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ABSTRACT

The greater wax moth, Galleria mellonella (L.) is widely reared on artificial diets for its use as a model
organism in immunological and toxicological research. However, the biological consequences of replacing
its natural food source, waste honeybee comb, with simplified artificial formulations remain poorly
understood. This study aimed to quantify the effects of different diets on the life-history traits and
reproductive fitness of G. mellonella. The results showed that larvae reared on the comb-fortified artificial
diet (AD-2) exhibited the shortest developmental period (29.1 days) and the highest pupal weight (218.3
mg), closely comparable to those reared on the natural diet (30.5 days and 210.6 mg). Moreover, AD-2
females produced the greatest fecundity (965.2 eggs per female), exceeding both the natural and baseline
artificial diets. These findings demonstrate that while basic artificial diets can sustain G. mellonella, they are
nutritionally suboptimal. Fortifying artificial diets with natural comb components yields insects of superior
biological quality and is recommended for standardizing rearing protocols to improve physiological health
and experimental reliability in G. mellonella research.
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Introduction

The greater wax moth, Galleria mellonella (L.), is a
multifaceted insect that serves as a notorious apicul-
ture pest as well as a valuable research tool.  It is a
widely recognized and notorious pest of all kinds of
honeybee colonies (Büyükgüzel et al., 2013; Sarwar,
2016).  The larvae are particularly destructive, tun-

nelling through honeycomb and consuming bees-
wax, pollen and honey, which not only destroys the
combs structural integrity but also results in the loss
of stored resources and brood, eventually weaken-
ing or causing honeybee colonies to collapse
(Hanumanthaswamy and Rajagopal, 2017; Kwadha
et al., 2017).  This pest status causes major economic
losses for beekeepers globally (Hosni et al., 2022).
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Conversely,  G. mellonella became recognized as a
valuable model organism for invivo studies particu-
larly in toxicological studies due to its low rearing
cost and rapid life cycle (Kwadha et al., 2017; Jorjão
et al., 2018). This widespread use, both as a model
and for mass production of biological control agents
(Desai et al., 2019), has necessitated the development
of standardized laboratory rearing protocols, which
overwhelmingly rely on semi-synthetic artificial di-
ets for convenience and scalability.

While numerous artificial diet formulations have
been developed, these diets are primarily composed
of cereal flours, brans, milk powder, yeast and
sweeteners like honey and glycerol (Desai et al.,
2019; Hickin et al., 2021). These recipes are known to
support the complete lifecycle of G. mellonella and
are optimized for high yield and rearing efficiency
(Suyal and Pandey, 2024). However, a significant
gap persists in understanding of how these simpli-
fied formulations biologically compare to the insects
natural food source. In the wild, G. mellonella larvae
consume waste comb, a complex and highly nutri-
tious matrix of beeswax (a highenergy lipid source),
proteinrich pollen, honey residues and castoff honey
bee larval and pupal skins (Kwadha et al., 2017). It is
largely unknown how the substitution of this holis-
tic natural diet with simple, cerealbased artificial
diets impacts the insects core life history traits and
physiological health. Most studies using G. mellonella
larvae simply adopt a standard diet without validat-
ing its biological equivalence to a natural diet. This
discrepancy is the central problem this research ad-
dresses, as this unknown nutritional variable could
be a major confounding factor in experimental re-
sults. The nutritional quality of the larval diet is a
critical determinant of an insects physiological fit-
ness and variations in diet could alter immune func-
tion, developmental success and reproductive ca-
pacity (Jorjão et al., 2018), thereby affecting the reli-
ability and reproducibility of insects used in experi-
mental research.

This investigation seeks to bridge this critical re-
search gap. The purpose of this research was to sys-
tematically evaluate the biological performance of
G. mellonella when reared on its natural diet and
compare it directly against three distinct artificial
diet formulations. The study provides a comprehen-
sive comparative analysis, examining the founda-
tional lifehistory traits and reproductive fitness pa-
rameters that define the insects overall health. By
quantifying and comparing the effects of these four

different diets, this research aims to elucidate the
potential trade-offs between rearing efficiency and
biological fidelity. This work will establish a crucial
baseline for optimizing rearing methods, ultimately
enhancing the reliability and reproducibility of G.
mellonella as a model organism in future scientific
research.

