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Abstract

Background: Callosobruchus maculatus and C. chinensis (Coleoptera: Tenebrionidae) are dangerous insects to stored
grains. They are controlled by chemical insecticides, which cause a lot of harmful diseases and pollute the
environment. Essential oils are a new trend for controlling of storage pests.

Methods: The nano-encapsulation process was carried out by polymerization technology. The tested nano-oils
were experimented at tested concentration (0.5%) for their insecticidal activities against the third-instar larvae of
tested insects. After 7 days of exposure, accumulative mortality percentages were calculated in the treated and
untreated control. Also, the tested nano-oils were sprayed to the foam granules and were mixed with 2 g foam/
100 g cow pea for testing the oviposition inhibitory effects of the tested oils. Additionally, the experiment was
designed to test the latent effect of the tested oils against C. maculatus and C. chinensis on foam as surface
protectant after 90-day intervals.

Results: After 7 days of treatments, the accumulations of C. maculatus were 61.2, 42.0, 46.6, and 35.5% after
being treated with rosemary, catnip, garlic, and citronella oil, respectively, as compared to 0.3% in the control.
When C. chinensis were treated with corresponding oils, the accumulations obtained 68.9, 44.1, 49.9, and
37.9% as compared to 0.1% in the control. When both the target insect pests, C. maculatus and C. chinensis,
were treated with the tested nano-oils, results showed that the accumulations of C. maculatus recorded 82.2,
55.8, 66.3, and 46.3% when treated with nano-rosemary, nano-anis, nano-garlic, and nano-citronella as
compared to 0.1 in the control. When the corresponding nano-oils were applied against C. chinensis, the
accumulations obtained 89.7, 42.8, 70.9, and 48.9% as compared to 0.1% in the control. When the tested oils
and their nano were tested against C. maculatus life cycle, the number of eggs laid/female were significantly
decreased to 6.4 ± 9.89 eggs/female after nano-rosemary treatments as compared to 299.9 ± 9299 eggs/female
in the control. The adult emergence decreased to 1% after nano-rosemary treatments as compared to 100%
in the control. The malformations of the insect significantly increased after nano-rosemary and nano-anis to
100% as compared to 0% in the control. The same results obtained when C. chinensis were treated with
different tested oils. The number of eggs C. chinensis laid/female was 8.3 ± 1.0 eggs/female as compared to
298.9 ± 7.89 eggs/female in the control.
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Conclusion: This work research indicate that some essential oils might be useful for managing C. maculatus
and C. chinensis in enclosed spaces because of their fumigant harmful action. Plant essential oils and their
active ingredient have potentially high bioactivity against a range of the target insect pests. Furthermore, they
are highly selective to C. maculatus and C. chinensis. Incorporation of essential oils into a controlled release
nano-formulation prevents rapid vaporization and degradation, increases constancy, and preserves the lower
effective dosage/application. Treated foam with nano-rosemary and nano-garlic oils and covering gunny bags
provided many efficient effects against tested insects.
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Introductions
Many researches study the potential use of botanical appli-
cations in biological control of different insect pests since
some are selective, biodegrade to nontoxic products, and
have few effects on non-target organisms and the environ-
ment (Singh and Upadhyay 1993; Isman 2000; Kim et al.
2010). The essential oils may be more rapidly degraded in
the environment than synthetic compounds, and some
have increased specificity that favors beneficial insects.
Their action against stored-product insects has been ex-
tensively studied (Negahban et al. 2007; Sahaf and Mohar-
ramipour 2008). In spite of the fact that essential oils have
most promising properties, problems related to their vola-
tility, poor water solubility, and potential for oxidation
have to be resolved before used as alternative pest control
means (Moretti et al. 2002). In this endeavor, the use of
encapsulated formulations seem to be a useful tool to
answer those problems (Clancy et al. 1992; Passino et al.
2004). The propagation of poly urea-formaldehyde (PUF)
nanoencapsulation techniques would supply insecticide
formulations of essential oils without widespread destruc-
tion effects on their major compounds. Urea formaldehyde
is used in agriculture as a controlled release source of
nitrogen fertilizer. Urea formaldehyde’s rate of decom-
position into CO2 and NH3 is determined by the action
of microbes found naturally in most soils (Martin and
Trenkel 1997). Studies relating to the activity of PUF
nano-capsules of Artemisia sieberi as an insecticide
have not been carried out.
The purpose of this study is to test the toxicity and

persistence of produced oils and nano-encapsulated
essential oil against Callosobruchus maculatus and Cal-
losobruchus chinensis (the most economically important
pests of stored grain).

