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ABSTRACT: In search for alternatives of conventional pesticides, plant essential oils have
been widely investigated. Essential oils from aromatic plants are recognized as proper
alternatives to chemical fumigants. In this research fumigant toxicity of essential oil of citrus
peels was studied against three most common stored-product insects, Tribolium confusum,
Callosobruchus maculatus and Rhyzopertha dominica. Five concentrations of essential oil
were tested with four replicated at 24 and 48 h times with 30 adult insect in each
replication. The citrus peels have medicinal and insecticide properties. The essential oil was
obtained from the fruit peels using hydro distillation that were dried naturally at room
temperature (23–27°C). After 24 h of exposure, the LC50 values were estimated to be 259,
158 and 118 µl/l air and after 48 h were 134, 106 and 86 respectively for each insect. It was
found that R. dominica adults were more susceptible to the oil than others and T. confusum
adults were less susceptible. Increasing the essential oil concentration and exposed time
increased the fumigant toxicity of essential oils on insects. These results suggest that citrus
peel essential oil as potential fumigant and may be used as a safe pesticide for the
management of stored-product insects.
KEY WORDS: Fumigant toxicity, Citrus peel Essential oil, Tribulium confusum,
Rhyzopertha dominica, Callosobruchus maculatus.

Globally a minimum of 10% of cereals and legumes are lost after harvest
(Boxall et al., 2002). Stored products of agricultural and animal origin are
attacked by more than 600 species of beetle pests, 70 species of moths and about
355 species of mites causing quantitative and qualitative losses and insect
contamination in food commodities is an important quality control problem of
concern for food industries (Rajendran & Sriranjini, 2008). Currently, phosphine
(from metal phosphide preparations, cylinderized formulations and on-site
generators) and methyl bromide (available in cylinders and metal cans) are the
two common fumigants used for stored-product protection world over. Insect
resistance to phosphine is a global issue now and control failures have been
reported in field situations in some countries (Taylor, 1989; Collins et al., 2002).
Methyl bromide, a broad-spectrum fumigant, has been declared an ozonedepleting substance and therefore, is being phased out completely (Rajendran &
Sriranjini, 2008).
During the past few decades, application of synthetic pesticides to control
agricultural pests has been a standard practice. However, with growing evidence
that many conventional pesticides can adversely affect the environment,
requirements for safer means of pest management have become crucial.
Therefore, the use of safe, low toxicity botanical pesticides is now emerging as one
of the prime means to protect crops, their products and the environment from
pesticide pollution, a global problem (Rozman et al., 2007).
Use of plant products as insecticide is one of the important approaches of
insect pest management and it has many advantages over synthetic insecticides
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(Weinzierl & Henn, 1992). Plant materials with insecticidal properties are one of
the most important locally available, biodegradable and inexpensive methods for
the biological control of pests (Zewde & Jembere, 2010). Essential oils are volatile
natural complex secondary metabolites characterized by a strong odor and have a
generally lower density than that of water (Bruneton, 1999; Bakkali et al., 2008).
There are 17,500 aromatic plant species (Bruneton, 1999) among higher plants
and approximately 3,000 essential oils are known out of which 300 are
commercially important for pharmaceuticals, cosmetics and perfume industries
apart from pesticidal potential (Tripathi et al., 2009).
The fruit peels of some citrus species have been reported to have insecticidal
properties against insect pests (Don-Pedro, 1985; Onu and Sulyman, 1997; Elhag,
2000). Cow pea treated with the powdered sun-dried of orange peels is associated
with LD50 of 4% (w/w) for Callosobruchus maculates (F.) exposed to it (Don
Pedro, 1985). Essential oil derived from orange peels is known to have toxic,
feeding deterrent, and poor development effects on lesser grain borer,
Rhyzopertha domonica (F.), rice weevils, Sitophilus oryzae (L.) and red floor
beetle, Tribolum castaneum (Herbst) (Tripathi et al., 2003).
In another studies, the essential oil of citrus peels powder to reduce
