15.

Mahfuz, I., Khatun, R., Jahan, N., Akhter, R., &
Mahdi, S. H. A. (2023). Repellent effect of
lavender and rosemary essential oil against
Tribolium casteneum and Sitophyllus oryzae.
International Journal of Entomology Research,
8(1): 36-41.

14

Basic Sciences Sector, Department of Biological and Geological Sciences, 104

Mahfuz, 1., Khatun, R., & Jahan, N. (2023).
Repellent effect of lavender and rosemary
essential oil against Tribolium casteneum and
Sitophyllus oryzae. International Journal of

Entomology Research, 8(1): 36-41.

Popovi¢, Z., Kosti¢, M., Popovi¢, S., & Skorié, S.
(2006). Bioactivities of essential oils from basil
and sage to Sitophilus oryzae L. Biotechnology
and Biotechnological Equipment, 20(1), 36-40.

Remesh, A. V., Patole, R. P., & Babu, C. S. V.
(2023). Biorational potential of Mentha essential
oils of Indian origin: Comparative note on
insecticidal  efficacy, fumigant persistence,
oviposition deterrence of Sitophilus oryzae. Food

Bioscience, 541(02932): 1-11.

Saad, A. S. A, Elsayed, H. M. T., & Metraw, H.
L. (2017).

alternatives for controlling the

Botanical oils as eco-friendly
rice weevil
Sitophilus oryzae. Alexandria Science Exchange

Journal, 38(4): 921-932.

Saad, M. M., Abou-Taleb, H. K., & Abdelgaleil,
S. A. (2018).

monoterpenes and

Insecticidal activities of

phenylpropenes against
Sitophilus oryzae and their inhibitory effects on
acetylcholinesterase and adenosine
triphosphatases.

Zoology, 53(2): 173-181.

Applied Entomology and

Seada, M. A. R., Abo Arab, R., Adel, I., & Seif, A.
I. (2016). Bioactivity of essential oils of basil,

fennel, and geranium against Sitophilus oryzae

Volume 2, July 2025



and Callosobruchus maculatus: Evaluation of
repellency, progeny production and residual
activity. Egyptian Journal

Biology (Zoology), 12(1), 1-12.

of Experimental

Singh, S. D., Sharma, K., Bhatia, S., & Singh, A.
(2017). Effect of various plant powders on rice
weevil, S. oryzae (Linn.) in stored wheat. Journal
of Environmental Biology, 38: 501-508.

Talukder, F. A., & Howse, P. E. (1993). Deterrent
and insecticidal effects of extracts of pithraj,
Aphanamixis polystachya (Meliaceae) against
Tribolium Castaneum in storage. Journal of
Chemical Ecology, 19: 2463-2471.

Tangadi, R. R., Jadhav, G. S., Devarshi, A. A., &
Yankanchi, S. R. (2021). Efficacy of plant
essential oils against rice weevil, Sitophilus oryzae
L. Journal of Biopesticides, 14(1), 22-26.

Tayeb, E. H. M., Saad A. S. A., Mackled, M. 1.,
Kordi, A. M. A., & Ahmed, A. E. (2018).
Botanical powders and essential oils alone or
carried on Celatom as rice protectants against the
rice weevil Sitophilus oryzae (Curculionidae).
Current Science International 7(4): 508-515.

Thulasy, S., Murugan, N. J., Thamizhanban, K.,
Gudla, K., Kolanchi, P., & Thiyagarajan, E.
(2025). Essential oil of garlic, Allium sativum L.:
A promising alternative for the management of
Sitophilus oryzae (L.). Plant Science Today, 12(1):
1-12.

15

Basic Sciences Sector, Department of Biological and Geological Sciences, 105

T test calculator online program: GraphPad
QuickCalcs T Test

Viteri Jumboa, L. O., Léda, R. A., Faroni, B,
Oliveira, E. E., Pimentel, M. A., & Silva, G. N.
(2014). Potential use of clove and cinnamon
essential oils to control the bean weevil,
Acanthoscelides obtectus Say, in small storage

units. Industrial Crops and Products, 56: 27-34.

