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Abstract

Many insects can be reared in artificial diet for experimental purpose under laboratory condition.
Composition of the diet, easy availability, cost and feeding behavior of the insect are important
consideration for rearing of the insect. The larvae of greater wax moth, Galleria mellonella (Lepidoptera:
Pyralidae) are pests of honey bee colony and can cause significant damage to stored beekeeping industry.
Despite the importance of wax moths to the apicultural industry, they are investigated considerably more
as a model organism for studies in biology, behaviour, ecology, molecular biology, physiology, and
control. Galleria mellonella are good host of many entomopathogens including entomopathogenic
nematodes. Due to high susceptibility of the larvae of Galleria mellonella to entomopathogenic
nematodes (EPNs), they are selected as suitable host for EPNs research. Effective artificial diets are
pivotal in G.mellonella rearing purposes by decreasing production costs and enhancing the overall quality
and fitness of the insect. Research work contributes to make mass rearing of G.mellonella less expensive
with no adverse effects on quality and quantity of produced larvae as well as their suitability for baiting,
rearing or mass multiplication of entomopathogenic nematodes.. This review attempts to compare
different studies on composition of diet which has a significant effect on the wax moth larvae as well as
production of entomopathogenic nematode and forwarded towards revitalization of research on various
aspects of biological science.

Keywords: Greater wax moth larvae, Galleria mellonella, Entomopathogenic nematodes (EPNSs), rearing
of insect, artificial diet

Introduction

Preparation of an artificial diet is essential to the process of laboratory insect rearing.
Bogdanov developed the first artificial diet in 1908 to rear blowflies, Calliphora vomitoria
(L.). Since then, great advances have been made in diet formulation, especially for
Lepidoptera, Coleoptera and Diptera by adding essential and non-essential nutrients,
conforming to the nutritional requirements of hosts, and thus expanding the pool of insects that
could be reared on artificial medium. However, only a few diets have been entirely successful
in replacing the natural diet of host insects (Cohen 2004) 1181, Artificial diets can be divided
into two categories: the holidic diet and the meridic diet. The holidic diet consists of very few
of the ingredients are chemically defined, but the meridic diet the included ingredients are
controlled. An artificial diet must be chemically stable, nutritionally complete, palatable to the
insect, provide bioavailable nutrients, and support growth, development, and reproduction
(Cohen, 2020) 271, Diet ingredients of the host diets are also easily available and relatively
inexpensive, and the life cycles of the hosts are short which will ensure a constant and quick
supply of larvae during the production process. It is of extreme importance that diets be
optimized to the extent where high-quality insect hosts, in sufficient numbers, are produced
using an economically viable diet. Similarly cost of production can be reduced through use of
alternative ingredients. The desired outcomes of diet optimization vary depending on the
purpose as well as rearing system.

