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ABSTRACT 

Greater wax moth (Galleria mellonela Lepidoptera: Pyralidae,) are ubiquitous pests of honey bee colonies globally. 
Galleria mellonelais an important lab host used worldwide for mass production of Entomopathogenic Nematodes by 
in-vivo method.The honey bee wax comb- the natural diet of the Bee is always in short supply. The larvae of Greater 
wax moth are pest of honey bee colony wax combs. This work looks into the production of the local strain of Galleria 
mellonelausing artificial diets.  The larvae of Galleria mellonelawere placed on four diet compositions coded as plate 
1, 2, 3 and 4.The influence of different artificial diets on developmental and physiological parameters at different 
laboratory conditions were determined. The work showed that diet composition benefits the life cycle of G. mellonella 
by accelerating the larval phase length and increasing the caterpillar weight. Diet Composition 2 showed fewer 
impacts. All the diet compositions generated adult Greater wax moth. There was a significant positive linear 
relationship between weight of wax moth larvaeand the number of nematodes produced. It is imperative that the 
larvae can be produced on artificial diets to bridge the gap of its short supply in the mass production of 
Entomopathogenic nematodes (EPNs) through insect bait and white trap techniques.A standard G. mellonella 
rearing protocol is fundamental to make available G. mellonellato be used for mass production of Entompathogenic 
nematodes.  

Keyword: Production,Galleria mellonela, Entomopathogenic Nematode 

_____________________________________________________________________________________________ 

INTRODUCTION  

Galleria mellonelais an important lab host used 

worldwide for mass production of 

Entomopathogenic Nematodes by invivo 

method. As the natural diet, the honey bee wax 

comb of the bee is always in short supply, it is 

imperative that the larvae can be produced on 

artificial diets. The quality of the larvae 

produced therefore depends on the quality of 

the diet (Halal et al., 2008).Wax moths are 

ubiquitous pests of honey bee (Apismellifera) 

colonies globally (Shimanuki, 1980). The larvae 

of wax moths are pest of honey bee colony wax 

combs, especially in stressed colonies, wax 

moths will feed on the wax used by the 

honeybees to make the comb of the hive and can 

cause significant damage to stored beekeeping 

equipment. The Greater wax moth is the more 

destructive and common comb pest and has 

been used for mass rearing of a large number of 

itself in a laboratory condition (Mohamed and 

Coppel, 1983). It is also well known to 

parasitized honeybees and their hive.The larvae 

usually live in beehives and feed on wax and 

young bees and fill the tunnels of the hive with 

silken threads. The economic importance of 

Greater wax moth has led to a number of 

investigations on its life history, biology, 

molecular biology and control.The larvae of 

Greater wax moth are also often used as a model 

organism research. Breeding of wax worms 
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requires placing moths in a container with some 

Wax Worm Bedding, and place some crumbled 

pieces of wax paper in the bedding. The moths 

will lay eggs on the wax paper, and in a couple 

of days produce baby wax worms. More 

bedding could be added as needed for better 

growth of the wax worms. 

The use of entomopathogenic nematodes (EPNs) 

as bio control against insect pests requires 

G.mellonela for mass production of the 

nematode. In vivo production is a simple process 

of culturing EPNs in live insect hosts. In vivo 

nematode production is based on the White trap 

method; the method involves the natural 

migration of IJs away from the infected host 

cadaver into a surrounding water layer, from 

where it can beharvested. (Abd-elgawad,2007, 

Lindegrenet al.,1993).This culturing and 

formulation of nematode by in vivo method 

(Singhet al., 2014) is a very tedious process. The 

major constraints militating against the mass 

production of EPNsby in vivo method is the 

scarcity and high cost of production due to the 

high cost ofG. mellonellalarval rearing as a result 

of the expensiveness of its diet.The cost of 

production of the larvae is an issued to be 

resolved. Milk powder, honey, multivitamin, 

protein source, glycerin etc. are high cost 

ingredients that keep the cost of production of 

larvae high. 

