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Abstract: Mulberry pyralid, Glyphodes pyloalis Walker is an important pest on 
mulberry. The essential oil of Rosemary Rosemarinus officinalis L. (Lamiales: 
Lamiaceae) has been investigated on toxicity and physiological characteristics of 
this moth under controlled conditions. The major compounds of the oil were 
analyzed as 1, 8 Cineol (20.021%), Borneol (7.17%), Camphor (6.541%), Geraniol 
(6.281%), Camphene (5.623%), Linalool (4.993%) Alpha fenchyl acetate 
(4.222%) and Verbenone (4.147%). Lethal and sublethal concentrations (LC10, 
LC30 and LC50) were estimated 0.77%, 1.18% and 1.59% (v/v) respectively. The 
essential oil affected the nutritional indices of fourth instar larvae of G. pyloalis. 
efficiency of conversion of ingested food (ECI), efficiency of conversion of 
digested food (ECD), relative consumption rate (RCR) and relative growth rate 
(RGR) were reduced in larvae treated with R. officinalis essential oil while 
approximate digestibility (AD) in treated larvae was significantly increased 
compared with the control. The essential oil affected the insect’s some key 
metabolic compounds like; lipid, protein and carbohydrates. Similarly this effect 
was also significant in the activities of certain key enzymes like; alpha- amylase, 
lipase, protease, glutathione-s-transferase and esterases. 
 
Keywords: Glyphodes pyloalis, Rosmarinus officinalis, GC-MS; nutritional indices 
 

Introduction12 
 
The lesser mulberry moth, Glyphodes pyloalis 
Walker (Lepidoptera: Pyralidae) is an important 
pest on mulberry and has been reported from 
Iran (Guilan province) since 2002 (Jafari et al., 
2006). Mulberry trees are important for 
silkworm (Bombyx mori L.) nutrition and are 
also used as shade trees in urban areas (Kumar 
et al., 2002). Fourth and 5th instar larvae of G. 
pyloalis secrete fine threads to fold the leaf and 
feed on the mesophyl inside the folds, and 5th 
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instar larvae feed on the whole leaf until only 
ribs remain (Khosravi and Jalali, 2010). 

Chemicals that are largely used as pesticides in 
crop protection have undesirable effects such as 
ozone depletion, environmental pollution, toxicity 
to non-target organisms, pest resistance, pesticide 
residues and direct toxicity to users (Isman, 2006). 
With heightened concern for environmental 
problems and human health, the search for readily 
biodegradable and environmentally friendly 
insecticides is of interest among scientists (Shaaya 
et al., 1997; Isman, 2000). Natural products are an 
excellent alternative to synthetic pesticides as a 
means to reduce negative impacts to human health 
and the environment (Khani and Asghari, 2012). 
Many plant essential oils show a broad spectrum of 
activity against pest insects and plant pathogenic 
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fungi ranging from insecticidal, antifeedant, 
repellent, oviposition deterrent, growth regulatory 
and antivector activities. These green pesticides can 
also prove effective in agricultural situations, 
particularly for organic food production. Ultimately 
it is in developing countries which are rich in 
endemic plant biodiversity that these pesticides 
may have their greatest impact in future integrated 
pest management (IPM) programmers due to their 
safety to non-target organisms and the environment 
(Koul, 2008). 

Plant essential oils are produced commercially 
from several botanical sources, many of which are 
members of the mint family (Lamiaceae) (Isman, 
2000). The Rosemary, Rosmarinus officinalis L. 
(Lamiales: Lamiaceae) is an aromatic evergreen 
shrubby herb highly distributed in the 
Mediterranean region. It is a well-known and 
greatly valued medicinal herb that is widely used in 
pharmaceutical products and folk medicine as a 
digestive, tonic, diuretic, diaphoretic and useful for 
urinary ailments (Chang et al., 1977; Aqel, 1991; 
Leung et al., 1996; Haloui et al., 2000). Essential 
oils are natural products that contain natural flavors 
and fragrances grouped as monoterpenes, 
sesquiterpens and aliphatic compounds that provide 
characteristic odors (Mahdi et al., 2011). Among 
the essential oil compounds the monoterpenoids 
have drawn the greatest attention for insecticidal 
activity against insect pests (Ogendo et al., 2008). 
The mechanisms of toxicity of essential oils have 
not been fully identified. According to Lee et al., 
(2003), the monoterpenes that may be volatiles and 
lipophylic, can penetrate through breathing and 
quickly intervene in physiological functions of 
insects. These compounds can also act directly as 
neurotoxic compounds, affecting 
acetylcholinesterase activity or octopamine 
receptors (Isman, 2000). Compounds extracted 
from plants or their derivatives have been shown to 
affect insect biology and physiology (Shekari et al., 
2008). Secondary metabolites from plants are 
deleterious to insect and other herbivores in diverse 
ways, such as through acute toxicity, enzyme 
inhibition, and interference with the consumption 
and/or utilization of food (Lindroth, 1991; Senthil 
Nathan, 2006; Motazedian et al., 2012). In many 
cases, however, the mode of action for these 

