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Abstract

Background This study was conducted with a view to biosynthesize silver nanoparticles (AgNPs) using the root
(PaR) and leaf (Pal) extracts of Petiveria alliacea and evaluation of their activities against cockroaches, which is a major
household insect pest.

Methods The biosynthesized AgNPs were characterized by UV-Vis spectrophotometry, Fourier transform infrared
(FTIR) spectroscopy, transmission electron microscopy (TEM), and energy-dispersive X-ray (EDX). PaR-AgNPs and Pal-
AgNPs were tested at three different concentrations (1, 5, 10% v/v) using two modes of applications (fumigant

and contact toxicity) at different hours of exposure.

Results The peak absorbance of the AgNPs occurred at the wavelengths of 426 and 442 nm for Pal-AgNPs and PaR-
AgNPs, respectively, with the brownish colloidal solutions. FITR peaks indicated the presence of alkenes (=C-H),
esters (=0), amides (=N-H), and aliphatic amines (=C-N) in the samples, while the TEM and EDX analyses showed
the presence of silver in the AgNPs colloidal solution, with the spherical nanoparticles ranging from 5.95 to 76.19 nm
in size. Both AgNPs demonstrated insecticidal action against adult cockroaches, with the fumigant application caus-
ing more rapid death than the contact application. The fumigant application resulted in 80-90% cockroach mortal-
ity, while the contact application caused 40-50% mortality after three hours of exposure at 10% v/v. These results
demonstrate that the effectiveness of the bio-fabricated AgNP formulations depends on the concentrations, hours
of exposure, and mode of application.

Conclusion Therefore, the pest management program for household pests, particularly cockroaches, can incorporate
silver nanoparticle-based insecticides.

Article Highlights - TEM and EDX analyses indicate the presence of silver in the nano-insecticide products
Biosynthesized AgNPs exhibited insecticidal action against adult cockroach
Toxicity effect of nano-insecticides depends on mode of application
Nano-insecticides applied through fumigant killed faster than when applied through contact
Effectiveness of biosynthesized AgNPs was dose-dependent
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1 Background

Globally, the cockroach is a prominent household
insect [1]. Periplaneta americana (L.) stands out as
one of the six predominant cockroach species in Nige-
ria, particularly in the southwestern region. This is fre-
quently observed in residential structures, particularly
in the kitchen and bathroom, as well as in restaurants,
hotels, and bakeries [2]. The presence of cockroaches
poses significant health risks due to their potential to
transmit diseases through contact with human food
[2, 3]. P americana serves as a coprophagous vector,
contaminating significant amounts of consumables
by depositing human fecal matter along with parasitic
cysts and eggs of helminths and protozoa [2]. Ruhma
et al. [4] indicate that infestations of cockroaches can
lead to allergic reactions in certain individuals, which
may manifest as asthma and skin irritation [5].

Considering the issues outlined, the application of
synthetic insecticides has emerged as the predominant
approach to mitigate infestations due to their rapid
effectiveness against cockroaches. The primary catego-
ries of synthetic insecticides include organochlorines,
organophosphates, carbamates, and pyrethroids [6, 7].
The stability of these classes of insecticides in the envi-
ronment raises significant concerns regarding potential
environmental and health risks [8, 9]. Previous research
indicates that certain species of cockroaches have
acquired resistance to synthetic insecticides [10, 11].
The availability of these insecticides, which is critical,
has emerged as a significant concern, especially in light
of their rising costs [12, 13]. The various issues linked
to synthetic insecticides highlight the need for alterna-
tives, particularly biopesticides and nanopesticides.

Biopesticides are characterized as biological pesti-
cides that can be derived from plants, microorganisms,
and animals [14, 15]. These substances are character-
ized as naturally occurring chemicals derived from
organic sources, serving as alternatives to synthetic
compounds in pest management [16, 17]. Biopesti-
cides are eco-friendly, can be produced easily and at a
low cost, and are effective in targeting and eliminating
pests [18—20]. A nanopesticide is classified as a biopes-
ticide because of its inherent properties associated with
biopesticides [14]. Nanoparticles in the formulations
of nano-insecticides can function as adjuvants, thereby
enhancing the efficacy of insecticides [15]. The formu-
lation of nano-insecticides can involve a combination
of metals and other diverse materials that have been
proven effective against specific pests [21, 22].

P alliacea is a member of the Phytolaccaceae fam-
ily, which is prevalent in the tropical regions of South
and Central America, Africa, and the Caribbean [23]. A
variety of chemical compounds have been isolated from
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P alliacea, including astilbin, myricitrin, engeletin (fla-
vonoids), triterpenes, daucosterol, and lignoceric acid
[23]. In the meantime, dibenzyl trisulfide and dichlo-
romethane are among the chemical compounds that
exhibit pharmacological and insecticidal properties [23—
26]. Nonetheless, there is a lack of information regard-
ing the production and evaluation of nano-insecticides
derived from P. alliacea, and this represents the inaugu-
ral report of Pa-AgNPs in the management of cockroach
populations.

2 Methods

2.1 Materials

Leaf and root extracts of P. alliacea, silver nitrate, filter
paper, insect box, syringe, cotton wool, buckets, trans-
parent containers, paper tape, biscuits, pineapple, and
insect-rearing wooden cage.

