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ABSTRACT

The bed bug, Cimex lectularius L., is a hard pest to control. The occurrence of insecticidal resistance
amongst bed bug populations and concerns over human-insecticidal exposure has motivated the development
of alternative bed bug control measurements. Therefore, the present study aimed to evaluate the efficacy of
five essential oil products (Cinnamon oil, Clove oil, Garlic oil, Peppermint oil, and Thyme oil) compared to
two pyrethroid products (Deltamethrin and Cypermethrin), and one organophosphorus (Diazinon) against
field strain of bed bug (Cimex lectularius L.). The obtained results indicated that among the five essential oils,
the Clove oil, and Cinnamon oil showed high efficacy against bed bug. Likewise, Deltamethrin exhibited the
highest effectiveness among the three insecticides within 90 min after treatment. Also, Diazinon gave the
maximum mortality against bed bug amongst the three insecticides tested after 24 hours of treatment.
Accordingly, the present study suggested that using natural essential oils could be effective method, somewhat

easier, safe and less expensive for controlling bed bugs.
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INTRODUCTION

The bed bug, Cimex lectularius is one of the most
important urban pests, which have a worldwide distribution
and was found living among all developed human
populations (Hwang et al. 2005) .The bed bug an obligate
blood-feeding ectoparasite that favorably feeds on humans,
which can cause blood loss, skin irritations, depression, and
nervousness in their human hosts (Reinhardt et al. 2009,
Pritchard and Hwang 2009, and Goddard et al. 2012).
Moreover, all phases of the insect require a blood meal to
survive (molt for the nymphs, and reproduce for the adults).

The traditional control of bed bug mainly depends
on the usage of synthetic chemical insecticides, which are
necessary for both short-term and long-term bed bug
management (Cooper and Harlan 2004). Pyrethroids are the
most used compounds to control bed bugs and other indoor
pests (Sutherland et al. 2015 and Lee et al. 2018).

Pyrethroids have been extensively used against bed
bugs, because these compounds are less toxic to
mammalians and have fast knockdown activity (Dang et al.
2015). Also, organophosphates are commonly used
alongside pyrethroids for bed bug control (Berenji et al.
2019). However, using pyrethroids had many problems,
such as toxic residues and widespread development of
resistance, and undesirable effects on nontarget organisms
(Sutherland et al. 2015 and Lee et al. 2018). Therefore, it is
critical to seek for new materials to control bed bugs in an
environmentally safe way. Previous studies suggested that
plant essential oils and their constituents can be alternative
sources for insect control, not just because their selectivity,
but also because they can biodegrade to nontoxic products
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and have no negative effects on nontarget organisms and the
environment (Isman, 2006, Jiang et al. 2012 and Liu et al.
2012). Effective natural products may be valuable tools to
control bed bugs. Also, there is evidence supporting the
efficacy of these products for bed bug control. (Chaieb et al.
2007, Kafle and Shih 2013 and Singh et al. 2013).

Accordingly, the objective of this study was to
evaluate the activity of five essential oils (Cinnamon, Clove,
Garlic, Peppermint, and Thyme) compared to two
pyrethroid products (Deltamethrin and Cypermethrin), and
one organophosphorus (Diazinon) against the bed bug,
Cimex lectularius.

MATERIALS AND METHODS

Culture of insects

The bed bug, Cimex lectularius was collected from
beds in a worker residence hall at Marsa Matrouh
Governorate, (northwest of Egypt) during May until
October 2018. All insects were kept at temperature of 27 +
2°C, 60 +10 RH %, and 12 L-12 hrs. photoperiod. They
were feed on defibrinated rabbit blood (Rockland
Immunochemical, Inc., Limerick, Pennsylvania, USA.)
once every week.
Essential oils and chemicals compounds

Five essential oils [Cinnamon (Cinnamomum

verum), Clove (Syzygium aromaticum), Garlic (Allium
sativum), Peppermint (Mentha piperita), and Thyme
(Thymus vulgaris)], were tested during this study. These oils
were supplied by the Faculty of Pharmacy, Alexandria
University, Egypt.

