
75

ACTA ZOOLOGICA BULGARICA

Applied Zoology
Research Article

*Corresponding author:esenbayrak@outlook.com 

Acta Zool. Bulg., 75 (1), March 2023: 75-83

Published online 9 January 2023 
https://www.acta-zoologica-bulgarica.eu/2023/002598

Effects of Bacillus thuringiensis subsp. kurstaki Infection  
on Biological and Biochemical Properties of Larvae  
of Hyphantria cunea (Drury, 1773) (Lepidoptera: Arctiidae) 
Fed by Diets with Differing Protein : Carbohydrate Ratios

Esen Bayrak1,*, Oğuzhan Yanar1, Elif Fatma Topkara1, Fatma Gönül Solmaz1, Sevcan Mercan2 
& Mahmut Bilgener1

1Department of Biology, Science and Art Faculty, Ondokuz Mayıs University, 55139, Samsun, Turkey
2Vocational School of Health Services, Ondokuz Mayıs University, 55139, Samsun, Turkey

Abstract: 	 The aim of this study was to determine the changes in the survival, the haemocyte counts, malondial-
dehyde, superoxide dismutase, catalase, glutathione peroxidase, and phenoloxidase activities of larvae 
of Hyphantria cunea fed by diets containing various amounts of protein and carbohydrate contents and 
infected by Bacillus thuringiensis subsp. kurstaki. Second-generation larvae were used in the experiment. 
Six versions of artificial diets differing in the amounts of proteins and carbohydrates were used. In the 
infected groups, the number of the surviving larvae decreased compared to the uninfected groups. The 
malondialdehyde, the superoxide dismutase and the catalase activities increased as the amount of protein 
contents in the diets increased in both the uninfected and the infected groups. These results indicate that 
diet plays a significant role in the ability of H. cunea to have an effective immune response against the 
bacterial infections, with the availability of the protein content being the most important indicator of the 
functional (physiological) immune response and the carbohydrate contents being crucial to cellular im-
mune function. As a result, it was found that the larvae exposed to the bacterial infection with diet imbal-
ance tried to protect themselves with both cellular and antioxidant enzymes to combat these unfavourable 
conditions.
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Introduction
All living organisms, including insects, need certain 
chemicals that make up their constitutive metabo-
lisms and structures, such as nucleic acids, proteins, 
lipids and carbohydrates. Protein and carbohydrates 
are two of the most widely studied macronutrients 
in the literature on the phyllophage food ecology 

(Lenhart et al. 2015, Wilson et al. 2019, Le Gall 
et al. 2020). The amounts and the ratios of proteins 
and carbohydrates in the diets of insect herbivores 
strongly affect the growth rates, the reproduction, 
the survival (Le Gall & Behmer 2014, Roeder & 
Behmer 2014, Wilson et al. 2019) and their strug-
gles against immunological challenges (Povey et al. 
2009, Ponton et al. 2011).
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Insects have antioxidant defence systems to 
prevent oxidative stress caused by reactive oxygen 
species (ROS). Their defence system against oxida-
tive stresses is based on the enzymatic activity of 
superoxide dismutase (SOD), catalase (CAT) and 
glutathione peroxidase (GSH-Px) (Suh et al. 2010). 
Superoxide dismutase converts s (O

2

−
) to hydrogen 

peroxide (H
2
O

2
) in aerobic organisms, whereas cat-

alase and glutathione peroxidase enzymes degrade 
hydrogen peroxide to water and atomic oxygen 
(Weydert & Cullen 2010). In addition, haemo-
cytes are essential headliners of the insect immune 
system occurring at the cellular level, so they are 
important indicators in determining the cellular im-
mune response. Early enzymatic steps that contrib-
ute to melanin formation are coordinated by phe-
noloxidase (PO) units, which are stored in certain 
hemocytes as inactive precursors.