metabolites is unknown. In an effort to determine 
the effects of, and herbivore responses to, dietary 
allelochemicals, their consumption and utilization 
of food is often quantified and various food 
utilization efficiencies are calculated (Waldbauer, 
1968; Slansky and Scriber, 1985). In insects the 
complex food molecules are utilized after they 
have been broken down into simpler molecules 
through the action of digestive enzymes in the gut 
of the larva, thus the enzyme system in the insect 
plays a vital role in food digestion (Lokesh et al., 
2006). Currently, one of the most important aspects 
of pest control is the selective inhibition of 
digestive enzymes of many insect pests. These 
inhibitors are insecticidal because they form 
complexes with digestive enzymes which are 
stable and dissociate slowly. Inactivation of 
digestive enzymes by inhibitors results in blocking 
of gut hydrolases, such as proteinases and 
carbohydrases, which leads to poor nutrient 
utilization, retarded development and death by 
starvation (Jongsma and Bolter, 1997; Gatehouse 
and Gatehouse, 1999). The metabolic enzymes are 
also important as they metabolize toxic compounds 
(Jakoby and Habig, 1980). In the present study we 
have tried to elucidate the effect of essential oil of 
R. officinalis on toxicity, nutritional indices and 
different digestive and detoxifying enzymes of 
lesser mulberry pyralid. 
 
Materials and Methods 
 
Plant material and essential oil extraction 
Rosmarinus officinalis L. foliage was collected 
from university campus Rasht in north of Iran, near 
the point referenced 49°36´ E longitude, 37°16´ N 
latitude and 7m altitude. Rosemary`s foliages were 
collected, dried away from sunlight, cut in pieces 
and distilled. The extraction of essential oil was 
carried out in a Clevenger type apparatus during 
2h. The oil phase was separated from obtained 
solution. Sodium sulfate was used for dehydration. 
 
Analysis of essential oil 
One microliter of the prepared essential oil was 
injected to GC-Ms (HP Agilent 
6800N/(61530N) with CPSil5CB column 
(Chrompack, 100% dimethyl polysiloxane 60 
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m, 0.25 mm (ID), film thickness 0.25 micron). 
The analysis was performed under temperature 
programming from 100 °C (3 min) to 250 °C (5 
min) with the rate of 3 °C/min. Injector 
temperature was 230 °C. Identification of 
spectra was carried out by study of their 
fragmentation and also by comparison with 
standard spectra. Area normalization was used 
for determination of composition percentage. 
 
Insect rearing and evaluation of insecticidal 
efficiency of essential oil 
The fifth instar larvae of lesser mulberry pyralid 
(G. pyloalis) were collected from infested 
mulberry plantation in Guilan province, 
northern Iran. They were reared in growth 
chamber in controlled condition (24 ± 2 °C, 75 
± 10% RH and a photoperiod of 16: 8 (L: D) h) 
on fresh mulberry leaves (Kenmochi variety). 
Adult moths were placed in transparent jars of 
20 × 6 cm2 and provided with fresh mulberry 
leaves for egg laying and cotton wool soaked in 
10% honey for feeding. Fourth larval instars 
were used in the subsequent experiments. 

Before bioassay tests, larvae were starved for 4 
hours. Initially, preliminary tests were performed 
to find the effective dose ranges. Four 
concentrations of the essential oil (2%, 1.6%, 
1.3% and 1%) were prepared by methanol (v/v) as 
a solvent for bioassays. This experiment was 
performed in 4 replications with 10 larvae of 4th 

instar (< 24 h) in each replication. The fresh leaf 
discs were cut from mulberry leaves (8cm 
diameter) and were immersed in different 
concentrations of essential oil for 10 seconds and 
air-dried. Ten larvae were deposited into each disc 
and allowed to feed. Control leaves were treated 
with methanol and air-dried. After 48 hours the 
numbers of dead larvae were recorded. LC10, LC30 
and LC50 values were estimated using Polo-PC 
software (LeOra, 1987). 
 
Quantitative food utilization efficiency 
measures 
To evaluate the effect of essential oil on the 
nutritional physiology in larvae of G. pyloalis, 8cm 
diameter discs of mulberry leaf were prepared. All 
weights were measured using a monopan balance 

accurate to 0.1 mg (Sartorius GMBH, Type: A 120 
S). Leaf discs were dipped in LC30 concentration of 
essential oil for 10 seconds. Control leaves were 
treated with methanol and air dried. To determine 
weight gain, food utilization and feces produced by 
the larvae, a gravimetric method was used. 
Nutritional indices were evaluated on the basis of 
dry weight. The newly molted fourth instar larvae 
were used for this experiment. The larvae were 
starved 4 h (10 larvae/ concentration) and allowed 
to feed on weighed quantities of treated and 
untreated leaves. Four replicates were carried out 
(n = 40). Leaves were weighed individually and 
placed in petri-dishes (8 cm diameter) for larvae to 
feed upon. After measuring the initial weight of the 
larvae, they were individually introduced into 
separate containers. After 24 h the remains of 
leaves were replaced by new treated leaves. The 
remaining leaves were weighed at the end of 24 h 
and placed in an oven (45 °C) for 48 h and 
reweighed in order to calculate the dry weight of 
consumed food. The feces produced each day were 
collected, oven dried and weighed to estimate the 
dry weight of excreta. The weights of larvae were 
recorded at the end of the day. The duration of the 
experiment was three days and the observations 
were recorded each day. Nutritional indices were 
calculated using formulae described by Waldbauer 
(1968): approximate digestibility (AD) = 100 (E-
F)/E; efficiency of conversion of ingested food 
(ECI) = 100 P/E; Efficiency of conversion of 
digested food (ECD) = 100 P/ (E-F); Relative 
growth rate (RGR) = P/TA and Relative 
consumption rate (RCR) = E/TA. Where A = mean 
dry weight of insect over unit time, E = dry weight 
of food consumed, F = dry weight of feces 
produced, P = dry weight gain of insect and, T = 
duration of experimental period. 
 