The commercial formulations of insecticides which
used in bioassays during this study were pyrethroids [GRAP
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(Deltamethrin, 2.5% EC, Chema, Egypt)] and [CHLORO-
PLUS, (Cypermethrin 5% EC), KZ, Egypt] and
organophosphate [DIAZINOX, (Diazinon 60% EC), KZ,
Egypt)].

Filter paper contact test

To determine the effective concentrations of
essential oils for the mortality of bed bugs, many doses were
tested (LCsg). The filter paper contact test was done as
described by Fletcher and Axtell (1993). Briefly, two ml of
essential oils dissolved in acetone were extended on filter
paper discs which kept inside 5.5 cm clean Petri-dish. The
treated filter papers were air-dried for 30 minutes for solvent
evaporation under room temperature then released adult bed
bug inside the dishes. However, for control treatment, only
acetone solution was sprayed on filter papers.

Likewise, to determine the activity of insecticides,
several concentrations dissolved in water were extended on
filter paper discs which kept inside the Petri-dish. The
treated filter papers were air-dried for 30 minutes for solvent
evaporation under room temperature then released adult bed
bug. However, for control treatment, only water was
sprayed on filter papers. The Petri dishes were kept at
temperature of 27 + 2°C, 60 £ 10 RH %, and 12 L-12 hrs.
photoperiod to record the number of died bed bug after
treatments. Five replicates of 10 adult bed bugs were
conducted for each concentration (Table 2) and control
treatments. The trials were replicated three times. One-way
analysis of variance was used to compare mean values
among different concentrations of each insecticide.
Tuckey’s test was used to separate the means and P-value <
0.05 was considered as statistically significant. All analyses
were performed with JMP version 11 (SAS Institute 2012).

RESULTS AND DISCUSSION

The efficacy of Cinnamon oil, Clove oil, Garlic oil,
Peppermint oil, and Thyme oil against bed bug, Cimex
lectularius are presented in Table (1). As shown the highest
efficiency was recorded for Clove oil. This oil showed a
lethal concentration (LCso) of 2.84 mg/ml after 48 hours and
1.98 mg/ml after 72 hours of treatment. While, the lowest
efficiency was observed with Thyme oil (LCsp of 10.12
mg/ml after 48 hours, and 8.82 mg/ml after 72 hours of
treatment, respectively, Table 1). Likewise, the LCs, values
after 48 hours of treatment for Cinnamon oil, Garlic oil, and
Peppermint oil were 4.67, 5.88, and 7.44 mg/ ml,
respectively. However, the LCsy values after 72 hours of
treatment were 3.79, 4.89, and 6.99 mg/ml, respectively
(Table 1). Some studies have focused on the use of essential
oils from plants as potential bioactive agents against bed bug
(Hussain et al. 2006, Tripathi et al. 2009, Vinayaka et al.
2009 and Abbasia et al. 2010). Among them, Thymol
(Pandey et al. 2009, Phillips et al. 2010), and Clove oil
(Cornelius et al. 1997 and Ngoh et al. 1998) proved to be
effective, as direct sprays, against insects of urban plants and
medical importance. Consequently, the present study
explained the insecticide effect of essential oils for
controlling bed bugs.

Table 1. The lethal effect of essential oils against the bed
bug, C. lectularius
Essential oils  Time (h) LCso (mg/ml) 95% Confidence limits

Clove 48 2.84 2.6 —3.06
72 1.98 1.75-2.07
Cinnamon 48 4.67 421-532
72 3.79 344-4.19
Garlic 48 5.88 543-6.98
72 4.89 453-5.98
Peppermint 48 7.44 6.11-8.21
72 6.99 6.53-7.98
Thyme 48 10.12 9.89-10.88
72 8.82 8.56 —9.27