Rearing of Insect: The greater wax moth, Galleria mellonella

The greater wax moth, Galleria mellonella (order: Lepidoptera) is a member of the Galleriinae
subfamily within the family Pyralidae. G.mellonella has a wide geographic distribution,
particularly in the tropical and sub-tropical regions it lives naturally in beehives of Apis
mellifera and Apis cerana. The moth first enters their hives, whereupon its larvae dig into the
cells containing pollen, the bee brood and honey, resulting in severe damage to the hive and
the bee population, the greater wax moth is one of the contributing factors to the decline of
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domestic and wild honeybee populations (Jindra and Sehnal,
1989; Mohamed et al., 2014) B 51, The insect has four
developmental stages: egg, caterpillar, pre-pupae/pupa and
adult. The eggs are white to light pink in colour and take
between 5 to 8 days (24-27°C) to develop and became
caterpillars (Cardoso et al., 2007) [*4, The caterpillars are
creamy white and measures 1-23 mm. This stage takes 6-7
weeks at 28-32°C (Hagstrum and Milliken 1988; Mikolajczyk
and Cymborowski 1993; Cymborowski, 2000) [34 50 191 The
caterpillars of the insect obtain nutrients naturally from
honey, pupal skin, pollen and beewax. During this time,
caterpillars undergo 8-10 molting stages and spin silk threads
across all stages, but only the last instar spins a cocoon. When
the caterpillar ceases feeding and still presents some motility,
during the formation of the cocoon, characterizes the
intermediate stage of the pre-pupae. Later on the caterpillars
became pupae, which are dark reddish brown and
immobilized in cocoons. From pupa to moth, takes 1 to 8
weeks. The pupae and adults do not require feeding. Rearing
the insects in darkness can increase mating and reproduction
(Jorjao et al., 2018) U pecause they are active at night (Ellis
et al.,2013; Kwadha et al.,2017) 16 471, Moths are a reddish
brown and pale cream color, and are able to lay 50-150 eggs
.Male moths are slightly smaller and lighter in color than
females. Female moths present a bifurcated proboscis and a
labial palps projecting forward. The entire life-cycle takes
approximately 40 days depending on environmental
conditions like temperature and food supply.

Wax moth rearing methods are used in a variety of fields from
the simple production of wax moth larvae for reptile, bird
food, and fish bait to wax moth control programme and to
study as a model insect (Charlis et al., 2017; Pereira et
al.,2020) [*5 53,54,

The greater wax moth, Galleria mellonella (L.), is extensively
cultured as a laboratory test animal for basic studies in many
disciplines (physiology, biochemistry, toxicology, pathology,
etc.). Additionally its egg, larval, and pupal stages are often
used as hosts or prey for rearing parasitic and predaceous
insects for both laboratory studies and field releases.

They are investigated considerably more as a model
organism. Therefore, mass rearing of wax moth had received
greater attention in the recent year. The larvae offer many
advantages as a model host. The main advantages of this
model include the low cost of maintenance, the fast life cycle,
the speed and ease of test execution and interpretation, the
ability to incubate caterpillars at temperatures between 25°C
and 37°C, the possibility of using a large number of
caterpillars and the innate immune system, and the
evolutionary conservation relative to mammals. It is
extensively cultured as a laboratory test animal for basic
studies in many disciplines viz., physiology, biochemistry,
toxicology, and pathology (Champion et al., 2018; Ce et al.,
2020; Pereira and Rossi,2020) 13 5354 Ellis et al., (2013) [26]
used it as model organism for studies in insect physiology,
genomics and proteomic. Wu et al., (2010) [ used it for
study of insect physiology and biochemistry, insecticide
screening and insect toxicology.

The greater wax moth Galleria mellonella is an increasingly
popular infection model to assess microbial virulence and the
effectiveness of antimicrobial compounds and can be used to
provide faster and cheaper data than traditional test systems
(Junqueira 2012; Jacobsen, 2014; Champion et al., 2016;
Adeline et al., 2018; Andrea et al.,2019; Cutuli et al.,2019;
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Kazek et al.,2019) . 38 14 1 2 18 41 FEarlier Galleria
mellonella (wax moth) larvae was widely used as a non-
mammalian infection model,now it has been accepted by the
scientific community as an experimental model for infection
with different bacterial, fungal as well as entomopathogenic
nematode species. G.mellonella is known to be susceptible to
twenty nine species of fungi, seven viruses, one species of
parasite and sixteen numbers of biological toxins (Champion
et al., 2016; Asai et al.,2019; Firacative et al.,2020) [+ 3 191,
Additionally its egg, larval, and pupal stages are often used as
hosts or prey for rearing parasitic and predaceous insects such
as Microplitis spp., Archytas spp., Apanteles spp. and Bracon
hepetor L. for both laboratory studies and field releases
(Kandel et al., 2020) [ Another advantage of the
G.mellonella model is the multiple options available for the
easy inoculation of the pathogen. Most studies introduce the
infection by injecting standardized microbial inoculums or via
oral delivery or topical application (Dalton et al., 2017) [?2,