2.2 Testinsect collection

The cockroaches (P americana) were collected from
slums, dumping grounds, and several households in
Ogbomoso city in Oyo State, southwestern Nigeria,
between April 2021 and July 2021. They were introduced
into insect wooden cage boxes (20 cmXx15 cmX5 cm),
and rags of different sizes were placed into each box to
help mimic the natural environment of the cockroach.
Feed consisted of biscuits and pineapple juice, which
were evenly mixed together, and these were given as feed.
Each wooden cage consisted of 25 adult, unsexed cock-
roaches, and they were allowed to acclimatize to their
new environment for a month. Healthy cockroaches were
picked from the insect box irrespective of the gender and
used for the study.

2.3 Biosynthesis and characterization of silver
nanoparticles

Leaves and roots of P. alliacea (Voucher No: LHO 904)

were harvested and air-dried under laboratory conditions

for several weeks. The dried plant parts were blended

separately using an electronic grinding machine (Silver

Crest 50 watts) into fine particles.

Silver nanoparticles: Nano P, alliacea leaf (PaL-AgNPs)
and Nano P. alliacea root (PaR-AgNPs) used as nano-
insecticides in this study were synthesized using both
leaf and root extracts of P alliacea following the modi-
fied methods of Lateef et al. [27]. Extracts were pre-
pared by heating 5 g of the powdered sample (leaf or root
of P alliacea) dissolved in 100 ml of distilled water at
60 °C for 1 h, then filtered through Whatman No. 1 fil-
ter paper, and the filtrate was subsequently centrifuged
at 4000 rpm for 30 min to obtain the respective extract.
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The biosynthesis was then carried out by reacting about
2 ml of aqueous extract with 40 ml of 1 mM silver nitrate
(AgNO,) solution for the synthesis of AgNPs at ambient
temperature (30 + 2 °C) under bright light conditions. The
biosynthesis was monitored by observing the change of
color of the solution.

Moreover, characterization of the biosynthesized
AgNPs was carried out by measuring the absorbance
spectrum using a UV-Vis spectrophotometer. Fou-
rier transform infrared (FTIR) spectroscopy analysis
was done to establish the biomolecules responsible for
the synthesis, capping, and stabilization of AgNPs. As
described by Lateef et al. [27], the AgNPs were further
observed on the transmission electron microscope (TEM
1400, JEOL, USA) to determine the size and morphology
couple with the selected area electron diffraction (SAED).

2.4 Bioassay

2.4.1 Contact toxicity bioassay

This experiment consisted of eight units made up of four
healthy adult unsexed cockroaches picked from the insect
wooden cage box. It commenced in the morning at 8 am.
From the stock solution, 1, 5, and 10% v/v were prepared
by diluting the equivalent volume of the stock solution
with 100 ml of water, and 5 ml of each tested concentra-
tion was applied to the studied insect. The study used a
calibrated syringe to measure 5 ml of the prepared con-
centrations (1, 5, and 10% v/v) of PaL-AgNPs and PaR-
AgNPs formulations. Each experimental unit was well
labeled with the corresponding treatment names, viz.,
PaL-AgNPs, PaR-AgNPs, synthetic insecticide (lambda-
cyhalothrin), and control (water). Diluted lambdacyhalo-
thrin (1 ml of lambdacyhalothrin into 2000 ml of water)
was applied as a positive control. The solution drawn
with the medical syringe (5 ml) was sprayed directly on
the cockroaches in each designated experimental unit.
Each treatment was replicated three times, and mortality
was recorded at an hourly interval for 20 h. Each of the
treatments was replicated three times.

2.4.2 Fumigant toxicity bioassay

The transparent containers (8 units) used for each experi-
mental unit were weighed with a sensitive scale, and 0.1 g
of cotton wool was placed into each of the six containers
used for this experiment. Then, 5 ml of the tested con-
centrations (1, 5, and 10% v/v) of Nano P. alliacea solu-
tion was applied to the cotton wool (8) in each designated
container separately. Water was applied as a negative
control to the studied insect, while diluted lambdacy-
halothrin, as previously stated, was applied as a positive
control. The four active adult unsexed cockroaches
were then introduced into each assigned container, and
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mortality was recorded every hour for 20 h. The experi-
ment was replicated three times for each treatment.

2.5 Data collection and statistical analysis

The mortality of the studied insect was determined and
later subjected to percentage mortality using Abbot’s for-
mula (1925):

. CA-TA
%Mortality =

——F—— x 100
CA

where, TA is the number of dead treated cockroach; CA
is the number of introduced cockroach.

While the percentage mortality was corrected using
Abbot’s formula (1925):

Pa — Pc

= —— x 100
100 — Pc

r
where, Pr is the percentage of efficacy of the insecticide,
Pa is the percentage mortality of the treated insect, and
Pc is the percentage mortality of the untreated insect.

Percentage mortalities were later subjected to analysis
of variance (ANOVA) using statistical software analysis
(2005) version 2.0. Means were separated using least sig-
nificant difference (LSD) at 5% probability.

3 Results
3.1 Biosynthesis and characterization of AgNPs
An extract of the leaves and roots of P alliacea plant
made AgNPs (Nano P alliacea leaf (PaL-AgNPs) and
Nano P. alliacea root (PaR-AgNPs) in 10 min at room
temperature (30+2 °C), with PaL-AgNPs being a dark
brown color and PaR-AgNPs being a light brown color
(Fig. 1). The colors got darker over time and finally
became stable after 25 min. Moreover, maximum
absorbance occurred at the wavelengths of 426.32 and
442.11 nm for PaL-AgNPs and PaR-AgNPs, respectively.

