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 ABSTRACT 

Among the important postharvest challenges that pest grain infestation causes worldwide, one of the 

most destructive primary pests of cereal grains is the Sitophilus zeamais. The current study investigates and 
compares the biocontrol potential of the entomopathogenic fungus Beauveria bassiana and the ethyl acetate 
extract of Cymbopogon schoenanthus against S. zeamais in terms of evaluating insecticidal efficiency and 
biochemical effects on oxidative stress biomarkers. C. schoenanthus extracts yielded nine major bioactive 
compounds by GC-MS analysis, the predominant ones being α-eudesmol (43.9%), elemol (15.66%), and 
cryptomeridiol (13.38%). Bioassays indicated concentration-dependent mortality for both treatments: B. 

bassiana yielded 80.0% mortality at 14 days (LC₅₀: 1.08×10⁶ spores/mL), whereas C. schoenanthus extract 

yielded 73.0% (LC₅₀: 29.42 mg/mL). Both treatments reduced F₁ progeny production significantly by 
81.5% (B. bassiana) and 70.6% (C. schoenanthus), where losses in weight of grains were only reduced to 
2.4% and 5.2%, respectively, compared to the 30% loss observed in controls. Biochemical evaluation 
indicated different responses to oxidative stress. C. schoenanthus extract caused chronic but manageable 

oxidative stress with the sustained rise of the antioxidant enzymes (catalase: 1.53-fold, superoxide 
dismutase: 1.28-fold, glutathione S-transferase: 1.34-fold), and mild lipid peroxidation by 44.1% MDA 
increase. B. bassiana exhibited a biphasic pattern: initial enzyme upregulation followed by the total collapse 
of the antioxidant system at day five (20-22% below control levels), accompanying severe oxidative damage 
(71.2% MDA increase), synchronizing with increased mortality. Both fungal and botanical biocontrol agents 
are promising eco-friendly alternatives to synthetic pesticides for stored grain pest management, as this 
study's findings show. 

 

INTRODUCTION 

Stored grain postharvest loss, food security, and 

economic stability are indeed global challenges. An 

estimated 10–40% of stored grains are lost annually 

worldwide due to pest infestation, with losses 

increasing to $100 billion in economic terms 

(Kumar and Kalita 2017; Olakiumide 2021; Tefera 

et al. 2011). In Egypt, losses are particularly severe, 

amounting to approximately 15–20% of total grain 

production annually, aggravated by the fact that 

these losses hinder the country from adequately 

feeding its increasing population of over 100 million 

(Abdelaal and Thilmany 2019; El-Wakeil et al. 
2013). For smallholder farmers in Egypt, who 

constitute approximately 80% of the agricultural 

sector, postharvest losses are associated with 

reduced income and food availability; thus, pest 

control is an important national economic focus (Ali 

et al. 2021a; Hussien 2022). 

Among storage pests, the maize weevil 

Sitophilus zeamais Motschulsky (Coleoptera: 

Curculionidae) is considered one of the most 

destructive primary pests of stored cereals in the 

world, especially in tropical and subtropical regions 

(Demis and Yenewa 2022; Nwosu 2016; Suleiman 

et al. 2015). This pest inflicts considerable damage 

by eating grain kernels directly and creating 

conditions for infestation by secondary pests and 

fungal contamination (Suleiman et al. 2015). Adult 
weevils bore into the kernels for feeding and egg 

laying, whereas the larvae develop inside by 

consuming the endosperm and the germ, which 

results in weight loss, a reduction in nutritional 

value, a decrease in the germination rate, and, 

finally, substantial monetary losses (Arrahman et al. 

2022; Ojo and Omoloye 2016). 

Over the years, insect control for stored grain 

has depended mainly on chemical insecticides. 

Many commonly used agents include 
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organophosphates, pyrethroids, and fumigants such 

as phosphine and methyl bromide (Collins 2006; 

Daglish et al. 2018; White and Leesch 2018). While 

they provide short-term results, this chemical 

control method faces resistance from insects, 
environmental contamination, human and nontarget 

organism health hazards, and residues on food 

commodities (Ali et al. 2021b; Kumar et al. 2019). 

The more adaptable maize weevil populations have 

shown resistance to several insecticides, including 

phosphine, which has been recorded in different 

areas of the world (Nguyen et al. 2016; Wakil et al. 

2021). The increasing restrictions on the use of 

many conventional pesticides due to health and 

environmental concerns have created an urgent need 

for alternative control strategies (Damalas and 
Eleftherohorinos 2011). 

Entomopathogenic fungi (EPFs) represent a 

promising alternative form of biological control that 

can be used for the management of pests that infest 

stored grains. Beauveria bassiana (Balsamo) 

Vuillemin, among other EPFs, has become an 

effective agent for biocontrol of various storage 

products, such as S. zeamais (Ak 2019; Mbata et al. 

2018). The colonization process by this fungus takes 

place when insects come into contact with spores, 

and the subsequent release of spores results in 

penetration of the cuticle via enzymatic tolerance as 
well as mechanical pressure, causing depletion of 

nutrients, invasion of tissues, and toxin production, 

eventually causing death (Barra-Bucarei et al. 2019; 

Litwin et al. 2020). Some of these advantages of B. 

bassiana over chemical insecticides are target 

specificity, environmental friendliness, low risk to 

human health, and compatibility with other pest 

management strategies (Lacey et al. 2015). The 

efficacy of B. bassiana against stored-product 

insects in laboratory and storage trials has been 

reported, with recorded mortality rates ranging from 
70–95% depending on the fungal strain, 

formulation, and application method (Cherry et al. 

