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Entomopathogenic nematodes (EPNs) have been widely used for biological control of various insect 
pests. This study was conducted to link energy reserves of four native and worldwide species of EPNs at 
20 days age with different quality traits. Two Steinernema spp. S. carpocapsae (All), (BA2) and 2 
Heterorhabditis spp. H.  bacteriophora (HP88) and (D1) were used. The different studied quality traits 

were nematode virulence against Galleria mellonella larvae, expressed as LC₅₀, penetration rate of 
nematodes and their progeny production. The obtained results showed that (All) and (BA2) were highly 
virulent against G. mellonella larvae induced 100% mortality at the highest concentration within 48 h., 

followed by (HP₈₈) caused a range of mortality 33-92%. The least effective isolate of all nematodes 
assayed was Heterorhabditis sp. (D1). Penetration ability in G. mellonella larvae did not significantly 
differed among the tested species. S. carpocapsae (BA2) recorded the highest penetration rate (56.6%). 
The highest total lipids found at infective juveniles of S. carpocapsae (All) was 29.4%, the highest 
carbohydrate percentage (26.44%) and lowest total protein (44.12%) of the dry body weight. The 
progeny production of Heterorhabditis sp. (D1) was the highest one, and ranged between 0.72×10

5
 and 

1.5×10
5
. However, S. carpocapsae (BA2) was the least production; progeny production ranged between 

0.21×10
5
 and 0.60×10

5
 IJs/larva. 

Keywords: Steinernema carpocapsae, Heterorhabditis bacteriophora, Galleria mellonella, quality traits, progeny       
production. 

 
INTRODUCTION 
Entomopathogenic nematodes (EPNs) are 
presently used as bio-pesticides for controlling 
different pests (Lacey et al. 2006). These 
nematodes are symbiotically related with certain 
enterobacteria (Volgy et al. 1998). Xenorhabdus 
spp. is associated to Steinernema spp. and 
Photorhabdus spp. are associated to 
Heterorhabditis spp.  
Nematode viability and efficiency form the 
backbone of the quality control (Glazer et al. 
1992). Nematodes efficiency can be estimated by 
a number of different methods including the one-
on-one bioassay, values of half lethal 

concentration (LC50), invasion rate and the sand 
column bioassay (Bedding et al. 1983 and 
Grewal, 2002).       
Infective juveniles (IJs) of (EPN) penetrate the 
host via the natural openings mouth, anus and 
spiracles or through cuticle (Hazir et a., 2003). 
Infective juveniles have high reproductive 
potential within the insect host and can be 
commercially produced using different methods 
(Shapiro et al. 2012). These juveniles do not feed 
but have ample stored energy reserves and can 
survive for several months in soil or in water 
(Fitters and Griffin 2006). Some energy reserves 
of the non-feeding nematode juveniles have been 
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reported to play important roles in their life. The 
optimal application of nematodes in different 
environments depends upon physiological, 
behavioral and biochemical adaptation (Patel et 
al. 1997 and Wright et al. 1997). The reserves 
level of (IJs) is one of the key factors significantly 
affecting their life span and infectivity and thus 
affecting their performance in the field (Patel et al. 
1997 and Qui and Bedding 2000). Therefore, the 
energy reserve levels and the pathogencity have 
become key quality control issues of EPN based 
bio-pesticides. Lipids, carbohydrates (especially 
glycogen), and proteins, accumulated during the 
preceding juvenile stages within the host, all 
provide energy for IJs during storage, (Fitters et 
al. 1997, 1999 and Qui and Bedding 2000). Lipids 
can be used to predict nematode quality and 
nematode shelf-life (Abu Hatab and Gaugler, 
1997).  
The objectives of this study focus on quality traits 
of four EPN species and their energy reserves 
lipid, protein and carbohydrate contents. 

 
MATERIALS AND METHODS 
Four species of native and worldwide EPNs were 
used for this study:  
- Steinernema carpocapsae All (Weiser) was 
imported from Kiel Univrsity, Germany. 
- Steinernema carpocapsae BA2 was isolted from 
the sandy soil in South Sinai Governorate and 
identified by (Hussein and Abou El-Soud 2006).  
- Heterorhabditis bacteriophora HP88 was 
imported from Kiel Univrsity, Germany. 
-  Heterorhabditis sp.D1was isolated from soil of 
fruit orchards (Dina farms) 
The nematodes used were reared in last instar 
larvae of the greater wax moth, G mellonella L as 
a host at 25°C according to procedures described 
by (Kaya and Stock1997) and maintained in our 
Plant Protection laboratory, NRC. Rearing of G. 
mellonella was performed according to the 
method of (Metwally, et al. 2012) using a modified 
artificial diet. The nematodes were kept in 
aqueous suspension at 25±2⁰C and were stored 
for up to 20 days before experiments. 

