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ABSTRACT  

The American cockroach, Periplaneta americana (L.) is considered one of the most important medical and 

veterinary insects among 3500 species in the world, control methods have been developed for these insects 

using some plant extracts and green nanoparticles of some medical plants such as rosemary (Rosmarinus 

officinalis L.). The present work was conducted at the Economic Entomology & Agricultural Zoology 

Department, Faculty of Agriculture, Menoufia University during 2020-2021 under laboratory conditions. The 

objective of the present study was to investigate the toxicity and biochemical effects of the ethanol extract and 

nanoparticles (NPS) of rosemary on the nymphs and adults of the American cockroach. The results 

demonstrated that the LC50 values of nanoparticles of rosemary extract were the most toxic for the two stages 

than the rosemary ethanol extract. LC50 values for nanoparticles extract were 118.22 and 112.33 ppm when 

contact and feeding technique were applied for nymphs, respectively, while for adults were 127.41 and 121.12 

ppm when contact and feeding technique were applied, respectively. Additionally, these compounds had 

biochemical effects, which generally led to a decrease in the total content of protein and an increase in the total 

content of carbohydrates and lipids. Moreover, the activity of the acetylcholinesterase enzyme was increased. In 

general, the treatment with feeding was more effective than contact treatment.  

Key words: Rosemary, ethanol extract, rosemary Ag nanoparticles, Periplaneta americana, 

biochemical aspects 

INTRODUCTION  

The American cockroach Periplaneta 

americana (L.) is considered one of the 

worldwide distributed insects which has 

medical and veterinary importance among 

3500 species existing in the world. P. 

americana is more common in restaurants, 

grocery stores and bakeries as well as other 

sites where food, warmth, dark and damp 

cracks and moisture exist; they can develop 

to enormous numbers. American cockroach 

may be become a pest in homes after being 

introduced in cartons, grocery bags and 

containers since it can transmit many 

pathogens to the humans and the domestic 

animals, as it lives in human living spaces 

and interact with humans directly and feeds 

on his foods (Fakoorziba et al., 2010). 

 The effective methods of combating the 

medical and veterinary pests that deal with 

humans directly must be safe for both 

human and the environment. One of these 

effective methods is the use of some plant 

extracts, which have an effective impact 

against many insect pests, such as the 

extract of neem plant, which has been used 

since ancient times, also some other plants 

such as rosemary. Natural plant extracts play 

an increasing role as alternatives to synthetic 
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pesticides due to the increase of health 

hazards, negative effects on non-target 

organisms, and environmental pollution 

(Sharma et al., 2006). There are more than 

2400 plant species belonging to 189 plant 

families, which have rich sources of organic 

compounds that have some biological and 

physiological effects on different insect 

pests (Rao et al., 2005). Different species 

from over 60 plant families have been 

identified as an important natural source of 

insecticides (Prakesh & Rao, 1997, Rouhani 

et al., 2012 and Sangeetha et al., 2017).  

Recently, the nanoparticles technology is 

widely applied in various fields, especially 

agricultural and industrial activities (Stadler 

et al., 2010; Athanassiou et al., 2018; Said, 

2017; Said and Abdelaal, 2020). In 

agriculture, nanoparticle technology can be 

applied as a new biopesticides or new 

bioagents which using natural products 

containing effective compounds against 

different insect pests (Worrall et al., 2009; 

Oliveira et al., 2019; Jameel et al., 2020 and 

Monteiro et al., 2021). Several attempts 

have made to synthesize the green silver 

nanoparticles (AgNPs) using plant extracts 

such as lantana camara (Hikmat et al., 

2018) and ginger extracts which help to 

produce a new insecticides or insect 

repellents (Owolade et al., 2008; 

Chinnamuthu & Boopathi, 2009 and 

Kulkarni et al., 2012).These compounds 

increase the effectiveness in the control 

process, where the effect of nanoparticles is 

more than the natural compounds, as the 

nanoparticles compounds are more 

penetrating into the body of the pest 

(Owolade et al., 2008 and Athanassiou et 

al., 2018). The main objective of the present 

study was to investigate the toxicity and 

biochemical effects of rosemary ethanol 

extract and rosemary nanoparticles (NPs), 

on the nymphs and the adults of P. 

americana. 