2005; Sabbour and Abd-El-Aziz 2012). 

Concurrently, the use of botanical insecticides 

from aromatic plants has emerged as a good 

alternative to synthetic chemicals used for the 

protection of stored products. These include 

essential oils and plant extracts, which are complex 

mixtures of bioactive compounds with insecticidal, 

repellent, antifeedant, and growth-regulating 

properties against several stored-product pests 

(Campolo et al. 2018; Trivedi et al. 2018). 
Cymbopogon schoenanthus (L.) Spreng. (Poaceae), 

or camelgrass, is also an aromatic grass found in 

North Africa and the Middle East, with proven 

insecticidal efficacy (Ketoh et al. 2005; Savadogo et 

al. 2020). The essential oil and extracts from this 

plant contain bioactive compounds that include 

piperitone, δ-2-carene, and elemol, which have been 

demonstrated to be quite toxic to many stored-

product insects(Alitonou et al. 2012; Ketoh et al. 

2005; Koba et al. 2009). Previous studies have 

shown that extracts of C. schoenanthus can cause 

mortality, suppress oviposition, and inhibit the 

production of F1 progeny in different storage pests, 
such as Callosobruchus maculatus and Tribolium 

castaneum (Ketoh et al. 2005; Nyamador et al. 

2017). 

Another sustainable means of dealing with 

stored grain pests is the use of plant insecticides 

such that biodegradable alternatives with a lower 

environmental footprint and a low risk of resistance 

development are made available to customers. C. 

schoenanthus (L.) Spreng., commonly called 

camelgrass or sweet rush, belongs to the Poaceae 

family. It has been acknowledged for its potent 
insecticidal activity due to its bioactive components, 

such as essential oils, terpenoids, and phenolic 

compounds (Aous et al. 2019). Research has shown 

the effectiveness of C. schoenanthus extracts and 

essential oils against different stored-grain pests 

through multiple action mechanisms, including 

contact toxicity, repellency, and feeding deterrent 

(Pérez et al. 2010). Previous investigations have 

shown that the essential oils from C. schoenanthus 

are effective against, inter alia, coleopteran storage 

pests such as Tribolium castaneum and many others 

of economic significance (Stefanazzi et al. 2011). 
They are also biodegradable, remain less persistent 

in the environment, have lower prospects for 

resistance development, and are generally regarded 

as safe for ingestion by humans when well 

applied(Trivedi et al. 2018). 

Oxidative stress mechanisms play a major role in 

insect physiology, which in turn is a significant 

target in understanding the actions of several 

pesticides and biopesticides. The insect has a highly 

sophisticated antioxidant defense mechanism with 

both enzymatic and nonenzymatic components to 
prevent reactive oxygen species (ROS) damage to 

cellular structures (Bhagat and Ingole 2016). The 

key antioxidant enzymes include catalase (CAT), 

which breaks down hydrogen peroxide; superoxide 

dismutase (SOD), which neutralizes superoxide 

radicals; and glutathione S-transferase (GST), which 

conjugates glutathione with electrophilic 

compounds for detoxification (Jemec et al. 2010). 

Oxidative stress is induced in target insects by either 

synthetic or biological pesticides when their 

antioxidant capacity surpasses the oxidative burden, 

triggering processes such as lipid peroxidation and 
protein oxidation and subsequently leading to cell 

death Ranjith et al., 2023. Biochemical biomarkers, 

including malondialdehyde (MDA) content and 

antioxidant enzyme activities, are sensitive 

indicators of pesticide-induced stress and provide 

valuable insight into possible mechanisms 

associated with insect mortality (El-Saad et al. 

2017). The knowledge of these biochemical 
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responses would help in formulating practical 

biopesticide products and fine-tuning their 

application strategies. 

Despite the increasing interest in biological and 

botanical control agents, there is substantial 
knowledge regarding their comparative 

effectiveness and biochemical impacts on stored-

grain pests. Only a handful of studies have analysed 

the biochemical mechanisms by which B. bassiana 

and plant extracts affect S. zeamais, particularly in 

relation to oxidative stress biomarkers and 

antioxidant enzyme systems. Existing studies have 

largely concentrated on mortality without much 

assessment of the physiological and biochemical 

changes within target insects throughout the process 

of intoxication. Similarly, few comparative studies 
have investigated the relative efficacy and 

biochemical effects of fungal and botanical control 

agents; hence, the potential for their integrated or 

complementary use is not logically understood. 

Another critical gap in knowledge that can allow 

researchers to design increasingly efficient 

integrated pest management strategies relates to the 

knowledge of potential synergistic or additive 

effects among different biopesticide classes. 

Similarly, the relationships of biochemical stress 

indicators with insect mortality are still poorly 

understood, leaving something to be desired in 
terms of optimizing biopesticide applications and 

predicting treatment outcomes. 

Understanding the mechanisms of biopesticides 

is essential for developing the effective, eco-friendly 

alternatives to synthetic pesticides that our world 

urgently required. The present work aims to bridge 

the knowledge gap between B. bassiana and C. 

schoenanthus extracts in the overall comparative 

evaluation of their effects on S. zeamais, with a 

primary focus on their biochemical effects on 

oxidative stress biomarkers. The objectives of this 
study are as follows: (1) to evaluate the insecticidal 

effects of both treatments through the assessment of 

mortality and progeny; and (2) to evaluate the 

effects of these biopesticides on the levels of major 

antioxidant enzymes, such as catalase, superoxide 

dismutase, and glutathione S-transferase.