Virulence 
Experiments were conducted in 24-well culture 
plates (24 cells). Each cell in a plate was 1cm 
diameter and 1cm high lined with a disc of filter 
paper. Nematodes of each tested species were 
prepared at five concentrations 5, 10, 20, 50, 100 
IJs/100µl of water. Nematodes were bioassayed 
against last instar larvae of G. mellonella. Using 
an eppendorf micropipette, Live 100µl from each 

concentration were removed from the nematode 
suspension under a stereomicroscope and 
transferred to each cell of the plates. One larva 
was added to each cell plate. Each concentration 
was replicated four times at six larvae/ replicate. 
The well plates were placed at 25±2ºC. Insect 
mortality was recorded 48 hours after infection. 

Progeny production 
At the end of exposure time, At least six insect 
cadavers were transferred to modified White`s 
trap (White, 1927). Each concentration of the 
tested nematode species was replicated three 
times and resulted nematode progeny was 
counted for each treatment after ten days. 

Penetration rate 
Penetration After 4-days of the infection, six G. 
mellonella cadavers of each nematode species 
were washed with distilled water, dried and 
dissected under a stereomicroscope, following the 
recommendation of (Glazer and Lewis 2000). The 
number of nematodes inside each larva was 
counted. 
Percentage of penetration of each species was 
calculated according to the following equation: 
 P% =N ×100/T 
Where   P = percentage of penetration.        
              N = nematodes found in each insect 
cadaver. 
              T = number of nematodes applied to 
each larva. 
Analysis of total protein, carbohydrate and lipid for 
each strain of EPN 

Analysis of total protein, carbohydrate and 
lipid for each strain of EPN 
      To analyze the total protein, carbohydrate and 
lipid for each strain, 2ml of IJ suspension (2000 
IJs/ml) was concentrated to a volume of 0.5 ml. 

Total lipids: 
 The suspension  was then cooled and stored in a 
tight capped tube after flushing with N2 and stored 
at -70 (Abu Hatab and Gaugler, 1997). Lipids 
were extracted and purified from frozen nematode 
(0.05-0.1 g) according to Folch et al. (1957). Pure 
vanillin (1.2 g) was dissolved in 20 ml ethyl 
alcohol and completed to 200 ml with distilled 
water: 800 ml of concentrated phosphoric acid 
were added. The solution was stored in dark glass 
bottle at room temperature. The procedure 
described by Knight et al. (1972), is used for 
determination of Lipids and measured spectro 
photometrically at 525 nm against a blank. 
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Total Protein: 
Protein was extracted from nematode tissues and 
prepared as described by (Lewis et al. 1995). 
Nematode samples (0.05 g) were homogenized in 
3 ml 30% potassium hydroxide (KOH) for 5 
minutes. The homogenate was then washed by 4 
ml 30% KOH, and boiled for 1 hour with 
occasional agitation; the sample was then cooled 
to room temperature. Protein content of nematode 
samples was estimated spectrophotometrically by 
the method (Bradford, 1976). 

Total Carbohydrate: 
Carbohydrates were extracted from nematode 
tissue and prepared according to (Lewis et al. 
1995). Nematode samples (0.05 g) were 
homogenized with 7 ml 30% KOH and boiled for 1 
hour with occasional agitation. Carbohydrates 
content was determined by phenol-sulfuric acid 
reaction according to (Dubois et al. 1956). 

Statistical Analysis 
The significance of the main effects was 
determined by analysis of variance (ANOVA). 
Larval mortality percentages were corrected 
according to Abbott s formula (Abbott, 1925) and 
submitted to the probit analysis using Finney 
(1971). The significance of various treatments 
was evaluated by Duncan’s multiple range test 
(Duncan, 1955) (P=0.05). 
 