Our results showed that Clove oil was the most
effective essential oils against the bed bug. Similar findings
were demonstrated in several studies (Chaieb et al. 2007 and
Kafle and Shih 2013). In these studies, Clove essential oil
has been widely studied for its insecticidal and repellent
activities against many species of pests. Furthermore, Singh
et al. (2014) reported that Bed Bug Patrol, a conventional
insecticide exempt product consisting of 0.003% Clove ail,
1% Peppermint oil, and 1.3% sodium lauryl sulfate, was
resulted in an over 90% mortality of bed bugs (C.
lectularius). The previous finding might be in partial
agreement with the results of the present study. In addition,
Zhu et al.(2001) indicated that Clove bud oil killed 100% of
Formosan termites (C. formosanus) in two days at
50ug/cm?. Also, Park and Shin (2005) found that Clove oil
produced 100% mortality in Japanese termites
(Reticulitermes speratus Kolbe) at 0.5 uL/L of air. Clove oil
toxicity varies among different insects because of different
insect susceptibilities, variability in the concentration of
eugenol and other active substances in the clove oil, and
feeding behaviors

As shown in Table (2), the three traditional
insecticides showed vital activity against the bed bug.
Furthermore, the activity of Deltamethrin was the highest
amongst the three insecticides within 90 min after exposure.
Additionally, mortality of the bed bug was higher (73.0% at
1 mg/ml, P < 0.05) compared to 85.7% at 4 mg/ml, and
95.6% at 6 mg/ml of Deltamethrin (Table 2). The same trend
was found after 24 hours of exposure, when the bed bug
mortality was higher (97.3%, P < 0.05) at 6 mg/ml of
Deltamethrin as compared to the other concentrations
(Table 2). Likewise, mortality of the bed bug was higher (P
< 0.05) at 6 mg/ml of Cypermethrin after 90 min, and 24
hours of exposure (Table 2). However, Diazinon had no
effect during the first 90 min of treatment. But it showed the
maximum mortality (100%, P < 0.05) within 24 hours of
treatment at 0.09 mg/ml (Table 2). Most of the studied
natural insecticides failed to cause high mortality to bed
bugs as a direct spray (Singh et al. 2014). Therefore,
homeowners often use insecticides when they find pests at
home (Horton et al. 2011). Moreover, using insecticides
namely, pyrethroids, pyrroles, and neonicotinoids are the
most common compounds for bed bug control (Sutherland
et al. 2015 and Lee et al. 2018). The previous studies
indicate that the commercial insecticide products that
containing d -d -t cyphenothrin, permethrin, d -phenothrin
or fenitrothion have the ability to kill the bed bug (Okamoto
et al. 2010). These finding might be in agreement with the
results of the present study.
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Table 2. The lethal effect (Mean + SEM) of insecticides
against the bed bug, C. lectularis

‘s Conc. % mortality %mortality after
Insecticides (mg/ml) after 90min 24 hours
1 73.0+1.68° 87.0 £ 1.56°
Deltamethrin 4 85.7 +1.07 91.2+1.23%®
6 95.6 +£1.72% 97.3+£1.78%
1 63.0 £ 1.58° 70.2 £1.35°
Cypermethrin 4 79.0£1.21° 81.0+1.23
6 89.3 £ 1.06% 90.2+£1.82%
0.008 0.0 84.9£1.23¢
Diazinon 0.05 0.0 93.5+0.62°
0.09 0.0 100.0 +0.15?
Control 0 0.0 4.7

abe Means in the same column of the same variable with different
superscript  significantly differ at (P < 0.05).

In the present study, the commercial insecticide
products, Deltamethrin, and Cypermethrin were killed the
bed bug during the first 90 min after treatment. However,
after 24-h exposure to three insecticides, collected mortality
data revealed that Diazinon was the most toxic to exposed
bed bugs (100% mortality at 0.09 mg/ml). These results
were in agreement with the results of Berenji et al. (2019),
who indicated that Diazinon was the most toxic against bed
bugs (LCso=1,337.40 ppm) after 24-h of treatment as
compared to Malathion, and A-cyhalothrin. Likewise,
Steelman et al. (2008) exposed three different field-
collected bed bug populations to Diazinon using adult vial
test method. After 24-h exposure, the LCs values for
Diazinon in three bed bug populations were 9.8, 28.3 and
561.5 ppm. The similarity between Diazinon results of the
present study with those obtained in other study indicated
that our bed bugs population was resistant to Diazinon.
Furthermore, the improper, extensive, and repeated usage of
these insecticides to control bed bugs can lead to behavioral
and/or physiological resistance (Marangi et al. 2009, Dang
etal. 2017).