Methodology

Wax moth mass culturing and experimental site

The greater wax moth, G. mellonella, culture was
maintained in the Apiculture Laboratory, Depart-
ment of Entomology, Annamalai university
throughout the study period and a starter egg mass
was obtained from the National Bureau of Agricul-
tural Insect Resource (NBAIR) (Accession number
NBAII-MP-NOC-02), Bengaluru, India. The stock
culture was maintained in the laboratory for at least
one generation prior to experimentation to acclimate
the insects to laboratory conditions. Mass rearing
was conducted in ventilated plastic containers (5 L
capacity) containing a standard artificial diet.
Folded accordion butter paper was provided to fa-
cilitate pupation and oviposition. The stock cul-
ture was regularly inspected to ensure the absence
of parasitoids infestation. Newly hatched first-instar
larvae (<24 h old) from this acclimated culture were
used to initiate the experiment. All rearing and ex-
perimental work were carried out in a controlled-
environment chamber maintained at 27 ± 2 °C, 70 ±
5% relative humidity (RH) and constant darkness.

Experimental diets

In current study four different diets were used as
treatments, one natural diet and three artificial diets
that varied in the composition of their nutrients. The
natural diet (ND) was made of waste honeybee
comb of Apis cerana indica, which composed of bees-
wax, the leftovers of honey, pollen and larvae skins.
Artificial Diet 1 (AD-1) served as the base formula-
tion and was prepared using 250 g wheat bran, 250
g wheat flour, 250 g corn flour, 100 g milk powder,
10 g powdered yeast tablets, 200 ml honey and 200
ml glycerol. The dry ingredients were mixed thor-
oughly, followed by the addition of wet components
and blended uniformly. Artificial Diet 2 (AD-2) was
a fortified modification of AD-1, prepared by incor-
porating 300 g of waste honeybee comb into the
same base formulation to enhance nutritional com-



S80 Eco. Env. & Cons. 32 (January Suppl. Issue) : 2026

plexity. Artificial Diet 3 (AD-3) was a standard labo-
ratory reference diet commonly employed in G.
mellonella rearing studies (Desai et al., 2019), com-
posed of 100 g wheat flour, 100 g wheat bran, 200 g
corn flour, 100 g milk powder, 50 g yeast powder,
175 mL honey and 175 mL glycerol. All artificial di-
ets were mixed following the same procedure and
stored in airtight containers at 4 °C until use.

Experimental design

To obtain synchronously aged larvae, egg masses
were collected from the acclimated stock culture and
incubated under the same environmental conditions
as described above. Newly hatched first instar lar-
vae (<24 hours old) were used to initiate the experi-
ment. A total of 400 larvae were randomly assigned
to the four dietary treatments (ND, AD-1, AD-2 and
AD-3), resulting in 100 larvae per treatment. Each
larva was placed individually in a plastic dish con-
taining a pre-weighed amount (15 g) of the assigned
diet to ensure accurate monitoring of development.
Diets were replenished as necessary and larvae were
reared until adult emergence under controlled labo-
ratory conditions.

Life cycle and developmental parameters

Each larva was monitored daily to record key
growth parameters such as larval duration (time
from hatching to cocoon formation), pupal duration
and overall development period (egg hatch to adult
emergence).  Larval weights were measured at the
last instar with a precision analytical balance (±0.001
g).  Pupae were gently taken from their cocoons,
sexed and weighed within 24 hours of emergence.
Survival rates were calculated as the percentage of
individuals who successfully completed each devel-
opmental stage.

Reproductive biology

Newly emerged adults (<24 hours old) from each

dietary treatment were coupled (1:1 male female
ratio) in separate mating containers, 25 pairs per
treatment.  Adults were fed and kept under labora-
tory conditions.  Adult longevity for both sexes was
monitored daily until mortality.  Fecundity was de-
termined by using folded butter paper as an ovipo-
sition substrate and the total number of eggs laid by
each female during her lifetime was recorded.  The
hatchability was assessed by collecting a subsample
of 100 eggs per female, incubating them under stan-
dard laboratory conditions and measuring the per-
centage of eggs that successfully hatched into larvae.

Statistical analysis

For normally distributed variables such as larval
and pupal weights, developmental durations and
fecundity, one-way analysis of variance (ANOVA)
was used to examine the effect of diet.  When signifi-
cant differences occurred, Tukey’s HSD post-hoc
test was used to separate the means.  Statistical sig-
nificance was evaluated at p < 0.05. Results are re-
ported as mean ± standard error (SE) and all the
data sets were analysed using GraphPad Prism v
10.6.1.