MATERIALS AND METHODS 

The tested plant and the study area 

This study was carried out at Economic 

Entomology & Agricultural Zoology 

Department, Faculty of Agriculture, 

Menoufia University, Egypt. Leaves of 

rosemary (Rosemaryinus officinalis L.) were 

collected from the farm of the Faculty of 

Agriculture in Shebin El-Koum. Plants were 

identified by the specialist in the faculty 

farm. An ethanolic extract of rosemary, as 

well as the nanoparticles of the extract were 

prepared as follows:  

Preparation of rosemary ethanol extract 

Five hundred grams of dried leaves of 

plant were used and placed in 1 liter of 

absolute ethanol. The mixture was then kept 

in shaker incubator for 24 h at controlled 

room temperature then filtered by filter 

paper and centrifuged at 3000 rpm. The 

filtrate was placed in Frees Drier to 

evaporate the ethanol from it. The dried 

extract was kept in sterile universal flask 

then put in the refrigerator for later usage 

(Dorman, et al., 2003)  

Nanoparticles of rosemary ethanol extract: 

 Preparation of 1 ml of silver nitrate solution  

Sixteen milligrams (16 mg) of silver 

nitrate (Blulx laboratories (P) Ltd. 99.9% 

AgNO3, MW = 168.87 g/mol) were weighed 

and transferred into 500 mL flask. The silver 

nitrate was dissolved slowly in the flask 

containing distilled deionized water. After 

all solid has dissolved, more water was 

slowly added to obtain a volume of 1000 

mL. The prepared 1 mL silver nitrate 

solution was stored at 4°C in amber colored 

bottle (Rajkumar and Malathi, 2015). 

Synthesis of rosemary ethanol extract AgNPs  

One gram from the dray ethanol extract 

prepared in the preceding step was put in 
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conical flask and dissolved in 100 mL 

distilled water, pH was adjusted at 12 using 

0.01N sodium hydroxide. This system was 

kept under magnetic stirring, when the 

temperature reaches 80 °C, 1mL 0.1N silver 

nitrate was added, and keep under magnetic 

stirring for 30 min, (EL-Bisi et al ., 2013) 

Characterization technique of silver 

nanoparticles Ultraviolet-visible (UV-vis) 

spectra  

UV-vis spectra was used to the formation 

of silver colloids, UV-vis spectra have been 

proved to be quite sensitive to the formation 

of silver colloids where AgNPs exhibit 

highly  absorption peak due to the surface 

Plasmon excitation which describes the  

excitation of conductive electrons in a metal.  

Transmission Electron Microscopy (TEM) 

Shape and size Characterization of 

AgNPs were obtained using TEM; 

JEOLJEM-1200. Specimens for TEM 

measurements were prepared by using a 

drop of colloidal solution on 400 mesh 

copper grid coated by an amorphous carbon 

film and evaporating the solvent in air at 

room temperature. The average diameter of 

the prepared AgNPs was determined from 

the diameter of 100 nanoparticles found in 

several chosen areas in enlarged 

microphotographs. 

Preparation of tested compounds 

concentrations  

To study the activity of ethanol extract and 

Ag NPs of rosemary extract against P. 

americana nymphs and adults. Five serial 

concentrations were prepared in distilled 

water  as follow; (250, 200, 150, 100, 50 and 

25 ppm) for rosemary ethanol extract and 

(200,150,100, 50, and 25 ppm) for rosemary 

Ag NPs.  

Insect rearing 

The American cockroach was reared at 

the Economic Entomology & Agricultural 

Zoology Department, Faculty of 

Agriculture, Menoufia University during 

2020-2021, under the laboratory conditions 

in glass cages (60x35x40cm) at 27 ± 1°C 

under a 12 h dark regime and 70 ±1 % 

relative humidity. Cages were covered with 

mesh screen with cloth sleeve opening at the 

top. The insects were fed with wetted biscuit 

and cotton soaked with water. Small plastic 

tubes were put inside cages serve as shelters. 

The cages were regulatory cleaned and 

insect excrements were removed.  

Insects Treatment  

To study the effect of tested compounds, 

the previous concentrations were applied on 

both nymphs (third instar) and adults of 

American cockroaches, then the mortality 

percentages were determined. Nymphs and 

adults were treated with previous 

compounds by contact and feeding 

technique. In contact test, ten nymphs were 

kept in Petri dish (10 cm in diameter) 

containing filter paper which was sprayed 

with different concentrations of tested 

compounds by 2 mL of each concentration, 

then left for 24 h, after that the insects were 

transferred to glass cages containing its 

food, the same method was followed with 

adults. In feeding test, ten starved insects of 

each (nymphs or adults) were kept in glass 

cages containing 10 g of its food mixed 

finely with 2 mL of different concentrations 

and allow the insect to feed on treated food 

for 24 h, then the insects were transferred to 

glass cages containing untreated food. 

Percentages of dead and live insect stages 

were counted after 24 h for both contact and 

feeding techniques. Each treatment was 

replicated three times and the LC50 of tested 

compounds were calculated by using 

propane software.  

