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Abstract

Protection of stored agricultural products against insects is carried out with chemical insecticides. They have harmful effects for
human being, animal and environment. This research carried out on plant essential oils, which are one of the harmless materials and
act like contact-fumigant from offering the prospect for using in stored product. They should have the ability to repel the insects. The
objective of the present study was to test the properties of Prunus amygdalus L. and Mentha viridis L. for preventing the penetration
of pest insects, including: 7. castaneum, S. granaries, S. panicenm and R. dominica, to packaged cereals. As foodstuff was packaged by
PE polymer and placed into a container 10 g of wheat and flour. The repellent essential oils used in the interior surface of containers.
The releasing of insects carried out around the containers to determinate the insect’s penetration percentage with effect of repellents.
The highest concentration counted was 1.75 pl of essential oil per 0.5 ml acetone. The results showed that P amygdalus had the most
repellency effect on 7. castanenm that cause 78.52% contamination deduction inside the packaged crop in comparing with control. In
addition, M. viridis caused the most repellency on S. granarius (63.81%). The resules demonstrated the efficacy of these essential oils for

using it in organic food protection. They can prevent the infestation of the stored-product pests to the warchouse.
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Introduction

From storage to consumption by consumers, the agri-
culture products are exposed to attack by pest insects. In-
sects are the most serious pests that can contaminate the
food by penetration of products in warchouses. Despite
modern food storage and distribution systems, most pack-
aged food products, with the exception of canned and fro-
zen goods, are subject to attack and penetration by insects
(Mullen and Highland, 1988). The most insects use their
sense of olfaction to find food. There are two types of in-
sects that attack packaged products: “penetrators’, which
are insects that can bore holes through packaging materi-
als; and “invaders”, which are insects that enter packages
through existing holes, such as folds and seams and air
vents (Highland, 1984; Newton, 1988). They can enter
foodstuffs packages and also, move from one package to
other packages in the stores. Tribolium castaneum Hb.
(Col.: Tenebrionidac), Sitophilus granarius L. (Col.: Cur-
culionidae), Rhyzopertha dominica F. (Col.: Bostrychidae)
and Stegobium paniceum (Col.: Anobidae) are some of the
stored-product insects that are capable of penetrating food
packaging. Many rescarches have been carried out to de-
termine penetration abilities of various species of stored-
product insects into packaged agricultural products, re-
cently (Bowditch, 1997; Allahvaisi ez 4/., 2009). In all of
the researches that have been done on the penetration of
insects to different materials, the effect of repellent of es-

sential oils on these materials has not been tested. Also,
this matter whether the various parts of stored foodstuffs
packages in the presence of repellents is different or no,
is important for what resting packages in store. Therefore,
this study had two purposes: to explore the possibility of
using these insect repellents to prevent pests from infest-
ing food packages, and to achieve what repellents in stores
have been used for decrease contamination of foodstuffs

packages.
Materials and methods
Insects

Three insect species, 1. castaneum, S. granaries, S. pani-
ceum and R. dominica were reared in the laboratoryat 27
+ 1°C and 65 + 5% relative humidity (R.H.). All species
had been cultured in the laboratory for over five years. 10
days old adults were used in all the experiments. S. pani-
ceum and T. castaneum was reared on wheat flour mixed
with 5% brewer’s yeast; R. dominica and S. granarius were
reared on whole kernels of wheat.

Plant essential oils

Two commerecially available essential oils were tested in
this study. They were obtained from Mentha viridis and
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Prunus amygdalus. These oils were assayed against 1. casta-
neum, S. granaries, S. paniceum and R. dominica adults.

The used polymer

In this study, the permeability of transparent and flex-
ible PE polymer with 16.5-um tested against stored-insect
pests that it is current polymer for foodstuffs packaging
(Allahvaisi ez al., 2009). Polymeric sheets were cut into
15%22 cm pieces with the aid of a template and after-
wards 8x10 cm pouches was prepared through the sealed
polymeric pieces, with the aid of press plastic machine for
packaging 10 g foodstuffs (wheat and flour). These pouch-

es were completely without any pores.
Essential oils concentrations

Repellent activity of 7. castaneum, S. granaries, R. dom-
inica and S. paniceum was studied by using five dilutions
of each oil (0.44, 0.77, 1.1, 1.42, 1.75% w/w) prepared in
0.5 ml acetone. Aliquots of 1.5 ml of each dilution were
sprayed on walls of the container containing foodstuff
packaging to achieve homogeneous distribution.