Preparation of sample for enzymatic assay 
Initially, leaf discs were treated with LC10, LC30 
and LC50 concentrations of the essential oil. In 
each experiment, 10 insects were tested with 4 
replicates for each concentration. After 48 h of 
feeding, the live larvae were randomly selected 
and their guts were removed by dissection under 
a stereomicroscope (Olympus, SZX12) in ice-
cold buffer (Salin buffer). Certain numbers of 
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larvae guts were placed in 2 ml of distilled water 
or buffer related to each test and then samples 
were homogenized. The homogenates were 
centrifuged at 4 °C for 10 minutes. The resulting 
supernatants were transferred into new micro 
tubes and frozen at-20 °C until further use. 
 
Assay of α-amylase activity 
The α-amylase activity was assayed by 
dinitrosalicylic acid (DNS) procedure (Bernfeld 
1955). One percent soluble starch (Merck, 
Darmstadt, Germany) was used as the substrate. Ten 
micro liters of the enzyme were incubated for 30min 
at 35 °C with 80 µL universal buffer (Glycine, Mes 
(2-[morpholino] ethansulphonic acid), Succinate, 
NaOH, Distilled water) and 20 µL soluble starch. In 
order to stop the reaction, 90 µL DNS was added 
and the mixture was heated in boiling water for 10 
min. Dinitrosalicylic acid is a color reagent and the 
reducing groups released from starch by α-amylase 
action were measured by the reduction of 3, 5 
Dinitrosalicylic acid. A standard curve of α-amylase 
absorbance against the amount of released maltose 
was constructed to enable the calculation of the 
amount of maltose released during the α-amylase 
assay. All assays were performed in four replicates. 
Absorbance was measured at 540 nm after cooling 
in ice for five minutes. 
 
Assay of lipase activity 
The activity of lipase was estimated by the 
method of Tsujita et al., (1989). Ten microlters 
of homogenate were mixed with 18μL P-
nitrophenyl Butyrate (50mM) as substrate and 
mixed with 172 μL universal buffer (1M) (pH = 
7) and incubated at 37 °C. The absorbance was 
read at 405 nm. 
 
Assay of protease activity 
The protease activity of larval guts was determined 
using azocasein 1% as substrate (Garcia-Carreno 
and Haard, 1993). Each gut was centrifuged in 10 
µl distilled water, then 10 µl of supernatant and 15 
µL buffer (pH = 8) with 50 µL substrate were 
reacted for 3 h at 37 °C. Proteolysis was stopped by 
the addition of 150 µLof 10% trichloroacetic acid 
(TCA). The solution was transferred to 4 °C in a 
refrigerator for 30 min, and the reaction mixture 

was centrifuged at 13000 g for 10 min. One 
hundred microliters of supernatant were mixed 
with 100 µL 1N NaOH and the absorbance was 
read at 440 nm. 
 
Assay of esterase activity 
The activities of general esterases were 
determined according to Van Asperen (1962) 
method. In this experiment, α-naphtlyacetate (α-
NA) and β-naphtylacetate (β-NA) were used as 
substrates. One gut was homogenized with 1000 
μL 0.1 M phosphate (pH = 7) containing Triton x-
100 at the ratio of 0.01%, then the homogenized 
solution was centrifuged at 10000 g for 10 
minutes at 4 °C. The supernatant was transferred 
to new micro tube and was diluted with phosphate 
buffer. This solution reacted with the substrate 
and by using dye indicator (Fast Blue RR salt) (1 
mM) a colored solution was formed and the 
absorbance was read at 630 nm. 
 
Assay of glutathione S-transferase 
The activity of glutathione S-transferase was 
determined according to method of Habing et 
al., (1974). 1-chloro-2, 4-dinitrobenzene 
(CDNB) (20 mM) was used as the substrate. 
Initially a larva was homogenized in 20 μL 
distilled water, then the homogenized solution 
was centrifuged at 12500 g for 10 minutes at 
4°C. Fifteen microliters of supernatant were 
mixed with 135 μL of phosphate buffer (pH = 
7), 50 μL of CDNB and 100 μL of GST. The 
absorbance was read at 340 nm. 
 