Effect of tested compounds on Biochemical 

Aspects of American Cockroach  

The nymphal and adult stages were 

treated with LC50 of rosemary ethanol 
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extract and extract nanoparticles to study 

their effects on biochemical aspects of P. 

americana (L.) after 24 h from treatment 

i.e., total protein, total carbohydrates, total 

lipids, Acetylcholinesterase (AchE) and 

polyphynol oxidase. Total proteins were 

determined by the method of (Bradford 

,1976), total carbohydrates were estimated 

in acid extract of sample by the phenol-

sulphuric acid reaction of (Dubois et al., 

1956) and total carbohydrates were 

extracted and prepared for assay according 

to (Crompton and Birt ,1967). Total lipids 

were estimated by the method of (Knight et 

al., 1972) and AchE (acetylcholinesterase) 

activity was measured according to the 

method described by (Simpson et al., 1964) 

Statistical analysis  

Each treatment was replicated 3 times. 

Statistically analyzed values were expressed 

as mean ± SE of replication and Student’s t-

test was applied to locate significant (P≤ 

0.05) differences between treated and 

control groups, (Snedecor, 1952, and 

Duncans, 1957). 

RESULTS  

 Synthesis of rosemary ethanol extract (AgNPs) 

The appearance of brown color is an 

indicator for the successive formation of 

AgNPs because of the excitation of surface 

Plasmon vibrations in nanoparticles of 

silver. It was a quick interaction as 

demonstrated by the immediate color change 

on blending the solution of silver nitrate and 

ethanol extract. This color change 

demonstrates performing of redox reaction, 

whereby ions of Ag+ are reduced to Ag0 by 

the extract components, which are oxidized 

to different species (Halawani, 2017). 

Formation of Ag nanoparticles was 

investigated by UV-Vis spectroscopy to 

ensure the successful synthesis using 

Lambda 25 UV-Visble spectrometer, Perkin 

Elmer, Inc. Characteristic absorption peak of 

Ag-NPs in the UV-Vis spectra was around 

450 nm which was generated due to the 

surface Plasmon resonance (SPR) of Ag-

NPs (Fig., 1) (Liz-Marzan,2006). 

 
 

Fig. 1: UV-Visible spectrum of the prepared Ag 
NPs rosemary (ethanol extract)                                                             

Fig.2: TEM image of the prepared Ag NPs particles 
in the polymer matrix 

Transmission electron microscopy (TEM) 

was utilized to elucidate shape and size of 

the prepared Ag nanoparticles (this 

investigation was made by using JEOL JEM 

l0 × l0 (Electron microscope-Japan). It was 

noted from TEM images in fig.2. That the 

prepared Ag nanoparticles have a spherical 

shape and well dispersed in the polymer 

matrix with average particle size of 12 nm. 
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Toxicological evaluations of tested 

compounds against nymphs and adults of 

American cockroach 

Toxicity levels for tested compounds 

against nymphs and adults of P. americana 

were estimated in the presented study at 24 

h passed from all treatment. Data 

summarized in Table (1) recorded that the 

LC50 values of nanoparticles of rosemary 

extract were considered to be the most toxic 

for the two stages than rosemary ethanol 

extract. LC50 values for nanoparticles extract 

were 118.22 and 112.33 ppm when contact 

and feeding technique were applied for 

nymphs, respectively. The estimation of 

LC50 values for adults were 127.41 and 

121.12 ppm when contact and feeding 

technique were applied.  On the other hand 

LC50 values for ethanol extract were 131.66 

and 122.51 ppm for nymphs when contact 

and feeding technique were applied, but the 

LC50 values were 133.14 and 126.55 ppm 

when contact and feeding technique were 

applied for adults. Previous results show 

that the tested compounds have a toxic 

effect on the tested insect stages and 

rosemary nanoparticles were more toxic 

than ethanol extract. The results in table 

(2&3) indicate that the tested compounds 

have biochemical effects on both nymphs 

and adult insects. The total content of 

protein and carbohydrate, lipids, as well as 

the activity of the acetylcholinesterase 

enzyme are affected. 

As for the nymphs, the results in Table 

(2) indicate that the ethanol extract of the 

rosemary plant led to a decrease in the total 

protein content compared to the control in 

both treatment methods, and the averages of 

total protein content were 9.51 and 9.01 and 

10.31 (mg/g.b.wt) for contact, feeding and 

control, respectively. Similar results 

appeared with the total carbohydrate 

content, where the treatment led to a 

significant decrease when treated by feeding 

method, this decrease was slight but not 

significant in the case of contact treatment, 

the averages were 16.42, 22.41 and 16.71 

(mg/g.b.wt) for contact, feeding and control, 

respectively. On the contrary, the treatment 

of nymphs with ethanol extract led to a 

significant increase in the total lipids content 

when treated with both methods of treatment 

compared to the control, the averages 

were12.63, 14.22 and 11.44 (mg/g.b.wt) for 

contact, feeding and control, respectively. 

On the same approach the activity of 

acetylcholinesterase  was significantly 

increased compared to the control, the 

averages were 278, 298 and 180 (µg 

AchBr/min /g.b.wt) for contact, feeding and 

control, respectively. 

