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Abstract: Cockroaches are globally distributed pests with high epidemic importance. Their role as spreaders 
of many infectious and parasitic diseases in animals and humans determines disinsection as the main anti-
epidemic measure. The present study compared the effectiveness of spray application of different commercial 
insecticides against a field population of oriental cockroaches (B. orientalis) under laboratory conditions. A 
very high efficiency of fipronil (100% mortality) was found as early as 37-48 hours after treatment and a high 
efficiency of synthetic pyrethroids - 95-97% mortality at 49-60 hours. With the organophosphate derivatives 
(Dichlorvos) low mortality (37%) and unsatisfactory efficiency was achieved. The obtained results confirm the 
insecticides from the phenylpyrazole group and the synthetic pyrethroids, in spray-applied forms, as an effective 
method of fighting the oriental cockroach.
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INTRODUCTION

Cockroaches are globally distributed insects, 
exhibiting rapidly adaptive behavior across a 
wide range of habitats. They are one of the com-
mon pests in anthropogenic biotopes (residential 
and public buildings, restaurants, food industry 
enterprises, livestock farms, etc. (Siddiqui et al., 
2023). Their presence in these sites is associated 
with a high risk for the health of animals and hu-
mans due to their proven significant role as trans-
mitters of many infectious pathogens, includ-
ing those with zoonotic potential (Odinets et al., 
1993; Donets, 2004; Vatev et al., 2006; Piper and 
Antonelli, 2012; Esty and Phipatanakul, 2018; 
Nasirian, 2019; Schapheer et al., 2018; Sookrung 
et al., 2018; Davari et al., 2023). Cockroaches 
also play an essential role in the spread of vari-
ous parasites, being intermediate hosts for some 
of them (Varadinova et al., 2015; Nasirian, 2016; 
Atiokeng Tatang et al., 2017). Their health impor-
tance is also complemented by the release of vari-

ous allergenic substances (Tachbele et al., 2006; 
Salehzadeh et al., 2007; Fakoorziba et al., 2010; 
Kassiri and Kazemi, 2012; Page , 2012; Pai, 2013; 
Motevali Haghi et al., 2014; Menasria et al., 2015; 
Davari et al., 2017; Martinez-Giron et al., 2017; 
Nasirian, 2017).

The control of cockroach infestations is of-
ten difficult and unsuccessful, due to their great 
adaptability and high fertility, year-round repro-
duction, wide food range, long endurance of star-
vation. In addition, the resistance of cockroaches 
to the insecticides widely used to control them 
is progressively increasing (Odinec, 1993; Lee et 
al., 2022; Scharf et al., 2022; Gits, M. P. et al., 
2023).

The most widely used means to control cock-
roaches are insecticides (Lee et al., 2021). They 
are available in different formulations and ways 
of application – food-based insecticidal baits, 
contact sprays, powders, etc. Insecticides have 
a damage  impact on the target pest by vari-
ous mechanisms, some of which are aimed at a 



Животновъдни науки, 2024, 61 (1) Bulgarian Journal of Animal Husbandry, 2024, 61 (1)

56

precisely defined specific system - blocking of 
the enzyme cholinesterase, blocking of sodium 
channels in the neuronal membrane, antagonism 
of gamma-aminobutyric acid, etc. (Ghosal, A., 
2018). In 2011 Shahraki et al., carried out a com-
parative assessment of the advantages and dis-
advantages of the most widely used insecticide 
agents in the fight against the German cockroach: 

1. Organophosphate compounds (dichlor-
phos, etc.). Over the years, more than 100 insec-
ticidal compounds of this group have been reg-
istered in use worldwide (Ishaaya and Horowitz, 
1998; Salgado, 2013). Their mechanism of action 
is based on disrupting the function of the insect‘s 
nervous system by blocking the enzyme cholin-
esterase, which plays a major role in hydrolyzing 
acetylcholine. This results in irreversible paresis 
and paralysis (Ishaaya and Horowitz, 1998; Ware 
and Whitacre, 2004). 