Estimation of protein 
The method of Bradford (Bradford, 1976) was 
used for determining total protein. Each larva 
was homogenized in 350 µL of distilled water 
and samples were centrifuged at 10000 rpm 
for 5 min at 4 °C. Then 10 µL of supernatant 
was mixed with 90 µL of distilled water and 
2500 µL dye (10 mg powder of Coomassie 
Brilliant Blue (Bio-Red, Munchen, Germany) 
in 5 ml ethanol 96% and 10 ml phosphoric 
acid 85% (w/w) then solution brought to 100 
ml with distilled water). Bovin serum albumin 
was used as the standard. The absorbance was 
read at 630 nm. 
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Estimation of lipid and carbohydrate 
Determination of lipids and carbohydrates was 
performed according to Yual et al., (1994). 
Larvae were homogenized individually in 100 
µL of % Na2SO4. 2Lipids and carbohydrates 
were extracted in 750 µL of chloroform: 
methanol (1: 2). Individual tubes were 
centrifuged for 10 min at 8000 rpm at 4˚C. 
After that 500 µL were taken from each tube 
and dried at 40˚C. Samples were then dissolved 
in 500 µL H2SO4 and incubated for 10 min at 
90 ˚C in water bath. Samples of 30 µL were 
placed into wells on Elisa plates; together with 
270 µL of vanillin reagent (600 mg vanillin 
dissolved in 100 ml distilled water and 400 ml 
85% H3PO4). After 30 min the absorbance was 
read at 530 nm. Total lipid was calculated from 
standard curve of cholesterol. 

To determine the amount of carbohydrate in 
each larva, 150 μL was taken from the 
chloroform: methanol extract, then 100 μL 
distilled water was added along with 500 μL of 
anthrone (500 mg of anthrone dissolved in 500 ml 
H2SO4). The samples were placed at 90 °C for 
reaction to take place, and after that 250 μL of 
sample were placed in the Elisa plates. The 
absorbance was read at 630 nm and carbohydrate 
level was calculated by a standard curve. 
 
Statistical analyses 
LC10, LC30 and LC50 values were estimated with 
Polo-PC (LEORA 1987). Data from nutritional 
indices and enzymes activity were compared by 
one-way analysis of variance (ANOVA). 
Differences between the various treatments 
were determined at 5% by Tukey`s multiple 
range tests using SAS software (SAS, 1997). 
 
Results 
 
Chemical composition of essential oil 
The chemical composition of Rosemary was studied 
by gas chromatography mass spectrometry (GC-
MS). About 33 compounds were identified of which 
the major compounds were: 1, 8 Cineol (20.021%), 
Borneoll (7.17%), L. Camphor (6.541%), Geraniol 
(6.281%), Camphene (5.623%), Linalool (4.993%) 
Alpha fenchyl acetate (4.222%), Verbenone 

(4.147%), Alpha pinene (3.487%), Alpha terpineol 
(3.148%) and Beta caryophyllene (2.702%). These 
components are shown in Table 1. 
 
Table 1 Chemical constituents of the essential oil of 
R. officinalis. 

Compound Retention 
time (min)

Compositio
n (%) 

Tricyclene 4.754 0.381 
Camphene 5.401 5.623 
Verbenene 5.48 1.615 
Beta- Pinene 5.94 3.487 
3-Octanone (CAS) 6.147 0.591 
Myrcene 6.27 2.535 
Alpha-Phellandrene 6.508 0.28 
Alpha-Terpinene 6.781 0.446 
Para-Cymene 6.956 0.725 
1,8- Cineole 7.237 20.021 
Gamma-Terpinene 7.709 0.681 
Terpinolene 8.344 1.133 
Linalool 8.685 4.993 
Chrysanthenone 9.137 0.596 
L-Camphor 9.601 6.541 
Bicyclo[3.1.1] 
heptan.3.one,2,6,6.trimethyl 9.887 0.658 

Pinocarvone 9.93 0.39 
Borneoll 10.121 7.17 
Iso-pinocamphone 10.216 1.525 
Terpinen-4-ol 10.287 2.047 
Alpha-Terpineol 10.529 0.792 
Alpha-Terpineol 10.593 0.721 
Alpha-Terpineol 10.68 3.148 
Myrtenol (Bicyclo) 10.815 0.893 
Verbenone 10.974 4.147 
Verbenone 11.077 6.761 
Citronellol 11.319 0.476 
Camphene 11.481 0.522 
Delta,3-carene 11.608 0.93 
Geraniol 11.945 6.028 
Geranial 12.175 0.456 
Alpha-Fenchyl acetate 12.497 4.222 
Methyl eugenol 14.678 0.466 
Beta-Caryophyllene 14.999 2.702 
Beta-Selinene 15.578 0.534 
Caryophyllene oxide 17.823 0.962 
Caryophylla-3,8 [13]-dien-
5.beta-ol 19.013 0.311 
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Bioassays 
The LC10, LC30 and LC50 values for R. 
officinalis essential oil after 48h are shown in 
Table 2. Bioassay results showed that the 
mortality of larvae was dose-dependent. There 
were significant differences between control 
and treatments. The LC10, LC30 and LC50 of 
Rofficinalis were 0.777%, 1.18% and 1.59% 
(v/v) respectively. 
 

The effect of R. officinalis essential oil on 
nutritional indices. 
The results of the effect of LC30 concentration 
of R. officinalis essential oil on nutritional 
indices are shown in Table 3. ECI, ECD, RCR 
and RGR have been reduced in larvae treated 
with R. officinalis essential oil while AD in 
treated larvae showed significant increase 
compared with the control. The reduction of 
ECD and RGR was significant compared with 
the control. 

 
Table 2 LC10, LC30 and LC50 of Rosmarinus officinalis essential oil on 4th instar larva of G. pyloalis. 