Regarding the adults, the results in the 

table (2) indicate a significant increase in the 

total protein content when treated with both 

methods of treatment, the averages were 

16.66, 19.71 and 15.22 (mg/g.b.wt) for 

contact, feeding and control, respectively. 

Similar result was observed with the total 

carbohydrate content as the averages were 

17.32, 24.41 and 16.40 (mg/g.b.wt) for 

contact, feeding and control, respectively. 

The treatment of adults also led to a 

significant increase in the total lipids content 

when treated with feeding compared to 

control, while there was a slight, non-

significant, decrease when treated with 

contact compared to control as the averages 

were 14.22, 17.86 and 14.31(mg/g.b.wt) for 

contact, feeding and control, respectively. 

There was a significant increase in 

acetylcholinesterase when treating adults 

with both methods of treatment, the 

averages were 223.51, 253.48 and 211.5 (µg 

AchBr/min /g.b.wt)for contact, feeding and 

control, respectively. Similar observations 

were obtained when treating the nymphs 

with both methods of treatment.  
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Table 1: Toxicological evaluation of ethanol extract and nanoparticles of Rosemary 

extract against American cockroach nymphs and adults after 24 h under 

laboratory conditions.  

Tested compounds 
Treated 

stages 
technique 

LC50 (ppm) (95% 

confidence limits) 
Slope 

Ethanol extract 

Nymphs 
contact 131.66 1.74±0.31 

feeding 122.51 1.88±0.53 

Adults 
contact 133,14 1.91±0.41 

feeding 126.55 1.65±0.22 

Rosemary extract 

Nanoparticles 

Nymphs 
contact 118.22 1.34±0.63 

feeding 112.33 1.45±0.28 

Adults 
contact 127.41 1.91±0.19 

feeding 121.12 1.83±0.22 

Table 2:Biochemical aspects of nymphs and adults treated by LC50 concentration with 

rosemary ethanol extract using contact and feeding technique.  

 Rosemary ethanol extract 

Biochemical 

parameters 

Treated nymphs (Mean±SE)  

Control Contact Feeding F value P value 

Total protein 

(mg/g.b.wt) 
10.31±0.51a 9.51±0.42b 9.01±0.41 b 21.51 0.0012** 

Total carbohydrate 

(mg/g.b.wt) 
16.71±1.61b 16.42±0.1.66b 22.41±2.63 a 18.221 0.0003*** 

Total lipids 

(mg/g.b.wt) 
11.44±1.35c 12.63±2.73b 14.22±3.44 a 33.221 0.0004*** 

AchE activity (µg 

AchBr/min /g.b.wt) 
180±21.38c 278.11±22.75b 298.61±24.21a 128.42 0.0001*** 

LC50 (ppm) - 131.66 122.51 - - 

 Treated adults (Mean±SE) 

Control Contact Feeding F P 

Total protein 

(mg/g.b.wt) 
15.22±1.34c 16.66±2.61b 19.71±2.24a 11.541 0.0001*** 

Total carbohydrate 

(mg/g.b.wt) 
16.40±2.73c 17.32±2.81b 24.41±3.22a 27.810 0.0004*** 

Total lipids 

(mg/g.b.wt) 
14.31±1.72b 14.22±1.52b 17.86±2.51a 42.911 0.0013** 

AchE activity (µg 

AchBr/min /g.b.wt) 
211.5±21.64c 223.51±22.61b 253.48±22.66a 52.471 0.0005*** 

LC50 (ppm) - 133.14 126.55 - - 

In each row, means followed by the same letter are not significant at the 5% leve. 
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Table 3: Biochemical aspects of nymphs and adults treated by LC50 concentration with 

rosemary nanoparticles using contact and feeding technique. 

Rosemary nanoparticles 

Biochemical parameters Treated nymphs (Mean ±SE) 

Control  Contact  Feeding  F value P value 

Total protein 

(mg/g.b.wt) 
10.31±1.73a 8.4±0.64c 6.33±0.23b 22.23 0.000*** 

Total carbohydrate 

(mg/g.b.wt) 
16.71±2.11c 17.11±2.31b 31.21±11.61a 15.371 0.0001*** 

Total lipids (mg/g.b.wt) 
11.44±0.74b 11.9±0.62b 17.32±1.23a 29.721 0.0021** 

AchE activity (µg 

AchBr/min /g.b.wt) 
180±19.82c 271±21.71b 316±24.66a 121.42 0.0003*** 

LC50 (ppm) - 118.22 112.33 - - 

 Treated adults (Mean ±SE) 