The FTIR absorption spectra showed clear and notice-
able bands at 3030, 2121, 2013, 1938, 1745, 1575, 1284,
and 643 cm™ for PaL-AgNPs. These bands are similar
to those seen at 3029, 2108, 1933, 1576, and 1222 cm™!
for PaR-AgNPs (Fig. 2). Additionally, the FTIR absorp-
tion spectra revealed closely related minor peaks at 3551,
2516, 1347, 1104, 1028, and 813 cm™ for PaL-AgNPs,
and 3536, 2509, 1741, 1361, 976, and 720 cm™' for PaR-
AgNPs. It is clear from these peaks that the AgNPs were
made, capped, and kept stable by alkenes (=C-H-),
esters (C=0), amides (N-H), and aliphatic amines
(C-N).

The results from TEM analysis (Fig. 3A) clearly showed
that the particles of both PaL-AgNPs and PaR-AgNPs
were spherical in the presence of silver. While PaL-AgNPs
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Fig. 3 The TEM micrographs (A) and EDX patterns (B) of the biosynthesized AgNPs

ranged in size from 5.95 to 28.91 nm, the PaR-AgNPs
were 11.89 to 76.19 nm. EDX spectra (Fig. 3B) revealed
the presence of Ag in the samples with P alliacea leaf
having 21.3% Ag while 16.3% Ag was observed in Pa-
AgNPs. However, high incidence of carbon accounting
for about 65—-67% can be due to the organic moieties of
the extracts.

3.2 Fumigant toxicity effects of insecticides on adult
cockroaches

As presented in Table 1, the applied treatments exhib-
ited significant control of adult cockroaches. After 1 h
of exposure, lambdachyalothrin killed 100% of the cock-
roaches, while PaL-AgNPs at 10% v/v killed 33.3%, and
PaR-AgNPs at 10% v/v killed 50% of the cockroaches.
After two hours of exposure, 50.7% of the animals in
the container treated with PaR-AgNPs and 66.7% of the
animals in the container treated with PaL-AgNPs, both
at a 10% concentration, died. There were no deaths in
the containers treated with Pa-AgNPs, either at a 1% or
5% v/v concentration. However, after 3 h, applying 10%
v/v of PaR-AgNPs and PaL-AgNPs killed all the tested
insects. Using 5% v/v of PaR-AgNPs killed more insects

(41.7, 66.7, and 91.7, respectively) at the same hours of
exposure than using 5% v/v of PaL-AgNPs.

After 4 h of application, PaR-AgNPs at 1% caused a sig-
nificantly higher mortality rate (25%) compared to PaL-
AgNPs applied at the same rate. Cockroaches treated
with PaL-AgNPs at 5% v/v experienced an increase in
mortality after 16 h, while PaR-AgNPs and PaR-AgNPs at
5% v/v recorded 100% mortality at 16 h.

3.3 Contact toxicity effects of insecticides on adult
cockroaches

Table 2 shows the effect of the contact toxicity of bio-
synthesised AgNPs on adult cockroaches. After 1 h
of exposure, the application of PaR-AgNPs and PaL-
AgNPs at 10% had the same significant effects on the
cockroaches, while the cockroaches treated with PaR-
AgNPs and PaL-AgNPs at 1% and 5% v/v showed no
mortality. After 2 h of exposure, the lambdacyhalo-
thrin-treated containers had 93.3% dead cockroaches,
while the containers treated with PaR-AgNPs and
PaL-AgNPs at 10% v/v had 50% mortality, and the
container-treated PaL-AgNPs at 5% v/v had 8.3% dead
cockroaches, while the cage treated with PaR-AgNPs
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Table 1 Effects of insecticides on cockroaches (Fumigant Toxicity)
Hours of exposure
Treatments Rate 1 2 3 4 6 16 20
Lambdacyhalothrin 100.0° 100.0° 100.0° 100.0° 100.0° 100.0° 100.0°
Control 0.0¢ 0.0° 0.0° 0.0¢ 0.0¢ 0.0° 0.0°
Pal-AgNPs 1 0.04 0.0° 0.0° 0.0¢ 83 16.7° 333¢
5 0.04 0.0 333P 41.7¢ 75.0° 100.0° 100.0°
10 333¢ 66.7° 100.0° 100.0° 100.0° 100.0° 100.0°
PaR-AgNPs 1 0.04 0.0° 8.3° 250 25.0° 58.3° 58.3°
5 0.0¢ 0.0° 41.7° 66.7° 91.7% 100.0% 100.0°
10 50.0° 50.0° 100.0° 100.0° 100.0° 100.0° 100.0°
Rates 1 25.0° 27.1° 27.1¢ 31.3¢ 35.4° 41.7° 48.0°
5 18.8° 25.0° 43.8° 52.1° 66.7 75.0° 75.0°
10 458° 5422 75.0° 75.0° 75.0° 75.0? 75.0°
Means with the same superscript(s) are significantly the same at 5% probability
Table 2 Effects of insecticides on cockroaches (Contact Toxicity)
Hours of Exposure
Treatments Rate 1 2 3 4 6 16 20
Lambdacyhalothrin 80.0° 93.3? 100.0° 100.0° 100.0° 100.0° 100.0°
Control 0.0° 0.04 0.0° 0.0¢ 00 00 00
Pal-AgNPs 1 0.0° 0.04 0.0¢ 0.0° 0.0¢ 0.0¢ 0.04
5 0.0° 8.3° 16.7¢ 16.7° 16.7¢ 16.7¢ 333¢
10 25.0° 50.0° 75.0° 100.0° 100.0° 100.0° 100.0°
PaR-AgNPs 1 0.0° 0.0¢ 0.0¢ 0.0 0.0 0.0 0.0¢
5 0.0° 0.04 50.0° 58.3° 58.3° 58.3° 58.3°
10 25.0° 50.0° 75.0° 100.0° 100.0° 100.0° 100.0°
Rates 1 32,52 483? 62.5° 75.0° 75.0° 75.0° 75.0°
5 20.0° 2750 438° 438° 438° 438° 47.9°
10 20.0° 233° 25.0° 25.0° 25.0° 25.0¢ 25.0¢