LC*10 (0.77% v/v) LC30 (1.18% v/v) LC50 (1.59% v/v) χ2 (df) Slope ± SE 

0.777 (0.41-0.985) 1.18 (0.905-1.35) 1.59 (1.4-1.89) 0.738 (2) 1.038 ± 0.46 

*CL: Confidence Limit which has been calculated with 95% confidence. 
 
Table 3 Comparisons of feeding efficiency in fourth instar larvae of G. pyloalis treated with LC30 concentration 
of R. officinalis essential oil and control. 

 AD% ECI% ECD% RCR (mg/mg/Day)  RGR (mg/mg/Day)

Control  76.62 ± 0.6 5.2 ± 0.68 4.87 ± 0.89 1.45 ± 0.07 0.066 ± 0.003 

R. officinalis  80.66 ± 0.97* 4.13 ± 0.27  4.22 ± 0.27* 1.36 ± 0.1  0.043 ± 0.008* 

Means in a column followed by * are significant at P < 0.05 (student t-test). 
AD: Approximate Digestibility. 
ECI: Efficiency of Conversion of Ingested food. 
ECD: Efficiency of Conversion of Digested food. 
RGR: Relative Growth Rate. 
RCR: Relative Consumption Rate. 
 
The effect of R. officinalis essential oil on 
macromolecules 
Amount of total protein in the treated larvae 
with R. officinalis essential oil showed a 
significant decrease compared with the control 
larvae. It was highest in the larvae treated with 
LC10 (F = 85.88, df = 3, p < 0.0001) 
concentration and the lowest in larvae treated 
with LC50 concentration and had significant 
differences compared with the control (Fig. 2). 
The amount of lipid and carbohydrate was 
decreased in the larvae treated with different 
concentrations, level of carbohydrate and lipid 
was also decreased as essential oil 
concentrations increased (Figs. 2, 3). 

The effect of R. officinalis essential oil on 
digestive and detoxifying enzymes 
Activity level of α-amylase enzyme was 
decreased at all concentrations and its lowest level 
is seen in larvae treated with LC10 (F = 1.04, df = 
3, P = 0.427) concentration of Rosemary essential 
oil (Table 4). The level of protease in treated 4th 
instar larvae of G. pyloalis with various 
concentrations was increased, this increase was 
significant at LC10 (F = 147.4, df = 3, P < 0.0001). 
LC30 and LC50 of R. officinalis increased the 
activity level of protease but this increase was not 
significant compared with the control. The level 
of lipase was enhanced in treated larvae where 
this increase was significant at LC50 concentration 
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(F = 0.82, df = 3, P = 0.0471) of R. officinalis. 
Results showed that Rosemary essential oil 
increased activity of glutathion S-transferase in 
larvae fed on treated leaves (Table 4). The 
esterases were increased by all the concentrations 
of essential oil when α-naphtyl acetate was used 
as a substrate (F = 132.96, df = 3, P < 0.0001). By 
using β- naphtyl acetate indicated that the treated 
larvae by LC10, LC30 and LC50 concentrations of 
R. officinalis essential oil, esterases activity was 
increased significantly compared with the control 
(F = 12.44, df = 3, P = 0.0023). In the present 
investigation it was shown that the activity of 
esterases in 4th instar larvae of G. pyloalis was 
increased 48h after treatment (Table 4). 

 
 

Figure 1 Amount of Total protein in fourth instar 
larvae of G. pyloalis after treatment with essential oil 
of R. officinalis. Different letters indicate differences 
at P ˂ 0.05 by Tukey`s multiple range tests. 

 
Figure 2 Amount of Lipid in fourth instar larvae of 
G. pyloalis after treatment with essential oil of R. 
officinalis. Different letters indicate differences at P 
˂ 0.05 by Tukey`s multiple range tests. 

 

 
 

Figure 3 Amount of Carbohydrate in fourth 
instar larvae of G. pyloalis after treatment with 
essential oil of R. officinalis. Different letters 
indicate differences at P ˂ 0.05 by Tukey`s 
multiple range tests. 
 

Table 4 Activity of alpha-amylase, protease, lipase, esterase and glutathione S-transferase enzymes in fourth 
instar larvae of lesser mulberry pyralid G. pyloalis after treatment with LC10, LC30 and LC50 concentrations of R. 
officinalis essential oil. 

Treatments α-Amylase 
(nmol/min/mg protein) 

Lipase 
(µmol/min/mg 

protein)  

Protease 
(OD/min/mg 

protein)  

GST (µmol/min/mg 
protein)  Esterase (nmol/min/mg protein)

Control  0.0193 ± 7 × 10-4 a  0.003 ± 4 × 10-4 b  1.45 ± 0.05 b  0.0004 ± 1 × 10-4 b  0.02 ± 1 × 10-3 d*0.005 ± 4 × 10-4 b**

LC10 0.013 ± 1 × 10-3 a  0.006 ± 3 × 10-4 b  5.05 ± 0.9 a  0.0014 ± 1 × 10-4  a  0.041 ± 4 × 10-3 c 0.013 ± 1 × 10-3 a 

LC30  0.017 ± 4 × 10-4 a  0.004  ± 1 × 10-3 b 2.47 ± 0.16 b  0.002 ± 9 × 10-6 b  0.07 ± 2 × 10-3 b 0.016 ± 2 × 10-3 a 

LC50  0.017 ± 6 × 10-3a  0.013 ± 1 × 10-3 a  2.24 ± 0.1 b  0.021 ± 3 × 10-3 a  0.1 ± 3 × 10-3 a  0.014 ± 1 × 10-3 a 