Penetration test

In this study, one of the prepared pouches was hanged
in the top of a 150 cc container, vertically. Then repellent
essential oils used on the interior surface of containers
containing foodstuffs packages. On the various parts of
each container created the holes in the same size and any
container was put inside the second container (300 cc)
which the adult insects released inside these containers.
So, the insect’s penetration ability with effect of repellents
determined. Also, a control test (water was used instead
of oils) used. Tests were repeated three times. The num-
ber of applied insects in any replication was 50 adults with
7-10 days old that starved 24 hours. Finally, the containers
capped with a filter fine lace-mesh lid to confine the po-
tential escape and to keep out foreign objects. The experi-
ments were conducted at 27+1°C, 65+5% R.H. in dark
condition. The packages were extracted from the jars and
examined for penetrations, daily. All repellence assays were
conducted in the laboratory. The penetration by the pests
started from less than 48 hours and the highest insects pen-
etration occurred usually after 3 days. Whereas these two
essential oils had knock down properties (Al-Jabr, 2006),
the insects died during experimental period were replaced
by the same aged adults from the same treatments. When a
puncture was created or one insect was observed inside the
packaging, it would be considered the beginning of pen-
etration and data was recorded in immediately. Each hole,
made by the insects on the packaging polymer was counted
as penetration, but the only way to determine penetration
percentage was counting the penetrated insects number
of punctures (Allahvaisi ez al., 2009). The counting con-

tinued until 5 days, daily. The punchers number created
by insects on various sites of packages showed that arrival
sites of pest insects in different parts can be effective on
repellent percentage of essential oils.

Data analysis

Statistical analysis of data was carried out with
MSTATC and EXCEL software and Randomized Com-
plete Design (RCD) and the means were compared with
Duncan’s mean test.

Results and discussion

The results showed repellent percentage of two essen-
tial oils on pests is different. From among the applied in-
sects S. paniceum had the most penetration in both oils.
This pest penetration occurred in used polymer for less
than 48 hours and the most penetration was in 72 hours.
More tested insects penetrated to packages until 72 hours
but the most penetration was in fifth day. However, the
used pests in control test penetrated less than 24 hours and
the most penetration was in 48 hours. The statistical analy-
sis revealed a significant difference among tested pests. The
results show the permeability percentage of pests to pack-
ages with essential oils is very less in comparison with con-
trol test. P amygdalus had the most repellence effect on
T. castaneum (Al-Jabr, 2006). Whereas M. viridis caused
the most repellency on S. granaries, M. viridis prevented
S. granarius penetration of treated foodstuffs packages so
that no insects of this pest at concentrations of 1.42 and
1.75% w/w penetrated through PE polymer as packaging
material that this was considerable in comparison with
control and both PE polymer and essential oils had bi-
lateral effect on cach other and significantly reduced the
number of insects penetrating to the treated foodstuffs
packages (Tab. 1). So, the reduction of the penetration by
M. viridis in comparison with the control test may be due
to its repellent and antifeeding properties. These results
obtained in the case of P amygdalus at 1.1, 1.42, 1.75%
w/w concentration that they were effected on Tribolium
castaneum, either.

After five days, the repellency activity of P. amygdalus
against tested pests is following with: 7. castaneum> S.
granarius> R. dominica> S. paniceum (Tab. 2). Also, the
effect of M. viridis on tested pests was ranked in the order
of increasing repellency as: S. granarius> T castaneum>R.
dominica> S. paniceum (Tab. 3). So that, there was a sig-
nificant difference among permeability of these pests to
foodstuffs packaged with PE polymer.

On the other hand, there was a significant difference
between the pests penetration to PE polymer in treated
and control tests. The statistical analysis of obtained data
from treated and control tests showed that there is a bi-
lateral effect between packaging and essential oils that
Tab. 4 shows average penetration of insects in 0.44%w/w
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Tab. 1. Average penetration percentage of pest insects trough PE polymer with two different essential oils
Plant Oils Insect Average penetration of insects to packages at concentrations (%)
0.44 0.77 1.1 1.42 1.75
S. granarius 16+0.65 12.3.£0.6 6.120.53 1.2+0.28 00.0£00.0
T castaneum 13.7+0.11 7.78£0.5 00.0£00.0 00.0+£00.0 00.0£00.0
P amygdalus i
S. paniceum 30.7+£0.22 24.8+0.18 13+0.18 7.84+0.22 2.7+0.32
R. dominica 25+0.5 19.31+0.7 11+0.3 5.15+0.25 0.8+0.36
S. granarius 14.65+0.27 9.240.51 3.8+0.24 00.0+00.0 00.0£00.0
M. viridis T castaneum 19.5+0.8 11.32.£0.5 6.89+0.61 2.76+0.55 0.289+0.22
S. paniceum 37.96£0.57 28.5+0.4 15+0.36 10.2+0.32 3.54+0.36
R. dominica 31.78+0.5 23.3+0.7 147+0.18 9.9+0.26 5.4+0.4
Tab. 2. Comparison of average penetration percentage of pest insects through PE polymer in various concentrations of P
amygdalus
Plant Oils Insect Average penetration of insects to packages at concentrations (%)
0.44 0.77 1.1 1.42 1.75
S. granarius 16+0.65 123.£0.6 6.1+0.53 1.240.28 00.0+00.0
1 castaneum 13.7+0.11 7.78+0.5 00.0£00.0 00.0£00.0 00.0£00.0
F amygdalus . paniceum 30.740.22 2485018 13:0.18 7.84£022 27£0.32
R. dominica 25+0.5 19.31£0.7 11£0.3 5.15£0.25 0.8+0.36
Means 21.35+0.37a 16.05£0.5b 7.5240.18¢ 3.550.19d 0.87+0.17¢