Hyphantria cunea (Drury, 1773) (Lepidop-
tera: Arctiidae) is an insect native to North America 
(Pan et al. 2016). Its larvae feed on the leaves of 
numerous plant species (Rong et al. 2003, Zhang 
et al. 2008). Their preferred hosts include mulberry, 
maple, sycamore, oak, poplar, elm, beech, willow 
and alder leaves (Yarmand et al. 2009). The insect 
rapidly spread and caused serious ecological disas-
ter in Europe and Eastern Asia (Rong et al. 2003, 
Zhang et al. 2008). As in many other countries, lar-
vae of H. cunea are pests, which cause significant 
damage to the economically important crops in Tur-
key. The control methods against these insect pests 
are required especially to prevent the damage and 
loss to the orchards and ornamental trees. The most 
reliable and inexpensive control method to apply 
against these pests is biological control based on the 
microorganisms causing disease in insects. Bacillus 
thuringiensis is the most commonly used biopesti-
cide for insect pest control (de Almeida Melo et al. 
2014). It forms one or more crystal structures dur-
ing spore formation in insects. Any of these para-
sporal crystals, known as δ-endotoxins (Cry and 
Cyt), show pathogenic activity against the larvae in 
Lepidoptera, Diptera, Coleoptera and in some cases 
other species (Palma et al. 2014).

The biological parameters of herbivores, such 
as their growth and development, the final larval 
weights and the reproductive success are greatly af-
fected by diet quality (Jensen et al. 2010, Jensen et 
al. 2012, Barbehenn et al. 2015, Senior et al. 2015). 
The diet quality of herbivores is determined by the 
protein  :  carbohydrate ratio (P  : C), as well as the 
availability of protein and carbohydrates (Barbe-
henn et al. 2015). The diets containing unbalanced 
protein and carbohydrate ratios affect the develop-

ment and immune systems of the larvae (Klemola 
et al. 2007, Lee et al. 2008, Cotter et al. 2011, 
Ponton et al. 2013). Immune defences are impor-
tant biological parameters that affect the fitness and 
development of organisms (Singer et al. 2014, Vo-
gelweith et al. 2015). Previous studies have shown 
the effects of both different P : C ratios in the diet 
and bacterial infection (Orpet et al. 2015, Deans et 
al. 2017). Our aim in this study was to determine the 
effects of B. thuringiensis subsp. kurstaki (Btk) on 
the survival, the haemocyte counts, the malondial-
dehyde (MDA) amount, the phenoloxidase and the 
antioxidant enzymes activities of larvae of H. cunea 
fed with the diet with various P : C ratios. 

Materials and Methods
Larvae of Hyphantria cunea were collected in field 
surveys in the borders of Bafra District of Samsun, 
Turkey, in June 2019 (N41°30’–E36°05’). The lar-
vae brought to the laboratory were kept at 25±2°C, 
70  % relative humidity and 16  :  8 h (L  : D) pho-
toperiod at the laboratory and were subjected to a 
control diet (CD), developed by Yamamoto (1969) 
until they reached the pupal stage. The contents of 
Yamamoto’s artificial diet are wheat germ, casein as 
the protein, saccharose as the carbohydrate, torula 
yeast, vitamin mixture, salt mixture, cholesterol, 
sorbic acid, methyl paraben, linseed oil, agar and 
water. All ingredients that make up the artificial diet 
ingredients were purchased from Sigma-Aldrich 
(Darmstadt, Germany). The adults that emerged 
from the pupae mated and laid eggs. The hatched 
larvae of the 2nd generation obtained from the 1st 
generation were used for the experiment. These lar-
vae were placed on the modified diets. By adjusting 
the protein and carbohydrate contents, various arti-
ficial diets were prepared for the study. In our study, 
the protein and carbohydrate ratios were changed 
but the total amount remained constant. The total 
amount was not retained in the artificial diet, where 
protein and carbohydrate amounts were halved and 
these diets (K and L) were described as unbalanced 
diets (Table 1).

Bacterial culture conditions
Bacillus thuringiensis subsp. kurstaki was used in 
larval infection. The strain was obtained from the 
culture collection of the microbiology laboratory 
at Karadeniz Technical University. The Btk was 
grown overnight at 30°C in nutrient broth. The 
optical density of the growing culture was measured 
at a wavelength of 600 nm and set to OD600=1.89 
(Danısmazoglu et al. 2012). For infected groups, 
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1 ml of the bacterial suspension at this density was 
sprayed onto artificial diets.