MATERIALS AND METHODS 

1. Plant materials and extraction 

Leaves of Cymbopogon schoenanthus were 

collected from a field in El-Beheira Governorate in 

June 2021 and dried under shade at room 

temperature, a powder was prepared by grinding the 

dried leaves with a mortar and pestle. The powdered 

material was then subjected to extraction via 

maceration in ethyl acetate at a ratio of 1:10 (w:v) 
for 48 hours at room temperature in a glass jar and 

then intermittently hand shaken (four times daily for 

3 minutes each session) to improve extraction. After 

the maceration period, the extract was filtered 

through Whatman filter paper No. 1 to remove plant 

debris; the filtrate was evaporated under reduced 

pressure via a rotary evaporator  (Heidolph: ML G3) 

at 40°C. The extract was subsequently stored in a 

dark vial in a refrigerator for protection against 
degradation by light and for stability for analysis 

and bioassay procedures(Aamer et al. 2024). 

2. GC‒MS analysis of the extract 

The chemical composition of the C. 

Schoenanthus ethyl acetate extract was analysed via 

a Thermo Scientific Trace GC Ultra ISQ mass 

spectrometer with a TraceGOLD TG-5MS capillary 

column (30 m × 0.25 mm × 0.25 μm). The solution 

was injected (1 μL) at a 1:30 split ratio. The 

temperature program started at 50°C, increased at 
5°C/min to 230°C (2 min hold), and then increased 

to 290°C (2 min hold). The injector and MS transfer 

lines were maintained at 250°C and 260°C, 

respectively. Helium served as the carrier gas. The 

mass spectrometer was operated in EI mode (70 eV) 

with a scan range of 40–1000 m/z. The components 

were identified by comparing their mass spectra and 

retention times with those of the Wiley and NIST 

MS library databases(Aamer et al. 2024). 

3. Fungal isolation and conidial suspension 

preparation 

Cultures of a previously isolated Beauveria. 
bassiana isolate obtained via an insect bait 

technique from soil samples in the Alexandria 

Governorate were grown on Sabouraud dextrose 

agar (SDA) at pH 6.8 at 25±1°C (Aamer et al. 

2015). After 10 days of incubation, the fungal 

culture was harvested via surface rubbing with 10 

mL of a 0.01% (v/v) Tween 80 solution in distilled 

water. The resulting suspension was vortexed for 

approximately five minutes and then filtered 

through sterilized cheesecloth to remove mycelial 

debris. The conidial concentration was determined 

via a hemacytometer and adjusted to 1×10¹⁰ 
conidia/mL. Serial dilutions were then prepared in a 

0.01% (w/v) Tween 80 solution to achieve 

concentrations of 1×10⁵, 1×10⁶, 1×10⁷, and 1×10⁸ 
spores/mL for bioassay investigations. The conidial 

suspensions were stored at 4°C for 3–4 days until 

they were used. Conidial viability was checked via a 

germination test before experimentation; all the 

isolates presented viability above 95% (Hsia et al. 

2014). 
4. Insect culture 

A laboratory stock culture of Sitophilus zeamais 

has been maintained continuously since the 2020 

establishment of its rearing without exposure to 

insecticides. The insects were reared in 1 liter 

plastic jars with sufficient amounts of maize grains 

serving as the food and ovipositional substrate. Each 

rearing jar was covered with muslin cloth, tightly 

secured by rubber bands to ensure adequate aeration 

for the insects while preventing their escape. The 

culture was maintained inside a controlled growth 
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chamber at an optimum temperature of 28 ±1°C and 

70% relative humidity and maintained in total 

darkness. For experimental purposes, adult weevils 

aged 5–8 days postemergence were removed and 

subsequently subjected to bioassays and other 
experimental treatments (Kumari et al. 2022). 

5. Insecticidal potency of B. bassiana and 

extracts 

The insecticidal activities of C. schoenanthus 

extract and B. bassiana against Sitophilus zeamais 

were tested via a grain treatment bioassay. Fifty 

grams of maize grain were treated with 1 mL of B. 

bassiana conidial suspensions at concentrations of 

1×10⁵, 1×10⁶, 1×10⁷, and 1×10⁸ spores/mL or C. 

schoenanthus extract at concentrations of 10, 30, 50, 
and 70 mg/mL in acetone. The treatments were 

carried out separately in glass jars of 350 mL 

capacity. Immediately after application, the treated 

grains were manually shaken for approximately 3 

minutes to allow even distribution of fungal spores 

or plant extracts across the mass of the grains. The 

treated grains were then allowed to stand for 30 min 

to allow complete evaporation of the solvent or 

water carrier in both treatments and control. Twenty 

adult S. zeamais weevils (5–8 days old) were 

subsequently introduced into each jar. All the 

experimental units were placed inside an incubator 
maintained at a temperature of 30°C and 65% RH. 

Each treatment was replicated five times (n = 5). 

Weevil mortality was then assessed after 7 and 14 

days following treatment. To assess survival, 

weevils were separated, and the jars were returned 

to the incubator with grains. F₁ progeny emergence 

and grain weight loss were recorded from 

posttreatment day 50 (Danga et al. 2015). 

6. Biochemical impact of B. bassiana and C. 

schoenanthus extract. 