oviposition or larvae emergence through parental adult mortality (Don-Pedro,
1996; Elhag, 2000); and the peel oil has fumigant action against fleas (Weinzierl
and Henn, 1992) and house hold insects Blatella germanica (L.) and Musca
domestica (L.) and stored product Sitophilus oryzae (Karr and Coats, 1988) and
callosobruchus maculatus (F.) (Morawej and Abbar, 2008). The major active
component of citrus oil is limonene. Insecticidal activity of limonene has been
successfully applied for the control of insect parasitoids of pet animals (Morawej
and Abbar, 2008). (+)-limonene was toxic to Malathion resistance fleas (Collart
and Hink, 1986) and to all life stages of the cat flea, Ctenocephalides felis (Hink
and Fee, 1986) and Tribolium cunfusum (Stamopoulos et al., 2007). The peel oil
was also reported to have toxicity toward Culex pipiens (Mwaiko & Savaeli, 1992);
and cow pea weevils, Callosobruchus maculates (F.) (El-Sayed & Abdel-Razik,
1991).
In the present study, the activities of volatile fractions of essential oils
extracted from the fruit dried peels of Citrus sinensis on the three stored product
beetles.
MATERIALS AND METHODS
Insect cultures
All the test insects were supplied from laboratory colonies maintained in the
Entomology laboratory of the Department of Entomology, Urmia University.
Tribolium confusum (Du Val) was reared in one liter glass container containing
wheat flour mixed with yeast (20:1 w/w). Rhyzopertha dominica (F.) was reared
in one liter glass container containing whole wheat grains and Callosobruchus
maculatus (F.) was reared on a diet of bean. The cultures were maintained in
continuous darkness at 29 ± 1°C and 60 ± 5% relative humidity (r.h.). The insects
used in these experiments were 1–7 days old adults.
Plant materials
The fresh citrus fruits were collected from the central local market of Urmia,
Iran during January and February 2010, were peeled. The fresh peels of C.
sinensis fruits were dried naturally on laboratory benches at room temperature
(23–27°C) until they were crisp. The dried peels were stored at 24°C until they
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were hydrodistilled to extract their essential oils. Ground materials were obtained
by grinding the dry peels into a fine powder using mortal and pestle.
Extraction of essential oil
Dried peels were subjected to hydrodistillation using a modified Clevengertype apparatus in order to obtain essential oil. Condition of extraction was: 50 g of
ground materials, 600 ml distilled water and 2 h distillation. About 1.5 ml oil was
extracted per 50 g ground materials. Extracted oil was stored in a refrigerator at
4°C until the onset of bioassays.
Fumigant toxicity
The fumigation toxicity of the essential oil was tested following the method of
Wang et al. (2001) with some modification. Wide mouth bottles of 310 ml
capacity with lids were used as exposure chamber. Filter papers of 3 cm diameter
were treated with five different essential oil concentrations to give a range of 2080% mortality. The range of concentrations had been chosen on the basis of a
number of preliminary trials. The filter paper was attached to the undersurface of
the screw cap of bottles. Thirty insects in small nylon mesh bag with 2g food
substrate were hung at the center of the glass bottle (2 cm high) above. The
bottles were then closed tightly with a lid. Each treatment with respective control
was replicated four times. Mortality was checked after 24 and 48 h. The insects
were considered to be dead as no leg or antennal movements were observed.
Data analysis
Mortality data were analyzed with SPSS software (SPSS Inc, 1993). Probit analysis
was used to determinate LC50 and LC95 values. The values significance of χ2 was
estimated according to Robertson and Preisler (1992). Data were analyzed using
one-way analysis of variance (ANOVA) followed by Tukey's honestly significant
difference (HSD) test to estimate statistical differences between means at α =
0.05.
RESULTS
Chemical constituent of essential oil
The chemical constituents of the essential oil of C. sinensis, the retention
indices and the percentage of the individual components are summarized in Table
1. The two major constituents, in order of decreasing amounts, were limonene
(70%) and β-pinene (9.3%).
Fumigant toxicity
The essential oil vapors of the dried peels showed variable toxicity to adults of
test insects, depending on concentration and exposure time. According to the
results of ANOVA, the effect of doses and exposure time interactions of the