Experimental setup
Three different groups of the larvae were formed 
to determine the enzyme analysis, the haemocyte 
counts and the survival rates. Each larvae group was 
divided into two as the uninfected larvae and the in-
fected larvae. Each experimental group made up 100 
larvae to determine the enzyme activities and 50 lar-
vae for the survival rates and the haemocyte counts. 
After feeding in the uninfected groups for five days 
with the uninfected diets, the haemolymphs of the 
larvae were removed. On the sixth day, 1 ml of Btk 
suspension was pipetted onto the 2 cm2 artificial di-
ets for larval infection and the larvae were allowed 
to consume the given diets for two more days.

Giemsa staining and hemocyte counting
For the haemocyte counting of H. cunea, the last 
instar larvae were pierced on the first hind leg. 
The insect haemolymphs to be used in the hemo-
cyte counting were placed in Eppendorf tubes. Ten 
μl of haemolymph was spread on a glass slide and 
allowed to air-dry for 20-30 minutes to allow the 
haemocytes to adhere to the glass. The cells were 
fixed in methanol: acetic acid solution (3 : 1) for 10 
minutes. The slides were stained with Giemsa (Mer-
ck) for 10 minutes and then washed with distilled 
water. After air-drying, the slides were treated with 
xylene and then mounted in Entellan. The haemo-
cytes were counted under a Zeiss Primo Star micro-
scope. For each slide, the haemocytes were count-
ed in 20 randomly-selected areas. The haemocyte 
counts were calculated by multiplying the mean cell 
counts by the microscope factor calculated from the 
microscope sight field (Fitts & Laird 2004).

Enzyme analysis
The homogenisation of the haemolymph samples 
taken from the larvae was carried out with the 
Sonics-Vibra Cell Processor VCX 130. After the 
homogenisation process, the haemolymph samples 
were centrifuged at 15000 rpm for 20 minutes in a 
Kubota 3500 Refrigerated centrifuge. The protein 
contents of samples were determined according to 
the method of Lowry et al. (1951). For this process, 
the intensity of the colour caused by amino acids in 
the side chain of the reduced copper and proteins by 
reducing the Folin-Phenol reagent was measured 
spectrophotometrically at 595 nm. The superoxide 
dismutase activity was determined by the method of 
Flohé & Ötting (1984) and the spectrophotometric 
method of McCord & Fridovich (1969). To deter-
mine the superoxide dismutase activity, the reduction 
of cytochrome c by the xanthine/xanthine oxidase 
system was spectrophotometrically measured at 550 
nm. While the catalase activity was determined by 
the Luck (1963) method, the glutathione-peroxidase 
activity determination was carried out by the method 
of Lawrence & Burk (1976). The catalase activ-
ity was determined spectrophotometrically with the 
decrease in 240 nm absorbance due to H2O2 deg-
radation. The glutathione peroxidase activity was 
measured spectrophotometrically at 340 nm under 
the cofactor of glutathione reductase and NADPH 
in the reaction medium. The phenoloxidase analysis 
was done using the method of Ashida & Söderhäll 
(1984), whereas the malondialdehyde determination 
was determined by the method of Draper & Hadley 
(1990). T70 UV/VIS spectrophotometer was used to 
determine enzyme activities.

Statistical analyses
In this study, SPSS 21.0 software was used for sta-
tistical analysis. The data obtained by the feeding 
experiments and the chemical analyses were ana-
lysed by two independent sample t-tests, used to de-
termine the relationship between survival, haemo-
cyte counts and enzyme activities. Analyses of both 
haemocytes counts and all enzyme activities were 
performed in three replicates.

Results
Survival
Among the uninfected groups, the highest survival 
rate was recorded in the larvae fed by the control 
diet E (90  %), while the lowest survival rate was 
found in the larvae fed by the unbalanced diet (diet 
K, 62 %). The survival rates of all groups infected by 
the bacteria were lower. Among the infected groups, 

Table 1. Diet groups and diet contents. 