2. Synthetic pyrethroids (Lambda-cyhalo-
thrin, cypermethrin, deltamethrin, tetramethrin, 
etc.). Pyrethroids affect the peripheral and central 
nervous systems of insects by causing blockade 
of sodium channels in neuronal membranes and 
are considered as axonal poisons (Radcliffe et al., 
2009; Gour and Sridevi, 2012). They are distin-
guished by a rapid paralytic effect on insects, re-
ferred to as the „Knockdown effect“.

3. Phenylpyrazole chemical family, such as 
Fipronil. It is a second-generation phenilpirazol 
insecticide that blocks Gamma-aminobutyric 
acid (GABA)-gated chloride channels in the cen-
tral nervous system. Disruption of the GABA re-
ceptors by fipronil prevents the uptake of chlo-
ride ions resulting in excess neuronal stimulation 

and death of the target insect (Cole et al., 1993; 
Kreiger, 2001).

One of the approved and commonly used 
methods of insecticide application is by spray. 
The results of experiments with cockroaches 
show that spray application is an effective insecti-
cidal method, enabling the use of a diverse spec-
trum of insecticides (Miller and Meek, 2004; Ra-
hayu et al., 2016; Paramasivam and Selvi, 2017). 
However, almost all the studies were carried out 
with populations of Blatella germanica, which 
raises the question of the effectiveness of insecti-
cides in other synanthropic species, such as Blat-
ta orientalis, Periplaneta americana, etc.

The aim of the present study is to attempt to 
shed light on this question by comparing the ef-
fectiveness of some of the most commonly used 
commercial insecticides applied by spray to Ori-
ental cockroaches (Blatta orientalis) captured in 
livestock facilities. We hope that the presented 
results will be helpful for optimization of the ef-
fectiveness of insecticide treatments against the 
Oriental cockroach, which has been established 
as a dominant synanthropic species in pig farms 
in the Republic of Bulgaria (Boneva et al., 2023).

MATERIALS AND METHODS

Using the spray method, the effectiveness of 
some of the most commonly used insecticides 
(Table 1) against a field population of black cock-
roaches (B. orientalis) caught in a pig farm was 
evaluated. To conduct the research, experimen-
tal and control groups of 6 cockroaches each (5th 

Table 1. Insecticides used.
Insecticide (manufacturer) - concentration Active ingredients (concentration)

Nuvan (Nuvan Pharma, Bulgaria) - 0.5% Dichlorvos (35g/100ml)

Icon (Syngenta, Switzerland) - 0.5% Lambda cyhalothrin (10g/100ml)
Ectomin (Pharma Vet, Bulgaria) - 0.2% Cypermetrin (10g/100ml)
Neostomosan (CEVA, France) - 0.1% Tetramethrin (5g/5ml)
Butox (MSD, Netherland) - 0.1% Deltamethrin (5g/100ml)
Fiprist (KRKA, Slovenia) - 0.02% Fipronil (2.5mg/1ml)



Животновъдни науки, 2024, 61 (1) Bulgarian Journal of Animal Husbandry, 2024, 61 (1)

57

stage nymphs randomly selected) were formed. 
For easier handling, the cockroaches were previ-
ously immobilized by the cooling method by a 
12-minute stay at t = 4-6°C, with a subsequent 
period of acclimatization before the treatment, 
in accordance with Mellanby (1939). The cock-
roaches were placed in petri dishes (9 cm diam-
eter), the edges of which were pre-treated with 
a 1:1 mixture of baby oil and mineral oil to pre-
vent their escape. The Petri dishes were placed 
in plastic boxes (30x30x60 cm), where they were 
subjected to the subsequent insecticide treatment 
by spraying with an insecticide solution from 
a distance of 15 cm at a dose of 40.7 ml/sq.m. 
(Gaire and Romero., 2020). The maximal concen-
trations of insecticide solutions recommended by 
the manufacturer were used. The solutions were 
prepared with distilled water and placed in iden-
tical single-use plastic vials with a volume of 30 
ml, providing a dose of 0.095 ml for 1 injection. 
Each experiment was threefold repeated, and the 
average knockdown effect and mortality were 
measured at equal time intervals until the 72nd 
hour (Syed et al., 2014) or until reaching 100% 
mortality (Rahayu et al., 2016). 

The data obtained have been processed with 
the statistical software IBM® SPSS® Statistics 
26.0 (NY, USA). Statistical processing was per-
formed by UNIANOVA analysis, applying Tam-
hane and Tukey test. The standard deviation and 
coefficient of determination were determined 
based on the observed means.