Consequently, the sale prices of 

entomopathogenic nematodes are quite 

expensive.The quality of the larvae produced 

depends on the quality of the diet. Although a 

standard diet (Halaet al., 2012; Liu et al., 1998) is 

available for use and is followed worldwide. 

The larval stage of G. mellonellalasts for 33 to 36 

days and each larva is expected to consume 

around 18 g of the artificial diet, so overall for 

one kg of the diet the full grown larval output is 

around 56 larvae. The artificial diet includes 

costly materials like wheat flower, corn meals 

powder, honey, milk powder, baker’s yeast 

powder and glycerin. Growing larvae after 27 

days are expected to consume about 60 per cent 

of the total diet used for rearing (Biraet al., 2008). 

The effects of temperature and humidity on life 

stages have been most thoroughly studied. 

Temperatures around 29–33 °C (84–91 °F) and 

humidity levels around 29-33%  are optimal for 

development, though studies in Kansas have 

shown normal larval development at 

temperatures as high as 37 °C (99 °F). Average 

temperatures higher than 45 °C (113 °F) have 

been shown to be lethal for larva. Lower 

temperatures at 23 °C (73 °F), however, resulted 

in only part of the life cycle being completed. At 

temperatures below 0 °C (32 °F), even short 

exposures kill larva and adults.Intraspecific 

factors also affect life stages: cannibalism of 

instars in the process of molting has been seen, 

though only in situations where food is scarce. 

Diet quality also can affect larva development; 

nutrient deprived larvae are more susceptible to 

infection by the yeast Candida albicans.  

Dutky, 1962; Dadd, 1966and Aleman and Decal, 

1995 originally formulated diets to culture G. 

mellonellain the laboratory. However, it 

encountered variable survival rates among the 

various stages under mass rearing conditions. 

This study looks at production of G. 

mellonellaunder laboratory conditions by 

manipulation of the basic diet and the 

procedures of rearing to establish an efficient 

and reproducible system for providing large 

numbers at a relatively low cost for the mass 

production of EPNs at effective cost. 

MATERIALS AND METHOD 

Material 

Three artificial diets (Table 1) were used in this 

study to determine their consumption and 

economic efficient in the mass production of the 

greater wax moth, G. mellonella. The natural 

honey-bee wax was used as control.  



Katsina Journal of Natural and Applied Sciences VOL. 7 No. 2 September 2018 (ISSN: 2141-0755) 

©Umaru Musa Yar’adua University, Katsina NIGERIA. All Rights Reserved……………Page 178 
 

Source of Galleria mellonela (Greater Wax 

Moth):  

The greater wax moth insect larvae (Galleria 

mellonela) were purchased from Forest Research 

Institute Jericho, Ibadan, Oyo state.   

Drying of the bedding:  

Each mixture of the diet formula was spooned 

out onto the waxy side of wax paper and left in 

a spot and placed in a spot with good 

ventilation to dry and hardened for easy 

breakage into clumps.These were used to cover 

the base of the jar to 1 inch (2.5 cm) depth. This 

serves as substrate as well as the food for the 

waxworms. Crumpled wax papers were 

dropped into the jar to give the waxworms a 

place to spin cocoons and for easy transfer to the 

next jar. 

Strips of newspapers were used to line the sides 

of the jar to absorb water droplets from the 

breathing of the worms as well as help to 

prevent the crumbs of diets from becoming too 

damp for the larvae to use. Some sides of the jar 

were left clear to view the happening inside the 

jar. 

50 waxworms were transferred to 1-litre jar with 

100g of crumbs of diet, keeping out dead 

larvae.Experiments were based on 10 replicates 

for each diet formula. The waxworms were kept 

in a ventilated room with decent air flow, so 

moisture can evaporate before it condenses on 

the container walls. Though waxworms are 

affected much by humidity, but they may have 

trouble moving and feeding if the substrate gets 

damp and mushy. Folded sheets of wax paper 

held together with pins were also placed in the 

jar for the moths to deposit their eggs on.The jar 

was place at temperature between 28 and 32ºC 

to encourage fast breeding. Care was taken to 

maintained temperature below 40ºC (104ºF) 

since at this temperature, many of the adult 

moths will die before they finish laying eggs. 