Diet groups Diet contents – P : C Ratio
A 10 : 50 (Uninfected)
B 10 : 50 (Infected)
C 20 : 40 (Uninfected)
D 20 : 40 (Infected)
E 30 : 30 (Uninfected – Control diet)
F 30 : 30 (Infected – Control diet)
G 40 : 20 (Uninfected)
H 40 : 20 (Infected)
I 50 : 10 (Uninfected)
J 50 : 10 (Infected)
K 15 : 15 (Uninfected)
L 15 : 15 (Infected)
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the lowest was the survival rate of the individuals 
fed by diet L (20 %), the highest one was found for 
the larvae fed by diet F (36 %) (Table 2).

Haemocyte counts
The lowest was the haemocyte count in the larvae 
fed by the diet having the least amount of carbohy-
drate (diet I, 4087±0.01; t=-54.8; P<0.001), while 
the highest haemocyte count was found in the larvae 
fed by the diet having the highest carbohydrate con-
tent (diet A, 5525±0.01; t=44.1; P<0.001) among 
the uninfected groups. In our study, it was found 
that the mean haemocyte counts of all groups de-
creased as a result of the bacterial infection com-
pared to haemocyte counts of the uninfected larvae. 
Among the infected groups, the lowest haemocyte 
count was in the larvae fed by diet J (3864±0.01; 
t=-54.8; P<0.001), whereas the highest haemocyte 
count was in the larvae fed by diet B, having the 
highest carbohydrate content (4888±0.01; t=44.1; 
P<0.001) (Fig. 1).   

Phenoloxidase activities
We found that the highest PO activity among the un-
infected groups was obtained in the larvae on diet E 
(38.8±0.1 IU; t=11.4; P<0.001), whereas the lowest 
was the PO activity in the larvae on diet K (24.6±0.1 
IU; t=-74.3; P<0.001). In the infected groups, the 
highest PO activity was found in the larvae fed on 
diet F (45.7±0.1 IU; t=11.4; P<0.001), the lowest PO 
activity was obtained in larvae on diet L (18.3±0.1 
IU; t=-74.3; P<0.001) (Fig. 2). 

Superoxide dismutase activities
It was determined that the lowest SOD activity was 
in individuals fed by diet A (133.0±0.7 IU; t=40.7; 
P<0.001), whereas the highest SOD activity was 
found in larvae on diet I (559.3±0.8 IU; t=-377.8; 
P<0.001) among the uninfected groups. SOD activi-
ties decreased in all of the larvae groups infected by 
the bacteria (except for diet group B) compared to 
the uninfected groups. Among the larvae groups in-

fected by the bacteria, the lowest SOD activity was 
found in the larvae on diet L (137.1±0.6 IU; t=-294; 
P<0.001), while the highest SOD activity was found 
in those on diet J (415.6±0.4 IU; t=-377.8; P<0.001) 
(Fig. 3).

Catalase activities
Among the uninfected groups, the lowest cata-
lase activity was recorded in the larvae on diet A 
(132.5±1.0 IU; t=563.8; P<0.001) and the high-
est CAT activity was found in the larvae on diet I 
(1412.9±0.6 IU; t=-1105.2; P<0.001). CAT activi-
ties decreased in all of the larvae groups infected 
by the bacteria (except for diet group B) compared 
to the uninfected ones. Among the infected groups, 
the lowest CAT activity was found in the larvae on 
diet B (145.9±0.1 IU; t=563.8; P<0.001), while the 
highest CAT activity was found in those on diet J 
(388.9±0.8 IU; t=-1105.2; P<0.001) (Fig. 4).

Malondialdehyde amounts
The lowest MDA amount was observed in the lar-
vae fed on diet K (19.2±0.01 IU; t=464.3; P<0.001), 
while the highest MDA amount was found in those 
fed on diet I (43.8±0.01 IU; t=-1298.1; P<0.001) 
among the uninfected groups. With the bacterial 
infection, MDA amounts of all groups (except L) 
decreased compared to uninfected ones. Among the 
infected larvae groups, the lowest MDA amount 
was found in the larvae on diet B (18.1±0.01 IU; 
t=-2438.4; P<0.001), whereas the highest one was 
in those fed on diet J (36.2±0.01 IU; t=-1298.1; 
P<0.001) (Fig. 5).