Within columns, means followed by the same letter do not differ significantly at P < 0.05. 
* α-Naphtyl Acetate substrate 
** β-Naphtyl Acetate substrate. 
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Discussion 
 
Essential oils are very complex natural mixtures 
which contain about 20-60 components at quite 
different concentrations. Chemical analysis of 
essential oil of R. officinalis revealed 33 
components in which 1, 8 Cineol (20.021%), 
Borneoll (7.17%), L. Camphor (6.541%), 
Geraniol (6.281%), Camphen (5.623%), 
Linalool (4.993%), Alpha fenchyl acetate 
(4.222%), Verbenone (4.147%). and some other 
compounds were the major constituents. 
Multiple studies have been reported on the 
chemical composition of the essential oils of R. 
officinalis belonging to different regions in the 
world (Khorshidi et al., 2009). Furthermore, 
several extracts, essential oils and chemical 
constituents isolated from this species 
demonstrated a number of interesting biological 
activities such as antioxidant (Inatani, 1983; 
Houlihan et al., 1985; Aruoma et al., 1992; 
Aruoma et al., 1996; Haraguchi et al., 1995; 
Curelier et al., 1996; Frankel et al., 1996; 
Dorman et al., 2003) antiulcerogenic (Dias, 
2000), and anticarcinogenic (Offord, 1995). 
Najafian et al., (2012) reported that the major 
components of the essential oil form R. 
officinalis in full flowering stage which were 
cultivated in Shiraz, Iran were α-pinene 
(13.2%), β-pinene (2.0%), 1,8-cineole (7.1%), 
Camphor (9.5%), Borneol (8.7%), Linalool 
(3.7%) and Verbenon (12.1%). The chemical 
composition of a plant product depends on the 
plant species, the plant part, the season 
(temperature, photoperiod and hygrometry), the 
method of harvesting, the geographical zone, 
pedological conditions and the method used to 
isolate the plant product. Therefore, the extract 
of the same species from different geographical 
areas and various plant parts can be different in 
chemical composition (Iskber et al., 2006). 
Generally, these major components determine 
the biological properties of the essential oils. 

Plant secondary metabolites play a major 
role in defense against herbivore, insects as 
growth regulators or by acting as antifeedant 
and the function through toxicity (Isman, 2006). 
Our findings showed that the Rosemary 

essential oil was toxic to G. Pyloalis larvae and 
acted as antifeedant at LC30 concentration by 
interfering with key metabolic pathways. 
Essential oil of R. officinalis had repellent 
effect on P. interpuntella adults (Rafiei-
Kahroodi et al., 2011) and fumigant toxicity on 
adults of T. castaneum, S. granaries, C. 
maculates, P. interpunctella (Mahmoudvand et 
al., 2011) and fumigant toxicity, repellency and 
oviposition deterrent activity on C. maculatus 
and T. castaneum (Mirkazemi et al., 2010). The 
findings of the present investigation indicate 
larvicidal activity in the essential oil of R. 
officinalis against lesser mulberry pyralid. 

The nutritional indices particularly AD and 
RGR values of G. pyloalis on LC30 
concentration of essential oil were significantly 
different. Analysis of nutritional indices can 
lead to understanding of the behavioral and 
physiological basis of insect response to host 
plant (Lazarvic and Peric-Mataruga, 2003). 
Broadly, these indices define or describe the 
efficiencies of digestion or utilization of diets or 
diet components that is how easily the insect 
can convert foods or their own biomass. The 
effects of rosemary essential oil on insect 
growth (nutritional indices) observed in the 
present study can be compared to effects 
observed in other insects (Adel et al., 2000; 
Aerts and Mordue, 1997; Koul and Isman, 
1991; Koul et al., 2004; Senthil-Nathan and 
Kalaivani, 2005). 

The AD takes into account the amount of food 
consumed in a given period of time and the 
amount of fecal matter (egested material) that is 
eliminated and that is associated with the feeding 
cycle of the insect being tested. The estimates of 
AD are more reflective of true digestibility of the 
foods. Clearly, AD measures a very important 
aspect of diets- their digestive availability to the 
insects (Cohen, 2005). The AD in the present 
study has been increased in the treated insects, 
which is indicative of low consumption rate 
hence, the insect tries to compensate and this 
enhance digestibility to overcome the lacunae of 
food. Similar studies on the effects of extract and 
essential oil from plants on food consumption 
(Wheeler et al., 2001; Senthil-Nathan et al., 2005; 
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Senthil- Nathan et al., 2006) have been previously 
conducted. The second index that is widely used 
to evaluate insect`s responses to diets and diet 
ingredients is the efficiency of conversion of 
ingested food to insect biomass (ECI). It is also 
known as the growth efficiency index. The ECI is 
a robust index for showing the overall ability of 
the insect to use the food in question for building 
biomass (Cohen, 2005). ECD is also known as 
metabolic efficiency because it takes into account 
already digested food (the weight of the food 
ingested minus the weight of feces). The 
measurement of ECD provides a resolution to the 
question of the food`s overall nutritional value 
once the non-digestible materials are eliminated. 
ECI and ECD indices decreased in treated larvae 
with essential oil of Rosemary. A drop in ECI 
indicates that more food is being metabolized for 
energy and less is being converted to body mass. 
Reduction in ECD value is likely to result from a 
reduction in the efficiency to convert foodstuffs 
into growth, perhaps by a diversion of energy 
from production of biomass into detoxification of 
savory essential oil (Silveira Ramos et al., 2009). 
Bradway and Duffy (1988) and Haung et al., 
(2004) considered the dependency of ECI and 
ECD on the activity of digestive enzymes. It may 
be inferred from the previous studies that the 
decreased larval growth coupled with lower RGR, 
which is more likely due to longer retention of 
food in the gut for maximization of AD to meet 
the increased demand of nutrients (Senthil- 
Nathan et al., 2005; Senthil-Nathan and Sehoon, 
2006). The results of this study revealed that 
although the treated larvae were capable of 
maintaining the AD (increased during treatment), 
they failed to maintain the RGR during larval 
development. The percentage reduction in ECI 
and ECD results from a food conversion 
deficiency, which reduces growth perhaps 
through a diversion of energy from biomass 
production into detoxification (Wheeler et al., 
2001). The decreased RGR and RCR in treated 
larvae may indicate the toxic effects of plants' 
allelochemicals on peritrophic membrane and 
damage to cellular surfaces of the midgut (Marie 
et al., 2009). 