Fifty grams of maize grain were treated with the 

LC₅₀ concentration of each B. bassiana conidial 

suspension and C. schoenanthus extract as separate 

treatments in addition to the control treatment in 350 

mL glass jars. Following application and solvent 

evaporation, adult S. zeamais weevils (5–8 days old) 

were introduced into each jar. The experimental 

units were maintained at 30°C and 65% RH, and at 

3- and 5-days posttreatment, the surviving weevils 

were collected for biochemical analysis. 

The collected live weevils were homogenized in 
ice-cold phosphate buffer (0.1 M, pH 7.4) via a 

glass homogenizer at a ratio of 1:5 (w/v). The 

homogenate was subsequently centrifuged at 10,000 

× g for 15 minutes at 4°C. The resulting supernatant 

was carefully collected and used as the enzyme 

source for subsequent biochemical assays (Petrović 

et al. 2019). 

Malondialdehyde (MDA) content determination 

The content of malondialdehyde, a biomarker of 

oxidative stress and lipid peroxidation, was 

determined via the thiobarbituric acid reactive 

substances (TBARS) method according to  Nair and 

Turner (1984), with slight modifications. Briefly, 

0.5 mL of the homogenate was mixed with 1 mL of 

15% trichloroacetic acid (TCA) and 1 mL of 0.67% 

thiobarbituric acid (TBA). The mixture was heated 
in a boiling water bath for 10 minutes, cooled 

rapidly on ice, and then centrifuged at 5,000 × g for 

10 minutes. The absorbance of the supernatant was 

measured spectrophotometrically at 532 nm, and the 

nonspecific absorption at 600 nm was subtracted. 

The MDA concentration was calculated via an 

extinction coefficient of 155 mM⁻¹cm⁻¹ and 

expressed as nmol MDA per mg protein. 

Antioxidant enzyme activity assays 

Catalase  
Catalase activity was determined by measuring 

the rate of H₂O₂ decomposition according to the 

method of Aebi (1984). The reaction mixture 

contained 0.05 mL of enzyme extract, 1.5 mL of 0.1 

M phosphate buffer (pH 7.0), and 0.95 mL of 0.059 

M H₂O₂ in phosphate buffer. The reaction was 

initiated by adding the enzyme extract. The decrease 

in absorbance at 240 nm was recorded for 3 minutes 

at 30-second intervals via a UV‒visible 

spectrophotometer (Beckman DU640). The enzyme 
activity was calculated via an extinction coefficient 

of 39.4 mM⁻¹cm⁻¹ and expressed as μmol H₂O₂ 
decomposed min⁻¹ mg⁻¹ protein. 

Superoxide dismutase (SOD)  

SOD activity was measured on the basis of its 

ability to inhibit the photochemical reduction of 

nitroblue tetrazolium (NBT) according to the 

method of Beauchamp and Fridovich (1971). The 

reaction mixture contained 0.05 mL of enzyme 

extract, 1.5 mL of 0.1 M phosphate buffer (pH 7.8), 
0.3 mL of 130 mM methionine, 0.3 mL of 750 μM 

NBT, 0.3 mL of 100 μM EDTA, and 0.3 mL of 20 

μM riboflavin. The reaction was initiated by 

irradiating the mixture with fluorescent light (15 W) 

for 15 minutes, after which the absorbance was 

measured at 560 nm. One unit of SOD activity was 

defined as the amount of enzyme required to cause 

50% inhibition of NBT reduction and expressed as 

units mg⁻¹ protein. 

Glutathione s-transferase (GST)  

GST activity was determined via the use of 1-

chloro-2,4-dinitrobenzene (CDNB) as a substrate 

according to the methods of Habig et al. (1974). The 

reaction mixture contained 0.1 mL of enzyme 

extract, 1.0 mL of 0.1 M phosphate buffer (pH 6.5), 

0.1 mL of 30 mM CDNB, and 0.1 mL of 30 mM 

reduced glutathione (GSH). The reaction was 

initiated by the addition of GSH. The increase in 

absorbance at 340 nm was recorded for 3 minutes at 

30-second intervals. Enzyme activity was calculated 

via an extinction coefficient of 9.6 mM⁻¹cm⁻¹ and 

expressed as nmol CDNB conjugated min⁻¹ mg⁻¹ 
protein. 
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Protein determination 

The protein concentration in the enzyme extracts 

was determined via the Lowry method (Lowry et al. 

1951) with bovine serum albumin (BSA) as the 

standard. The procedure involved two steps: (1) the 
reaction of proteins with copper ions in alkaline 

medium and (2) the reduction of the Folin–

Ciocalteu reagent by the copper-treated protein. 

Briefly, 0.5 mL of the enzyme extract was mixed 

with 2.5 mL of Lowry reagent (prepared by mixing 

50 mL of 2% Na₂CO₃ in 0.1 N NaOH, 0.5 mL of 

1% CuSO₄·5H₂O, and 0.5 mL of 2% sodium 

potassium tartrate) and incubated at room 

temperature for 10 minutes. Subsequently, 0.25 mL 

of 1 N Folin-Ciocalteu reagent was added, mixed 
immediately, and incubated for 30 minutes at room 

temperature in the dark. The absorbance was 

measured at 750 nm against a reagent blank. The 

protein concentration was calculated via a standard 

curve prepared with known concentrations of BSA 

(0–100 μg/mL). This allowed for the normalization 

of enzyme activities per mg of protein. 