Glutathione peroxidase activities
The lowest GSH-Px activity was found in the lar-
vae fed on diet G (154.6±0.6 IU; t=-68; P<0.001), 
whereas the highest GSH-Px enzyme activity was 
in those fed on diet A (1329.5±0.4 IU; t=795; 
P<0.001) in the uninfected groups. Among the 
larvae groups infected by the bacteria, the lowest 
GSH-Px activity was found in larvae fed on diet J 

Table 2. Survival data of larvae of Hyphantria cunea.

Protein : Carbohydrate 
Ratio (P : C)

Uninfected Infected
Total num-

ber
Alive num-

ber
Survival rate 

(%)
Total num-

ber
Alive num-

ber
Survival rate 

(%)
10 : 50 50 35 70 50 11 22
20 : 40 50 37 74 50 13 26
30 : 30 50 45 90 50 18 36
40 : 20 50 39 78 50 15 30
50 : 10 50 41 82 50 16 32
15 : 15 50 31 62 50 10 20
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Fig. 1. Average haemocyte counts of larvae of Hyphan-
tria cunea (±S.E) in the uninfected and infected groups. 
Two independent samples t-test, P<0.001.

Fig. 2. Average phenoloxidase activities in larvae of 
Hyphantria cunea (±S.E) in the uninfected and infected 
groups. Two independent samples t-test, P<0.001.

Fig. 3. Average superoxide dismutase activities in larvae 
of Hyphantria cunea (±S.E) in the uninfected and infect-
ed groups. Two independent samples t-test, P<0.001.

Fig. 4. Average catalase activities in larvae of Hyphantria 
cunea (±S.E) in the uninfected and infected groups. Two 
independent samples t-test, P<0.001.

Fig. 5. Average malondialdehyde amounts in larvae of 
Hyphantria cunea (±S.E) in the uninfected and infected 
groups. Two independent samples t-test, P<0.001.

Fig. 6. Average glutathione peroxidase activities in lar-
vae of Hyphantria cunea (±S.E) in the uninfected and in-
fected groups. Two independent samples t-test, P<0.001.

(107.3±0.9 IU; t=-559; P<0.001), the highest GSH-
Px enzyme activity was in the larvae fed on diet B 
(1179.6±1.0 IU; t=795; P<0.001). GSH-Px activi-
ties decreased in all of the larvae groups infected 
by bacteria (except for diet H) compared to the un-
infected ones (Fig. 6).

Discussion
In this research, the highest survival rate among the 
uninfected groups was in the diet E group (P  :  C 
30 : 30), whereas the lowest larval survival rate was 
in the diet K group (P : C 15 : 15; unbalanced diet). 
This prompts us to speculate that the lower protein 
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and carbohydrate contents in the diets of the larvae 
have negative effects on larval survival. We found 
that an increase in the protein contents in the diets 
among the uninfected groups triggered an increase 
in the larval survival rate. The larval survival rate 
reached the maximum value in the diet E having a 
P : C rate of 30 :30; on the contrary, the larval survival 
rate decreased in the larvae groups having increased 
protein contents . Similar results were recorded in a 
study carried out with Anastrepha ludens (Pascacio-
Villafán et al. 2016). All of these results show that 
increasing carbohydrate deficiency in the larval diets 
besides the increase in protein contents in the diets 
have a negative effect on the larval survival rates. 
There have been many studies showing that the bacte-
rial infection in the insect larvae significantly change 
the survival rates of the host larvae (Brummel et al. 
2004, Chouaia et al. 2012, Browne et al. 2013). In a 
study in which Ahmad et al. (2019) fed Helicoverpa 
armigera with the transgenic cotton plant expressing 
Cry1Ac, they found that the survival rate decreased 
in the groups infected by B. thuringiensis compared 
to the uninfected group. In our previous study on 
larvae of Vanessa atalanta (Yanar et al. 2018), we 
found that the survival rates of the larvae decreased 
owing to the bacterial infection, while the decrease in 
survival rate was minimal in the larvae fed on a diet 
having the P : C ratio = 15 : 15. We found that the 
survival rates of all larvae groups infected by the Btk 
decreased; this result was consistent with the result 
of our previous study on V. atalanta. Therefore, we 
can say that infection by B. thuringiensis in the insect 
larvae can cause a great deal of unfavourable effects 
on the survival rates of H. cunea. 