RESULTS AND DISCUSSION

In the tests for the effectiveness of the insec-
ticides applied by the spray method, no knock-
down effect was reported for any of the insecti-
cides used (Table 2). The highest mortality rate 
(100%) was found after Fiprist treatment at 37-48 
hours followed by Ectomin where 97.17% mor-
tality was reported between 49-60 hours after 
treatment. High insecticidal efficiency (96.83 
– 95.83% mortality) was also found after Icon, 
Neostomosan and Butox, in the same period af-
ter treatment. The lowest insecticidal efficiency Ta
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0.05% AI. They found a high reduction in the 
number of German cockroaches in the infested 
sites - 89% by the 7th day after treatment and 
100% on the 30th day. Similar are the results of 
a study by Ahmad and Suliyat (2011), who ap-
plied fipronil in a low concentration (0.03%) in 
the form of gel baits against German cockroach-
es in laboratory conditions. They found a greater 
than 90% reduction in insects within 2 weeks. 
These results confirm the high toxicity and effec-
tiveness of fipronil in cockroach control. Similar 
results were obtained by Holbrook et al. (2003), 
whose studies used ten concentrations of fipronil 
ranging from 1.5 to 3.2 ng per insect, with re-
ported mortality ranging from 3 to 97% in 72 h. 
In 2006, Nasirian et al. found that even when ad-
ministered in minimal amounts (up to 3.00 ng/
individual), fipronil exerted its toxic effect within 
72 hours.

Despite the proven high efficiency of fipronil 
and synthetic pyrethroids in the control of cock-
roaches, their use in various formulations and 
methods of insecticide treatment, there is also 
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Fig. 1. Dynamics of mortality after spray application of insecticides to a field population of Blatta orientalis.

was recorded in the treatment with Nuvan, where 
only 38.83% mortality was found by the end of 
the monitoring period. The dynamic of mortality 
rate  is represented in Fig. 1. The coefficients of 
determination for all insecticides, except Nuvan, 
ranged from 0.777 to 0.894, indicating a moderate 
effect of the type of insecticide used on mortality.

The high efficiency of fipronil and the rapid 
results achieved in insecticidal treatments against 
cockroach infestations were described more than 
25 years ago in a study by Valles et al. (1997), 
whose experiments used standard strains of in-
secticide-susceptible and resistant German cock-
roaches. Mortality was reported 24 hours after 
topical administration of fipronil at 10.2 to 16.8 
ng/individual. In 2004, Wang et al. conducted a 
similar study with topical application of fipronil, 
and at the end of the monitoring period (72nd 
hour) found up to 99% mortality at the different 
concentrations, which fully corresponds with our 
results. In 2002, Tilak et al. confirm the high ef-
ficiency of fipronil also in practical conditions 
during oral treatment with food baits containing 
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evidence of the emergence of resistance to them 
(Chai and Lee, 2010; Gondhalekar et al., 2011). 
Thus, in topical treatments with pyrethroid in-
secticides, Valles and Yu (1996) and Wei et al. 
(2001) found high levels of resistance among field 
strains of German cockroach. In 2006, Limoee 
et al., found cross-resistance in 3 synthetic py-
rethroids - permethrin, cypermethrin and cyflu-
thrin. In the experimental set-up, 7 field strains 
of the German cockroach were treated by topi-
cal application of each of the insecticides. Similar 
is the study by Chai and Lee (2010), who test-
ed insecticides from different groups and found 
the presence of resistance and high resistance 
of German cockroaches when treated with py-
rethroids. In our studies, no data indicating re-
sistance to fipronil and priretroides were found 
in the studied field population of oriental cock-
roach. After application of these insecticides, a 
high mortality rate of over 95% was achieved. In 
contrast to our results, Cochran (1987) obtained 
significantly lower mortality when treating two 
field strains of German cockroaches with perme-
thrin at 1.5 nl/cm², at a 24 hour monitoring peri-
od. The observed differences in the effectiveness 
of pyrethroid insecticides could be explaned by 
the different cockroach species used in our study 
(field population of Oriental cockroach) as well 
as the different experimental setup. Similar to 
ours results were obtained by Scharf et al. (1997) 
in laboratory and field tests on the effectiveness 
of pyrethroid insecticides. They applied lambda 
cyhalothrin with a concentration of 0.03% in the 
form of spray treatments and cypermethrin with 
a concentration of  92.3% in the form of topical 
application. Mortality was recorded at 72 h post-
treatment and population density was monitored 
over 12 months. The results showed a high mor-
tality of the treated individuals and up to 80% 
reduction of the German cockroach population 
when treated with lambda cyhalothrin.