7. Statistical analysis 

The experimental data were subjected to 

comprehensive statistical analysis to evaluate the 

efficacy of B. bassiana and C. schoenanthus 
extracts against S. zeamais. For mortality data, 

probit analysis (SPSS version 23.0) was used to 

determine the median lethal concentrations (LC₅₀) 
with 95% confidence intervals for both treatments. 

No mortality was recorded in the control treatment, 

so no correction for natural mortality was needed. 

For all other experimental parameters, one-way 

analysis of variance (ANOVA) was employed, 

followed by Tukey's honestly significant difference 

(HSD) test at p ≤ 0.05 to determine significant 

differences between treatment means. This included 
analysis of (1) mean mortality rates across different 

concentrations; (2) F₁ progeny production; (3) grain 

weight loss; and (4) biochemical parameters, 

including antioxidant enzyme activities (CAT, SOD, 

and GST) and lipid peroxidation (MDA content). 

All the statistical analyses were performed via SPSS 

software (V. 27 IBM Corp., Armonk, NY, USA) 

and GraphPad prism (V. 10.4.2 San Diego, CA, 

USA), and the data are presented as the means ± 

standard deviations (SDs). 

RESULTS AND DISCUSSION 

1. Chemical composition of C. schoenanthus 

extract 

GC‒MS analysis of the C. schoenanthus ethyl 

acetate extract revealed the presence of nine major 

bioactive compounds from various classes of 

chemicals (Table 1, Figure 1). α-Eudesmol (43.9%) 

was the most abundant in the extract, followed by 

elemol (15.66%) and cryptomeridiol (13.38%). 

These oxygenated sesquiterpene alcohols 

constituted approximately 73% of the total 

composition of the extract and are therefore likely to 

contribute significantly to the insecticidal activity 

observed. The other compounds present were 

piperitone (1.75%), β-elemene (1.79%), 
isospathulenol (1.26%), oleyl palmitoleate (2.83%), 

phytosterol (3.95%), and β-sitosterol (3.16%). 

The occurrence of α-eudesmol in our extract is 

particularly interesting, as this sesquiterpene alcohol 

has already been associated with 

acetylcholinesterase inhibition, a mode of action 

that can lead to neurotoxic effects in insects that 

possess significant insecticidal activity(Anne 2016; 

Regnault-Roger et al. 2012). Elemol, the second 

major compound (15.66%), has insecticidal activity 

against a wide range of arthropod pests. Ganjewala 
(2009) reported that elemol shows contact toxicity 

and neurotoxicity in insects through the disruption 

of ion channels and nervous system function. The 

presence of piperitone (1.75%), although at lower 

concentrations, is interesting because of its 

established insecticidal properties. Noudogbessi et 

al. (2012) demonstrated that piperitone has strong 

insecticidal activity against Callosobruchus 

maculatus, with acetylcholinesterase inhibition and 

neurotoxicity as the mechanisms of action. 

 

Table 1: Chemical composition of the C. schoenanthus ethyl acetate extract derived from GC-MS 

analysis 

No. Name RT. [min.] Area % Class 

1 Piperitone 10.78 1.75 Oxygenated monoterpene ketone 

2 β-Elemene 16.62 1.79 Sesquiterpene hydrocarbon 

3 Elemol 18.06 15.66 Oxygenated sesquiterpene alcohol 

4 α-Eudesmol 20.48 43.9 Oxygenated sesquiterpene alcohol 

5 Cryptomeridiol 23.93 13.38 Oxygenated sesquiterpene diol 

6 Isospathulenol 25.46 1.26 Oxygenated sesquiterpene alcohol with epoxide 

7 oleyl palmitoleate 42.03 2.83 Fatty acid ester 

8 Phytosterol 44.68 3.95 Steroid alcohol 

9 β-Sitosterol 45.71 3.16 Steroid alcohol 
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Figure 1: GC-MS chromatogram of the Cymbopogon schoenanthus ethyl acetate extract. 

 

The sterol compounds β-sitosterol (3.16%) and 

phytosterol (3.95%) account for the bioactivity of 

the extract through different mechanisms. Mishra et 

al. (2020) reported that β-sitosterol disrupts the 
physiological process of insects by interfering with 

cholesterol metabolism because most insects cannot 

efficiently metabolize β-sitosterol to cholesterol, 

which leads to abnormalities and death. The 

complex mixture of these bioactive compounds 

likely contributes to the observed insecticidal 

efficacy through synergistic interactions, reducing 

the likelihood of resistance development compared 

with single-compound treatments. 

2. Insecticidal efficacy against Sitophilus zeamais 

Both C. schoenanthus extract and B. bassiana 

caused concentration-dependent mortality in S. 
zeamais adults (Figure 2). The mortality of B. 

bassiana ranged from 20.0±2.2% to 59.0±2.9% at 7 

days and 32.0±2.5% to 80.0±3.5% at 14 days at 

concentrations ranging from 1×10⁵ to 1×10⁸ 
spores/mL. The C. schoenanthus extract induced 
15.0±1.6% to 63.0±3.4% mortality on day 7 and 

27.0±2.0% to 73.0±3.7% mortality on day 14 at 

concentrations of 10 to 70 mg/mL. The calculated 

L₅₀ values (Table 2) indicated that the treatment 

efficacy varied with time. B. bassiana presented an 

LC₅₀ value of 1.89×10⁷ spores/mL at 7 days, which 

decreased to 1.08×10⁶ spores/mL at 14 days, 

reflecting the time-dependent nature of fungal 

pathogenesis. However, C. schoenanthus extract had 

LC₅₀ values of 50.27 mg/mL at 7 days and 29.42 

mg/mL at 14 days. 