Among the uninfected groups, it was deter-
mined that the lowest haemocyte count was in the 
diet group with the lowest carbohydrate content (the 
diet I; P : C 50 : 10), while the highest haemocyte 
count was in the larvae fed by the diet group with 
the highest carbohydrate content (diet A with P : C 
= 10 : 50). It was determined that as the amount of 
carbohydrate added to the diet increased in the un-
infected groups, the haemocyte count of the larvae 
was raised. The increased amount of carbohydrate in 
the larval diet means a decreased amount of protein. 
Previous studies (Szymaś & Jędruszuk 2003, Brod-
schneider & Crailsheim 2010) showed that protein 
content in the diets of insect larvae could cause a 
decrease in the haemocyte counts of the insects. Our 
result proved the importance of carbohydrate in cel-
lular defence. Haemocytes, which serve in cellular 
defence, have crucial roles in the immune mecha-
nisms of insects against microorganisms (Russo et 
al. 2001). Previous studies on various insect species 

showed that the haemocyte counts changed rapidly 
in response to infection (Bergin et al. 2003, Altin-
cicek et al. 2008, Yanar et al. 2018). In this study, 
it was confirmed that the mean haemocyte counts 
of all groups decreased with bacterial infection. The 
low haemocyte count of the larvae means that the 
larvae do not have enough cells to phagocyte the 
bacteria; that is, they cannot combat the infection 
efficiently through cellular defence mechanisms.  

Phenoloxidase is an important enzyme that 
functions in the immune system of insects. Pheno-
loxidase activity is commonly used as an indicator 
of insect immunity (Wilson et al. 2001, Adamo 
2004). In a study conducted by Srygley & Lorch 
(2014) with Anabrus simplex, it was found that PO 
activity was high in specimens fed on a high protein 
diet. Wilson et al. (2019) found in a study on Man-
duca sexta, PO activity increased with the increase 
in the protein content of the diet. In our study, PO 
activity increased in both the uninfected groups and 
the infected groups when the protein content of the 
diets were being increased and they reached a peak 
in the groups on diet E and F. As the amount of pro-
tein added to the diet continued to increase, the en-
zyme activity decreased. These results indicate that 
the higher protein contents of the larval diets can 
cause a decrease in PO activity in larvae when they 
reach a certain level. Phenoloxidase activity of the 
larvae changes against pathogenic organisms such 
as bacteria (Eleftherianos et al. 2008, Reavey et 
al. 2015). Among the infected groups, the lowest PO 
activity in the larvae was in the larvae on diet L. The 
larvae on diet L were least affected by melanisation.  

Superoxide dismutase activity has been used 
as a bio-indicator for toxicity in insects (Vander et 
al. 2003). In a study conducted with larvae of Dro-
sophila melanogaster (Rovenko et al. 2015), it was 
found that the higher carbohydrate content in the diet 
suppressed the SOD activity in the insects. In our 
study, it was determined that the highest SOD activ-
ity in the uninfected groups was found in the larvae 
on a diet with the highest amount of protein and the 
least amount of carbohydrates (diet I, P : C 50 : 10). 
High enzyme activity of SOD indicated that free 
radicals were abundant and suggested that the larvae 
might be negatively affected by the protein content 
of the diet in this case. In a study in which Galleria 
mellonella larvae were infected by B. thuringiensis 
(Dubovskiy et al. 2008, Sezer-Tuncsoy & Ozalp 
2016), it was found that the infected larvae had in-
creased SOD activities compared to the uninfected 
ones. Contrary to these studies, in our study SOD 
activities of the larvae decreased when there was a 
bacterial infection compared to the uninfected ones 
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(except for diet B). The reason for this decrease 
in SOD activities may mean that free radicals are 
trapped by the infectious bacteria.   

