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Abstract 

Honey bees collect pollen, which has a high nutritional value.  Phenolic 

compounds, flavonoids, and other bioactive molecules found in pollen may have 

insecticidal activities.  However, there is little evidence about the impact of pollen 

extracts on wax moth larvae. The purpose of this study is to assess the insecticidal 

properties of honey bee pollen extracts against Galleria mellonella larvae. Pollen 

extract was prepared and its insecticidal activity on G. mellonella at different 

concentrations (10 µg, 50 µg, and 100 µg/mL) was evaluated. Mortality rates of 

20%, 47%, and 76% were recorded in the 48-hour period following the application, 

respectively. At the end of 72 hours, these rates increased and reached 32%, 65%, 

and 88%, respectively. In the control group, mortality rates remained below 5% 

during the 48- and 72-hour observation periods. As a result of the probit analysis, 

the LC₅₀ value was calculated as 54.7 µg/mL and the LC₉₀ value as 112.7 µg/mL. 

The findings may help to create biological control tactics and lead to the adoption 

of ecologically friendly pest management technologies in the beekeeping industry. 

Introduction 

The honey beekeeping sector is of great 
importance on a global scale, both in terms of 
ecosystem services and economic value. However, 
beehives are under serious threat, especially from pests 
such as the wax moth (Galleria mellonella L.). Wax moth 
larvae destroy the combs, disrupt the structural integrity 
of the hives, and negatively affect honey production 
(Bayramoğlu, 2023). Although traditional chemical 
insecticides are used to control this pest, these methods 
can lead to problems such as environmental pollution, 
damage to bee health and pest resistance (Aytekin & 
Kayış, 2024). 

In recent years, research on natural and 
environmentally friendly alternatives has increased. 
Herbal extracts and essential oils have attracted 
attention due to their insecticidal properties. For 
example, herbal oils such as thyme and walnut oil have 
been shown to be effective on wax moth larvae (Usta, 
2024). In addition, biological agents such as Bacillus 
thuringiensis (Bt) have also shown promising results in 
the control of G. mellonella (Venu et al., 2024). 

Pollen is a product collected by honey bees and has 
high nutritional value. Phenolic compounds, flavonoids 
and other bioactive substances contained in pollen may 
have potential insecticidal properties. However, there is 
limited information on the effects of pollen extracts on 
wax moth larvae. 

Galleria mellonella is widely recognized as a well-
established in vivo model for toxicological and biological 
activity studies because of its ease of laboratory 
maintenance, rapid life cycle, and well-characterized 
innate immune system (Bugyna et al., 2023). In the 
present study, G. mellonella provides an additional 
advantage because it is not only a standard 
experimental model but also the target pest responsible 
for substantial damage to honey bee colonies. 
Therefore, evaluating bee pollen extracts directly 
against this species enhances the biological relevance of 
the findings while simultaneously providing practical 
evidence for their potential application in wax moth 
management. 
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Material and Methods 

Study Area and Collection of Pollen Samples 

This study was carried out in the spring of 2025 to 
analyze honey bee (Apis mellifera) pollens obtained 
from different apiaries in the [Ordu/Türkiye] region and 
to determine the insecticidal effects of these pollens on 
greater wax moth (Galleria mellonella L.) larvae. Pollen 
samples were collected at 15-day intervals using pollen 
traps placed in the hives and were transported to the 
laboratory in sterile containers and stored at –20 °C until 
analysis (Campos et al., 2008; Pascoal et al., 2014). 
Pollen samples were collected from 10 colonies 
belonging to 3 different apiaries located in the Ordu 
region. Samples obtained from all colonies were pooled 
to obtain a representative pollen sample for subsequent 
extraction procedures. The botanical origin of the pollen 
samples was not determined in the present study. 

Preparation of Pollen Extract 

A cold maceration method was applied using 80% 
ethanol for pollen extraction. Approximately 10 grams 
of powdered pollen was shaken with 100 mL of solvent 
in the dark for 72 hours, then filtered through Whatman 
No. 1 filter paper. The obtained filtrate was purified 
from solvent by rotary evaporator under vacuum and 
the obtained crude extract was stored in the dark at      
+4 °C (Pascoal et al., 2014). 

Galleria mellonella Cultivation and Biological Tests 

Galleria mellonella colony was obtained from the 
Artvin Çoruh University Beekeeping Research and 
Application Centre and maintained under laboratory 
conditions. Larvae were identified at the same centre, 
and small larvae (L1–L3) were selected for the 
experiments. Only third-instar (L3) larvae were used in 
the insecticidal bioassays to minimize variation related 
to larval age and body size. The larvae were reared in 
sterile plastic containers under dark conditions at 30 ± 
2°C, and 65 ± 5% relative humidity and fed with an 
artificial diet consisting of honey, beeswax, glycerin, and 
flour (Metwally et al., 2012). 