 

Figure 2: Sitophilus  zeamase adult mortality percentage after 7 and 14 days of exposure to different 

concentrations of B. bassiana EPF (A) or the ethyl acetate extract of Cymbopogon schoenanthus (B) 

on maize grains. 



Alex. J. Agric. Sci.                                                                             Vol. 70, No.4, pp. 375- 389, 2025 

  381 

 

The trend of progressive but delayed mortality 

observed with B. bassiana is in line with the 

reported infection process of entomopathogenic 

fungi described by Litwin et al. (2020). The fungus 
requires time to conidially germinate, penetrate the 

cuticle through enzymatic action, colonize 

internally, and secrete toxins before it can kill the 

host. This finding was also supported by Barra-

Bucarei et al. (2019), who described the progressive 

B. bassiana pathogenesis in stored-product pests. 

On the other hand, the almost immediate response 

corresponds to the development of contact toxicity 

associated with most botanical insecticides. Such 

rapid activity could also be associated with the 

bioactive compounds present in our extract, 
especially α-eudesmol and elemol, which are 

thought to have immediate neurotoxic effects by 

disrupting the function of the insect nervous system, 

as shown by Stefanazzi et al. (2011), for essential 

oils against stored-grain pests. 

3. Progeny suppression and grain protection. 

Compared with the untreated controls, both 

treatments significantly reduced F₁ progeny 

production (76.8±2.0 progeny), providing an 

indication for storing protection against long-term 

grains (Figure 3). The concentration gradient of B. 

bassiana reduced the number of progeny from 
50.0±0.7 to 14.2±0.9, with the percentage reduction 

in the number of progeny resulting from the 

treatment ranging from 34.9% to 81.5%. The extract 

of C. schoenanthus resulted in a reduction in the 

number of progeny of 58.8±1.3 to 22.6±0.8%, with 

percentage reduction values ranging from 23.4%-

70.6%. 

The maximum progeny reduction recorded by B. 

bassiana (maximum of 81.5%) against the C. 

schoenanthus extract (maximum of 70.6%) suggests 

that fungal infection might have more profound 
effects on the reproductive capacity of the insect. 

This finding supports the work of Cherry et al. 

(2005), who reported that B. bassiana infection can 

be caused by adult mortality, which contrasts with 

the physiological reorganization of reproduction 

because of the secretion and extensive consumption 

of resources. 

 

Figure 3: Progeny production F1 (mean no. ± SD) and progeny reduction (% ± SD) of S. zeamais on 

maize grains treated with different concentrations of B. bassiana EPF (A) or the ethyl acetate 

extract of C. schoenanthus (B). 
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Assessment of the weight loss of the grains 

revealed the benefits of both treatments. The highest 

concentration of B. bassiana resulted in a decrease 

in weight from 30.0±0.9% (control) to 2.4±0.7%, 

whereas C. schoenanthus extract resulted in a 

decrease of up to 5.2±0.5% (Table 2). B. bassiana is 

superior because of its systemic effect and long 

persistence in the storage environment, as reported 
by Batta and and Kavallieratos (2018). 

4. Biochemical impact on oxidative stress 

biomarkers 

The content of malondialdehyde (MDA) is a 

very useful index for assessing lipid peroxidation 

and oxidative stress. In our study, the MDA levels 

in the treated insects were significantly greater than 

those in the control insects. After 5 days of 

exposure, the MDA levels were increased by 44.1% 

and 71.2% in insects treated with C. schoenanthus 

extract and B. bassiana, respectively, compared 

with those in the controls (Figure 4). This 
pronounced increase in MDA levels in B. bassiana-

treated insects may indicate a severe state of 

oxidative stress during fungal invasion, possibly due 

to the production of reactive oxygen species (ROS) 

and the release of mycotoxins that disturb cellular 

homeostasis (Litwin et al. 2020). 

Elevated lipid peroxidation indicates 

compromised integrity of the cell membrane, which 

can cause cellular dysfunction and ultimately death. 

This observation corroborates the findings of 

Chaurasia et al. (2016), who reported similar 
oxidative damage in the insect P. americana treated 

with entomopathogenic fungi. The sustained 

increase in MDA from day 3 to day 5 points to the 

likelihood of progressive cellular damage, which in 

turn is consistent with the late insect mortality 

observed in bioassays. 

The mechanism underlying lipid peroxidation 

induced by C. schoenanthus extract likely involves 

direct membrane interactions involving terpenoid 

compounds. The high concentrations of α-eudesmol 

(43.9%) and elemol (15.66%) in our extract may 

disrupt cellular membrane integrity through their 

lipophilic properties, as demonstrated by 

Chintalchere et al. (2021) in their study of the 

effects of essential oils on insect larvae. Oxidative 

stress represents a fundamental disruption of cellular 

homeostasis in insects, arising when reactive 

oxygen species (ROS) production becomes greater 

than the neutralizing capacity of the antioxidant 

defense system (Bhagat and Ingole 2016). Insects 
maintain redox balance under normal physiological 

conditions with the help of several well-structured 

enzymatic and nonenzymatic antioxidant systems 

that protect cellular components from oxidative 

damage. Exposure to xenobiotics, including 

biopesticides, can disrupt this protective system, 

leading to increased lipid peroxidation, protein 

oxidation, and DNA damage, which ultimately leads 

to cell death(Sule et al. 2022; Temiz 2020). 