The results of treatment by Nuvan in our ex-
periments showed the lowest degree of effective-
ness. At the beginning of the 70s of the last cen-
tury, Wright (1971), established a high efficiency 
of this preparation, but in populations of German 
cockroaches. In laboratory conditions, using di-

chlorphos-soaked strips, a mortality of 90% was 
reported within a 48-hour monitoring period. We 
suppose that the differences in our results could 
bedue to the different experimental setup, as well 
as the use of a different species of cockroaches, 
but the presence of resistance can also be as-
sumed. As is known, this type of insecticides 
has a long history of application, which probably 
helped the development of adaptive mechanisms 
and sensitivity reduction in insects, which could 
explain the results obtained.

CONCLUSIONS

The spray application of fipronil and synthetic 
pyrethroids to a field population of oriental cock-
roaches has high insecticidal efficacy in contrast 
to Dichlorvos (an organophosphate insecticide). 
The found variations highlight the need of per-
forming periodic tests on the effectiveness of in-
secticides against field populations of cockroach-
es. The obtained data should serve as a basis for 
the correct selection of insecticides in practice 
and will contribute to the optimization of disin-
fection treatments. In order to minimaze the risk 
of development of resistance to insecticides, we 
could recommend the introduction of the prin-
ciples of integrated pest control (IPM strategy), 
applying a complex approach by combiningdif-
ferent insecticide methods and means, as well as 
the introduction of the rotation principle in the 
use of widely used insecticides.

REFERENCES

Ahmad, I. & Suliyat, A. (2011). Development of fipronil 
gel bait against German cockroaches, Blattella ger-
manica (Dictyoptera: Blattellidae). Journal of Ento-
mology, 8(3), 288-294.

Atiokeng Tatang, R. J., Tsila, H. G. & Wabo Pone, J. 
(2017). Medically important parasites carried by cock-
roaches in Melong subdivision, littoral, Cameroon. J. 
Parasitol. Res., 7967325.

Boneva, B., Marutsov, P. & Zhelev, G. (2023). A survey 
of the distribution of synanthropic cockroaches in 
animal farms and food processing plants in Bulgaria. 
Trakia Journal of Sciences, 21(3), 217.



Животновъдни науки, 2024, 61 (1) Bulgarian Journal of Animal Husbandry, 2024, 61 (1)

60

Chai, R. Y. & Lee, C. Y. (2010). Insecticide resistance 
profiles and synergism in field populations of the Ger-
man cockroach from Singapore. J. Econ. Entomol., 
103, 460–471.

Cochran, D. G. (1987). Selection for pyrethroid resistance 
in the German cockroach. J. Econ. Entomol., 80, 
1117–1121.

Cole, L. M., Nicholson, R. A. & Casida, J. E. (1993). 
Action of phenylpyrazole insecticides at the GABA-
gated chloride channel. Pesticide Biochemistry and 
Physiology, 46(1), 47-54.

Davari, B., A., Hassanvand, H., Nasirian, S., Ghiasian, 
A., Salehzadeh & Nazari, M. (2017a). Comparison 
of cockroach fungal contamination in the clinical and 
non-clinical environments from Iran. J. Entomol. Ac-
arol. Res., 49, 109–115.

Davari, B., Hassanvand, A. E., Salehzadeh, A., 
Alikhani, M. Y. & Hosseini, S. M. (2023). Bacterial 
Contamination of Collected Cockroaches and Deter-
mination their Antibiotic Susceptibility in Khorram-
abad City, Iran. Journal of Arthropod-Borne Diseases, 
17(1), 63-71.

Donets, A.V. (2004). Problematic issues of cockroach 
control in medical institutions. Bulletin of hygiene and 
epidemiology, 8 (1) (Ru).