Means with the same superscript(s) are significantly the same at 5% probability

at 5% showed no mortality. The lambdacyhalothrin-
treated containers recorded 100% mortality, while the
applied PaR-AgNPs and PaL-AgNPs at 10% killed 75%
of cockroaches after 3 h, and the tested biosynthesized
AgNPs at 10% achieved 100% mortality after 4 h of
exposure. Throughout the experimental trials, none
of the cockroaches treated with PaR-AgNPs and PaL-
AgNPs at 1% v/v showed signs of death.

4 Discussion

The management of household insect pests using syn-
thetic insecticides presents challenges, primarily due
to their adverse environmental impacts and the signifi-
cant costs associated with their acquisition. The appli-
cation of nanoparticles for managing agricultural and

household pests has gained significant support, attrib-
uted to their environmentally friendly characteristics and
potent entomotoxic effects [31, 32]. In just 10 min, the
root and leaf extracts of P. alliacea made it easier for the
body to make nearly spherical AgNPs with a size range
of 5.95-76.91 nm. Absorbance at these wavelengths is
due to the unique surface plasmon resonance of the bio-
synthesized AgNPs, and the values here reported are
within the range of 391-460 nm previously established in
related existing literature for AgNPs [28, 30]. Lateef et al.
[31] described how leaf aqueous extract from P. alliacea
was used to make AgNPs and talked about their antimi-
crobial, anticoagulant, and antioxidant properties. The
observed color changed of biosynthesized AgNPs goes
in line with numerous reports that have documented the
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brownish-colored biosynthesized AgNPs [27-29]. How-
ever, presence of phenolic compounds and the observed
spherical shape in the synthesis of AgNPs are indica-
tions of biosynthesized AgNPs by the P alliacea [31].
Currently, there is no documented evidence regarding
the application of the plant’s root extract to the synthe-
sis of AgNPs. This report gives the first results of test-
ing biogenic AgNPs made by P. alliacea to see how well
they work as cockroach-killing insecticides. Therefore,
we evaluated Pa-AgNPs on a common household insect
(cockroach) using two application methods (contact and
fumigant) at three different concentrations (1, 5, and 10%
v/v).

The results showed that the biosynthesized AgNPs
killed the tested insect, which strongly suggests that the
tested Pa-AgNPs also killed insects. This observation
is consistent with the findings of Yeguerman et al. [33],
which highlighted the notable impacts of biosynthesized
polymeric nanoparticles derived from peppermint, Pal-
marosa geranium, lavender, and rosemary on German
cockroaches. Nonetheless, studies have reported on the
extracts of P. alliacea utilized in the formulation of insec-
ticides. For instance, studies have reported that P. alliacea
oil can eliminate adult mosquitoes within 2 h of applica-
tion [34]. In a similar vein, P. alliacea along with various
other plant extracts were evaluated for their effectiveness
against field insect pests affecting okra and cowpea [35,
36]. Nonetheless, current research indicates that the effi-
cacy of P. alliacea in the formulation of nano-insecticides
is linked to the organic compound known as dibenzyl tri-
sulfide [37, 38]. The insecticidal effect of these Pa-AgNPs
arises from the nanoparticles’ capacity to easily bind and
adsorb various chemical compounds, allowing for their
circulation within insect body systems [39, 40]. Addition-
ally, Azeez et al. [41] and Lateef et al. [30] showed that
AgNPs had a lot of ability to get into cellular metabolism,
which could change DNA and stop enzymes from work-
ing normally in the target organisms. Additionally, there
have been reports indicating that nanoparticles impact
the antioxidant levels and inhibit enzymes in insects, ulti-
mately leading to their demise [42].

The efficacy of P. alliacea leaf and root in nano-insec-
ticide formulations did not significantly differ, indicating
that the formulation can utilize either part of the plant.
Only 25% of the cockroaches studied died through con-
tact within one hour of application, while exposure to the
fumigant at the highest concentrations resulted in 50%
mortality. Similarly, the fumigant’s effects caused com-
plete mortality within 3 h of exposure. In the meantime,
a duration of 4 h was required to reach complete mortal-
ity via contact action. This implies that the introduction
pathway of Pa-AgNPs plays a crucial role in controlling
cockroach populations. However, the observed delayed

Page 7 of 9

insecticidal effects from contact toxicity may be because
nano-insecticide formulations have a hard time penetrat-
ing cockroaches’ cuticle. This indicates that Pa-AgNPs
may exert a quicker lethal effect via the respiratory sys-
tem. This observation supports the findings of Abdel-
Raheem and Eldafrawy [43], who reported that silver
nanoparticles applied as a fumigant were more effective
in killing cockroaches than through contact toxicity. A
previous study demonstrated that essential oil nanoparti-
cles displayed insecticidal properties through direct con-
tact with German cockroaches [44]. This indicates that
the route of exposure is a factor that influences the toxic-
ity of nano-insecticide formulations.