The antioxidant enzyme system under study 

consists of three major enzymes with unique but 

interrelated functions. Catalase (CAT) is the first 
defense against the accumulation of hydrogen 

peroxide, which is rapidly decomposed by CAT to 

water and oxygen. SOD converts superoxide 

radicals into hydrogen peroxide, which catalase 

subsequently removes. Glutathione S-transferase 

(GST) acts as an antioxidant enzyme and is a major 

detoxifying enzyme that conjugates reactive 

electrophiles with reduced glutathione for cellular 

elimination (Enayati et al. 2005). 

Catalase activity increased relative to controls in 

both treatments by day 3 (B. bassiana: 1.28-fold; C. 
schoenanthus: 1.22-fold). This pattern diverged 

dramatically by day 5. Insects treated with C. 

schoenanthus extract exhibited a further increase to 

1.53-fold the control activity. In contrast, activity 

in B. bassiana-treated insects decreased to 0.80-fold 

the control level (Figure 4). 

Indeed, this biphasic response in insects treated 

with B. bassiana represents the development of 

fungal infection. The first 1.28-fold increase implies 

that the insects mount a deterrent reaction by 

increasing their antioxidant enzyme activity in 

opposition to fungal oxidative stress. 

Table 2: Maize grain weight (%) loss due to infection with S. zeamaize and the impact of treatment with 

B. bassiana or the C. schoenanthus ethyl acetate extract at different concentrations. 

C. schoenanthus extract 

(mg/mL) 

Weight loss 

(% ± SD) 

B. bassiana 

(spores/mL) 

Weight loss 

(% ± SD) 

Control 30.0±0.9a Control 30.0±0.9a 

10 19.2±1.6b 1 x 105 18.0±0.9b 

30 15.2±0.8b 1 x 106 14.0±0.6c 

50 9.6±0.7c 1 x 107 8.4±0.7d 

70 5.2±0.5d 1 x 108 2.4±0.7e 

F value 93.33 F value 174.82 

P <.0001 P <.0001 
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Infection becomes more notorious as doses build up 

in the organism and cause collapse of the 

antioxidant system, as indicated by a sudden 

decrease in catalase activity from 36% between day 

3 and day 5 and finally below control levels (Jemec 
et al. 2010). 

On the other hand, the continuous 1.53-fold 

increase evident among C. schoenanthus-treated 

insects indicates chronic but controllable oxidative 

stress, as it results from exposure to this plant 

extract. Similar patterns were reported by Ali et al. 

(2012), who demonstrated that B. bassiana produces 

catalase-inhibiting compounds during infection 

progression. 

The differential CAT responses suggest distinct 

modes of action between treatments. The sustained 
increase in CAT activity with C. schoenanthus 

extract indicates that insects attempt to maintain 

antioxidant defenses against plant-derived oxidants, 

whereas the collapse of the enzyme system with B. 

bassiana suggests more severe disruption of cellular 

homeostasis. 

The activity of SOD moderately increased in 

both treatments on the 3rd day, where C. 

schoenanthus extract caused a 1.16-fold increase 

and B. bassiana caused a 1.08-fold increase 

compared with those of the control. On the 5th day, 

different behaviors emerged: for C. schoenanthus 
extract, a continuous increase of 1.28-fold was 

observed, whereas B. bassiana treatment caused a 

decrease of 0.79-fold, which is equivalent to a 21% 

reduction compared with that of the controls. C. 

schoenanthus-treated insects maintain a continuous 

1.28-fold increase in SOD activity, indicating an 

ongoing but tolerable oxidative challenge, whereby 

the antioxidant system can respond adequately and 

even increase its capacity over time (Figure 4). This 

increase of 28% reflects an insect's attempt to 

neutralize relatively high amounts of superoxide 
radicals produced by the plant compounds. In 

contrast, the decrease in SOD activity to 0.79-fold in 

B. bassiana-treated insects reflects the progressive 

impairment of antioxidant defenses as the anticancer 

effects of the fungi proceed. Moreover, compounds 

from C. schoenanthus, particularly sesquiterpenes, 

may cause oxidative stress by destabilizing 

membranes and impairing cellular respiration, but to 

levels that allow for adaptation in the first instance 

(Bhagat and Ingole 2016). The sustained increase in 

SOD activity with C. schoenanthus extract supports 

the findings of Farahani and Bandani (2023), who 
reported that essential oils induce chronic oxidative 

stress requiring continuous antioxidant enzyme 

activation. The collapse of SOD activity with B. 

bassiana aligns with Stuart et al. (2022), who 

demonstrated that fungal metabolites directly inhibit 

antioxidant enzymes during advanced infection 

stages. 

 

Cymbopogon schoenanthus extract jolts GST 

into action, whereas B. bassiana tends to be 

delayed, with downregulation on the fifth day. The 

first-up regulation by B. bassiana on day 3 with 

GST increased to 1.54-fold, and that of C. 
schoenanthus extract was 1.39-fold greater than that 

of the control. On day 5, the pattern changed, with 

insects treated with B. bassiana declining 

dramatically to 0.78-fold and being 22% lower than 

the control level, while maintenance of elevated 

levels at 1.34% was ensured by insects treated with 

C. schoenanthus. 

The initial enormous decline in GST (1.54-fold 

for B. bassiana and 1.39-fold for C. schoenanthus) 

reflects a transient activation of detoxification 

responses to both treatments, with the response to 
fungal treatment being slightly stronger at the onset. 