Volume 2, July 2025


https://www.graphpad.com/quickcalcs/ttest1/?format=SD
https://www.graphpad.com/quickcalcs/ttest1/?format=SD

	__التنميه_المستدامة_والتحول_الاخضر_وعلاقتها_بالبيولوچية_الجزيئية_والهندسة_الوراثية_
	Cinnamon research(final)_111402
	Enhancing secondary school students' awareness regarding the beneficial and harmful effects of insects
	Final Manuscript Prof.Dr. Hanaa Aboelwafa 
	Geoenvironmental Assessment of Household Dust in Some Areas of Greater Cairo
	Graduation project 2025_226
	group 250 graduation project
	Ibuprofen -final_124355
	In Vivo Toxicity Assessment of The Effects of Heated Palm oil on Mice
	In Vivo Toxicity Assessment of The Effects of Heated Palm oil on Mice
	Farah Yasser Ahmed, Fatima Mahmoud Elsayed, Mariem Ahmed Ismail, Mariz Malak Artin, Shahd Elsayed Elsayed, Shahd Essam Abd Elbasset, Verena Atef Adel
	biology2022_e39@edu.asu.edu.eg , biology2022_e38@edu.asu.edu.eg , biology2021_e41@edu.asu.edu.eg , biology2022_e66@edu.asu.edu.eg , biology2022_e34@edu.asu.edu.eg , biology2022_e35@edu.asu.edu.eg , biology2022_e40@edu.asu.edu.eg
	Ain Shams University, Faculty of Education, Bachelor of Science and Education (Preparatory and Secondary) Specialization: Biological Sciences (English)
	Supervisor: Dr. Sally Ramadan Gabr Eid El-Ashry, Lecturer of Zoology
	Department of Biological and Geological Sciences
	Faculty of Education
	Ain Shams University
	sallyramadan@edu.asu.edu.eg
	In Vivo Toxicity Assessment of The Effects of Heated Palm oil on Mice
	Abstract
	Palm oil is a common cooking oil, but repeated heating can induce harmful chemical changes. This study investigated the adverse effects of fresh and heated palm oil on oxidative stress, liver histopathology, and genotoxicity in vivo using an mice mode...
	Key Words
	Palm oil, Bone marrow cells, Liver cells, Micronucleus Test, Oxidative Stress Markers
	1. Introduction
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	4. Results
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	As shown in the figure (1), the percentage increase in body weight in the control group was 25.2 ± 2.8%. Group 2 exhibited a statistically significant increase in body weight (27.9 ± 1.5%) compared to the control group. Conversely, Group 3 demonstrate...
	4.2 Micronucleus test
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	4.3 Histological and histopathological observations
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	4.4 Oxidative stress markers
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	4.2 Superoxide Dismutase (SOD) Activities
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	4.4 Glutathione Peroxidase (GPx) Activity
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	Abstract
	1. Introduction:
	Water is the foundation of life, playing a crucial role in various physiological and ecological processes. In animals, water is necessary for maintaining cellular homeostasis, metabolic functions, thermoregulation, and overall survival. At the cellula...
	Dehydration, on the other hand, can have severe consequences on animal health, including reproductive issues, endocrine disruptions and impaired kidney function. Water deprivation can also lead to oxidative stress, which can cause DNA damage, genetic ...
	The effects of dehydration on animal health are multifaceted. Impaired kidney function can lead to a decrease in renal blood flow and an increase in medullary interstitial osmolality, leading to kidney damage and potentially even kidney failure (Turne...
	Oxidative stress, which arises from an imbalance between the production of reactive oxygen species (ROS) and the capacity of antioxidant defenses, is a recognized key factor in inducing DNA damage. This damage includes base modifications, strand break...