The eggs were removed from the jars and 

collected by placing a razor blade gently under 

one side and lifting the eggs, these were used to 

initiate the next generation of wax moths. 

Stocking of eggs of waxworms for larvae 

production. 

115 g of themedium were placed into a500 ml 

sterilized jar, 1000 wax moth eggs were added to 

the surface of the medium in the jar and 0.5 ml 

of deionized parboiled water was sprinkled 

around the eggs. The experiment was placed 

under incubation at 28.5ºC in the dark after the 

jar was sealed with aluminum foil. The 

incubated eggs began hatching after 3-8days; 

this was shownby the extensive tunneling at the 

periphery of the medium. Dead larvae were 

removed occasionally by searching through the 

substrate for black, shriveled larvae; these were 

picked with forceps and thrown away before 

they rot so as to discourage disease.Second 

instar larvae are readily observed in 7-10 days.  

Stocking of Second instar larvae for 

production of Pupa 

Four separate jars were prepared and each 

coded J1, J2, J3 and J4 accordingly and provided 

with different artificial feed formulations and 

natural diets including J1D containing beehive 

and Honey); J2D (artificial fresh media (35g of 

wheat flour, 20g of corn meal powder, 130g of 

milk powder, 7g of baking yeast powder, 100ml 

of honey and 150g of glycerin) and J3D  

(containing beehive only and serve as control) 

and J4D (containing mash and honey).  The jar 

lids were modified by perforating the lid with 

scissors to create opening into the lid. A mesh 

screen ofvery fine mesh (20 mesh / 0.85mm) 

was placed on the inside or underside of the 

modified lid. The mesh screen is clamped in 

place sealing off the opening by screwing the lid 

tightly. The screen facilitated heat and air 

exchange while preventing larval or moth 

escape from the plate.175 g of each diet was 

added to each respective jar and 50 second instar 
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Larvae were transferred into each of the jar. The 

experiment was placed under incubation at 

25ºC-28ºC. Fourth instar larvae emerged within 

4-5 days, these developedin to fifth instar larvae 

in 7-8 additional day. The fifth instar larvae 

were subjected to incubation for 7-10 days to 

develop to pupae.Those larvae that did not 

attain fifth instar larvae stage were transferred 

to another jar with fresh medium and incubated 

at 26.5 ± OSC, 80-90% RH, and 24 h darkness 

toprovide either final instar larvae in 2-3 days or 

a cocoon mat on the screen in 5 days. The 

experiment was checked on daily to add more of 

the edible bedding.After 20-30 days, the larva 

reached the cast instar larvae and they were 

collected to be used in theproduction of 

entomopathogenicnematodes by insect baiting 

and white trap techniques.(Raj et al., 2003).Some 

larvae were left in the containers to pupate. Two 

weeks later, adult moths emerged and female 

laid eggs in the plastic plate. 

Data analysis 

 Statistical analysis for both the diet and the 

Greater wax moth yield comparisons was done 

using the Statistica version 10 (StatSoft Inc. 

2011)data analysis software system. A one-way 

ANOVA analysis was performed on data 

obtained from the different diets to determine 

the weight distribution of the infective juveniles 

(Third instar larvae) in relation to different diets. 

Data for nematode production from different 

weights of Galleria mellonella wereanalysed 

using a one-way  ANOVA. Bonferroni’s method 

was used to determine differences obtained 

among hosts and total nematodeproduction.