Regardless of the application method, the data col-
lected indicated that the concentrations used influ-
enced the effectiveness of the tested biosynthesized
AgNPs. For example, a mortality rate of 75% in cock-
roaches was observed at a concentration of 10% v/v,
whereas a mortality rate ranging from 43.8 to 52.1%
was noted at 5% v/v. Simultaneously, a concentration of
1% eliminated 25-31.3% of the tested cockroaches after
3 h of application. This current investigation aligns with
the previous findings by Abdel-Raheem and Eldafrawy
[43], which indicated that the efficacy of silver nanopar-
ticles against cockroaches is dependent on the dosage
used.

While synthetic insecticide (lambdacyhalothrin) dem-
onstrated a quicker lethality compared to biosynthesized
AgNPs formulations, this suggests that the nano-insec-
ticides exhibited delayed effects on the insect species
studied, which is a prominent characteristic of botanical
insecticides. However, the limitation of our study is the
failure to investigate the mode of action of the insecti-
cides on the tested insects. Nonetheless, biosynthesized
nanoparticles are characterized as environmentally
friendly owing to their reduced toxicity to both humans
and the environment [31, 32]. Therefore, when consider-
ing the environmental benefits of nano-insecticides com-
pared to their synthetic counterparts, we should not view
the delayed effects of biosynthesized AgNPs on cock-
roaches as a definitive barrier to their application as an
alternative to synthetic insecticides.

5 Conclusion

These findings demonstrated the effectiveness of P alli-
acea-mediated silver nanoparticles in cockroach control.
Also, either the leaf or root of P alliacea can be used
in the formulation of nano-insecticides. These nano-
insecticide formulations act as contact and fumigant
insecticides, though fumigant toxicity kills faster than
contact toxicity. Application at the highest concentration,
10%, proved to be more effective than the other tested
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concentrations. By using these AgNPs against household
insects, we can safeguard our environment from harm-
ful chemicals and lessen our reliance on synthetic insecti-
cides. The formulation from P. alliacea can be a welcome
development in the management of household pests,
especially cockroaches. Therefore, the obtained result is
significant as it paves the way for the development and
commercialization of biosynthesized AgNPs using P. alli-
acea as industrial products in the near future.

Acknowledgements
Not applicable.

Author contributions

FAO, EJA, LA, ATA, and OOA conceptualized, curated the data, investigated,
and design the experiment. G-KEB, BLS, and ME analyzed the data. All authors
read and approved the manuscript.

Funding
This research did not receive any funding.

Availability of data and materials
All data generated or analyzed during this study are included in this published
article [and its supplementary information files].

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
"Ladoke Akintola University of Technology, Ogbomoso, Nigeria. 2University
of KwaZulu-Natal, Durban, South Africa.

Received: 12 October 2024 Accepted: 19 February 2025
Published online: 08 March 2025

References

1. Brenner RJ, Kramer RD (2019) Cockroaches (blattaria). Medical and veteri-
nary entomology. Elsevier, pp 61-77

2. Edwin I (2019) Spatial distribution and prevalence of parasites vectored
by periplaneta Americana in Southern. Nigeria Asian J Biol Sci 12(2):313-
319. https://doi.org/10.3923/ajbs.2019.313.319

3. Sosan MB, Ajibade RO, Adeleye AO (2019) Survey of the distribution and
diversity of cockroaches (Insecta: Blattaria) on the campus of a higher
institution in south-western Nigeria. Int J Appl Biol Res 10(1):37-51

4. Ruhma S, Farkhanda M, Rooma A, Abida A, Azka S (2014) Laboratory
evaluation of toxicity of insecticide formulations from different classes
against american cockroach (Dictyoptera: Blattidae). J Arthropod-Borne
Dis 8(1):21-34

5. Pomés A, Arruda LK (2014) Investigating cockroach allergens: aiming to
improve diagnosis and treatment of cockroach allergic patients. Methods
66(1):75-85. https://doi.org/10.1016/j.ymeth.2013.07.036

6. Marican A, Duran-Lara EF (2017) A review on pesticide removal through
different processes. Environ Sci Pollut Res 25:2051-2064. https://doi.org/
10.1007/511356-017-0796-2

7. Nonkululeko LM, Abiodun OA, Anthony 10, Omobola OO (2022) Analyti-
cal evaluation of cabarmate and organophosphate pesticides in human

20.

21.

22.

23.

24.