Traditionally, chemical insecticide especially
organophosphates and synthetic pyrethroids are used
against bed bugs, but recently application of these
commercial insecticides does not give a satisfactory control
(Berenji et al. 2019). The bed bug control failure can be
attributed to many reasons, such as poor technical skills,
wrong pesticide selection, inadequate dosing of applied
insecticide, and developing resistance (Tawatsin et al.
2011). Too, essential oil-based pesticides and detergents are
attractive to both manufacturers and consumers (Singh et al.
2014). For manufacturers, it is comparatively easier and less
expensive to market products that are generally regarded as
safe and for consumers, essential oil-based pesticides and
detergents are perceived as safer to use (Singh et al. 2014).

Consequently, in conclusion, the present study
suggested that using natural essential oils of Cinnamon,
Clove, Garlic, Peppermint, and Thyme might be an
alternative method for controlling bed bugs. However,
additional studies are warranted to determine the field
efficacy of these natural essential oils and how they can be
combined into a bed bug controlling program.

REFERENCES

Abbasia, A.M., Khana, M.A., Mushtag, A., Muhammad, Z.,
Sarwat, J., Shahzia, S. 2010. Ethnopharmacological
application of medicinal plants to cure skin diseases
and in folk cosmetics among the tribal communities
of North- West Frontier Province.
Ethnopharmacology, 128: 322-35.

Berenji, F., A. Moshaverinia, A. Jadidoleslami, A.
Shamsian, StephenL. Doggett, and Elham
Moghaddas. 2019. Evaluation of the Common Bed
Bug, Cimex lectularius (Insecta: Hemiptera:
Cimicidae) Susceptibility to A Cyhalothrin,
Malathion, and Diazinon in Northeastern Iran. J.
Medi. Entomol. 56(4), 903-906 .

Chaieb, K., H. Hajlaoui, T. Zmantar, A. B. Kahla-Nakbi, M.
Rouabhia, K. Mahdouani, and A. Bakhrouf. 2007.
The chemical composition and biological activity of
clove essential oil, Eugenia caryophyllata (Syzigium
aromaticum L. Myrtaceae): a short review.
Phytother. Res. 21: 501-506.

Cooper, R., and H. Harlan. 2004. Ectoparasites, Part 3: bed
bugs & kissing bugs, pp. 494-529. In S. Hedges
(ed.). 9th ed., Mallis’ handbook of pest control. GIE
Publishing, Cleveland, OH.

Cornelius, M., J. K. Grace, and J. R. Yates Ill. 1997.
Toxicity of monoterpenoids and other natural
products to the Formosan subterranean termite. J.
Econ. Entomol. 90: 320-325.

Dang, K., C. S. Toi, D. G. Lilly, W. Bu, and S. L. Doggett.
2015. Detection of knockdown resistance mutations
in the common bed bug, Cimex lectularius
(Hemiptera: Cimicidae), in Australia. Pest Manag.
Sci. 71: 914-922

Dang, K., S. L. Doggett, G. Veera Singham, and C. Y. Lee.
2017. Insecticide resistance and resistance
mechanisms in bed bugs, Cimex spp. (Hemiptera:
Cimicidae). Parasit. Vectors. 10: 318.

Durand, R., A. Cannet, Z. Berdjane, C. Bruel, D.
Haouchine, P. Delaunay, and A. lzri. 2012.
Infestation by pyrethroid resistance bed bugs in the
suburb of Paris, France. Parasite 19: 381-387.

Fletcher, M. G. and Axtell, R. C. 1993. Susceptibility of the
bedbug, Cimex lectularius, to selected insecticides
and various treated surfaces. Med. Vet. Entomol, 7:
69 _72.

Goddard, J., de Shazo, R. 2012. Psychological effects of bed
bug attacks (Cimex lectulariusL.). Am. J. Med., 125,
101-103.

Horton, M.K.; Jacobson, J.B.; McKelvey, W.; Holmes, D.;
Fincher, B.; Quantano, A.; Diaz, B.P.; Shabbazz, F.;
Shepard, P.; Rundle, A.; etal. 2011. Characterization
of residential pest control products used in inner city
communities in New York city. J. Exp. Sci. Environ.
Epidemiol. 21: 291-301.