GST is a crucial detoxifying enzyme that works by 

conjugating glutathione with electrophilic 

compounds, including xenobiotics and oxidatively 

damaged cellular components. The sustained 

increase of 1.34-fold in C. schoenanthus-treated 

insects throughout the exposure period clearly 

indicates ongoing detoxification, although within a 

tolerable ceiling. The observed decrease in B. 

bassiana-treated insects to 0.78-fold below day 3 

demonstrated that system failure was likely caused 

by one or more of the following: depletion of 
glutathione, direct inhibition of GST by fungal 

metabolites, or inability to cope with overwhelming 

detoxification as the course of infection progressed 

(Zhang et al. 2023). 

The biochemical results revealed extremely 

different modes of action between C. schoenanthus 

extract and B. bassiana. Oxidative stress is induced 

immediately by the plant extract with chronic 

elevation of antioxidant enzymes, suggesting that 

the chemical stress could be compensated to a 

certain degree by the insects. However, the 
cumulative increase in MDA levels suggests that 

compensation fails to counteract the effect, 

ultimately leading to death through cumulative 

oxidative damage. 

Both B. bassiana and the ethyl acetate extract of 

C. schoenanthus can significantly control S. 

zeamais, acting as biological disease control agents, 

although in different ways with unique advantages 

complementary to each other. B. bassiana provided 

superior long-term control in terms of mortality 

rates and progeny suppression, whereas C. 

schoenanthus extract initially achieved a faster 
control effect. This suggests a mechanism for insect 

bioactivity in the presence of terpenoid bioactive 

molecules present in the extract, such as α-

eudesmol, elemol, and cryptomeridiol. These 

sesquiterpene alcohols are known to exhibit 

neurotoxic properties and disrupt insect 

physiological processes (Karabörklü and Ayvaz 

2023).  
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Figure 4: Lipid peroxidation as measured by the MDA content (A) and the activities of the antioxidant 

enzymes CAT (B), SOD (C) and GST (D) after 3 and 5 days of exposure to maize grains treated with 

B. bassiana or C. schoenanthus ethyl acetate extract at the median lethal concentration. 

 

In addition, this differential performance aligns with 

recent findings by Rehman et al. (2020), who 

demonstrated that, compared with individual 
treatments, combined applications of B. bassiana 

with botanical extracts resulted in increased 

mortality rates (up to 71.32%) against Tribolium 

castaneum, suggesting synergistic interactions 

between fungal and botanical biocontrol agents. 

Biochemical analysis revealed dissimilar 

oxidative stress signatures between the two 

treatments, leading to fresh insights into their 

mechanisms of action. C. schoenanthus extract 

appeared to induce oxidative stress in a chronic but 

compensatory manner, as evidenced by the 
sustained induction of antioxidant enzymes (CAT, 

SOD and GST). These findings indicate that 

although the plant extract imposes an uninterrupted 

cellular stressor, the antioxidant defence system of 

the insect exerts compensatory mechanisms toward 

homeostasis but ultimately fails with time. This 

mechanism has been reaffirmed through recent 

studies related to oxidative stress responses in 

insects exposed to botanical compounds (Ali et al. 

2017). 

B. bassiana, however, induced a biphasic 

response consisting of initial upregulation of 
antioxidant enzymes and, thereafter, their total 

failure by day 5. This pattern conforms to the 

understanding of the pathogenesis process of 

entomopathogenic fungi, wherein the initiation of 

infection is bound to trigger host immune system 

responses, but eventually, the metabolites of fungi 

as well as physical invasion overwhelm the host's 

defense mechanism (Inayat et al. 2022; Kaur et al. 

2021). A striking increase in malondialdehyde 
concentrations (71.2%) in B. bassiana-treated 

insects was evident, indicating severe lipid 

peroxidation and damage to cellular membranes, a 

feature of mycosis at an advanced stage. These 

findings align with those of Zhang et al. (2020), 

who demonstrated that entomopathogenic fungi 

produce secondary metabolites that disrupt cellular 

antioxidant defences in stored-grain pests. 

CONCLUSION 

This study revealed that both B. bassiana and the 

ethyl acetate extract of C. schoenanthus are very 

good, eco-superior, and useful alternatives to 

synthetic pesticides for managing Sitophilus 

zeamais in stored grain systems. In terms of novel 
insights into their different biochemical mechanisms 

of action, C. schoenanthus extract was reported to 

induce chronic oxidative stress by maintaining an 

increase in several antioxidant enzymes, whereas B. 

bassiana rapidly caused systemic failure through 

biphasic disruption of the antioxidant system. Both 

modalities inflict higher adult mortality, encourage 

F₁ progeny production, and damage grains, with B. 

bassiana promisingly showing greater long-term 

efficacy (80% mortality, 81.5% progeny reduction) 

than C. schoenanthus extract (73% mortality, 70.6% 
progeny reduction). This makes most of the 

complementary nature of their mechanisms—fast 

short-term action by plant extracts upon an 
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entomopathogenic fungus that is effective for 

longer-term control—there are enormous 

opportunities for integrated pest management 

strategies, which put additional security around food 

in the world while minimizing the environmental 
and health characteristic risks associated with 

chemical pesticide use. Identifying sesquiterpene 

alcohols (α-eudesmol, elemol and cryptomeridiol) in 

addition to piperitone as key bioactive compounds 

forms a basis for establishing standardized botanical 

formulations. However, further studies on 

environmental stability, formulation optimization, 

and economics are vital for the successful 

realization of practical grain storage systems by 

approaching these promising biocontrol agents 

within the scope of field application. 
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