Materials and methods
Experimental insects
Larvae of C. maculatus and C. chinensis were used in
the experiments. The target insects were reared under
laboratory conditions on semi-artificial diet (fine cow
pea seeds with some adherent endosperm) with 20% gly-
cin and 5% yeast powder. All cultures and experiments

were held at 26 ± 2 °C and 70–80% relative humidity
(RH), with 16 h light and 8 h dark.

Tested oils
Three essential oils were used in the bioassay, rosemary,
citronella, garlic, and catnip. The essential oils were ob-
tained by steam distillation methods of dried plants
(Guenther 1961). The tested oil emulsions were pre-
pared according to Sabbour and Shadia Abd El-Aziz
(2016a, 2016b).

The nano-encapsulation
The process was carried out by polymerization technology.
The tested oils were used as a core material, and urea (U)
and formaldehyde (F) as shell materials. Sulfuric acid solu-
tion (10% w/w) was prepared in our laboratory to control
the pH of emulsion, and tween 80 (Polysorbate 80) was
used as emulsifier (Merck, Germany). The obtained sus-
pension of nano-capsules was cooled down to ambient
temperature, rinsed with deionized water, filtered, and fi-
nally dehydrated by freeze-drying using a LIO-5P appar-
atus (CinquePascal, Trezzano SN, Milan, Italy). Scanning
and transmission electron microscopy were used to
observe surface morphology of the nano-capsules.

Larvicidal activity of tested oils (bulk and nano)
The insecticidal activities of tested oils (bulk and nano)
were experimented at tested concentrations against the
third-instar larvae of C. maculatus and C. chinensis. The
foam granules sprayed with the tested oils (bulk and nano)
were (2 g foam/100 g cow pea) according to Abd El-Aziziz
(2001). For each tested concentration, four glass jars as
replicates were used. Subsequently, ten third-instar larvae
were introduced into each glass jar which were covered
with muslin for appropriate ventilation. Twelve replicates
as control larvae were kept under the same conditions
without any essential oil treatments. Mortality was evalu-
ated after 7 days of exposure in the treated and untreated
control. All tests were carried at 27 ± 2 °C and 65 ± 5%
relative humidity (RH). The number of dead larvae in each
jar was assessed, and the percentages of mortality were
calculated. The experiment was repeated four times.
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The ovipositional deterrent effects of the tested oils
The foam granules sprayed with the tested oils (bulk and
nano) were mixed with 2 g foam/100 g cow pea) accord-
ing to Abd El-Aziz (2001). The ovipositional deterrent of
the tested oils was experimented by placing two pairs of
mixed sex of C. maculatus and C. chinensis (2–3 days
old) with treated or untreated grains with foam particles
in glass jars (250 cc capacity) covered with muslin (no-
choice). The moths were left to lay eggs, and then, the
numbers of deposited eggs on treated or untreated
grains/female were counted in the tested jars. For each
tested concentration, four glass jars as replicates were
used and the test was repeated four times.