Control  Contact Feeding  F value P valie 

Total protein 

(mg/g.b.wt) 
15.22±1.33c 17.31±2.53b 22.77±2.87a 12.223 0.0004*** 

Total carbohydrate 

(mg/g.b.wt) 
16.4±2.64c 18.51±2.61b 28.91±3.51a 25.401 0.0001*** 

Total lipids (mg/g.b.wt) 
14.31±2.81b 13.8±2.33b 19.64±2.82a 36.362 0.0031** 

AchE activity (µg 

AchBr/min /g.b.wt) 
211.5±13.71c 241±16.22b 278.64±22.71a 42.723 0.0001*** 

LC50 (ppm) - 127.41 121.12 - - 

In each row, means followed by the same letter are not significant at the 5% leve 

       
The results in table (3) indicate the 

biochemical effects in both nymphs and 

adults when they were treated with rosemary 

nanoparticles by both feeding and contact 

techniques. For nymphs, the results indicate 

a significant decrease in the total protein 

content compared to the control, the 

averages were 8.41, 6.33 and 10.31 

(mg/g.b.wt) for contact, feeding and control, 

respectively. Contrary, the total 

carbohydrate content was significantly 

increased compared to the control when 

treated with both techniques of treatment, 

the averages were 17.11, 31.21 and 16.71 

(mg/g.b.wt) for contact, feeding and control, 

respectively. As for the total lipids content, 

there was a significant increase when treated 

with feeding, but there was a slight, non-

significant, decrease when treated with 

contact as the averages were 11.01, 17.32 

and 11.44 (mg/g.b.wt) for contact, feeding 

and control, respectively. There was also a 

significant increase in the activity of 

acetylcholinesterase enzyme when treated 

with both feeding and contact, the averages 

were 271, 316 and 180 (µg AchBr/min 

/g.b.wt) for contact, feeding and control, 

respectively. 

 The previous results were in the same 

direction when the adults were treated with 

rosemary nanoparticles by both techniques 

of treatment. The total protein content was 

significantly increased, the averages were 

17.31, 22.77 and 15.22(mg/g.b.wt) for 
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contact, feeding and control respectively. 

Also, there was a significant increase in the 

total carbohydrate content, where the 

averages were 18.51, 28.91 and 16.41 

(mg/g.b.wt) for contact, feeding and control, 

respectively. 

Regarding the total lipids content, a 

significant increase was observed when 

treated with feeding technique, but 

decreased when treated with contact 

technique, the averages were 13.81, 19.64 

and 14.31 (mg/g.b.wt) for contact, feeding 

and control, respectively. The activity of the 

acetylcholinesterase enzymes showed a 

significant increase compared to the control 

when treated with both treatment 

techniques, the averages were 241, 278 and 

211.5 (µg AchBr/min /g.b.wt) for contact, 

feeding and control, respectively. 

DISCUSSION 

American cockroaches are one of the 

most medicinal and veterinary insects that 

can carry and transmit many pathogens to 

humans and animals, such as pathogenic 

bacteria, viruses and fungi, thus, their 

presence in houses, gardens, and hospitals is 

a health challenge. Therefore, there is an 

urgent need to combat this pest, taking into 

the consideration the safety of the materials 

used to humans, animals and the 

environment. 

 Recently, efforts are made to increase 

the efficiency of applied pesticides with the 

help of nanoparticles technology which is 

one of the novel methods that being 

explored and tested in the field of pest 

control, either in agricultural pests 

(Chinnamuthu and Boopathi, 2009; Debnath 

et al., 2011; El-Bisi, et al., 2013; Abd El-

Zaher, 2017 and Athanassiou et al., 2018), 

or in medical and veterinary pests such 

cockroaches, mosquitoes and flies (Abd El-

Raheem and Eldafrawy, 2016; Said, 2017 

and Campos et al., 2020). Furthermore, 

nanoparticles can be used as insecticide and 

herbicide (Bhattacharyya et al., 2010). 

The present study cleared that 

nanoparticles have entomotoxic effect 

against both nymphs and adults of 

Periplaneta americana, where the LC50 

values of nanoparticles of rosemary extract 

was most toxic for the two stages than 

rosemary ethanol extract. Moreover, the 

biochemical aspects of P. americana were 

affected. Previous studies established by 

many authors confirmed this findings, Abd 

El-Raheem & Eldafrawy (2016) and Said 

(2017) showed that the mortality 

percentages of the German cockroach 

nymphs and adults were increased by 

increasing the concentrations of the silver 

nanoparticles under feeding and contact 

methods. El–Khodary et al., (2020) Showed 

that the fumigation by the nanoemulsion of 

the German chamomile caused 44.44% 

mortality of P. americana  at 10 mg/ liter 

after 72 h of application. Silva et al., (2019) 

reported that the encapsulated nanoparticles 

of the essential oils of (Piper aduncum L. 

and P. hispidinervum) caused about 80% 

mortality in Aedes aegypti. The effect of the 

nanoparticles compound against insects 

could be attributed to that Nanoparticles act 

as effective repellents and insecticides for 

the agricultural and medical insects (Magro 

et al., 2019 and Campos et al., 2020). 