In physiological studies, determination of 
total protein and many of chemical 
macromolecules such as lipids and carbohydrates 
are very important. The present study also 
showed that the total protein content of treated 
larvae was decreased compared with the control. 
Shekari et al., (2008) reported lower protein and 
glucose in larvae of Xanthogaleruca luteola 
treated with A. annua extract. Mukherjee et al., 
(1993) also showed that higher concentrations of 
azadirachtin affected the amount of protein in the 
hemolynph of Tribolium castaneum. 

Lipids are an important source of energy for 
reproduction, embryonic growth, cell 
maintenance, and ecdysis. They are reserved in 
fat bodies (Chapman, 1998). In this 
investigation reduction of lipid is dose 
dependent. Essential oils of Jojoba and Sesame 
caused reduction in lipid of S. littoralis larvae 
(Marie et al., 2009). 

In this research amount of carbohydrates 
of treated larvae with rosemary essential oil 
was reduced compared with the controls. This 
was consistent with the reports of Etebari et 
al., (2006), Shekari et al., (2008) and 
Khosravi et al., (2010). Starvation may 
reduce biochemical components in the midgut 
of lesser mulberry pyralid. 

Digestive enzymes play a major role in 
insect physiology by converting complex food 
materials into micro molecules necessary to 
provide energy and metabolites for growth, 
development and other vital functions (Erturk 
and Turki., 2006). The results of this study 
indicated that there is considerable variation in 
midgut amylase, lipase and protease activity 
between the insects treated with the different 
concentrations of essential oil. The present 
results demonstrated the increased protease 
activity after essential oil treatments. The 
increased activity of midgut lipase in all 
concentrations of essential oil treatments 
might account for a greater utilization of 
exogenous lipids that result in the biomass 
production (Champagne et al., 1992; Babu and 
Kavitha, 1997; Desai et al., 2000; Ahmad et 
al., 2006). 
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Alpha amylase is an enzyme that hydrolyses 
the alpha bond of large alpha-linked 
polysaccharides, such as starch and glycogen, 
yielding glucose and maltose. The present study 
clearly depicts the enzyme`s lower activity 
following treatment with essential oil, which is 
consistent with other reports on various 
chemical treatments (Nath, 2003; Zibaee et al., 
2008; Hasheminia et al., 2011; Khosravi et al., 
2011, Khosravi and Jalali Sendi, 2013). The 
reduction of α-amylase activity by plant 
essential oils and plant extracts could be due to 
the plant`s defense compounds, including 
inhibitors that act on insect gut hydrolases such 
as α-amylase and proteinases (Franco et al., 
2002). The reduction of α-amylase activity 
could also be due to a cytotoxic effect of 
different plant compounds on epithelial cells of 
the midgut that synthesize α-amylase (Jbilou et 
al., 2008). 

Lipases are enzymes that preferentially 
hydrolyze the outer links of fat molecules and have 
been studied in few insects. These enzymes are 
also the basic components in many physiological 
processes like growth, reproduction and defense 
against pathogens. The level of lipase was 
enhanced in treated larvae and this increase was 
significant at LC50 concentration of R. officinalis. 
Khosravi et al., (2011) found similar results when 
larvae of G. pyloalis were fed on food treated with 
A. annua extract. Senthil- Nathan et al., (2006) 
showed that treating Cnaphalocrocis medinalis 
(Guenee), with BtK. NSKE and VNLE 
(azadirachtin and neem components) decreased the 
activity of lipase in the midgut. 

Proteases have a crucial role in food 
digestion by insects that hydrolyze peptide 
bonds in protein and convert them into their 
respective amino acids (Terra and Ferriera, 
2005). In the present study it was shown that 
protease activity was increased with the use of 
rosemary essential oi.l. Perhaps in high 
concentration (LC50), the activity of protease 
increased to degrade secondary metabolites. 
Studies by Johnson et al., (1990) Senthil- 
Nathan et al. (2006) and Zibaee and Bandani 
(2010) concluded that botanical insecticides 
may interfere with the production of certain 

types of proteases and disable them to digest 
ingested proteins. Khosravi et al. (2011) 
showed that protease activity was reduced using 
0.013% and 0.026% concentrations of methanol 
extract of A. annua compared with the controls 
but increased with 0. 107% concentration. 