Results and Discussion

Life-cycle and developmental biology

The larval diet was found to have a statistically sig-
nificant (ANOVA, p<0.05) effect on all measured
life-cycle and developmental parameters of G.
mellonella (Table 1). Diet composition significantly
influences caterpillar development and nutrient-rich
diets containing adequate carbohydrates, proteins
and lipids, such as natural comb or fortified artificial
diets, support superior growth and development of
an insect (Coskun et al., 2006; Kwadha et al., 2017;
Jorjão et al., 2018).  Insects reared on AD-2, which
was fortified with waste honeybee comb, consis-

Table 1. Effect of different diets on the life cycle and developmental parameters of G. mellonella

Diet plan Larval Final larval Pupal Pupal Total Larval Adult
duration weight duration weight development survival emergence

(days)  (mg)  (days)  (mg)  (days)  (%)  (%)

ND 30.5±0.5b 239.5±4.1a 8.9±0.3b 210.6±3.6ab 39.4b 93a 96a

AD-1 37.8±0.8d 180.1±3.5d 9.3±0.2c 178.6±3.1d 47.1d 82c 86c

AD-2 29.1±0.4a 248.1±4.5a 8.4±0.2a 218.3±3.9a 37.5a 96a 98a

AD-3 34.2±0.6c 195.4±3.8c 9.0±0.3bc 190.2±3.4c 43.2c 89b 91b

Values are presented as Mean ± Standard Error (SE) & Percentage. Means within a column followed by different let-
ters are significantly different at p < 0.05 (Tukey’s HSD)
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tently demonstrated the most favourable develop-
mental outcomes. The larval phase may be pro-
longed when reared on certain artificial diets and
optimized artificial diets have been shown to
shorten the larval phase length (Jorjão et al., 2018).
Moreover, the incorporation of waste honeybee
comb into artificial diets represents an innovative
strategy with significant practical and economic
implications. The re-utilization of a waste product
from apiculture not only contributes to sustainable
agricultural practices but also reduces the overall
cost of rearing insects for experimental and commer-
cial purposes (Kundungal et al., 2025). The AD-
2group exhibited the shortest mean larval duration
(29.1 ± 0.4 days), which was statistically comparable
to the ND (30.5 ± 0.5 days) but significantly shorter
than all other artificial diets. Conversely, AD-1 re-
sulted in the most prolonged larval period (37.8 ±
0.8 days). A similar trend was observed in pupal
duration, where AD-2 (8.4 ± 0.2 days) and ND (8.9 ±
0.3 days) were significantly faster than AD-1 (9.3 ±
0.2 days). A weak diet results in a long life cycle
with a short oviposition period and a lengthy egg
incubation period (Anwar Mohamed et al., 2014).
Consequently, the total development period (hatch
to adult) was shortest in the AD-2 group (37.5 days)
and longest in the AD-1 group (47.1 days), similar
trend was stated by Jorjão et al. (2018), the most ap-
propriate composition helps to obtain a short larval
phase and consequently, to generate healthier larval
growth.

Larval and pupal weights

Larval and pupal weights, key indicators of physi-
ological health, were maximized in the AD-2 group
(Final larval weight: 248.1 ± 4.5 mg; Pupal weight:
218.3 ± 3.9 mg). Jorjão et al. (2018) reported that ar-
tificial diets can significantly affect larval duration
and weight, with natural diets typically offering su-
perior performance compared to standard artificial

formulations. The AD-2 group pupal weights were
significantly higher than those recorded for AD-3
(190.2 ± 3.4 mg) and AD-1 (178.6 ± 3.1 mg). Caterpil-
lars fed with some artificial diets may exhibit lower
weights compared to those on optimized diets. An
optimized artificial diet led to increase 2.4-fold
greater larval body mass (Hickin et al., 2021). The
Natural Diet produced larval weights (239.5 ± 4.1
mg) that were statistically similar to AD-2, indicat-
ing that the fortification of AD-1 with comb success-
fully replicated the nutritional benefits of the natu-
ral diet. This finding suggests that waste honeybee
comb provides critical micronutrients and bioactive
compounds that promote rapid metabolism and ef-
ficient growth (Hickin et al., 2021). Survival and
emergence rates correlated with the developmental
data. AD-2 (96% larval survival; 98% adult emer-
gence) and ND (93% larval survival; 96% adult
emergence) showed the highest success rates. Ajanta
Birah et al. (2008) observation exposed that, artificial
diet developed for mass rearing showed a survival
percentage as high as 91.7%.A fast life cycle has
been correlated with the ability to grow and repro-
ducible capacity (Metcalfe and Monaghan, 2003).
AD-1 showed the lowest overall viability, with only
82% of larvae surviving to pupation and 86% of pu-
pae emerging as adults.