	Cells have developed various antioxidant defenses to counteract the effects of oxidative stress. These defenses include enzymes such as superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx), which work to degrade ROS and prevent...
	The need for further research in this area is evident. Despite the importance of water in maintaining animal health, there is still much to be learned about the effects of dehydration and oxidative stress on animal health. Further research is needed t...
	This study aimed to investigate the toxic effects of water deprivation on kidney and bone marrow of mice. The investigation utilized oxidative stress marker analysis and histopathological analysis of the kidney to assess renal toxicity. Additionally, ...
	This study aimed to investigate the toxic effects of water deprivation on kidney and bone marrow of mice. The investigation utilized oxidative stress marker analysis and histopathological analysis of the kidney to assess renal toxicity. Water deficien...
	2. Theoretical Framework:
	Smith (2020) highlighted that global water usage trends are deeply entwined with sustainable development and economic advancement, emphasizing the need for adaptive planning. Hanasaki et al. (2012) linked water scarcity with broader environmental stre...
	Mekonnen et al. (2020) demonstrated a correlation between water shortages and violent conflicts, a link echoed by Ward & Ruckstuhl (2020), who noted the strategic targeting of water infrastructure in conflict zones. Zhang et al. (2021) stressed that i...
	Dehydration compromises essential physiological functions. Smith et al. (2020) found it disrupts cellular metabolism, while Williams & Clark (2018) associated chronic water deficiency with kidney and liver dysfunction. Gomez & Lee (2019) and Zhang et ...
	Gottlieb et al. (2006) identified water deprivation as a state activating the renin-angiotensin system, while Shen et al. (2007) and Levey et al. (1986) observed hematological changes including reduced erythropoiesis under deprivation. These changes m...
	Singh et al. (2023) linked oxidative stress to premature erythrocyte damage, a central mechanism in anemia. Al-Farsi et al. (2022) and Vaziri et al. (2019) found that iron overload in renal dysfunction is exacerbated by oxidative stress and impaired h...
	Faraco et al. (2014) and Halliwell & Gutteridge (2015) demonstrated that water deprivation increases oxidative load in neural and systemic tissues. Podkowińska & Formanowicz (2020) showed its role in vascular and renal dysfunction, contributing to chr...
	Oxidative stress also affects DNA integrity. Kryston et al. (2011) and Marnett (2000) explained that prolonged ROS exposure damages DNA, resulting in genomic instability and carcinogenesis. Petersen et al. (1998), Halliwell et al. (1991), and Grollman...
	Telomeric DNA, particularly vulnerable due to its guanine richness, is significantly affected by oxidative stress (Von Zglinicki et al., 2000; Opresko et al., 2005). These alterations disrupt telomerase activity and compromise genome maintenance (Coun...
	Micronuclei (MN), nucleoplasmic bridges (NPBs), and nuclear buds (NBUDs) represent visible biomarkers of genotoxic events, linked to chromosomal breakage or missegregation (Fenech & Crott, 2002; Shimizu et al., 2000). Studies by Krishna & Hayashi (200...
	Bonassi et al. (2007) and Samanta & Dey (2012) highlighted the clinical relevance of micronucleus frequency as a predictor of cancer risk. Krishna & Hayashi (2000) further explained the mechanisms behind micronucleus formation and how immunological ma...
	3. Materials and Methods:
	3.1. Animals:
	Male CD-1 albino mice (Mus musculus), aged between 6 and 8 weeks and weighing around 25±5g, were sourced from Theodore Billiharz institute for research in Cairo. In this study, we used 40 mice, housed them in cages in our laboratory, and allowed them ...
	3.2. Animal Housing and Maintenance:
	Animals were accommodated in acrylic cages, maintained under controlled laboratory conditions, and photoperiod (12:12 light-dark cycle). Prior to experimentation, animals underwent a one-week acclimation period. A standard rodent pellet diet and water...
	3.3. Experimental design:
	40 mature male albino mice of nearly at the same age were individually weighed and randomly assigned to 4 group as the following: Group 1 (Control group): Members of this group received ad libitum water. Group 2 (Timed group): Members of this group re...
	3.4. Body Weight Measurements
	Each mouse’s body weight was weighed using a digital scale at the beginning of the experiment, after one week of treatment and on the day of sacriﬁcing.
	3.5. Oxidative Stress Markers Analysis:
	CAT test: Kidney were obtained and promptly fixed in formalin to ensure stabilization. Subsequently, the samples were processed and homogenized. The activity of catalase (CAT) was assessed spectrophotometrically by tracking the rate of hydrogen peroxi...
	SOD test: The nitroblue tetrazolium (NBT) reduction assay is a widely used method to measure superoxide dismutase (SOD) activity by assessing the enzyme's ability to inhibit NBT reduction by superoxide radicals. Key reagents include phosphate buffer w...
	GPX test: Glutathione Peroxidase (GPX) is an essential antioxidant enzyme that protects cells by reducing hydrogen peroxide and lipid peroxides to harmless products, using reduced glutathione (GSH), which is converted into glutathione disulfide (GSSG).
	Measuring GPX activity is useful for assessing oxidative stress. Two widely used methods include:
	Rotruck et al. (1973): In this method, a biological sample is mixed with GSH and hydrogen peroxide. GPX catalyzes the reaction, and the remaining GSH is measured using Ellman’s reagent, producing a yellow color read at 412 nm.
	Kokatnur & Jelling (1993): This method adds glutathione reductase and NADPH to recycle GSSG back to GSH, allowing continuous measurement. NADPH consumption is monitored, as it correlates directly with GPX activity.
	Both methods reflect how effectively the body can neutralize oxidative threats. While sensitive and informative, they require fresh, properly handled samples and can be affected by interfering substances.
	3.6. Histopathological Analysis
	Each group's kidney specimens were removed, fixed in 10% formalin, washed in 70% alcohol, dried with decreasing alcohol concentrations, embedded in paraffin, sectioned using a microtome at a 5 μm thickness, and stained with the following dyes: 1. For ...
	3.7. Micronucleus Test:
	In this study, we followed Schmid’s standard micronucleus test procedure (Schmid, 1976) with a slight modification. Instead of using fetal calf serum, we used 5% bovine albumin (obtained from the National Research Center, Giza, Egypt) as the suspendin...
	1. At the end of the experiment, the mice were sacrificed, and their femurs were removed. The ends of the bones were trimmed, and a blunt needle was inserted to access the bone marrow.
	2.  The bone marrow was flushed out using a syringe filled with 5% bovine albumin to create a fine suspension. This suspension was then centrifuged at 1000 rpm for 8 to 10 minutes. After centrifugation, the liquid supernatant was discarded, and a smal...
	3. A small drop of the bone marrow suspension was placed on a slide, and a smear was made (3–4 slides per animal). The slides were air-dried overnight, then fixed in methanol for 5 minutes. After drying, they were stained first with May-Grunwald stain...
	4. The slides were then stained with Giemsa stain and a buffer solution (pH 6.8) to highlight micronuclei. After washing with distilled water and buffer, the slides were dried and mounted for analysis.