Page 8 of 9

and environmental matrices. Molecules 27(3):618. https://doi.org/10.
3390/molecules27030618

Suratman S, Edwards JW, Babina K (2015) Organophosphate pesti-

cides exposure among farmworkers: pathways and risk of adverse

health effects. Rev Environ Health 30:65-79. https://doi.org/10.1515/
reveh-2014-0072

Maggi F, Tang FHM, Black AJ, Marks GB, McBratney A (2021) The pesticide
health risk index: an application to the world's countries. Sci Total Environ
801:149731. https://doi.org/10.1016/j.scitotenv.2021.149731

. Wu X, Appel AG (2017) Insecticide resistance of several field-collected

german cockroach (Dictyoptera: Blattellidae) Strains. J Econ Entomol
110(3):1203-12009. https://doi.org/10.1093/jee/tox072

. Pietri JE, Tiffany C, Liang D (2018) Disruption of the microbiota affects

physiological and evolutionary aspects of insecticide resistance in the
German cockroach, an important urban pest. PLoS ONE 13(12):e0207985.
https://doi.org/10.1371/journal.pone.0207985

. Babarinde SA, Kehinde AK, Ifeoluwa AA, Funmilayo CK, Adetayo DA

(2018) Synergistic effect of spinosad with selected botanical powders as
biorational insecticides against adults of (Tribolium castaneum) Herbst,
1797 (Coleoptera: Tenebrionidae). J Agri Sci 63(1):39-51. https://doi.org/
10.2298/JAS1801039B

. Alao FO, Adebayo TA, Olaniran OA (2020) Bioactivity and effects of spray-

ing interval of selected plant extracts for control of pre-flowering insect
pests of watermelon (Citrulus lanatus [Thunb.] Matsum. & Nakai). Acta
Agri Slovenica 116(1):107-114. https://doi.org/10.14720/aas.2020.116.1.
1583

. Kumar J, Ramlal A, Mallick D, Mishra V (2021) An overview of some

biopesticides and their importance in plant protection for commercial
acceptance. Plants (Basel) 10(6):1185. https://doi.org/10.3390/plants1006
1185

. Abdollahdokht D, Gao Y, Faramarz S, Poustforoosh A, Abbasi M, Asadi-

karam G, Nematollahi MH (2022) Conventional agrochemicals towards
nano-biopesticides: an overview on recent advances. Chem Biol Technol
Agric 9:13. https://doi.org/10.1186/540538-021-00281-0

. Seiber JN, Coats J, Duke SO, Gross AD (2014) Biopesticides: state of the

art and future opportunities. J Agric Food Chem 62(48):11613-11619.
https://doi.org/10.1021/jf504252n

. Mishra J, Arora NK (2018) Secondary metabolites of fluorescent pseu-

domonads in biocontrol of phytopathogens for sustainable agriculture.
Appl Soil Ecol 125:35-45. https://doi.org/10.1016/j.apsoil.2017.12.004

. Neeraj GS, Kumar A, Ram S, Kumar V (2017) Evaluation of nematicidal

activity of ethanolic extracts of medicinal plants to Meloidogyne incog-
nita (kofoid and white) chitwood under lab conditions. Int J Pure Appl
Biosci 1:827-831. https://doi.org/10.18782/2320-7051.2525

. Tembo Y, Mkindi AG, Mkenda PA, Mpumi N, Mwanauta R, Stevenson PC,

Ndakidemi PA, Belmain SR (2018) Pesticidal plant extracts improve yield
and reduce insect pests on legume crops without harming beneficial
arthropods. Front Plant Sci 9:1425. https://doi.org/10.3389/fpls.2018.
01425

Ahmad MS, Afzal M, Feng LY, Majeed MZ, Safdar H, Mehmood A, Igbal S,
Adnan M (2023) Laboratory evaluation of selected biorational insecticidal
formulations against potato leafworm Spodoptera litura Fabricius (Lepi-
doptera: Noctuidae). Pakistan J Zool 56(3):1451-1463. https://doi.org/10.
17582/journal.pjz/20221026081016

Sandeep KE, Monika NB, Neeraj D, Giovanna MD, Ashraf AH, Ki-Hyun K
(2019) Nano-based smart pesticide formulations: emerging opportunities
for agriculture. J Control Release 294:131-153. https://doi.org/10.1016/.
jconrel.2018.12.012

Pascoli M, de Albuguerque FP, Calzavara AK et al (2020) The potential

of nanobiopesticide based on zein nanoparticles and neem oil for
enhanced control of agricultural pests. J Pest Sci 93:793-806. https://doi.
0rg/10.1007/510340-020-01194-x

Luz DA, Pinheiro AM, Silva ML, Monteiro MC, Prediger RD, Maia CSF,
Fontes EA (2016) Ethnobotany, phytochemistry and neuropharmacologi-
cal effects of (Petiveria alliacea L.) (Phytolaccaceae): a review. J Ethnophar-
macol 185:182-201. https://doi.org/10.1016/jep.2016.02.053

Kisseih E, Lechtenberg M, Petereit F, Sendker J, Zacharski D, Brandt S,
Agyare C, Hensel A (2015) Phytochemical, characterization and in vitro
wound healing activity of leaf extracts from Combretum mucronatum
Schum. &Thonn.: Oligomeric procyanidins as strong inductors of cellular


https://doi.org/10.3923/ajbs.2019.313.319
https://doi.org/10.1016/j.ymeth.2013.07.036
https://doi.org/10.1007/s11356-017-0796-2
https://doi.org/10.1007/s11356-017-0796-2
https://doi.org/10.3390/molecules27030618
https://doi.org/10.3390/molecules27030618
https://doi.org/10.1515/reveh-2014-0072
https://doi.org/10.1515/reveh-2014-0072
https://doi.org/10.1016/j.scitotenv.2021.149731
https://doi.org/10.1093/jee/tox072
https://doi.org/10.1371/journal.pone.0207985
https://doi.org/10.2298/JAS1801039B
https://doi.org/10.2298/JAS1801039B
https://doi.org/10.14720/aas.2020.116.1.1583
https://doi.org/10.14720/aas.2020.116.1.1583
https://doi.org/10.3390/plants10061185
https://doi.org/10.3390/plants10061185
https://doi.org/10.1186/s40538-021-00281-0
https://doi.org/10.1021/jf504252n
https://doi.org/10.1016/j.apsoil.2017.12.004
https://doi.org/10.18782/2320-7051.2525
https://doi.org/10.3389/fpls.2018.01425
https://doi.org/10.3389/fpls.2018.01425
https://doi.org/10.17582/journal.pjz/20221026081016
https://doi.org/10.17582/journal.pjz/20221026081016
https://doi.org/10.1016/j.jconrel.2018.12.012
https://doi.org/10.1016/j.jconrel.2018.12.012
https://doi.org/10.1007/s10340-020-01194-x
https://doi.org/10.1007/s10340-020-01194-x
https://doi.org/10.1016/j.jep.2016.02.053