Hussain, 1., Khan, F., Khan, 1., Khan, L. 2006.
Determination of heavy metals in medicinal plants.
J. Chem. Soc. Pak. 28: 347-51.

Hwang, S. W., T. J. Svoboda, I. J. De Jong, K. J. Kabasele,
and E. Gogosis. 2005. Bed bug infestations in an
urban environment. Emerg. Infect. Dis. 1111: 533—
538.

Isman, M.B. 2006. Botanical insecticides, deterrents, and
repellents in modern agriculture and an increasingly
regulated world. Annu. Rev. Entomol. 51:45-66.

Jiang, C.H, Q.Z. Liu, S.S. Du, Z.W. Deng, and Z.L. Liu.
2012. Essential oil composition and insecticidal
activity of Evodia lepta (Spreng) Merr. root barks
from China against two grain storage insects. J. Med.
Plants Res. 6: 3464-3469.

637



Mona 1. Elbanoby

Kafle, L., and C. J. Shih. 2013. Toxicity and repellency of
compounds from clove (Syzygium aromaticum) to
red imported fire ants Solenopsis invicta
(Hymenoptera: Formicidae). J. Econ. Entomol. 106:
131-135.

Lee, C.Y.,D. M. Miller, and S. L. Doggett. 2018. Chemical
control, pp. 285-310. In S. L. Doggett, D. M. Miller
and C. Y. Lee (eds.), Advances in the biology and
management of modern bed bugs. John Wiley &
Sons Ltd., Hoboken, NJ.

Liu, Z. L.,Q. Z. Liu, S. S. Du, and Z. W. Deng. 2012.
Mosquito larvicidal activity of alkaloids and
limonoids derived from Evodia rutaecarpa unripe
fruits against Aedes albopictus (Diptera: Culicidae).
Parasitol. Res. 111: 991-996.

Marangi, M., M. A. Cafiero, G. Capelli, A. Camarda, O. A.
Sparagano, and A. Giangaspero. 2009. Evaluation of
the poultry red mite, Dermanyssus gallinae (Acari:
Dermanyssidae) susceptibility to some acaricides in
field populations from Italy. Exp. Appl. Acarol. 48:
11-18.

Ngoh, S. P., L. E. Choo, F. Y. Pang, Y. Huang, M. R. Kini,
and S. H. Ho. 1998. Insecticidal and repellent
properties of nine volatile constituents of essential
oils against the American cockroach, Periplaneta
americana (L.). Pest. Sci. 54: 261-268.

Okamoto, H., S. Sembo, T. Ishiwatari and J. Miyaguchi.
2010. Insecticidal activity of 8 household and
hygiene insecticides against bedbug (Cimex
lectularius). Med. Entomol. Zool. 61 (3): 245-250.

Pandey, S. K., S. Upadhyay, and A. K. Tripathi. 2009.
Insecticidal and repellent activities of thymol from
the essential oil of Trachyspermum ammi (Linn)
Sprague seeds against Anopheles stephensi.
Parasitol. Res. 105: 507-512.

Park, IL-Kwon, and Sang-Chul Shin. 2005. “Fumigant
Activity of Plant Essential Oils and Components
from Garlic (Allium sativum) and Clove Bud
(Eugenia caryophyllata) Oils against the Japanese
Termite (Reticulitermes speratus Kolbe).” Journal of
Agricultural and Food Chemistry 53 (11): 4388-
4392.

Phillips, K. A., A. G. Appel, and S. R. Sims. 2010. Topical
toxicity of essential oils to the German cockroach
(Dictyoptera : Blattellidae). J. Econ. Entomol. 103:
448-459,

Pritchard, M.J., Hwang, S.W. 2009. Severe anemia from
bedbugs. Can. Med. Assoc. J. 181, 287-288.

Reinhardt, K., Kempke, D., Naylor, R.A., Siva-Jothy, M.T.
2009. Sensitivity to bites by the bedbug, Cimex
lectularius. Med. Vet. Entomol. 23, 163-166.