The metabolic enzymes have a role in 
metabolizing toxic materials. Four types of 
detoxifying enzymes have been found that react 
against botanical insecticides. They include 
general esterases, glutathione s-transferase and 
phosphatases. Glutathione s-transferases are a 
major family of detoxification enzymes found 
in most organisms. GSTs play an important role 
in insecticide resistance (Zibaee et al., 2009). 
They help to protect cells from oxidative stress 
and chemical toxicants by aiding the excretion 
of electrophilic and lipophilic compounds from 
the cell (Hayes and Pulford, 1995). In the 
present study, it was shown that activity of GST 
in the fourth instar larvae of G. pyloalis treated 
with R. officinalis essential oil was increased 
compared with the control. Vanhaelen et al. 
(2001) showed that Brassicacea secondary 
metabolites induced GST activity in Myzus 
persicae and several Lepidopteran species such 
as Heliothis virescens Fabricius, Trichoplusia 
ni Hubner and Anticarsia gemmatalis Hubner.  

In our study, the essential oil of R. officinalis 
caused increase in esterase activity in the 
midgut of G. pyloalis and this increase was 
dose-dependent. Khosravi et al. (2011) reported 
that A. annua extract does not have an 
inhibitory effect on detoxification enzyme of G. 
pyloalis after the consumption of A. annua 
extract. LIU et al. (2008) reported that GST and 
general esterase activity didn`t change in the 
larvae of Ostrinia furnacalis after feeding on 
fraxinellone treated food. This shows that GST 
and esterase play a role in detoxification or in 
the metabolism of R. officinalis essential oil. 
 
Conclusion  
 
Essential oil of R. officinalis possesses the property 
of larvicidal activity and antifeedant effect against 
G. pyloalis. Moreover, compounds present in the 
essential oil of R. officinalis affected the activity of 
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chemical macromolecules, digestive enzymes and 
detoxification enzymes. However, further 
investigation is needed to study the effect of 
individual components of this essential oil which 
are responsible for inhibiting the various activities 
of the lesser mulberry pyralid. 
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 پروانه روي Rosemarinus officinalisتركيبات شيميايي، سميت و اثرات فيزيولوژيكي اسانس 
 Glyphodes pyloalis Walker (Lepidoptera: Pyralidae)خوار توت برگ

  
  3اكبررضا عليو علي *2 و 1، جلال جلالي سندي1الهام يزداني

  
  . ايران،پزشكي، دانشكده كشاورزي، دانشگاه گيلان، رشتگروه گياه-1
  .گروه كرم ابريشم، دانشكده كشاورزي، دانشگاه گيلان، رشت، ايران-2
  .گروه شيمي، دانشكده علوم پايه، دانشگاه گيلان، رشت، ايران-3

  jjalali@guilan.ac.ir: مسئول مكاتبهنويسنده پست الكترونيكي * 
 1392 شهريور 5: ؛ پذيرش1392 ارديبهشت 19: دريافت

  
. ترين آفات درخت توت است يكي از مهمGlyphodes pyloalis Walkerخوار توت پروانه برگ: چكيده

هاي و اثر آن روي ويژگي L.(Lamiales: Lamiaceae)  Rosemarinus officinalisسميت اسانس رزماري
تركيبات شيميايي عمده  .فيزيولوژيكي اين پروانه تحت شرايط كنترل شده مورد بررسي قرار گرفت

، %)281/6(، گرانيول %)541/6(كامفور -، ال%)17/7 (، بورنئول%)021/20(  سينئول8و 1اسانس شامل، 
-غلظت. بود%) 147/4(و وربنون %) 222/4 ( استاتفنچيل، آلفا %)993/4(، لينالول %)623/5(كامفن 

نسبت حجم به % (59/1و % 18/1، %777/0ترتيب به) LC50 و LC10 ،LC30(هاي كشنده و زيركشنده 
را تحت  G. pyloalisهاي تغذيه لاروهاي سن چهارم اسانس رزماري، شاخص. محاسبه شدند) حجم

، نرخ )ECD(، كارايي تبديل غذاي هضم شده )ECI(كارايي تبديل غذاي خورده شده . ثير قرار دادأت
كاهش  R. officinalisدر لاروهاي تيمار شده با اسانس ) RGR(و نرخ رشد نسبي ) RCR(مصرف نسبي 

ي را در مقايسه با دارر لاروهاي تيمار شده افزايش معنيد) AD(كه قابليت هضم نسبي حالييافت در
ها ين و كربوهيدراتاسانس رزماري برخي تركيبات متابوليكي كليدي مانند ليپيد، پروتئ. شاهد نشان داد

هاي كليدي معين مانند آلفا آميلاز، ليپاز، طور مشابه روي فعاليت آنزيمبه. را نيز تحت تأثير قرار داد
 .  داشتداري معنيثير تأپروتئاز، گلوتاتيون اس ترانسفراز و استرازها نيز

  
 هاي تغذيهو شاخص Glyphodes pyloalis ،Rosemarinus officinalis ،GC-MS : كليديواژگان
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