Furthermore, silica nanoparticles and 

silver nanoparticles can suppress larval and 

adult stages of Callosobruchus maculatus as 

the mortality increased with increasing the 

concentrations of nanoparticles, while LC50 

was decreased (Rouhani et al., 2012). Also, 

Worrall et al., (2009) found that coating 

nanoparticles loaded with garlic essential oil 
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has good potential in the control of stored 

product insects.  

The current study also revealed that 

nanoparticles of rosemary extract was more 

effective when applied by feeding technique 

than contact. This may be due to 

nanoparticles can penetrate the alimentary 

canal faster than penetrating the insect's 

exoskeleton through contact method. The 

toxic action of nanoparticles may be due to 

the interaction between silver nanoparticles 

with various chemical compounds inside the 

insect’s body, which inhibit the vital 

processes such as inhibiting the mechanism 

of insect’s enzymes, defect in biological 

organs oxidative stress, alterations or 

damage in DNA, a decrease in membrane 

permeability and degradation of protein, 

which finally led to cell death. These 

suggestions are supported by (Benelli, 2016 

A; Benelli 2016 B and Azarudeen et al., 

2017). 

Finally, according to these findings, 

nanoparticles of rosemary extract can be 

used effectively against p. americana either 

in nymphal and adult stage, as effective 

natural control and eco-friendly alternatives 

to the chemical pesticides. 

Conclusion  

The effect of the ethanol extract and 

nanoparticles (NPS) of rosemary on the 

nymphs and adults of the American 

cockroach was studied. The ethanol extract 

and nanoparticles compounds have a clear 

effect on these stages when treated with 

contact and feeding techniques, which 

makes these compounds have a good role in 

combating various medical and veterinary 

insects, such as the American cockroach. 

Further studies are needed to determine the 

potential use of such nanoparticle 

compounds in the pest control programs 

away from the use of harmful pesticides. 

REFERENCES  

Abd El-Raheem, A.M. and B.M. Eldafrawy 

(2016). Efficacy of Silver Nanoparticles 

against German Cockroach Blattella 

germanica (L.) (Dictyoptera: 

Blattellidae). Academic Journal of 

Entomology, 9 (4): 74-80. 

Abd El-Zaher, R. T. (2017). Biological 

Activity of Four Plant Oils in the Form of 

Nano Products on the Larvae of Cotton 

leaf worm. Middle East Journal of 

Appllied Science, 7(2): 239-249.  

Athanassiou, C. G., N. G. Kavallieratos, G. 

Benelli, D. Losic, , P. Usha Rani,  and N. 

Desneux (2018). Nanoparticles for pest 

control: current status and future 

perspectives. Journal of Pest 

Science, 91(1), 1-15. 

Azarudeen, R. M. S. T., M. Govindarajan, 

A. Amsath, U. Muthukumaran, G. 

Benelli (2017). Single-step biofabrication 

of silver nanocristals using Naregamia 

alata: A cost effective and eco-friendly 

control tool in the fight against Malaria, 

Zika virus and St. Louis encephalitis 

mosquito vectors. Journal of Cluster 

Science, 28, 179–203.  

Benelli, G. (2016). Plant-mediated 

biosynthesis of nanoparticles as an 

emerging tool against mosquitoes of 

medical and veterinary importance: A 

review. Parasitology Research, 115, 23–

34.  

Benelli, G. (2016).Green synthesized 

nanoparticles in the fight against 

mosquito-borne diseases and cancer a 

brief review. Enzyme and Microbial 

Technology, 95, 58–68. 

Bhattacharyya, A., A. Bhaumik, P. U. Rani, 

S. Mandal, and T. T. Epidi, (2010). 

Nano-particles- A recent approach to 



 Comparative studies of nanoparticles and ethanol extract of rosemary plant on some biochemi ….. 
 

- 64 - 
 

insect pest control. African Journal 

Biotechnology, 9(24): 3489-3493.  

Bradford, M.M. (1976). A rapid and 

sensitive method for the quantization of 

microgram quantities of protein utilizing 

the principle of protein dye binding. 

Analytical Biochemistry, 72:248-254. 

Campos, E. V. R., J. L. de Oliveira, D. C.  

Abrantes, C. B. Rogério, C. Bueno, V. R. 

Miranda, R. A. Monteiro and L. F. 

Fraceto, (2020). Recent developments in 

nanotechnology for detection and control 

of aedes aegypti-borne diseases. 

Frontiers in bioengineering and 

biotechnology,8, 102. 

Chinnamuthu, C. R. and P. M. Boopathi 

(2009). Nanotechnology and 

Agroecosystem. Madras Agricultural 

Journal, 96: 17-31.  

Crompton, M. and L.M. Birt (1967). 