RESULTS  

Efficiency against G.mellonella 
As shown in Table (1), S. carpocapsae (All) 

could be considered strongly effective nematode 
for G. mellonella larvae. Mortality percentages 
had reached as high as 100% particularly at the 
highest concentration (100IJs/100µl/larva). While 
(BA2) cuased 0-100% mortality when it was 
applied at concentrations of 5-100IJs/ 100µl/larva. 
H. bacteriophora (HP88) caused 33.3-91.7% 
mortality in larvae of G. mellonella. The least 
virulent of all nematode assayed was 
Heterorhabditis sp. (D1) caused 0-66.6% 
mortality. Values of half lethal concentration LC50 

of the tested EPNs (All, BA2, HP88 and D1) were 
6.18, 10.32, 11.8 and 17.8 IJs/larva, respectively. 
It was observed that the least values of half lethal 
concentration (LC50) were at Steinernema spp. 

Nematode efficiency was regarded as the 
most important traditional measurement of the 
quality (Grewal and Peters 2005). There is a 

variety of virulence of nematodes among species 
as many workers have shown (Bedding et al. 
1983, Morris et al. 1990). Regarding the efficiency 
of the nematode species, results are in agreement 
with those of Sims et al. (1992) and Mogahed and 
Abbas (1998) who found that S.carpocapsae was 
more effective against last instar larvae of G. 
mellonell larvae. Also, Ricci et al. (1996) found 
that Steinernema spp. caused 100% mortality to 
greater wax moth larvae after 48 hours. Ansari et 
al. (2003) mentioned that the values of half lethal 
concentration (LC50) of S. glaseri and 
Heterorhabditis megidis were 4.6 and 9.7 
IJs/larvae, respectively). In contrast with Istakhar 
et al. (2016) who ascertained that the efficiency of 
Heterorhabditis isolate (CH6) was higher than 
Steinernema sp. (CS21). Abdel-Kawy et al. (1987) 
studied the infectivity of Neoaplectana 
carpocapsae against larvae of Agrotis ipsilon and 
found a positive correlation between larval 
mortality percentages and nematode inoculums. 
This ascertained that high pathogenic rate 
increases the production of toxins formed by the 
associated bacteria  (Akhurst and Boemare 1990). 

Penetration rate 
The penetration was measured as percentage 

of IJs entered the host. Average penetration rate 
percentage of the four tested EPNs in G. 
mellonella larvae at the highest concentration 
(100 IJs/100µl/larva) after 4 days of infection (Fig. 
1). 

The results of the penetration rate of different 
tested nematodes were insignificantly difference. 
The penetration (56%) was found in dead greater 
wax moth larvae infected with (BA2). Also, the 
penetration rates of S. carpocapsae (All), H. 
bacteriophora (HP88) were 53 and 52%, 
respectively. The least penetration rate 32% was 
achieved for Heterorhabdtidae sp. D1 (F=2.775

NS
) 

(Fig.1). The present findings are in agreement 
with Saleh et al. (2015) who studied penetration 
percentage of S. capocapsae (BA2) and H. 
bacteriophora (HP88) at different concentrations 
and revealed that the penetration rate of (BA2) 
ranged from 56 to 77%. The penetration rate of 
(HP88) ranged between 38 and 76%.The present 
results are inconsistent with those obtained by El-
lakwah and Azazy (2010) who reported that there 
was a significant difference in the penetration rate 
of different EPNs species and found that 
Heterorhabditis sp. (HP2) was the highest (56%).   
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Table (1): Mortality percentage of G. mellonella larvae as affected by various entomo pathogenic 
nematode species 

Con. 
(IJs/L) 

% Larval mortality ± SE 

F-value 

Steinernema 
carpocapsae  

All 

Steinernema 
carpocapsae 

BA2 

Heterorhabditis 
bacteriophora 

HP88 

Heterorhabditis 
bacteriophora 

D1 

5 33.30±6.82 a 0.00+0.00b 33.28+11.79a 00.00+00.00b 7.970 ** 

10 83.30±6.82a 74.95+4.82a 41.65+4.82b 24.95+4.82c 26.095** 

20 83.30±6.82a 83.30+6.82a 66.63+6.80a 33.30+6.82b 11.970** 

50 100.00+0.00a 91.65+4.82a 74.95+4.82b 33.30+6.82c 37.880** 

100 100.00+0.00a 100.00+0.00a 91.65+4.82a 66.63+6.80b 14.369** 

LC50 6.18 10.329 11.782 17.796 

 Slope  2.38±0.25 2.819±0.24 1.32±0.14 1.835±0.20 

Average mortality % in each column with different letters is significantly different at 0.05 probability level. 
** = Highly significant