Among the uninfected groups, the highest cat-
alase activity was found in the larvae fed with the 
highest protein content (the diet I, P : C 50 : 10). High 
CAT activity means that free radicals in the larval 
cells are also high. In this case, it can be said that the 
insufficient carbohydrate content and excess protein 
cause high CAT activity. Carbohydrate restriction in 
the diets of larvae causes oxidative stress in them and 
activates the antioxidant defence system (Rovenko 
et al. 2013). This shows the importance of carbohy-
drate content of the larval diets in the antioxidant 
defence of H. cunea. In a study (Dubovskiy et al. 
2008), it was found that CAT activities of larvae of 
G. mellonella infected by B. thuringiensis decreased 
compared to the uninfected larvae. In our study, the 
CAT activities decreased in infected groups (except 
for diet B) compared to the uninfected ones. The de-
crease in CAT activity due to the bacterial infection 
showed how significant the bacterial infections were.    

Malondialdehyde is an indicator of oxidative 
stress (Ghosh et al. 2014). It is formed by the break-
down of lipid peroxyl radicals. In many organisms, 
lipid peroxidation has been associated with abiotic 
stress (Gong et al. 1998, Borsani et al. 2001). The 
diet, one of the abiotic indicators, is closely related 
to this situation. Malondialdehyde oxidizes protein 
molecules in the cells, causing further oxidative dam-
age (Shohrati et al. 2010). We found in our study 
that MDA amounts were increased as the amount 
of protein added to the larval diet among the unin-
fected groups increased; therefore, this result sup-
ports the above statement. We also found that MDA 
amounts increased as the amount of protein added 
to the larval diet increased in the infected groups. 
Increasing MDA amounts indicate higher oxidative 
stress in larval bodies. Proteins have a crucial role in 
the biochemical systems as structural elements and 
catalytically active constituents (Ghosh et al. 2014), 
but considering their relationship with MDA, they 
can cause adverse effects in the organisms.

Glutathione peroxidase is an essential enzyme 
that protects the lipids from peroxidation in organ-
isms. Reduced glutathione is oxidised by this en-
zyme, while hydrogen peroxide is converted into 
water and, thus, membrane lipids of organisms are 
protected against oxidative stress (Memişoğulları 
2005). In this study, the highest GSH-Px activity 
among the uninfected groups was in the larvae fed 
with a diet having the least protein content (the diet 
A, P : C 10 : 50).  We determined that as the amount 
of protein added to the diet increased, MDA amount 

increased and GSH-Px activity decreased. Glutathi-
one peroxidase and MDA are important factors in-
volved in oxidative damage and increased GSH-Px 
and decreased MDA can reduce oxidative damage 
(Zhao et al. 2018). The result we obtained showed 
that the protein content in the larval diet could cause 
oxidative stress in the body of H. cunea. Sezer-
Tuncsoy & Ozalp (2016) found that larvae of G. 
mellonella infected by B. thuringiensis showed 
higher GSH-Px activity in haemolymph compared 
to the uninfected larvae. In our study, the infected 
groups (except for group H) had reduced GSH-Px 
activities compared to the uninfected ones. This in-
dicates that the bacterial infection of the larvae can 
cause the inhibition of GSH-Px activity.

Conclusion
Insect herbivores face a variety of challenges in 
their life, being adults and creating their offspring. 
Insects must consume enough nutrients to survive 
during their larval stages. Protein and carbohydrate 
contents in their food are two essential macronutri-
ents that are necessary for all living organisms. Diet 
plays a significant role in the ability of the H. cunea 
to have an effective immune response against all 
kinds of infections. We found that the availability of 
proteins in the diets of the insect larvae was the most 
important indicator of the functional (physiological) 
immune response against infections and carbohy-
drate content was crucial to the cellular immune 
function of the larvae. In addition, we found that the 
survival parameters, the haemocyte counts and the 
antioxidant enzymes of larvae of H. cunea were af-
fected by various protein: carbohydrate ratios in the 
diet and Btk (bacterial) infection. The mechanisms 
of response of this pest species to the studied vari-
ables are important in terms of knowing the biology 
and our research will shed light on both the biologi-
cal and immunological features of the pest control. 
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