Simple and easy procedure can support researchers starting to
rear G.mellonella. Many studies have tried to optimize the
mass-rearing of G. mellonella, taking into account the cost
and availability of diet ingredients, as well as the ability of the
insect to adapt to diets without seriously affecting the
biological parameters like larval weight, larval phase
duration, pupal weight and duration, fertility or egg
productivity and overall survival (longevity) and
developmental period (Finke 2002; Birah et al., 2008;
Banville et al.,2012; Kulkarni et al.,2012; Vanzyl and Malan,
2015; Torres et al.,2020; Hickin et al.,2021) [28. 8.4, 46,67, 66, 36]

Galleria Mellonella Rearing Methods

Most rearing methods are very similar and share common
components. To begin a rearing programme, the initial moths
can be obtained from infested honey bee colonies or
purchased commercially. Outlined here is the general rearing
method of wax moths.

Natural rearing method

1. Create a bee-free hive with frames of pulled, dark comb
(dark comb is comb in which brood has been reared)
containing honey and pollen.

2. Introduce three, late instar larval wax moths per frame to
ensure wax moth presence.

3. The hive and combs should be covered and under some
type of shelter to protect it from rain. Darkness, warmth,
and lack of ventilation promote colonization.

4. Unattended (bee-free) hives will be highly attractive to
adult wax moths if they are present in the area.

5. Provide additional used honeycomb containing honey
and pollen as diet for rearing program as the food supply
in the box is exhausted.

6. Moth eggs, larvae, pupae and adults can be collected
from the hive with an aspirator, forceps, or a small, soft
paintbrush. The latter should be used for the immature
wax moth stages since they can be damaged easily.

The higher larval survival could be attributed to the adequate
supply of the main nutrients as well as pheromones and
hormones. In nature, the larvae develop in bee colonies and
feed on pollen, honey, cast larval skins and other debris
incorporated into the wax comb (Young, 1961) [, However,
the production and use of wax comb can be expensive and
unsustainable if a large number of wax moths are desired.
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In vitro rearing method

Most in vitro lab rearing techniques follow a simple series of

events:

1. Place wax moth eggs on new diet.

2. Allow resulting larvae to feed on diet. The insects are
reared under the optimal growing conditions, are reared
in glass chambers at 30°C, 70% relative humidity and in
constant darkness. Air movement is also a critical factor
to consider in rearing facilities. Too much air movement
can lead to drying out of insect diets, while a lack of air
movement can lead to humid and unfavourably low
oxygen conditions, which are ideal for unwanted
microbial growth .

3. Harvest late instar larvae or pupa and place into a second
container.

4. Allow late instar larva to pupate or pupa to emerge as
adults.

5. Allow adults to mate and allow females to lay eggs.

6. Place eggs on new diet.

Beck (1960) B, Dutky (1962) 231, Dadd (1964, 1966) [20 21
and Marston and Brown (1974) originally formulated diets to
culture G. mellonella in the laboratory. Eischen and Dietz
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(1990) 21 found that adding 5% pollen and honey or bee wax
significantly increased the survival of G. mellonella adults.
Another economical artificial diet was developed by mixing
rice bran, malt and sucrose instead of wheat bran and honey.
Metwally et al. (2012) 1 using various ingredients instead of
natural honey bee wax and found to be suitable for mass
rearing of wax moth larvae without adverse effect on quantity
and quality of produced larvae with low cost. Ellis et al.,
(2013) 1 described G. mellonella breeding using a diet
derived by mixing the following ingredients: seven parts dry
dog croquettes, one part water, and two parts honey, followed
by content adjustment with vitamin A to produce whitish
larvae. Commercially available dog croquettes are used to
rear G. mellonellaand are often composed of different
ingredients of various origins (Frank and Alfred, 1990; Jorjao
et al., 2018) [30.401,

Due to differences in availability and cost of diet constituents
and the ability of G. mellonella larvae to adapt to different
diets without serious effects on their development, many
scientists tried to optimize mass production of G. mellonella
in different countries (Schneider et al., 2018) €%

The following table.1 shows many variations on a generalized
artificial diet.