	5. For each animal, 2000 polychromatic erythrocytes (PCEs) were examined under a microscope, and the number of micronucleated PCEs (MNPCEs) was recorded. Normochromatic erythrocytes (NCEs) were also counted, and the percentage of MNPCEs and the PCE/NC...
	3.8 Data Analysis:
	Statistical analysis was performed using SPSS software (version 16.0) on a personal computer. Data are presented as mean ± standard deviation. To determine significant differences between groups, independent samples T-tests were conducted. A p-value <...
	4. Results
	4.1 Body Weight
	The body weight of the albino rats during the study was significantly different between the groups. The highest increase in body weight was observed in Group 3, while the lowest final body weight was recorded in Group 4, being approximately 26.03% an...
	Figure 1. Percentages of changes between nitial and final body weights in the control and treated groups.
	The activities of oxidative stress enzymes in kidneys of albino mice Mus Musculus in the control and treated groups, values expressed as (mean ± SD). Their activity expressed as unit U mg-1 protein. (n=3 animals for each four groups). SOD=Superoxide ...
	The treated groups (Group 2, Group 3, and Group 4) showed a marked decrease (p<0.05) in the activity of antioxidant enzymes
	compared to the control group (Group 1). Specifically, the catalase (CAT) activity decreased significantly in Group 2 (3.3433 ± 0.09504), Group 3 (2.9767 ± 0.12220), and Group 4 (2.0700 ± 0.09539) when compared to Group 1 (4.6733 ± 0.14048). Similarly...
	Table 1: represents the mean and standard deviation of micronucleated polychromatic erythrocytes (MNPCEs) and PCEs/NCEs ratio in 6000 polychromatic erythrocytes (PCEs) and corresponding normochromatic erythrocytes (NCEs) scored in the bone marrow of t...
	* Significant (P < 0.05)
	* Highly significant (P < 0.001)
	Figure 8: Bone marrow smears of Mus musculus showing polychromatic erythrocytes (PCE), normochromatic erythrocytes (NCE), and micronucleated polychromatic erythrocytes (MnPCE). (a) Control group, (b) Group 2, (c) Group 3, (d) Group 4. The scale bar is...
	5. Discussion
	6. Conclusion
	This study demonstrates that water deprivation has significant toxicological effects on mice, particularly targeting the kidney and bone marrow. The findings revealed that limited water intake induces oxidative stress, leading to measurable biochemica...
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	يُعدّ الماء عنصرًا أساسيًا لاستمرار الحياة، ويمكن أن يؤدي الحرمان منه إلى عواقب صحية وخيمة على الإنسان. ومع تفاقم أزمة ندرة المياه على مستوى العالم، والتي تؤثر على ملايين الأشخاص، تبرز الحاجة الشديدة إلى فهم التأثيرات السُمّية للحرمان من الماء على الأ...
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	المستخلص
	1. المقدمة
	يُعنى علم الأحياء كأحد فروع العلوم، بالكائنات الحية وعملياتها الحيوية. ويشمل هذا العلم العديد من المجالات المتنوعة، مثل علم النبات وعلم الحيوان. و هناك العديد من الفروع التي يشملها علم الحيوان ، مثل علم الأحياء الدقيقة، وعلم الأحياء الجزيئي، وعلم وظائ...
	تُهتم دراسة التكيف في علم الأحياء بكيفية تفضيل الانتقاء الطبيعي لبعض السمات، مما يُمكّن الأنواع من الازدهار في ظل ضغوط بيئية متنوعة. و يزيد من فهم استجابة الكائنات الحية لتغيرات المناخ ( Fairbairn ،1998 ، (503–504 .
	أوضحت دراسة Tindan) ، 2024، 36-29) أن كثرة المصطلحات العلمية المعقدة في مادة الأحياء في المدارس الثانوية العليا بغانا قد أعاقت عملية الفهم. ومن خلال آراء 157 طالبًا، ظهرت مطالب ملحّة بضرورة دمج تجارب عملية أكثر خلال الدروس، إلى جانب الاعتماد على وسائل...
	يُستخدم مصطلح "صعوبات التعلم" في السياقات التعليمية لوصف الأطفال الذين يعانون من صعوبات في التعلم.. قد تكون لصعوبات التعلم أسباب داخلية، بما في ذلك اختلافات في النمو العصبي، أو ضعف حسّي، أو مشاكل سلوكية، أو مشاكل نفسية، أو أسباب خارجية، مثل التفاعلات ...