The dissimilar words show significant differences among the concentrations (p < 0.05)

Tab. 3. Comparison of average penetration percentage of pest insects through PE polymer in various concentrations of M. viridis

Average penetration of insects to packages at concentrations (%)

Planc Oils Insect 0.44 0.77 1.1 142 1.75
S. granarius 14.65+0.27 9.2+0.51 3.8+0.24 00.0+00.0 00.0+00.0
M. viidis T. castaneum 19.5+0.8 11.32.40.5 6.89+0.61 2.76+0.55 0.289+0.22
8. paniceum 37.96+0.57 28.5+0.4 15+0.36 10.2+0.32 3.54+0.36
R. dominica 31.78+0.5 23.3+0.7 14.7+0.18 9.9+0.26 5.4+0.4
Means 25.97+0.535a 18.08+0.53b 10.1+0.35¢ 5.715+0.28d 2.31+0.245¢
The dissimilar words show significant differences among the concentrations (p < 0.05)
Tab. 4. Average penetration percentage of pest insects trough PE polymer with two different essential oils
Insect . . .
Essential oils S. granarius T castaneum S. paniceum R. dominica Mean
P, amygdalus 20.07.+0.19 16.48+0.61 26.17+0.19 21.32+0.36 21.01+£0.34a
M. viridis 19.06+0.36 22.44.40.55 31.075+0.4 25.2+0.32 24.444+0.41 a
Control 29.7+0.65 31.6+0.11 45.82+0.22 40.03+0.5 36.79+0.37 b
The dissimilar words show significant differences among the concentrations (p < 0.05)
Tab. 5. Mean infestation and penetration of insects from various parts of containers to packages
Mean of punctures on PE packages (%)
Treatment and Control P, amygdalus M. viridis water
Insect top middle bottom top middle bottom top middle bottom
S. granarius 14.1 0 1.072 13 333 0 11.02 5.4 15.13
1. castaneum 11.63 4.73 2.168 195 0 0.05 10.12 0.009 12.07
§. paniceum 17.4 10.6 6.34 16.02 15.25 8 21.3 5.35 16
R. dominica 13.23 11.33 2.6 24.2 0 0 14.23 7.02 16.22
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concentration. Also Al-Jabr (2006) showed that M. viridis
and P amygdalus are repellent to many insects.

The infestation of insects and the number of holes cre-
ated on the top part of foodstuffs packages were more and
the least infestation exposed at the part of bottom (Tab.
5) that this is for the reason that at the top of container
the essential oils concentration may be less in effect of air
entrance. Therefore packages resting in stores should be in
the state that there were repellents at the all parts. Howev-
er, in control test the packaging polymer permeability was
less at the middle parts that this matter shows the effect
of essential oils in keeping away pests (Cline, 1978). The
main insecticide case of essential oils is plant volatile com-
pounds (Papachristos and Stamopoulos, 2002; Keita ez
al., 2000). Barriers such as packaging polymers developed
for preventing the migration of pyrethrins into packaging
(Highland, 1975), or similar barriers may prevent the con-
tamination of food by essential oils.

Conclusions

The results of this study should be viewed from an as-
pect of improving the packaging material using both pack-
aging and repellents to reduce the pest insects” penetra-
tion into foodstuffs packages in warchouses, significantly
so that sometimes no insects had penetration at all. Least
penetration of adult insects observed in the presence of P
amygdalus had the most repellency effect on 7. castaneum.
Allahvaisi ez al. (2009) showed insects’ penetration at bot-
tom of packages was more than middle but in this study
repellents cause the most penetration of insects at the top
of packages that is exposed to air. Also, the repellence per-
centage for tested insects was high for two essential oils
but it was most in P amygdalus. The dose-response rela-
tionships reported in this study provide a foundation for
future investigations of P amygdalus and M. viridis oil as
vapor toxicant and repellent against adults of other pests.

According to the results of this research and some
other studies, a suitable packaging and pests repellent
could be suitable from the viewpoint of preventing insect
penetration and would be as a safe method for IPM pro-
grammers which could further reduce the application of
the synthetic chemicals and prevent the infestation of the
stored-product pests.
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