Esty, B. & Phipatanakul, W. (2018). School exposure and 
asthma. Ann. Allergy. Asthma Immunol., 120, 482–487.

Fakoorziba, M. R., F. Eghbal, J. Hassanzadeh & 
Moemenbellah-Fard, M. D. (2010). Cockroaches 
(Periplaneta americana and Blattella germanica) as 
potential vectors of the pathogenic bacteria found in 
nosocomial infections. Ann. Trop. Med. Parasitol., 104, 
521–528.

Gaire, S. & Romero, A. (2020). Comparative efficacy of 
residual insecticides against the Turkestan cockroach, 
Blatta lateralis, (Blattodea: Blattidae) on different sub-
strates. Insects, 11(8), 477.

Ghosal, A. (2018). Mode of action of insecticides. Applied 
entomology and zoology, 1, 1-17.

Gits, M. P., Gondhalekar, A. D. & Scharf, M. E. (2023). 
Impacts of Bioassay Type on Insecticide Resistance 
Assessment in the German Cockroach (Blattodea: 
Ectobiidae). Journal of Medical Entomology, 60(2), 
356-363.

Gondhalekar, A. D., Song, Ch. & Scharf, M. E. (2011). 
Development of strategies for monitoring indoxacarb 
and gel bait susceptibility in the German cockroach 
(Blattodea: Blattellidae). Pest Manag Sci., 67, 262–270.

Gour, T. B. & Sridevi, D. (2012). Chemistry, Toxicity and 
Mode of action of Insecticides. Kalyani Publishers.

Holbrook, G. L., Roebuck, J., Moore, C. B., Waldvogel, 
M. G. & Schal, C. (2003). Origin and extent of resis-
tance to fipronil in the German cockroach, Blattella 
germanica (L.). J. Econ. Entomol., 96, 1548–1558.

Ishaaya, I. & Horowitz, A. R. (1998). Insecticides with 
novel modes of action: an overview. Insecticides with 
novel modes of action: mechanisms and application, 
1-24.

Kassiri, H. & Kazemi, S. (2012). Cockroaches [Peripla-
neta americana (L.), Dictyoptera; Blattidae] as carriers 
of bacterial pathogens, Khorramshahr County, Iran. 
Jundishapur J. Microbiol., 5, 320–322.

Krieger, R. (Ed.).(2001). Handbook of pesticide toxicol-
ogy: Principles and agents. Academic press.

Lee, C. Y., Rust, M. K. & Wang, C. (2021). Chemical 
control methods, Clayton South, Victoria, Australia: 
CSIRO Publishing.165-212.

Lee, S. H., Choe, D. H., Scharf, M. E., Rust, M. K. & 
Lee, C. Y. (2022). Combined metabolic and target-site 
resistance mechanisms confer fipronil and deltame-
thrin resistance in field-collected German cockroaches 
(Blattodea: Ectobiidae). Pesticide Biochemistry and 
Physiology, 184, 105123.

Limoee, M., Ladonni, H., Enayati, A. A., Vatandoost, 
H. & Aboulhasani, M. (2006). Detection of pyrethroid 
resistance and cross-resistance to DDT in seven field-
collected strains of the German cockroach, Blattella 
germanica (L.). J. Biol. Sci., 6, 382–387.

Martinez-Giron, R., Martinez-Torre, C. & van Wo-
erden, H. C. (2017). The prevalence of protozoa in the 
gut of German cockroaches (Blattella germanica) with 
special reference to Lophomonas blattarum. Parasitol. 
Res.,116, 3205–3210. 

Mellanby, K. (1939). Low temperature and insect activ-
ity. Proc. R. Soc. Lond. B., 127, 473–487. http://doi.
org/10.1098/rspb.1939.0035 (17 September 2021, date 
last accessed).

Menasria, T., Tine, S., Mahcene, D., Benammar, L., 
Megri, R., Boukoucha, M. & Debabza, M. (2015). 
External bacterial flora and antimicrobial susceptibility 
patterns of Staphylococcus spp. and Pseudomonas spp. 
Isolated from two household cockroaches, Blattella 
germanica and Blatta orientalis. Biomed. Environ. 
Sci., 28, 316–320.