Reproductive biology

Reproductive parameters, which are contingent on
the nutritional resources accumulated during the
larval stage, were also significantly influenced by
the larval diet (Table 2).Adults emerging from the
AD-2 and ND treatments exhibited the greatest lon-
gevity. It is plausible that the waste honeybee comb
contains a complex profile of proteins, lipids, vita-
mins and trace elements that work synergistically to
improve metabolic function and bolster the immune
response, thereby reducing mortality during critical
stages such as moulting and pupation (Kandel et al.,

Table 2. Effect of different diets on the reproductive biology of G. mellonella

Diet plan Adult longevity Adult longevity Fecundity Hatchability
(female) (days)  (male) (days)  (Total eggs/female)  (%)

ND 11.9±0.5ab 10.9±0.5a 902.1±20.9b 94.8±1.2b

AD-1 8.8±0.4d 8.4±0.4c 722.5±18.1d 88.0±1.6d

AD-2 12.4±0.6a 11.2±0.6a 965.2±22.4a 97.1±1.0a

AD-3 10.1±0.4c 9.3±0.5b 815.0±19.3c 91.5±1.3c

Values are presented as Mean ± Standard Error (SE). Means within a column followed by different letters are signifi-
cantly different at p<0.05 (Tukey’s HSD)



S82 Eco. Env. & Cons. 32 (January Suppl. Issue) : 2026

2020; Hickin et al., 2021). AD-2 females lived for an
average of 12.4 ± 0.6 days, while AD-1 females sur-
vived only 8.8 ± 0.4 days. Fecundity, measured as
the total number of eggs laid per female, was high-
est in the AD-2 group (965.2 ± 22.4 eggs), which per-
formed significantly better than all other treatments.
Natural diets improved the fecundity of female
moths, with an average of 571.5 eggs laid per female
(Ajanta Birah et al., 2008). The enhanced survival
and emergence rates observed in the AD-2 group
reinforce the notion that a nutrient-rich diet is essen-
tial for maintaining insect viability during stressful
developmental transitions (Hickin et al., 2021). The
Natural Diet (ND) resulted in the second-highest
fecundity (902.1 ± 20.9 eggs). It is also important to
consider the mechanistic underpinnings by which
waste honeybee comb serves as a multifaceted nutri-
tional supplement, providing both structural and
soluble components that enhance digestive effi-
ciency and nutrient assimilation (Mohamed and
Amro, 2022). The AD-1 diet produced adults with
the lowest reproductive output, averaging only
722.5 ± 18.1 eggs per female.

Hatchability rate followed the similar pattern.
Eggs laid by AD-2 females showed the highest hatch
rate (97.1 ± 1.0%), followed closely by ND (94.8 ±
1.2%). AD-1 showed the lowest fertility at 88.0 ±
1.6%. Suyal and Pandey, (2024) suggested that even
slight modifications in diet formulation can yield
substantial differences in growth metrics and sur-
vival rates of an insects. Although natural diets,
such as abandoned honeybee comb, promoted im-
proved development and reproductive success in G.
mellonella, artificial diets remain extremely helpful
for laboratory and large-scale rearing (Nitin
Kulkarni et al., 2012).  Artificial diets are affordable,
easy to prepare and effective for the mass multipli-
cation of G. mellonella, making them an effective and
low-cost management strategy for this essential in-
sect species (Abdel-Galil et al., 2024).  In contrast,
providing a continuous and contamination-free sup-
ply of natural food components such as honey and
honeycomb can be logistically difficult and seasonal
in nature (Good et al., 1953).  Optimized artificial for-
mulations, particularly those supplemented with
bee-comb components, can serve as viable alterna-
tives that balance biological performance and rear-
ing efficiency.

Conclusion

This study highlights that larval nutrition plays a

pivotal role in determining the biological quality
and overall fitness of G. mellonella. Although simple,
cereal-based artificial diets can sustain develop-
ment, they yield insects with slower growth, lower
survival rates and reduced reproductive perfor-
mance compared to those reared on a natural diet.
The most notable outcome of this research is that
fortifying an artificial diet with natural honeybee
comb (AD-2) created an optimal nutritional balance,
producing insects that outperformed even the natu-
rally reared group in key biological traits. These
findings highlight the critical influence of diet com-
position on insect vitality and suggest that, for labo-
ratory applications where physiological robustness
and consistency are essential, such as immunologi-
cal, toxicological and behavioural studies, the rou-
tine use of basic artificial diets should be reconsid-
ered. The adoption of a comb-fortified artificial diet
is therefore recommended for producing high-qual-
ity and reliable G. mellonella model organisms.
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