To determine the insecticidal activity of bee pollen 
extracts, three different concentrations (10, 50, and 100 

µg/mL) were prepared. Each concentration was applied 
topically to groups of 10 larvae, while the control group 
received only the solvent. Following treatment, larval 
mortality was monitored at 48 and 72 hours. Each 
experimental group was tested in triplicate, and 
mortality rates were recorded for subsequent statistical 
analyses. 

Insecticidal Activity Trials 

Prepared pollen extracts were extracted for 72 
hours by cold maceration method using 80% ethanol 
solvent. After the extracts were concentrated in a rotary 
evaporator, dosages were prepared (10 µg, 50 µg, and 
100 µg/mL). Each dose was applied to groups containing 
10 larvae, and only solvent was given to the control 
group. Each treatment and control group consisted of 10 
larvae per replicate, and the experiment was performed 
in three independent biological replicates (n = 30 larvae 
per treatment group). Larvae were placed in petri dishes 
and mortality rates were observed in 48 and 72 hour 
periods after application. Each application was 
performed in three replicates. 

Data Analysis 

Larval mortality data were analyzed using SPSS 
25.0 program. In statistical evaluations, differences 
between mortality rates were evaluated with Chi-square 
test and one-way analysis of variance (ANOVA), and 
P<0.05 was considered significant. Probit analysis was 
applied to calculate LC₅₀ and LC₉₀ values (Finney, 1971). 

Results 

Insecticidal Effect of Pollen Extracts on Galleria 
mellonella Larvae 

It was observed that pollen extracts applied at 
different doses (10 µg/mL, 50 µg/mL, and 100 µg/mL) 
showed a significant dose-dependent insecticidal effect 
on Galleria mellonella larvae. Mortality rates of 20%, 
47%, and 76% were recorded in the 48-hour period 
following the application, respectively. At the end of 72 
hours, these rates increased and reached 32%, 65%, and 
88%, respectively. In the control group, mortality rates 
remained below 5% in the 48 and 72 hour period (Figure 
1, Table 1). 

Table 1. Effect of Different Pollen Extract Doses on Galleria mellonella Larva Mortality (%). 

Dose (µg/mL) n Mortality at 48 h (%) Mean ± SD Mortality at 72 h (%) Mean ± SD 

0 (Control) 30 3.3 ± 5.8a 4.0 ± 6.9a 

10 30 20.0 ± 10.0b 32.0 ± 12.0b 

50 30 47.0 ± 15.3c 65.0 ± 10.0c 

100 30 76.0 ± 11.5d 88.0 ± 5.8d 

Values are presented as mean ± standard deviation of three independent biological replicates (n = 30 larvae per 
treatment group). Different superscript letters within the same column indicate statistically significant differences 
among treatments (one-way ANOVA followed by Tukey's HSD test, P < 0.05). 
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Statistical Analysis Results 

According to the results of one-way analysis of 
variance (ANOVA), statistically significant differences 
were found between the different dose groups in terms 
of larval mortality (P<0.05). In addition, a positive 
correlation was found between the dose increase and 
mortality rate. As a result of the probit analysis, the LC₅₀ 
value was calculated as 54.7 µg/mL and the LC₉₀ value 
as 112.7 µg/mL (Table 2). 

Effect of Time 

Significant differences were found in terms of 
mortality rates between the observation periods (48 
hours and 72 hours) after the application (Chi-square 
test, P<0.05). This shows that the effect of pollen 
extracts increases with time. 

Discussion 

In this study, the insecticidal effects of pollen 
extracts collected by honey bees (Apis mellifera) on 
Galleria mellonella larvae were evaluated. The findings 

show that pollen extracts increase larval mortality 
depending on the dose and time. Especially the extract 
applied at a dose of 100 µg/mL showed the highest 
effect with a mortality rate of up to 88% at the end of 72 
hours. These results reveal that pollen extracts can be 
evaluated as a potential agent in biological control. 

In the literature, the effects of various plant 
extracts on G. mellonella larvae have been investigated. 
For example, neem (Azadirachta indica) and basil 
(Ocimum basilicum) extracts have been reported to 
provide high mortality rates (Al-Chalabi, 2023). In these 
studies, neem leaf extract caused 94.22% larval 
mortality, while basil extract caused 83.76%. These 
findings support that pollen extracts may be similarly 
effective.  Comparable results have been reported for 
biological control agents targeting Galleria mellonella. 
Venu et al. (2024) demonstrated that a Bacillus 
thuringiensis strain (NBAIR BtGa) exhibited considerable 
bioefficacy against greater wax moth larvae and 
highlighted its potential as a biological control agent. 
Although the present study evaluated plant-derived 

Table 2. Probit Analysis Results for LC₅₀ and LC₉₀ Values 

Parameter Estimate (µg/mL) 
 

95% Confidence Interval 
 

n 
 

χ² 

 

p-value 

 

LC₅₀ (µg/mL) 54.7 41.6–67.8 120 0.978 <0.05 

 

LC₉₀ (µg/mL) 112.7 93.5–141.3 120 0.978 <0.05 

n = total number of larvae used in the bioassay (30 larvae per treatment group × 4 groups = 120 larvae). LC values 

were estimated using probit analysis. Confidence intervals represent the lower and upper 95% confidence limits. 