Miller, D. M. & Meek, F. (2004). Cost and efficacy com-
parison of integrated pest management strategies with 
monthly spray insecticide applications for German 
cockroach (Dictyoptera: Blattellidae) control in public 
housing. Journal of Economic Entomology, 97(2), 559-
569.

Motevali Haghi, F. M., Nikookar, H., Hajati, H., Ha-
rati, M. R., Shafaroudi, M. M., Yazdani-Charati, 
J. & Ahanjan, M. (2014a). Evaluation of bacterial 
infection and antibiotic susceptibility of the bacteria 
isolated from cockroaches in educational hospitals of 
Mazandaran University of medical sciences. Bulletin 
of Environment, Pharmacology and Life Sciences, 3, 
25–28 



Животновъдни науки, 2024, 61 (1) Bulgarian Journal of Animal Husbandry, 2024, 61 (1)

61

Nasirian, H., Ladonni, H. & Vatandoost, H. (2006). Du-
ration of fipronil topical application toxicity in Blattella 
germanica field population strains. Pakistan J. Biol. 
Sci., 9, 800-804.

Nasirian, H. (2016). New aspects about Supella longipalpa 
(Blattaria: Blattellidae). Asian Pac. J. Trop. Biomed., 6, 
1065–1075.

Nasirian, H. (2017). Infestation of cockroaches (Insecta: 
Blattaria) in the human dwelling environments: A 
systematic review and meta-analysis. Acta Trop., 167, 
86–98.

Nasirian, H. (2019). Recent cockroach bacterial contami-
nation trend in the human dwelling environments: A 
systematic review and meta-analysis. Bangladesh J. 
Med. Sci., 18: in press.

Odinets, A. A., Seraji, V. E., Degtyarev, L. A. & Odi-
nets, O. L., (1993). Level of social organization of syn-
anthropic cockroaches. Proceedings of colloquiums on 
general insects. St. Petersburg, 2, 221- 222 (Ru).  http://
pestkiller.ru/sochrorganizachiya.shtml.

Page, K. (2012). Role of cockroach proteases in allergic 
disease. Curr. Allergy Asthma Rep., 12, 448–455

Pai, H. H. (2013). Multidrug resistant bacteria isolated 
from cockroaches in long-term care facilities and nurs-
ing homes. Acta Trop., 125, 18–22.

Paramasivam, M. & Selvi, C. (2017). Laboratory bioas-
say methods to assess the insecticide toxicity against 
insect pests-A review. Journal of Entomology and 
Zoology Studies, 5(3), 1441-1445.

Piper, G. L. & Antonelli, A. L. (2012). Cockroaches: Iden-
tification, Biology and Control. Agricultural Research 
Center, Washington State University. http://www.
pnw0186.html. Retrieved on the 25th of May, 2012.

Radcliffe, E. B., Hutchison, W. D. & Cancelado, R. E. 
(Eds.). (2009). Integrated pest management: concepts, 
tactics, strategies and case studies. Cambridge Univer-
sity Press.

Rahayu, R., Madona, W. R., Bestari, W. & Jannatan, 
R. (2016). Resistance monitoring of some commercial 
insecticides to German cockroach (Blattella germanica 
(L.) in Indonesia. J. Entomol. Zool. Studies, 4, 709-712.

Salehzadeh, A., Tavacol, P. & Mahjub, H. (2007). Bacte-
rial, fungal and parasitic contamination of cockroaches 
in public hospitals of Hamadan, Iran. J. Vector. Borne. 
Dis., 44, 105–110.

Salgado, V. L. (2013). Insecticide mode of action: technical 
training manual. BASF Corporation, Ludwigshafen, 
Germany.

Schapheer, C., Sandoval, G. & Villagra, C. A. (2018). 
Pest cockroaches may overcome environmental re-
striction due to anthropization. J. Med. Entomol., 55, 
1357–1364.

Scharf, M. E., Kaakeh, W. & Bennett, G. W. (1997). 
Changes in an insecticide-resistant field population of 

German cockroach after exposure to an insecticide 
mixture. J. Econ. Entomol., 90, 38–48.