Progeny production 
Number of progeny production IJs/larva was 

performed for all nematode species at different 
concentrations (Table 2). Progeny production was 
highly significant among the tested nematodes.  
The largest cumulative progeny production 
occurred in larvae treated with Heterorhabditis 
sp.. (D1) where progeny production ranged 
between 0.72×10

5
 and 1.5×10

5
 IJs/larva through 

15 days after infection  followed by H. 
bacteriophora (HP88) where progeny rate ranged 
between 0.39×10

5
 and 0.96×10

5
 IJs/larva. For the 

nematode S. carpocapsae (All), offspring 
production ranged between 0.36×10

5
 and 

0.73×10
5
 IJs/larva. The least progeny production 

was found to be 0.21×10
5 

at the lowest 
concentration and 0.60×10

5 
IJs/larva at the 

highest concentration (100IJs/larva) at S. 
carpocapsae (BA2). Generally, maximum 
production was obtained at the highest 
concentration as demonstrated in Table (2). 

Reproduction of nematodes is vital in mass 
production, cross-breeding for species 
determination, and understanding their biology 
(Lewis et al. 2006). The present results show that 
Heterorhabditis sp. (D1) was the highest in 
reproduction rate and showed the least lethal 
effect towards greater wax moth larvae. These 
results are in agreement with Istkhar et al. (2016) 
who stated that the least virulent isolate CS1 
showed highest reproduction rate whereas CH6 
was the highest virulent isolate and showed a 
decrease in reproduction rate. Offspring 

production of nematodes is related to level of 
initial inoculation of nematode species (Selvan et 
al. 1993). Saleh et al. (2015) studied the 
production of S. carpocapsae BA2 and H. 
bacteriophora HP88 and found that progeny 
production of BA2 ranged between 0.34x10

6 
and 

0.41x10
6
 IJs/g of larvae. 

Energy reserves 
 Total lipids content among the tested 

nematodes are statistically significant as 
demonstrated in (Fig. 2). S.carpocapsae (All) 
could be viewed as the highest lipids content 
percentage 29.4% followed by (HP88) 24.8% and 
(D1) 20.8%. The lowest lipid percentage was 
17.6% in (BA2). 

 Stored energy reserves particularly the 
neutral lipids in IJs are vital for their survival and 
infectivity (Selvan et al. 1993). There are different 
relationships between infectivity, penetration, 
migration rates and energy utilization. The present 
data indicate that infectivity of Steinernema spp. 
was not affected by the declining of total lipids 
content unless at concentration 5 IJs/larva (Table 
1 and Fig. 2). Also, S.carpocapsae BA2 had the 
lowest lipid percentage 17.6% and showed high 
virulence towards G.mellonella larvae. This is in 
agreement with Qiu and Bedding (2000) and EL-
Badawy et al. (2011) who indicated that infectivity 
of S. carpocapsae did not significantly decrease 
until nearly all lipids were consumed and 
approximately 100% Galleria mellonella mortality 
was recorded except a slight insignificant 
decrease (97.33%) in H. indica. 
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Figure (1): Penetration rate percentage of entomopathogenic nematodes into G. mellonella larvae. 
 

Table (2): Progeny production of different entomopathogenic nematodes/larva of G. mellonella 

Con. 
(IJs/L) 

Mean number of progeny/larva (mean ± SE) × (10
5
) 

Steinernema 
carpocapsae 

All 

Steinernema 
carpocapsae 

BA2 

Heterorhabditis 
bacteriophora 

HP88 

Heterorhabditis 
bacteriophora 

D1 F-value 

10/L 0.36±0.02 b 0.21±0.03 c 0.39±0.10 b 0.72±0.04 a 58.979** 

20/L 0.45±0.03 c 0.35±0.06 c 0.79±0.02 b 1.30±0.16 a 21.693** 

50/L 0.55±0.03 c 0.49±0.04 c 1.00±0.10 b 1.40±0.15 a 19.916** 

100/L 0.73±0.06 bc 0.60 ±0.11 c 0.96±0.30 b 1.50±0.15 a 16.036** 

L, larva of Galleria mellonella 
** = Highly significant  
In a horizontal column, means bearing different subscripts are significantly different (P at 0.05) 
 