Olaniran et al. Beni-Suef Univ J Basic Appl Sci

25.

26.

27.

28.

29.

30.

31

32.

33.

34

35.

36.

37.

38.

39.

(2025) 14:23

differentiation. J Ethnopharmacol 174:628-636. https://doi.org/10.1016/j.
jep.2015.06.008

Weicheng H, Lei W, Qiang Q, Ji L, Wang X, Luo H, Haifeng W, Jiang Y, Wang
G, Shen T (2016) The dichloromethane fraction from Mahonia bealei
(Fort) Carr leaves exert an anti-inflammatory effect both in vitro and

in vivo. J Ethnopharmacol 188:134-143. https://doi.org/10.1016/jjep.
2016.05.013

Szacon E, Rzadkowska M, Kaczor AA, Kedzierska E, Orzelska-gorka J,
Fidecka S, Matosiuk D (2016) Synthesis and pharmacological evaluation
of novel1-(1,4-Alkylaryldisubstituted-4,5-dihydro-1H-imidazo)-3-sub-
stituted urea derivatives. Molecules 21(5):582. https://doi.org/10.3390/
molecules21050582

Lateef A, Ojo SA, Elegbede JA, Azeez MA, Yekeen TA, Akinboro A (2017)
Evaluation of some biosynthesized silver nanoparticles for biomedi-

cal applications: hydrogen peroxide scavenging, anticoagulant and
thrombolytic activities. J Clust Sci 28:1379-1392. https://doi.org/10.1007/
510876-016-1146-0

Elegbede JA, Lateef A, Azeez MA, Asafa TB, Yekeen TA, Oladipo IC, Ade-
bayo EA, Beukes LS, Gueguim-Kana EB (2018) Fungal xylanases-mediated
synthesis of silver nanoparticles for catalytic and biomedical applications.
IET Nanobiotechnol 12(6):857-863. https://doi.org/10.1049/iet-nbt.2017.
0299

Azeez L, Adejumo AL, Simiat OM, Lateef A (2020) Influence of calcium
nanoparticles (CaNPs) on nutritional qualities, radical scavenging
attributes of Moringa oleifera and risk assessments on human health. J
Food Measurement Character 14:2185-2195. https://doi.org/10.1007/
$11694-020-00465-6

Lateef A, Azeez MA, Asafa TB, Yekeen TA, Akinboro A, Oladipo AA, Azeez L,
Ojo SA, Gueguim-Kana EB, Beukes LS (2016) Cocoa pod husk extract-
mediated biosynthesis of silver nanoparticles: its antimicrobial, antioxi-
dant and larvicidal activities. J Nanostruct Chem 6:159-169. https://doi.
0rg/10.1007/s40097-016-0191-4

Lateef A, Folarin Bl, Oladejo SM, Akinola PO, Beukes LS, Gueguim-Kana
EB (2018) Characterization, antimicrobial, antioxidant, and anticoagulant
activities of silver nanoparticles synthesized from Petiveria alliacea L. leaf
extract. Preparative Biochem Biotechnol 48(7):646-652. https://doi.org/
10.1080/10826068.2018.1479864

Mustapha MU, Halimoon N, Johar WLW, Abd Shukor MY (2019) An
overview on biodegradation of carbamate pesticides by soil bacteria.
Pertanika J Sci Technol 27:547-563

Yeguerman CE, Jesser M, Massiris C, Delrieux AP, Murray JO, Werdin G
(2020) Insecticidal application of essential oils loaded polymeric nanopar-
ticles to control German cockroach: design, characterization and lethal/
sublethal effects. Ecotoxicol Environ Saf 189:110047. https://doi.org/10.
1016/j.ecoenv.2019.110047

Akintan MO, Akinneye JO (2020) Fumigant toxicity and phytochemi-

cal analysis of (Petiveria alliacea L) leaf and root bark oil on adult (Culex
quinquefasciatus). Bulletin Nat Res Centre 44(1):1-11. https://doi.org/10.
1186/542269-020-00355-3

Alao FO, Adebayo TA (2015) Comparative efficacy of Tephrosia vogelii

and Moringa oleifera against insect pests of watermelon (Citrullus lanatus
Thumb). Int Lett Nat Sci 35:71-78. https://doi.org/10.18052/www.scipr
ess.com/ILNS.35.71

Olaniran OA, Alao FO, Yusuf SY, Adebayo TA (2016) Effects of selected
plant extracts formulation on insect pests and nutritional quality of
eggplant fruits (Solanum melogena L.). Int J Appl Agri Appl Apicultural
Res 12(2):59-70