The latent effect of tested oils in the store
The latent effect of tested oils (bulk and nano) on foam
as surface protectant was evaluated during storage inter-
vals (25 over 125 days) against C. maculatus and C. chi-
nensis moths’ infestation. 100 grams of heat sterilized
cow pea grains was introduced to the gunny sacks (10 ×
10 cm each) closed each with a string. The foam gran-
ules (about 1 cm in diameter) were sprayed with

treatments, dried and provided as a layer between sacks.
Then, two pairs of newly emerged moths were placed in
a jar (2 L capacity with two gunny sacks). After egg lay-
ing, the dead moths were removed. The emerged adult
moths were counted after tested intervals. After 90 days,
the percentage of grain weight lost was calculated from
the differences between the original and the final weight
in each jar using the following formula:
% WL (% Weight Loss) = [(OW–FW)/OW] × 100.
where OW= original weight and FW= final weight.
Each experiment was repeated five times (Abd El-Aziz

and Abd El-Ghany 2018).

Repellency test
The experiments were conducted in an arena based
on the choice test (Abd El-Aziz and Ismail 2000).
Disc of filter paper (Whatman No. 1) was treated
with the tested oil at 1% concentration and placed in
the cell A. While filter paper treated with distilled
water and emulsifier only as control was placed in
the cell B. Twenty newly emerged beetles were intro-
duced into each arena. After 1, 2, 3, 4, 5, 6, and 7

Table 1 Accumulations mortality of target adult pests during
the first week of cow pea seeds in treated foam with different
oils

Tested oil Time (days) C. maculatus C. chinensis

Rosemary 0 26.9 26.9

2 31.2 37.3

4 42.2 48.5

7 61.2 68.9

Catnip 0 17.6 18.2

2 24.3 25.4

4 36.1 37.4

7 42.0 44.1

Garlic 0 20.2 232.7

2 24.3 25.7

4 37.1 38.8

7 46.6 49.9

Citronella 0 16.3 16.6

2 20.0 20.5

4 27.3 28.0

7 35.5 36.7

Untreated 0 0.0 0.0

2 0.0 0.0

4 0.0 0.0

7 0.1 0.1

F-test LSD 5% 22.6 15.8

9.2 7.8

Table 2 Accumulations mortality of target adult pests during
the first week of cow pea seeds in treated foam with different
nano-oils

Tested oil Time (days) C. maculatus C. chinensis

Nano-rosemary 0 45.3 46.6

2 53.9 58.3

4 643 67.6

7 82.2 89.7

Nano-catnip 0 29.5 29.26

2 35.37 36.9

4 48.5 439.5

7 55.8 42.8

Nano-garlic 0 31.1 33.2

2 45.3 46.9

4 58.5 59.3

7 66.3 70.9

Nano-citronella 0 27.3 26.2

2 30.3 30.2

4 39.3 38.9

7 46.3 48.9

Untreated 0 0.0 0.0

2 0.0 0.0

4 0.0 0.0

7 0.3 0.1

F-test LSD 5% 18.5 22.7

8.7 9.9

Sabbour Bulletin of the National Research Centre          (2019) 43:206 Page 3 of 8



days, the number of beetles present in the cells A
and B were recorded. The percentages of repellency
values were calculated using the equation: D = [1 − (T/
C)] × 100 (Lwande et al. 1985) where T and C repre-
sent the mean number of beetles in cells A and B
treated and untreated, respectively.

Statistical analysis
The data was analyzed using analysis of variance (one-
way ANOVA), where significant differences between the
treatments were observed. Mean values were signifi-
cantly separated by using the least significant difference
(LSD) test at 5% level (Sokal and Rohlf 1981).

Results
Under laboratory conditions, the accumulation mortality
of C. maculatus obtained significantly increased to 61.2
and 46.6% in rosemary and garlic treatments after 7 days
as compared to 0.1% in control. When C. chinensis lar-
vae were treated with the same last oils, the accumula-
tions mortality recorded 44.1and 49.9% as compared to
0.1% in the control (Table 1).
Under laboratory conditions, when both the target

pests C. maculatus and C. chinensis were treated with
the tested oils, results showed that the accumulations
of C. maculatus recorded 82.2, 55.8, 66.3, and 43.3%
when treated with nano-rosemary, nano-anis, nano-
garlic, and nano-citronella as compared to 0.1 in the
control. When the corresponding nano-oils were ap-
plied against C. chinensis, the accumulations obtained