essential oil obtained from C. sinensis fruit dried peels on beetles were significant
at P< 0.01. The results showed there were positive and linear significant
relationships between percent mortality of T. confusum, C. maculatus and R.
dominica and duration of exposure to the essential oil vapors within all
concentration levels. This indicates that higher dosage is more efficient in
management of pests.
The 24-h LC50 values against the beetles were 259, 158 and 124 μl/l air and the
48-h LC50 values were 134, 106 and 93 μl/l air for T. confusum, C. maculatus and
R. dominica respectively (Table 2 and 3). In general, mortality, increased as the
doses of essential oil and exposure period increased. On the other hand, the LC50
decreased with the duration of exposure to the essential oil concentrations (Table
2 and 3).
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The essentials oil caused the highest mortality in 53, 41 and 31 μlL-1 doses and
at 48 h of exposure on T. confusum, C. maculatus and R. dominica respectively.
In all of the times, it was found that R. dominica adults were more susceptible to
the oil than others, and T. confusum adults were less susceptible.
The slops of the six probit mortality regressions for the essential oil were
significantly different. The slope of the probit mortality line for the T. confusum in
48 h was significantly greater than those of C. maculatus and R. dominica (Table
3).
DISCUSSION
Over 120 plants and plant products have been showed to have insecticidal or
deterrent activity against stored product pests (Dale, 1996). However, the number
and quality of plants used by farmers is often limited by their availability
(Dharmasena, 1995). Rotaceae is a large family containing 130 genera in seven
subfamily, with many important fruits and essential oil product. Lemon essential
oil has the highest value of all essential oils imported to the USA (Weiss, 1997).
The toxicity of C. sinensis peel oil may be attributed to d-limonene (Sharaby,
1988). Tripathi et al. (2003) reported the contact toxicity of d-limonene with LD50
74.73, 85.37 and 79.78 for R. dominica, S. oryzae and T. castaneum. Analysis of
the toxicity data in the present study showed that the essential oil vapors from
citrus dried peels exhibited a variable toxic action against the adult of three
beetles. The current findings are similar to the results of Morawej and Abbar
(2008) who has also reported fumigant toxicity of orange peel oil against C.
maculatus.
The orange peel oil has been reported to have fumigant toxicity 13 times more
than that of methyl bromide (Tripathi et al., 2003). The studies also showed that
orange peel has strong fumigant toxicity effect against the Z. subfasciatus (Zewde
& Jembere, 2010). Keita et al. (2001) reported that the mode of the action of
fumigant toxicity of essential oil against insects might be the inhibition of acetyl
cholinesterase.
Studying on the effects of essential oil from various plant species on the
bruchid, A. obtectus, Papachristos and Stamopoulos (2002) reported that
fumigant LC50 values of C. sinensis at 24 h exposure for males and females were
11.4 and 19.5 µl/l air, respectively. These values were much lower than the LC 50
values of the same plant source obtained in the present study for these beetles.
The observed difference between our results and those of Papachristos and
Stamopoulos (2002) seems to be reasonable because of different species and size
of insects or/and methodology of oil extraction concerned (Morawej & Abbar,
2008).
The result of the current study suggested that materials derived from Citrus
sinensis, may be used as pulse protectant against pests for small scale farmers.
Therefore, investigation on incorporating, improving and adopting for the control
of stored product insects need to be investigated.
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Table 1: Chemical components of the essential oil of Citrus sinensis.

Compounds
β- pinene
Limonene
Linalool
Isopulegol
Terpinen-4-ol
Decanal
Geranyl formate
Citral
Helminthogermacrene
1,1-dodecanediol
δ-murrolene
Valencene

Retention index
973
1040
1104
1156
1185
1208
1384
1159
1382
1452
1480
1495

Content (%)
9.3
70
3.8
0.56
0.59
4.92
1.92
0.89
0.50
0.94
1.58
3.81
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Table 2. LC50 and LC95 values of C. sinensis essential oil to Tribolium confusum,
Callosobruchus maculatus and Rhyzopertha dominica at 24 h.

Table 3. LC50 and LC95 values of C. sinensis essential oil to Tribolium confusum,
Callosobruchus maculatus and Rhyzopertha dominica at 48 h.