Table 1: Different ingredients for artificial diet of Galleria mellonella

Inaredients Brighenti et al., PDBC, Birahetal., | Kulkarnietal., | Van Zyl & Malan |Van Zyl & Malan| Huang et al.,
g (2005) 01 (2007) 52 (2008) ! (2012) 1l (2015) [¢71 (2015) 67 (2010) 71
comn ”;ﬁ)au'i maize 250 g 200g 97.5¢g 200g
yeast extract 150 g 709 9759 259 35¢g 88¢g 5.49
soy flour 100 g
powder milk 100 g 130 g 1309 100g 118¢g 10.2¢g
HO”S\};’;':”W 200 ¢ 100 ml 195 ml 225 190.5 ml 175 ml 1679
Glycerol/Sorbitol 200 g 150 ml/150ml 195 ml 125ml 165 ml 175 ml 2449
beeswax blocks v 2649 24¢g 16.7g
dog croquettes 345¢
rolled oats 85g
wheat bran 130g 100g 85¢g 206 g
wheat flour 350 g 130g 100mg 118¢g 51.9¢

Utilization of G. Mellonella for
Nematodes Studies

Entomopathogenic  nematodes  under  the  families
Steinernematidae and Heterorhaditidae are used as biological
insecticides in pest management programmes (Grewal et
al.,2005) 331, Host susceptibility, host availability, ease and
cost of rearing the host, and quality of nematodes produced by
the host are all parameters to take into consideration when
selecting a suitable host for entomopathogenic nematodes
(EPNs) research (Poinar, 1975; Blinova and Ivanova, 1987;
Hatab et al., 1998; Shapiro-1lan and Gaugler, 2002) [ % 3532,
The advantages of usingG. mellonellalarvae in
entomopathogenic nematode-related studies include high
susceptibility of the larvae to EPN (Fuchs et al., 2010;
Ramarao et al., 2012) their size and short lifecycle, easy
rearing on artificial diets, rearing at various temperatures (20-
37°C), and high nematode yields (Van Zyl and Malan, 2015;
Testa and Shields, 2017; Rahoo et al., 2018) [¥71. The
availability of a constant and reliable source of host insects
throughout the year can only be achieved by laboratory
rearing. For large-scale commercial production as well as for
laboratory experimentation or field testing entomopathogenic
nematodes are cultured in vivo or in vitro (Woodring and
Kaya, 1988; Shapiro-llan and Gaugler, 2002; Gaugler and

Entomopathogenic

Han, 2002; Ehlers and Shapiro-llan,2005) [©8 63 32 24 |p
vivo production yields vary greatly among different insect
hosts and nematode species. The developmental stages of
hosts also play an important role in their susceptibility to
nematodes (Simoes and Rosa, 1996; Kaya and Stock, 1997)
64 43 In an enclosed rearing facility, environmental
conditions can be manipulated to increase the efficacy of host
production. Besides cost, it is important to know whether the
diet influences the effectiveness of EPN emerging from an
infected diet-reared host to kill and multiply in the target pest
species (Metwally et al., 2012) 3. Under field conditions,
application of EPN in insect host cadavers can reduce the
quantity of nematodes required for control per unit area
compared with their application in water or other solvents
(Shapiro-llan et al., 2012) 54, The proportion and/or selection
of ingredients in the diets play an important role in the
development of larvae, as well as in the fitness and quality of
the nematodes obtained from them. In vivo nematode
production yields nematodes with good virulence potential
(Kotchofa and Baimey, 2019) 1. According to Zhen et al.,
(2018) I3, the quality of the insect host can affect the efficacy
or persistence of EPN produced in vivo. Bhatnagar and Bareth
(2004) [ and Ramakuwela et al., (2014) B71 focused on
optimization of insect media and its impact on nematode
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production and indicated that insect nutrition has a link to
EPNs production. A standard G. mellonella rearing protocol is
fundamental to minimize external influences on the results,
and this simple and easy protocol can support researchers
starting to rear G. mellonella. Attempts were made to develop
suitable semi-synthetic diet for mass rearing of G. mellonella
to ensure uninterrupted EPN production. Calculating the
number of nematodes produced per host would assist in
determining, in advance, how many larvae need to be reared
for a specific field trial, experiment or formulation. The
presence of certain lipids in insect diets has also been shown
to promote host susceptibility, in increasing the
developmental rate and yield of EPNs (Yang et al., 1997; Yoo
et al., 2000; Shapiro-1lan et al., 2012) [20. 71 611,