89.7, 42.8, 70.9, and 48.9% as compared to 0.1% in
the control (Table 2).
In all treatments, percentage of larval mortality of

tested insects (Tables 3 and 4) increased with increase of
concentrations. Larvae of C. maculatus were more sus-
ceptible to the treatments than C. chinensis larvae.
Nano-oils were more effective than natural oils. The lar-
val mortality percentage of C. maculatus recorded 45.4,
23.3, and 21.3% after rosemary 1.0–0.5 and 0.25% treat-
ments, respectively. The larval percentages mortality
were 24.2, 30.3, and 19.8% in case of C. chinensis
(Table 3).
Table 4 shows that after nano-oil treatments the per-

centages of larval mortality of C. maculatus significantly
increased to 61.3 and 59.8% after rosemary and garlic
nano-oil treatments. Also C. chinensis mortality signifi-
cantly increased to 59.8 and 50.7% for corresponding oils
as compared to control (Table 4).

Table 3 The insecticidal efficacy of the oils tested on larval
mortality% of the target pests

Treatments Concentrations
(%)

% of larval mortality

C. maculatus C. chinensis

Rosemary 0.1 45.4 24.2

0.5 23.3 30.3

0.25 21.3 19.8

Garlic 0.1 38.5 36.8

0.5 30.1 33.8

0.25 20.2 18.7

Catnip 0.1 20.3 18.5

0.5 18.8 15.9

0.25 12.7 11.2

Citronella 0.1 26.4 25.8

0.5 21.3 21.5

0.25 20.7 17.8

16.6

Control 0.0 0.01

Table 4 The insecticidal efficacy of nano-oils tested on larval
mortality% of the target pests

Treatments Concentrations
(%)

% of larval mortality

C. maculatus C. chinensis

Rosemary 0.1 85.9 82.2

0.5 77.3 70.3

0.25 61.3 59.8

Garlic 0.1 78.5 76.8

0.5 64.1 60.8

0.25 52.2 50.7

Catnip 0.1 30.3 28.5

0.5 28.8 215.9

0.25 17.7 16.2

Citronella 0.1 36.4 35.8

0.5 23.3 20.5

0.25 20. 0 16.0

Control 0.0 0.01

Table 5 Effect of nano on number of laid eggs/female and %
of adult emergence (F1) of C. maculatus during storage periods

Tested materials no. of eggs/♀
± S.E

% adult
emergence(F1)

%. of
malformation.

Nano-rosemary 6.4 ± 9.89 1 100

Nano-catnip 21.4 ± 7.81 9 77

Nano-garlic 19.4 ± 1.87 6 99

Nano-citronella 31.4 ± 1.71 12 80

Control 299.9 ± 9.89 100 0

F-test LSD 5% 32.7

17.9
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When the tested oils and its nano were tested against
C. maculatus life cycle, the number of eggs laid/female
were significantly decreased to 6.4 ± 9.89 eggs/female
after nano-rosemary treatments as compared to 299.9 ±
9.89 eggs/female in the control. The adult emergence
decreased to 1% after nano-rosemary treatments as com-
pared to 100% in the control. The malformations of the
insect significantly increased after nano-rosemary and
nano-anis to 100% as compared to zero in the control
(Table 5). When C. chinensis treated with the nano-oils
were tested, the number of eggs laid/female significantly
decreased to 8.3 ± 1.0 after nano-rosemary treatments as
compared to 298.9 ± 7.89 eggs/female. The percentages
of adult emergence significantly decreased to 0.1% as
compared to 100% in the control. The percentages of
malformed between adults 99% after nano-rosemary
treatments as compared to 0% in the control (Table 6).
Figures 1 and 2 show the weight loss of seeds was sig-
nificantly decreased after nano-oil treatments for both
two pests. Figures 3 and 4 show the repellency test of

nano-oils, in which nano-rosemary and nano-garlic are
the highest repellant oils.