Changes in the amounts of carbohydrates, 

phosphagen, and related compounds 

during the metamorphosis of the blow 

fly, Lucilia cuprina. Journal of Insect 

physiology, 13:1575-1595. 

Debnath, N., S. Das, D. Seth, R. Chandra, S. 

Bhattacharya and A. Goswami (2011). 

Entomotoxic effect of silica nanoparticles 

against Sitophilus oryzae (L.). Journal of 

Pest Science, 84(1):99-105.  

Dorman H. J. D., M. Koşar, K. Kahlos, Y. 

Holm and R. Hiltunen (2003). 

Antioxidant Properties and Composition 

of Aqueous Extracts from Mentha 

Species, Hybrids, Varieties, and 

Cultivars. Journal of Agriculture and 

Food Chemistry, 51(16):4563–4569. 

Dubios, M., K. A. Gilles, J. K. Hamilton, P. 

A. Rebers and F. Smith (1956). 

Colorimetric method for determination of 

sugars and related substances. Analytical 

Chemistry, 28:350-356. 

Duncan, D. B. (1957). Multiple ranges and 

multiple F test. Biometrics. 11:1-42.  

El-Bisi, M., H. M. El-Rafie and A. A. 

Hebeish (2013). Honeybee for eco-

friendly green synthesis of silver 

nanoparticles and application to cotton 

textile. Egyptian Journal of Chemistry. 

56(3):187- 198.  

El–Khodary, S. A., F. N. Ghanem, M. O. 

Rakha, W. N. Shoghy and T. Ueno 

(2020). Primary Screening of German 

Chamomile Oil as Insecticides, Baits, and 

Fumigants in Nanoformulations against 

the Health Pest Periplaneta americana 

(L.)(Dictyoptera: Blattidae). Journal of 

the Faculty of Agriculture, Kyushu 

University, 65(1), 103-112. 

Fakoorziba, M. R., F. Eghbal, J. 

Hassanzadeh and M. D. Moemenbellah-

Fard (2010). Cockroaches (Periplaneta 

americana and Blattella germanica) as 

potential vectors of the pathogenic 

bacteria found in nosocomial infections. 

Annals of Tropical Medicine & 

Parasitology, 104(6), 521-528. 

Jameel, M., M. Shoeb, M. T. Khan, R. 

Ullah, M. Mobin, M. K. Farooqi, and S. 

M. Adnan, (2020). Enhanced insecticidal 

activity of thiamethoxam by zinc oxide 

nanoparticles: A novel nanotechnology 

approach for pest control. ACS 

omega,5(3), 1607-1615. 

Knight, J. A., S. Anderson and J. M. Rawle 

(1972) .Chemical basis of the sulfo-

phospho-vanillin reaction for estimating 

total serum lipids .Clinical Chemistry, 

18:199-202. 



 Eldefrawy et al., ,2022 

- 65 - 
 

Kulkarni, R., A. Deshpande, A. Saxena, M. 

Varma and A. R. Sinha (2012). Ginger 

supplementary therapy for iron 

absorption in iron deficiency anemia. 

Indian Journal of Traditional 

Knowledge, 11: 78-80.  

Liz-Marzan, L. M. (2006). Tailoring Surface 

Plasmons through the morphology and 

assembly of metal nanoparticles. 

Langmuir, 22: 32- 41.  

Magro, M., S. Bramuzzo, D. Baratella, J. 

Ugolotti, G. Zoppellaro, G. Chemello, 

Ballarin, G. Radaelli, B. Arcaro, M. De 

Liguoro, O. Coppellotti, L. Guidolin, J. 

A. Roger, E. Bonaiuto, R. Zboril and F. 

Vianello (2019). Self-assembly of 

chlorin-e6 on g-Fe2O3 nanoparticles: 

application for larvicidal activity against 

Aedes aegypti. Journal of Photochemistry 

and Photobiology, 194, 21–31. 

Monteiro, R. A., M. C. Camara, J. L. de 

Oliveira, E. V. R. Campos, L. B. 

Carvalho, P. L. de Freitas Proença, M. 

MarianaGuilger-Casagrande, R.  Lima, J. 

do Nascimento, K. C.   Gonçalves, R. A. 

Polanczyk, and L. F. Fraceto, (2021). 

Zein based-nanoparticles loaded 

botanical pesticides in pest control: An 

enzyme stimuli-responsive approach 

aiming sustainable agriculture.Journal of 

Hazardous Materials,417, 126004. 

Oliveira, J. L., E. V. Campos, T.  

Germano‐Costa, R. Lima, J. F. D. 

Vechia, S. T.  Soares, D. J. de Andrade, 

K. c. Gonçalves, J. D. Nascimento, R. A. 

Polanczyk and L. F. Fraceto, (2019). 

Association of zein nanoparticles with 

botanical compounds for effective pest 

control systems. Pest management 

science, 75(7), 1855-1865. 