 

Figure 1: Effects of different pollen extract doses on Galleria mellonella larval mortality 
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pollen extracts rather than microbial agents, both 
studies support the potential use of environmentally 
friendly biological alternatives for the management of G. 
mellonella populations. Similarly, Rivera-Ramírez et al. 
(2023) reported significant insecticidal activity against 
Galleria mellonella larvae using GroEL proteins obtained 
from bacteria associated with entomopathogenic 
nematodes. The authors demonstrated that biologically 
derived compounds can induce substantial larval 
mortality and may serve as environmentally friendly 
alternatives to conventional chemical insecticides. 
Although the active compounds and mechanisms of 
action differ from those of pollen extracts, the findings 
of the present study are consistent with previous 
reports highlighting the susceptibility of G. mellonella 
larvae to naturally derived bioactive agents. Similar 
findings have also been reported for other natural 
products tested against Galleria mellonella. 
Güneşdoğdu et al. (2023) evaluated the insecticidal 
activity of a natural Turkish diatomaceous earth 
formulation against greater wax moth larvae and 
reported significant larval mortality. The authors 
suggested that the abrasive and desiccating properties 
of diatomaceous earth contribute to larval death by 
disrupting the insect cuticle and increasing water loss. 
Although the mechanism of action differs from that of 
pollen extracts, both studies demonstrate the potential 
of naturally derived materials as environmentally 
friendly alternatives for the management of G. 
mellonella populations. 

The insecticidal effects of pollen extracts can be 
associated with the phenolic compounds, flavonoids 
and other bioactive substances they contain. It is 
thought that these compounds may cause death by 
disrupting the digestive system of larvae or by showing 
neurotoxic effects. In addition, the plant species from 
which the pollen is sourced and environmental factors 
may affect the chemical composition of the extracts and 
thus their effectiveness. 

The observed dose-dependent increase in 
mortality suggests that the biological activity of pollen 
extracts is closely associated with the concentration of 
bioactive constituents present in the extract. The LC₅₀ 
value of 54.7 µg/mL obtained in the present study 
indicates a considerable level of toxicity against G. 
mellonella larvae. Although direct comparisons are 
difficult because of differences in extraction methods, 
botanical origins, larval stages, and experimental 
conditions, the mortality rates observed in this study are 
comparable to those reported for several plant-derived 
and microbial biological control agents. These findings 
support the potential use of bee pollen extracts as a 
promising natural alternative for the management of 
wax moth infestations in beekeeping systems. 

Galleria mellonella is considered a suitable model 
organism for toxicological studies due to its easy 
cultivation under laboratory conditions and immune 
system properties (Desbois & Coote, 2011). G. 
mellonella is widely accepted as an in vivo model for 

toxicological studies because of its ease of maintenance, 
low cost, and physiological responses that allow rapid 
evaluation of biologically active compounds (Desbois & 
Coote, 2011). However, unlike many experimental 
models used solely for toxicity screening, G. mellonella 
is also the actual target pest responsible for severe 
damage in beekeeping systems. Consequently, the 
present findings have direct practical significance, as the 
observed insecticidal activity was demonstrated against 
the intended pest species rather than a surrogate 
organism. This dual role of G. mellonella as both a 
validated experimental model and the target pest 
substantially enhances the biological relevance and 
translational value of the study. Therefore, the 
significant larval mortality observed in the present study 
may provide valuable preliminary evidence regarding 
the biological activity of pollen extracts and their 
potential application in environmentally friendly pest 
management strategies. 

In conclusion, this study shows that pollen extracts 
have significant insecticidal effects on G. mellonella 
larvae.  Because the insecticidal activity was 
demonstrated directly against the target pest species, 
these findings provide biologically relevant evidence 
supporting the potential application of bee pollen 
extracts in environmentally friendly wax moth 
management strategies. These findings suggest that 
pollen extracts could be used as alternative agents in 
biological control. However, a limitation of the present 
study is that the botanical origin of the pollen samples 
was not determined. Therefore, the contribution of 
specific plant sources to the observed insecticidal 
activity could not be evaluated. In addition, the potential 
effects of pollen extracts on honey bees and other 
beneficial organisms should also be investigated. Future 
studies should focus on determining the botanical 
composition of pollen samples, characterizing their 
bioactive compounds, and evaluating their effectiveness 
under field conditions to support their potential use in 
integrated pest management programs.  
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