RESULTS 

Table 1: Formulations of the different diets in J1D, J2D, J3D and J4D 

J1Diet  J2Diet J3Diet J4Diet J5Diet 

wheat flour – 350g 

corn meal -  200g    

milk powder - 130g   

baking yeast powder 

– 70g  

honey - 100ml  

glycerin - 150g 

wheat flour – 350g 

corn meal -  200g    milk 

powder - 130g   baking 

yeast powder – 70g  

honey - 100ml    

corn palp - 150g 

Bran-150g 

uncooked oatmeal- 

200g 

Corn syrup - 

100ml 

glycerin – 150ml 

Wheat Bran-350g 

uncooked oatmeal- 

200g 

Soya milk powder –

200g 

Corn syrup - 100ml 

Cassava starch 

syrup– 150ml 

honey-

bee-

wax. 

Four low cost artificial diets for mass rearing of 

the greater wax moth, Galleria mellonella were 

compared to honey-bee-wax- natural food of the 

greater wax moth. The percentage composition 

of the artificial feed were noted and as follows,  

diet 1: (Wheat flour 350 g, corn meal 200 g, milk 

powder 130 g, baking yeast powder 70 g, honey 

100 ml, and glycerin 150 ml), diet 2: (Wheat flour 

350 g, corn flour 200 g, milk powder 130 g, 

baking yeast powder 70 g, honey 100 ml, and 

glycerin 150 ml), J3Diet: ( Bran 150g, uncooked 

oat meal 200g, Corn syrup 100ml and glycerin 

150) J4Diet : ( Wheat Bran 150g, uncooked oat 

meal 200g, Soya milk powder, Corn syrup 100ml 

and Cassava starch syrup- 150)and J5Diet: the 

natural food ( Honey bee-wax). 
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Table 2: Percentage of eggs deposited according to the ratio of male to female adult molts in relation to 

the different diets 

Male to female ratio J1Diet J2Diet J3Diet J4Diet J5Diet Duration  

1 male + 1 female 200 165 180 192 200 3-5days 

2 males + 5 females 392 374 325 396 395 3-5days 

5males + 25 females 975 755 959 1001 996 3-5 days 

 

Table 3: The percentage survival of the eggs to first instar larvae, second instar larvae, third instar larvae, 

fourth instar larvae, fifth instar larvae and Pupae. 

 J1Diet J2Diet J3Diet J4Diet J5Diet Duration 
(Days) 

Eggs 200 200 200 200 200 3-5 
Second instar larvae 104 108 106 126 118 3-8 
Third instar larvae 96 92 81 121 117 7-10 
Fourth instar larvae 85 55 62 115 117 7 – 8 
Fifth instar larvae 73 46 52 115 117 7 – 10 

 

Table 4: The weight distribution of the infective juveniles (Third instar larvae) in relation to different Diet 

Compositions Evaluated for Galleria mellonelainthe four replicates 

 J1Diet  J2Diet J3Diet J4Diet J5Diet 

Number of 
produced larvae 

 

27 29.3  29.5 25.1 30.6 

Weight of produced 
larvae 

 

5.18 5.42 5.21 4.32 4.53 

Weight of 
consumed food (g) 
(Mean ± SE)  

 

35.1 49.9 55.8 55.22 55.68 

Consumption index  
(Mean ± SE)  

 

6.78 9.21 10.71 12.78 12.29 

 

 Weight of consumed food= wet weight of diet provided – (weight of uneaten diet+ weight of lost 

water).  

 Weight of lost water = wet weight of diet at the beginning of feeding - weight of diet at the end of 

feeding.  

 Consumption index= weight of consumed food/ weight of produced larvae.  

 

Table 5: Effect of Galleria mellonella larvae 

produced withsuggested diets on number 

ofEntomopathogenic Nematodes produced.  

Suggested 

Diets 

Nematode count 

(Mean) 

J1Diet 1432 

J2Diet 1853 

J3Diet 1505 

J4Diet 2110 

J5Diet 2890 

J4Diet and J5Diet were the best in conversion of 

consumed food into final weight of produced 

larvae (7.43 and 9.25 g of consumed diet/g of 

produced larvae respectively). G. mellonella 

larvae, reared from these two diets produced 

statistically higher numbers of 
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entomopathogenic nematodes than J2Diet, 

J3Diet and J4Diet.  