Discussions
Natural oils affected on the pests show some repellant,
antifeedant, and toxic effects (Lee et al. 2002), which
were reported in monoterpenoids that are typically vola-
tile and rather lipophilic compounds that can penetrate
into insect pests rapidly and interfere their physiological
functions. Sabbour et al. (2012) found that the modified
diatomaceous earth with calcium hydroxide (Ca-DE) and
modified diatoms with sodium hydroxide (Na-DE) were
the highlight treatments against tested pests and had the
highest mortality percentages found among C. macula-
tus. Sabbour and Abd-El-Raheem (2013) showed that
Jatropha curcas oil not only acted as oviposition deter-
rents but also adversely influence fecundity. Moths ovi-
posited eggs on treated seeds with jatropha oil, but the
numbers of eggs is always lower in treated seeds than in
the control. Also, it was found that the accumulative
mortality (%) of Ephestia cautella and Plodia interpunc-
tella larvae increased gradually by increasing the period
of exposure in case of treated foam with different tested
oils, the same as that obtained by Sabbour et al. (2013).
Sabbour (2013) found that Metarhizium anisopliae and
Beauveria bassiana when combined with some extract
oils could decrease the infestations of wheat and flour
pests under laboratory and store conditions.
The same were obtained by Sabbour and Abd el-Aziz

(2015, 2016a, 2016b, 2017, and 2019). Essential oil con-
tains compounds that show ovicidal, repellent, antifeed-
ant, and toxic effects in insects. The toxicity may act by
fumigant action (Negahban et al. 2007). Focus on the in-
secticidal toxicity of essential oils of plants and their

Table 6 Effect of tested oil nano-oils on number of laid eggs/
female and % of adult emergence (F1) of C. chinensis during
storage periods

Tested materials no. of eggs/♀
± S.E.

% adult
emergence(F1)

%. of
malformation.

Nano-rosemary 8.3 ± 1.0 0.1 99

Nano-catnip 20.4 ± 1.21 2 79

Nano-garlic 20.4 ± 5.38 1 98

Nano-citronella 44.4 ± 1.21 11 78

Control 298.9 ± 7.89 100 0

F-test LSD 5% 31.7

18.7

Fig. 1 Effect of tested oils on broad beans weight loss
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constituents have sharpened since the 1980s specifically
on essential oils (Rajendran and Sriranjini 2008). There
are many reviews dealing with the use of plant products
in general, against insect pests (Isman 2000; Rajendran
and Sriranjini 2008). Therefore, it was considered appro-
priate to look into the status of research on plant’s
essential oils and their constituents as insecticides. The
present study examines the work conducted and
addresses the prospects and problems of the use of
plant products as fumigants within these parameters.
The nano-capsule of Artemisia oil was shown here to
possess fumigant toxicity, as well as its longer persist-
ence compared to Artemisia oil before formulation. In
consistence with studies of Moretti et al. (2004) and
Passino et al. (2004), our findings showed higher

mortality rates in nano-capsule than in pure essential
oil due to controlled release formulations allowing
smaller quantities of essential oil to be used more
effectively over a given time interval. The reasons for
nano-encapsulating the essential oil have been to im-
prove its stability to reduce side effects or to reduce
dosing frequency and total dosing amount 105 oil
release, to obtain better toxicity activity, and for long-
lasting release (Huang et al. 2007). Generally, the
modifications of nano-capsules prepared by poly
(urea-formaldehyde) (PUF) are required in order to
improve their insecticidal toxicity stability, strength,
or sustained release. The same results obtained by
Sabbour and Abd El-Aziz (2010, 2016a, 2016b, 2017),
Sabbour et al. (2012), and Sabbour 2013 and 2014.

Fig. 2 Effect of tested nano-oils on broad beans weight loss

Fig. 3 Repellancy of tested nano-oils on C. maculatus
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Conclusion
This study discovered the nano-oils rosemary and garlic
are the most effective oils against the tested two serious
pests C. maculatus and C. chinensis. These results can
be helpful and beneficial for controlling many stored in-
sect pests. These results encourage the extension in the
use of nanotechnology for pest control.
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