	تُشير "صعوبات التعلم" إلى اضطرابات عصبية تؤثر على قدرة الفرد في اكتساب أو استخدام مهارات معينة مثل القراءة أو الكتابة أو الحساب، على الرغم من امتلاكه لقدرات عقلية طبيعية أو فوق المتوسطة، وهي غالبًا دائمة وتتطلب استراتيجيات تدريسية خاصة .أما معوقات الت...
	تسعى هذه الدراسة إلى تحديد التحديات التي يواجها الطلاب في محاولتهم فهم التكيفات الهيكلية للأنواع في البيئات المائية من خلال تحليل محتوى كتاب العلوم المتكاملة للصف الأول الثانوي، كما تهدف إلى تقييم فهم الطلاب للدرس، والتأكد من وجود ضرورة إلى تغيير محتو...
	2.  الإطار النظري
	أظهرت العديد من الدراسات بعض التحديات التي يواجهها الطلاب في تعلمهم، ومنها: دراسة بعنوان -Active Learning Not Associated with Student Learning in a Random Sample of College Biology Courses وضحت هذه الدراسة العلاقة بين استخدام أساليب التعلم النشط وفهم ...
	-Effect of Area on Learning Difficulties in Biology Subject، تهدف هذه الدراسة إلى مقارنة تحديات تعلم الأحياء بين تلاميذ المناطق الريفية والحضرية في المدارس الثانوية بمنطقة غانديناغار. حيث جُمعت البيانات من عينة عشوائية قوامها 1200 طالب، و اختير 600 من...
	-Exploring students’ perceived difficulties of learning biology ركزت هذه الدراسة على الصعوبات لدى طلاب المرحلة الثانوية العليا في تعلم علم الأحياء. وقد تم فحص ثلاثة عوامل، منها تلك التي يتحكم فيها المعلم (على سبيل المثال، اهتمام المعلم بنجاح الطلاب وت...
	-Analysis of student difficulties in learning biology. وضحت هذه الدراسة الصعوبات التي يواجهها الطلاب في تعلم علم الأحياء. وأبرزت النتائج أنه توجد نسبة كبيرة من الطلاب الذين يعانون من صعوبات تعلم في الأحياء. وذلك نتيجة عوامل داخلية مثل الضغط النفسي الن...
	-Development and validation of modules in zoology. ركزت هذه الدراسة على إنشاء واعتماد وحدات تعليمية في علم الحيوان تهدف إلى تعزيز التعلم وتطوير المعرفة العلمية للطلاب حيث شارك فيها 111 طالبًا. وقد تم إنشاء وحدتين تعليميتين، إحداهما عن اللافقاريات الما...
	-Challenges encountered by junior high school students in learning science: Basis for action planبحثت هذه الدراسة عن الصعوبات التي يواجهها طلاب المرحلة الإعدادية في تعلم العلوم ،و استُخدمت عينة من طلاب أربع مدارس حكومية في زامباليس، الفلبين. وقد أوضحت...
	.
	3. منهجية البحث والأدوات المستخدمة
	يعتمد هذا البحث على المنهج الوصفي بهدف تحليل صعوبات تعلم طلاب المرحلة الثانوية في فهم التكيفات التركيبية للكائنات الحية في البيئة المائية. و قد تم تصميم الأدوات واختيار العينة وفقًا للإجراءات التالية: تم استخدام المنهج الوصفي لوصف الظاهرة وتحليلها دون...
	يُعد ارتفاع نسبة الغياب بين الطلاب في العديد من أيام الأسبوع من أبرز الصعوبات التي واجهت تطبيق الدراسة ميدانيًا، حيث أثّر ذلك سلبًا على انتظام سير تنفيذ أدوات البحث وجمع البيانات بالشكل المخطط له. إلا أنه تم التغلب على هذه الصعوبة من خلال المتابعة الم...
	4. نتائج البحث
	أظهرت نتائج الاختبار التحصيلي بناءً على عدد الإجابات الصحيحة والخاطئة لكل سؤال عدة ملاحظات هامة. بالنسبة للسؤال الأول، كانت الإجابات الصحيحة بنسبة 87%، بينما كانت الإجابات الخاطئة بنسبة 13%. أما في السؤال الثاني، فقد كانت الإجابات الصحيحة بنسبة 43% وا...
	عند النظر إلى السؤال الخامس، تبين أن الإجابات الصحيحة كانت قليلة بنسبة 17% مقابل 83% للإجابات الخاطئة. في المقابل، حصل السؤال السادس على نتائج جيدة حيث كانت الإجابات الصحيحة 83% والإجابات الخاطئة 17%. أما في السؤال السابع، فكانت النتائج متقاربة مع نسب...
	في السؤال الثامن، أظهرت الإجابات الصحيحة نسبة 32% فقط مقابل 68% للإجابات الخاطئة. أما السؤال التاسع فقد شهد نتائج جيدة أخرى، حيث كانت الإجابات الصحيحة 83% والإجابات الخاطئة 17%. في السؤال العاشر، كانت الإجابات الصحيحة 57% مقابل 43% للإجابات الخاطئة.
	وفي السؤال الحادي عشر، كانت الإجابات الصحيحة بنسبة 85% والإجابات الخاطئة 15%. في السؤال الثاني عشر، كانت الإجابات الصحيحة 51% والإجابات الخاطئة 49%. أما في السؤال الثالث عشر، فكانت الإجابات الصحيحة 83% مقابل 17% للإجابات الخاطئة. أما السؤال الرابع عشر...
	أظهرت نتائج الاستبانة ما يلي: السؤال الأول: موافق بشدة: 36 (76.6%)، موافق: 9 (19.1%)، محايد: 2 (4.3%)، غير موافق: 0 (0%)، غير موافق بشدة: 0 (0%). السؤال الثاني: موافق بشدة: 12 (25.5%)، موافق: 29 (61.7%)، محايد: 4 (8.5%)، غير موافق: 2 (4.3%)، غير موافق...
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