 In agreement with (Hass et al. 2002). The 
data obtained from Table (1) and Fig.(2) illustrate 
that HP88 and D1 showed direct correlation 
between lipid content (24.7 and 20.5%) and their 
infectivity. These findings disagree with Patel and 
Wright (1997) and Lewis et al. (1995) who found 
that in most species of EPNs, activity and 
infectivity decline as lipids were depleted. Also, 
EL-Badawy, (2011) and Shapiro et al. (2005) 
found that total lipids are the main component, 
comprising approximately 42.55 of nematode dry 
weight for S. riobrave and 50.52%, 53.75% for H. 
bacteriophora and H. indica, respectively, when 
freshly emerged from their hosts and These 
percentages declined significantly to nearly 22-

45% after 30 days, and to 16.00% after 50 days of 
storage for H. bacteriophora.  

As shown in Fig. (2), the total proteins of S. 
carpocapsae (BA2) was significantly high as 
compared with the other tested nematodes where 
total protein was 66.8%  followed by (D1), (HP88) 
and (All) 60.5, 50.9 and 44.6%, respectively. 

Our results demonstrated that percentages of 
total protein ranged between 44.6 and 66.8%. 
Also, Selvan et al. (1993) and EL-lakwah and 
Azzazy (2010) found that total protein 
percentages ranged from 42.7 to 60.3% and there 
was a diversity of chemical contents of IJs 
between species.  
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Columns denoted with different letters are significantly different (P at 0.05). 
Figure. (2): Total lipids, proteins and carbohydrates of Steinernema carpocapsae All, BA2, H. 

bacteriophora HP88 and Heterorhabditis sp. D1 juveniles at 20 days age. 
 

 
The data present in Fig. (2) Declared that the 

high virulent S. carpocapsae BA2 was the least in 
total lipids percentage (17.5 %) and highest 
protein (66.8%). The present data are in 
agreement with (Qiu and Bedding 2000) who 
stated that proteins represent about 50% of the 
dry weight of fresh IJs and declared that proteins 
supply further muscle for locomotion and infection. 
The present data are inconsistent with those 
obtained by Lewis et al. (1995) and EL-Badawy, 
(2011) who revealed that protein percentage 
remained constant during three inspection periods 
(approximately 11% of nematode dry weight for S. 
riobravae and H. bacteriophora and 12% for H. 
indica), therefore, this component might play 
minor role as an energy reserve in this nematode 
species. 

Results of total carbohydrates shown in Fig. 
(2) Cleared that as well, (All) recorded highest 
total carbohydrates 26.1% followed by (HP88) and 
(D1) with no significant difference among them. 
The total carbohydrate was the least (15.6%) in 
case of BA2. EL-Badawy (2011) found that total 
carbohydrate content decreased significantly from 
23.43% at 0-time to 16.33% of nematode dry 
weight after 20 days. Patel and Wright (1997), 

Wright et al. (1997) and Qui & Bedding (2000) 
mentioned that Protein and glycogen are 
paramount energy reserves used when lipids are 
exhausted and in the lack of oxygen.  Infective 
juveniles during the ambushing state utilize 
carbohydrates because they stayed immobile. 
When they changed their searching strategy to be 
cruisers where more energy were needed; they 
use their lipid content (Lewis et al. 1997). 

CONCLUSION 
The efficiency of IJs of four EPNs maintained at 
25ºC for 20 days against last instar larvae of G. 
mellonella was assayed. All the EPNs assayed 
were found to be multifariously potent to G. 
mellonella larvae, in general, a pronounced 
gradient in the average mortality percentages 
increasing from S. carpocapsae (All) to 
Heterorhabditis sp. (D1), the latter species was 
found to be the least virulent to G. mellonella 
larvae. A great variety of progeny production 
constituted one of the main features among the 
tested nematodes. 

Highest reproduction rates of the tested 
nematodes were obtained at highest 
concentration (100µl/larva). 

Biochemical analysis of Infective juveniles 
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(IJs) at 20 days age declared that total lipids% is 
less than total proteins. Total proteins might be 
important as utilizable energy reserves. For 
selection the best potential EPN species, the 
study of the quantity and quality of energy 
reserves is vital for their influence on nematode 
viability, infectivity and reproduction potential. 
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