Recovery of entomopathogenic nematodes from soil using

greater wax moth larvae

This method was developed by Bedding and Akhurst (1975)

€ and Fan and Hominick (1991) 7 and can be used for

screening of soils for the occurrence of entomopathogenic

nematodes.

1. Collect soil of interest for use.

2. Place 200-250 cm?® of soil in a plastic or glass dish (~300
cm? in volume).

3. Place five late instar G. mellonella larvae (late instar
larvae are 250-350 mg) on the soil surface.

4. Seal the dish with a tight lid to limit larvae escape.

5. Incubate the dish at 20 °C.

6. Replace the larvae (alive or dead) every 4-6 days. This
should be done until larvae in the dish no longer die

7. Dissect all harvested larvae in saline water.

8. Quantify the number of nematode adults.

Infecting greater wax moth larvae with entomopathogenic
nematodes

Fan and Hominick (1991) ?7 developed this method that is
useful for nematologists who need an effective method for
rearing nematode species of interest.

Surface sterilization of wax moth larvae (Reddy et al.,

1979) B9

1. Surface sterilizes wax moth larvae with a wash (whole
body) or rub (target body part) with 70% ethanol.

2. Manipulate (including dissection) the sterilized individual

in sterile insect Ringers solution.

Wash sand with distilled water.

Autoclave

Oven-dry.

Filter through a 1.18 mm sieve.

Moisten the filtered sand with 1 ml of distilled water for

every 25 ml of sand (4% V/V).

Place 25 ml of moistened sand in a 30 ml plastic tube.

7. Pipette nematodes diluted in 1 ml of water (per
producer’s instructions or experimental needs) into the
sand in the tube. The nematode/water solution brings the
VIV content to 8%. Any desired number of nematodes
can be introduced to the soil in this way, though
including more infective juveniles in the inoculum
typically results in greater infestation with nematodes.

8. Invert (turn upside down) the tube multiple times to
disperse the nematodes in the sand.

9. Place a single wax moth larva (surface sterilized) on the
sand surface in the tube (late instar larvae are 250-350

mg).

agrwbdE
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10. Replace the tube lid and invert the tube.

11. Leave the tube inverted for set time periods and
temperatures per the needs of the study.

12. Recover the wax moth larva and wash it three times with
distilled water.

13. Dissect all harvested larvae in saline or maintain on
moistened filter paper at 20°C for a period of time before
use.

14. Replace the wax moth larva in the tube with a new
individual weekly. This should be done until added larvae
no longer die, indicating that no nematodes remain in the
soil.

Conclusion

Galleria mellonella has all the necessary host features to be
model host especially in the microbiology field. Some of the
practical recommendations for larval rearing will help in
overcoming limitations of the use of the model insect.
Artificial diet optimization for G. mellonella is important to
develop larger larvae with short development time along with
other life-history traits. The standardization of parameters
related to artificial diet for rearing of G. mellonella can be
improved by comparison which will provide cost effective
and easy application technique. This improvement may lead
towards better reliable experimentation using G. mellonella
for entomopathogenic nematodes studies.
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