DISCUSSION  

Table (1) shows formulated diets of four low 

cost artificial diets for mass rearing of the 

greater wax moth, Galleria mellonella. Thesewere 

compared to honey-bee-wax- natural food of the 

greater wax moth. The percentage composition 

of the artificial feed were noted and as follows,  

J1Diet: (Wheat flour 350 g, corn meal 200 g, milk 

powder 130 g, baking yeast powder 70 g, honey 

100 ml, and glycerin 150 ml), J2Diet: (Wheat 

flour 350 g, corn flour 200 g, milk powder 130 g, 

baking yeast powder 70 g, honey 100 ml, and 

glycerin 150 ml), J3Diet: (Wheat bran 150g, oat 

meal 200g, Corn shrub 100ml and glycerin 150) 

and J5Diet: the natural food ( Honey bee-wax). 

Percentage of eggs deposited according to the 

ratio of male to female adult molts in relation to 

the different diets shows that the number of 

eggs deposited when one male was placed with 

one female in the five diets reflected a high egg 

deposits of 200 eggs for 1:1 male-female pair in 

J1Diet followed by 196 eggs in J4Diet.  This 

trend was also observed in 2:5 and 5:25 male-

female pairs.  

Determination of the efficacy of targeted diets 

on the egg hatching and the survival rates of the 

eggs to first instar larvae, second instar larvae, 

third instar larvae, fourth instar larvae and fifth 

instar larvae of Galleria mellonela was monitored. 

The parameters of the life cycle of the moth fed 

with the five different diets were evaluated 

(Table-3). J4Diet and J5Diet increased Galleria 

mellonellalarval stage approximately 10 days 

compared to J1Diet, J2Diet and J3Diet groups. 

The rate of survival of larvae from the first instar 

larvae to the 5th instar larvae showed J5Diet and 

J4Diet having the highest rate of survival 

respectively. The analysis of the influence of diet 

on fifth instar larvae formation demonstrated 

that J5Diet and J4Diet had a significantly higher 

percent pupae formation than the other three 

groups (Table -3). The lowest percentage of fifth 

instar larvae formation was observed in in 

J2Diet and J3Diet respectively.  

The larvae weights in the five different diet 

groups were compared and J1Diet, J2Diet and 

J3Diet show no significant differences in the 

weights of their larvae. However, the weights of 

the larvae in J4Diet and J5Diet were higher than 

the weights of either of the other group. J2Diets, 

J3Diet and J5Diet increased Galleria mellonella 

larval stage approximately 10 days compared to 

J1Diet and J4Diet groups (Table 4). 

Table 5 shows the effect of Galleria mellonella 

larvae produced with suggested diets on 

number ofEntomopathogenic Nematodes 

produced. J4Diet and J5Diet were the best in 

conversion of consumed food into final weight 

of produced larvae (7.43 and 9.25 g of consumed 

diet/g of produced larvae respectively). G. 

mellonella larvae, reared from these two diets 

produced statistically higher numbers of 

entomopathogenic nematodes than J1Diet, 

J2Diet and J3Diet.  

CONCLUSION 

In conclusion, this protocol is simple and can 

support the rearing of G. mellonella for mass 

production of Entomopathogenic nematode. The 

results from this study showed that J5Diet and 

J4Diet had a significantly higher egg deposits, 

survival rates and the larvae weight with G. 

mellonella larvae, reared from these two diets 

produced statistically higher numbers of 

entomopathogenic nematodes than J2Diet, 

J3Diet and J4Diet. The availability and 

inexpensiveness of the ingredients will improve 

production of Greater Wax Moth, Galleria 

Mellonella (Lepidoptera: Pyralidae) under 

laboratory conditions and enhance steady 

production of entomopathogenic nematodes. 
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