Owolade, O. F., D. O. Ogunleti and M. O. 

Adenekan (2008).Titanium Dioxide 

affects disease development and yield of 

edible cowpea. Electronic Journal of 

Environmental, Agricultural and Food 

Chemistry, 7(50): 2942-2947.  

Prakesh, A. and J. Rao (1997). Botanical 

Pesticides in Agriculture. Boca Raton, 

USA: CRC Press.  

Rajkumar,K and R. Malathi (2015). 

Phytochemical investigation GC-MS 

analysis and in vitro antimicrobial 

activity of Coleus forskohlii. Bangladesh 

Journal of Pharmacology, 10 (4):924. 

Rao, N. V., T. U. Maheswari and K. 

Manjula. (2005). Review on Botanical 

Pesticides as Tools of Pest Management, 

pp: 1–16. Narosa Publishing House Pvt., 

Ltd. 

Rouhani, M., M. A. Samih and S. Kalantari 

(2012). Insecticidal effect of silica and 

silver nanoparticles on the cowpea seed 

beetle, Callosobruchus maculatus F. 

(Col.: Bruchidae). Journal of 

Entomological Research, 4: 297-305. 

Said, S. M. (2017). Biochemical and 

histological effects of nano silver on 

german cochroach, Blattella germanica. 

Bulletin of entomological Society of 

Egypt, 43, 31-46.  

Said, S. M. and A. A. A. Abdelaal (2020). 

Comparative effect of Ginger extract 

nanoparticles with some pesticides on 

Pink bollworm, Pectinophora gossypiella 

(Saunders) (Lepidoptera: Gelechiidae). 

International Journal of Scientific 

Research and Sustainable Development, 

3(3): 1-20. 

Sangeetha J., D. Thangadurai, R. Hospet, 

E.R. Harish, P. Purushotham, M. A. 

Mujeeb, J. Shrinivas, M. David, A. C. 

Mundaragi, A. C. Thimmappa, S. B. 

Arakera, R. Prasad (2017). 

Nanoagrotechnology for soil quality, 



 Comparative studies of nanoparticles and ethanol extract of rosemary plant on some biochemi ….. 
 

- 66 - 
 

crop performance and environmental 

management. In: Prasad R, Kumar M, 

Kumar V (eds) Nanotechnology. pp 73–

97, Springer Nature, Singapore Pte Ltd.  

Sharma, A., P. Kaushal, K. C. Sharma and 

R. Kumar (2006). Bioefficacy of some 

plant products against diamond back 

moth, Plutella xylostella L. (Lepidoptera: 

Yponomeutidae). Journal of 

Entomological Research Society, 30: 

213–217.  

Silva, L. S. , J.M. Mar, S. G. Azevedo, M. S. 

Rabelo, J. A. Bezerra, P. H. Campelo, M. 

B. Machado, G. Trovati, A. D. Santos, H. 

F. Filho, T. B. de Souza and E. A. 

Sanches (2019). Encapsulation of Piper 

aduncum and Piper hispidinervum 

essentialoils in gelatin nanoparticles: a 

possible sustainable control tool of Aedes 

aegypti, Tetranychus urticae and 

Cerataphis lataniae. Journal of the 

Science of Food and Agriculture, 99, 

685–695. 

Simpson, D. R., D. L.  Bulland, D. A. 

Linquist (1964). A semi micro technique 

for estimation of cholinesterase activity 

in boll weevils. Annals of Entomological 

Society of America, 57: 367-371. 

Snedecor, G. W. (1952). Statistical methods. 

(5thEd.Iowa State Col. N. Y. Preparation 

of samples for biochemical assay).  

Stadler, T., M. Butelerb and D. K. Weaver 

(2010). Novel use of naoostructured 

alumina as an insecticide. Pest 

Management Science, 66: 577-579. 

Worrall, E. A., A. Hamid, K. T. Mody, N. 

Mitter, F. L., Yang, X. G. Li, F. Zhu, and 

C. L. Lei (2009). Structural 

characterization of nanoparticles loaded 

with garlic essential oil and their 

insecticidal activity against Tribolium 

castaneum (Herbst) (Coleoptera: 

Tenebrionidae). Journal of Agricultural 

and Food Chemistry, 57(21):10156-

10162. 

 

 

 

 

 

 ــ  ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
Received: May 11, 2022. 
Revised: May23, 2022.  
Accepted: May24, 2022. 

 

How to cite this article: 

Eldefrawy, B.M.; Said, Saadiya M. and A. M. Abd El-Raheem (2022). Comparative studies of 

nanoparticles and ethanol extract of rosemary plant on some biochemical aspects of the 

American cockroach, Periplaneta americana (L.) (Dictyoptera: Blattidae). Egyptian Journal of 

Crop Protection, 17 (1):55-66. 