Romero, A., M. F. Potter, D. A. Potter, and K. F. Haynes.
2007. Insecticide resistance in the bed bug: a factor
in the pest’s sudden resurgence? J. Med. Entomol.
44:175-178.

SAS Institute. 2012. JMP statistics and graphics guide,
version 11 of JMP. SAS Institute, Cary, NC.

Singh, N., C. Wang, and R. Cooper. 2013. Natural pesticides
for bed bug control: Dothey work? Pest Control
Technol. 41(3): 28, 30, 32.

Singh, Narinderpal, Changlu Wang, and Richard Cooper.
2014. “Potential of essential oil-based pesticides and
detergents for bed bug control.” Journal of
Economic Entomology 107 (6): 2163-2170.

Steelman, C. D., A. L. Szalanski, R. Trout, J. A. McKern,
C. Solorzano, and J. W. Austin. 2008. Susceptibility
of the bed bug Cimex lectularius L. (Heteroptera:
Cimicidae) collected in poultry production facilities
to selected insecticides. J. Agric. Urban Entomol. 25:
41-51.

Sutherland, A., D. H. Choe, V. Lewis, D. Young, A.
Romero, H. Spafford, and D. Gouge. 2015. Survey
sheds light on bed bugs in multi-unit housing. Pest
Control Technol. 43: 26-36.

Tawatsin, A., U. Thavara, J. Chompoosri, Y. Phusup, N.
Jonjang, C. Khumsawads. 2011. Insecticide
resistance in bedbugs in Thailand and laboratory
evaluation of insecticides for the control of Cimex
hemipterus and Cimex lectularius (Hemiptera:
Cimicidae). J. Med. Entomol. 48: 1023-1030.

Tripathi, AK, Upadhyay S, Bhuiyan M, and Bhattacharya
PR. 2009. A review on prospects of essential oils as
biopesticides in insect-pest management. J. Pharm.
Phytother. 1(5): 52-63.

Vinayaka, KS, Swarnalatha SP, Preethi HR, Surabhi KS,
Prashith KTR, and Sudharshan SJ. 2009. Studies on
in vitro antioxidant, antibacterial and insecticidal
activity of methanolic extract of extract of Abrus
pulchellus Wall (Fabaceae). Afr. Basic Appl. Sci.
1(5-6): 110-116.

Zhu, Betty CR, Gregg Henderson, Feng Chen, Huixin Fei,
and Roger A Laine. 2001. “Evaluation of vetiver oil
and seven insect-active essential oils against the
Formosan subterranean termite. J. Chem. Ecol. 27
(8): 1617-1625.

(Cimex lectularius) ¢ Al (& a dpabad) g3 latia g Ay pdal) el (ary Aleld

2 oal) asd) ) e
el daala ¢ Ao N 4GS ¢ ) A g anid

8 pdia qalae (g 4 piall lanall Aa glaall dda ) gedal | ki 5 Lgle 3 jlasd) Comaay ) U8V (50 (Cimex lectularius L) il (508 s

o Allal) A jall pe Cangl) S N ) g e Al Al o) e g okt ll) aa 88 3 8al) Cilansall CESAN i gl e il 5 (3 5
Gilall) g g l) (g Cupmies 4580 (e W s g liadll Cu s asill s JAN 5 A8 ) AsnlY) g Sl Claia (e sl Allad s
S50 G e 4l (I gle Jeaniall il < LT Cum GH A (8 (e 4glisl) AL auia (050 Jall) (g gamnd) ) sl (e xia g (e papnall 5 (i Siae
Cilaall (e Allad eV sa (g sine Gl IS Jially g (1 a1 (805 pdia um Agllad YT Ad a1y 59 S8 50 ) (e JS S Aaddiinal) Rusedll) A
32 %100 ) ha g (A5 <l pdall gl Ay A G b_pS Aleld 0 53 Joal) il Latyy Alelaadl (0 4882 90 IUA (EI I (525 pdia 2w 4y )
4S5 85 Al 5 Lo as ) gl 5 b Aais s (055 o) Sy Apmandall 2 ylaal) € 30 alaaiasd of Adlal) Gl o) = 55 U WG g5 Alalaall (g Gl 24

S Gl 5l

638