Murray J, Picking D, Lamm A, McKenzie J, Hartley S, Watson C, Williams

L, Lowe H, Delgoda R (2016) Significant inhibitory impact of dibenzyl
trisulfide and extracts of Petiveria alliacea on the activities of major
drug-metabolizing enzymes in vitro: An assessment of the potential for
medicinal plant-drug interactions. Fitoterapia 111:138-146. https://doi.
0rg/10.1016/jfitote.2016.04.011

Oluwa AA, Avoseh ON, Omikorede O, Ogunwande IA, Oladipupo AL
(2017) Study on the chemical constituents and anti-inflammatory
activity of essential oil of Petiveria alliacea L. British J Pharmaceutical Res
15(1):1-8. https://doi.org/10.9734/BJPR/2017/31331

Sultana N, Raul PK, Goswami D, Das B, Gogoi HK, Raju PS (2018)
Nanoweapon: control of mosquito breeding using carbon-dot-silver
nanohybrid as a biolarvicide. Environ Chem Lett 16(3):1017-1023. https://
doi.org/10.1007/510311-018-0712-0

40.

41.

42.

43.

44,

Page 9 of 9

Zaheer T, Ali MM, Abbas RZ, Atta K, Amjad |, Suleman A (2022) Khalid Z
and Agib Al (2022) Insights into nanopesticides for ticks: the superbugs of
livestock. Oxid Med Cell Longev 22:1-18. https://doi.org/10.1155/2022/
7411481.7411481

Azeez L, Lateef A, Adebisi SA (2017) Silver nanoparticles (AgNPs) biosyn-
thesized using pod extract of Cola nitida enhances antioxidant activity
and phytochemical composition of Amaranthus caudatus Linn. Appl
Nanosci 7:59-66. https://doi.org/10.1007/513204-017-0546-2
El-Ashmouny RS, Rady MH, Merdan BA, EI-Sheikh TAA, Hassan REE, El
Gohary EG (2022) Larvicidal and pathological effects of green synthe-
sized silver nanoparticles from Artemisia herba-alba against Spodoptera
littoralis through feeding and contact application. Egypt J Basic Appl Sci
9:239-253. https://doi.org/10.1080/2314808X.2022.2063012
Abdel-Raheem AM, Eldafrawy BM (2016) Efficacy of silver nanoparticles
against German cockroach (Blattella germanica L.) (Dictyopteran: Blattel-
lidae). Academic J Entomol 9(4):74-80. https://doi.org/10.5829/idosi.aje.
2016.74.80

Werdin GJO, Stefanazzi N, Murray AP, Ferror AA, Band BF (2015) Novel
nanoinsecticides based on essential oils to control the German cock-
roach. J Pest Sci 88:393-404. https://doi.org/10.1007/510340-014-0607-1

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1016/j.jep.2015.06.008
https://doi.org/10.1016/j.jep.2015.06.008
https://doi.org/10.1016/j.jep.2016.05.013
https://doi.org/10.1016/j.jep.2016.05.013
https://doi.org/10.3390/molecules21050582
https://doi.org/10.3390/molecules21050582
https://doi.org/10.1007/s10876-016-1146-0
https://doi.org/10.1007/s10876-016-1146-0
https://doi.org/10.1049/iet-nbt.2017.0299
https://doi.org/10.1049/iet-nbt.2017.0299
https://doi.org/10.1007/s11694-020-00465-6
https://doi.org/10.1007/s11694-020-00465-6
https://doi.org/10.1007/s40097-016-0191-4
https://doi.org/10.1007/s40097-016-0191-4
https://doi.org/10.1080/10826068.2018.1479864
https://doi.org/10.1080/10826068.2018.1479864
https://doi.org/10.1016/j.ecoenv.2019.110047
https://doi.org/10.1016/j.ecoenv.2019.110047
https://doi.org/10.1186/s42269-020-00355-3
https://doi.org/10.1186/s42269-020-00355-3
https://doi.org/10.18052/www.scipress.com/ILNS.35.71
https://doi.org/10.18052/www.scipress.com/ILNS.35.71
https://doi.org/10.1016/j.fitote.2016.04.011
https://doi.org/10.1016/j.fitote.2016.04.011
https://doi.org/10.9734/BJPR/2017/31331
https://doi.org/10.1007/s10311-018-0712-0
https://doi.org/10.1007/s10311-018-0712-0
https://doi.org/10.1155/2022/7411481.7411481
https://doi.org/10.1155/2022/7411481.7411481
https://doi.org/10.1007/s13204-017-0546-2
https://doi.org/10.1080/2314808X.2022.2063012
https://doi.org/10.5829/idosi.aje.2016.74.80
https://doi.org/10.5829/idosi.aje.2016.74.80
https://doi.org/10.1007/s10340-014-0607-1

	Anti-cockroach activities of biosynthesized silver nanoparticles using Petiveria alliacea extracts
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 
	Article Highlights 

	1 Background
	2 Methods
	2.1 Materials
	2.2 Test insect collection
	2.3 Biosynthesis and characterization of silver nanoparticles
	2.4 Bioassay
	2.4.1 Contact toxicity bioassay
	2.4.2 Fumigant toxicity bioassay

	2.5 Data collection and statistical analysis

	3 Results
	3.1 Biosynthesis and characterization of AgNPs
	3.2 Fumigant toxicity effects of insecticides on adult cockroaches
	3.3 Contact toxicity effects of insecticides on adult cockroaches

	4 Discussion
	5 Conclusion
	Acknowledgements
	References