Scharf, M. E., Wolfe, Z. M., Raje, K. R., Fardisi, M., 
Thimmapuram, J., Bhide, K. & Gondhalekar, A. D. 
(2022). Transcriptome responses to defined insecticide 
selection pressures in the German cockroach (Blattella 
germanica L.). Frontiers in Physiology, 12, 2570.

Shahraki, G. H., Hafidzi, M. N., Khadri, M. S., Rafine-
jad, J. & Ibrahim, Y. B. (2011). Cost-effectiveness of 
integrated pest management compared with insecti-
cidal spraying against the German cockroach in apart-
ment buildings, Neotropical Entomology, 40, 607-612.

Siddiqui, R., Elmashak, Y. & Khan, N. A. (2023). Cock-
roaches: a potential source of novel bioactive molecule 
(s) for the benefit of human health. Applied entomology 
and zoology, 58(1), 1-11.

Sookrung, N., Reamtong, O., Poolphol, R., Indrawat-
tana, N., Seesuay, W., Saelim, N., Tantilipikorn, P., 
Bunnag, C., Chaicumpa, W. & Tungtrongchitr, A. 
(2018). Glutathione S-transferase (GST) of American 
cockroach, Periplaneta americana: classes, isoforms, 
and allergenicity. Sci. Rep., 8, 484.

Syed, R., Manzoor, F., Adalat, R., Abdul-Sattar, A. & 
Syed, A. (2014). Laboratory evaluation of toxicity of 
insecticide formulations from different classes against 
American cockroach (Dictyoptera: Blattidae). Journal 
of arthropod-borne diseases, 8(1), 21.

Tachbele, E., Erku, W., Gebre-Michael, T. & Ashenafi, 
M. (2006). Cockroachassociated food-borne bacterial 
pathogens from some hospitals and restaurants in Ad-
dis Ababa, Ethiopia: Distribution and antibiograms. 
Journal of Rural and Tropical Public Health, 5, 34–41.

Tilak, R., Tilak, V. W., Yadav, J. D. & Gupta, K. K. 
(2002). Efficacy of Fipronil and Propoxur in the control 
of German cockroaches (Dictyoptera: Blatellidae). The 
Journal of Communicable Diseases, 34(1), 65-69.

Valles, S. M. & Yu, S. J. (1996). Detection and biochemi-
cal characterization of insecticide resistance in the 
German cockroach. J. Econ. Entomol., 89, 21–26.

Valles, S. M., Koehler, P. G. & Brenner, R. J. (1997). 
Antagonism of fipronil toxicity by piperonyl butoxide 
and S, S, S-tributyl phosphorotrithioate in the German 
cockroach (Dictyoptera: Blattellidae). Journal of Eco-
nomic Entomology, 90(5), 1254-1258.

Varadinova, Z., Frynta, D., Aulick, R. & Stejskal, V. 
(2015). Detection of cockroach faeces: consumption of 
fluorescent bait and production of UV-lightdetectable 
faeces from German cockroach, Blattella germanica. 
Entomol. Exp. Appl., 155, 167–175.

Vatev, N. T., Kevorkyan, A. K., Rakadzhieva, T. A. & 
Stoilova, Y. D. (2006). Guide for practical exercises in 
epidemiology of infectious diseases, Raykov, 26-27 (Bg).

Wang, C., Scharf, M. E. & Bennett, G. W. (2004). Be-
havioral and physiological resistance of the German 



Животновъдни науки, 2024, 61 (1) Bulgarian Journal of Animal Husbandry, 2024, 61 (1)

62

cockroach to gel baits (Blattodea: Blattellidae). Journal 
of economic entomology, 97(6), 2067-2072.

Ware, G. W. & Whitacre, D. M. (2004). An introduction 
to insecticides. The pesticide book, 6.

Wei, Y., Appel, A. G., Moar, W. J. & Liu, N. (2001). Py-
rethroid resistance andcross-resistance in the German 

cockroach, Blattella germanica (L). PestManag. Sci., 
57, 1055–1059.

Wright, C. G. (1971). Efficacy of dichlorvos ministrips for 
German cockroach control in enclosed kitchen cabi-
nets. Journal of Economic Entomology,64(1), 278-280.

Received: November, 02, 2023; Approved: January, 09, 2023; Published: February, 2024


