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Abstract. Plant secondary metabolites play an important role in plant-insect interactions and therefore such compounds may have 
insecticidal activity against insects.This study reports the fumigant toxicity of Citrus reticulata Blanco (Rutaceae) peel essential oil 
against an stored-product insect pest, i.e. red flour beetle, Tribolium castaneum (Tenebrionidae) larvae and synergistic effect of di-
ethyl maleate (DEM) on them. Experiment was carried out at 27 ± 1ºC and 60 ± 5% relative humidity in darkness. Five concentra-
tions of essential oil from C. reticulata were tested in three replicates alone and combined with  DEM on T. castaneum larvae. Results 
indicated the fumigant tocxicity of essential oil from C. reticulata on T. castaneum larvae. LC50 values were 17.5 and 11.6 μl/l air at 24 
and 48 h after exposure against larvae of T. castaneum, respectively. Combination of the essential oil from C. reticulata with the syn-
ergist DEM after 24 and 48 h of exposure decreased the corresponding LC50 values to 5.5 and 3.01 μl/l air, respectively. Mortality of 
T. castaneum larvae increased both with increase in the concentration of C. reticulata essential oil as well as exposure time of treatments. 
These results suggested that C. reticulata oil may have potential as a control agent against T. castaneum larvae, and DEM can consid-
erably improve the potency of essential oils from C. reticulata and maybe applied successfully in T. castaneum. 
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Introduction 
 
The red flour beetle, Tribolium castaneum (Herbst, 1797)  is 
one of the major pests of stored grains and grain products. 
Control of this insect and other stored product pests relies 
heavily on the use of gaseous fumigants and residual insecti-
cides (Ogendo et al. 2008). Due to the problems associated 
with the indiscriminate use of synthetic insecticides like in-
sect resistance and impact on non target organisms, many 
scientists throughout the world have concentrated on the 
search for active natural products derived from plants as 
ecologically safe alternatives, because globally there is grow-
ing awareness and desire to utilize natural and environment-
friendly compounds for pest control (Bughio & Wilkins 
2004). The efficacy of volatiles from Securidaca longepeduncu-
lata Fresen (Jayasekara et al. 2005) and Daucus carota L. (Nis-
sinen et al. 2005) have been evaluated against stored grain 
pests. Essential oils obtained from plants are under particu-
lar investigation for their broad-spectrum pest control prop-
erties. They have been shown to possess fumigant activity 
for stored-product pests (Negahban et al. 2007, Negahban & 
Moharramipour 2007, Sahaf 2007, 2008) as contact insecti-
cides (Park et al. 2003). Moreover, their repellent, an-
tifeedants, growth inhibiting and reproduction-retarding ef-
fects have been demonstrated against several storage pests 
(Huang et al. 1998; Papachristos & Stamopoulos 2002; Ta-
pondjou et al. 2005, Benzi et al. 2009). Toxic effects of crude 
extracts and oil constituents have been established against 
many insect pests (Rao & Singh 1994). Essential oils derived 
from plant species of Platycladus have been evaluated for in-
secticidal properties (Pavela 2005). Platycladus orientalis is a 
medicinal plant whose fresh leaves have been used as an 
anti-inflammatory (Panthong et al. 1986), while the dried 
leaves have been used to treat flu and cough (Comerford 
1996), high blood pressure (Panthong et al. 1986), bleeding 
arthralgia (Mikage et al. 1984), cancer (Sharma et al. 1993), 
and has also been used in Chinese medicine for the treat-
ment of gout, rheumatism, diarrhea and chronic tracheitis 

(Zhu et al. 2004). The insecticidal potential of certain plant 
extracts such as Piper guineense Schum. & Thonn 
(Schumacher et Thonning) (Asawalam et al. 2007), Piper ni-
grum L. (Boff et al. 2006), Anethum graveolens L., Cuminum 
cyminum L. (Ellakwah et al. 2002), Allium sativum L. (Udo 
2005), Vitex negundo L., Polygonum hydropiper L. (Taleb & Salam 
2005), Myristica fragrans Houttuyn (Haryadi & Rahayu, 2003) 
have been established against stored grain pests (Trakoonti-
vakorn et al. 2006).  

Synergists are an important research tool in the labora-
tory to determine the mechanisms of resistance involved in a 
particular population (Lorini & Galley 2000). Diethyl 
maleate (DEM) bears an electrophilic center and reacts with 
glutathion by direct conjugation and by interaction with the 
glutathion s-transferase system. Degree of safety of diethyl 
maleate (DEM) to human may cause sensitisation by skin 
contact. It is also harmful as it may cause lung damage if 
swallowed and are irritating to eyes, the respiratory system 
and skin. They are also harmful to aquatic organisms as they 
may cause long-term adverse effects in the aquatic environ-
ment. Repeated exposure potentially causes skin dryness 
and cracking. Their vapours potentially cause drowsiness 
and dizziness. Inhalation and/or skin contact may produce 
health damage (Anonymous 2012). The essential oil from 
Citrus reticulata fruit peels has been reported to have fumi-
gant toxicity against Tribolium castaneum adults (Safavi & 
Mobki 2012). 

The present study was conducted to determine the effi-
ciency of the essential oil from Citrus reticulata peel as a plant 
secondary metabolite against an stored product pest, Tri-
bolium castaneum (Herbst) larvae and how far DEM can en-
hance the insecticidal activity of essential oil from Citrus re-
ticulata. 
 
 
Materials and Methods 
 
Insect rearing 
Used pest in this work was Tribolium castaneum larvae which was  
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prepared from Entomology Department of Urmia University. Insects 
were reared at 27 ± 1°C, relative humidity of 60 ± 5% and darkness 
on natural food (wheat flour (10 parts) with yeast (1 part)) in one-
liter containers. Homogen ages of larval instars were achieved by re-
leasing adults on insect-free diet for ovipositing and removing them 
after 24 hours. All experiments were carried out under the same en-
vironmental conditions. 
 
Extraction of the essential oils 
Fruit peels of Citrus reticulata (Bam variety 2011) (Rutaceae) , were 
dried in absence of sun light at room temperature at 30±5°C and 
grounded by domestic mixer (Pars Khazar, Iran). The dried material 
was hydro-distilled in Clevenger apparatus continuously for four 
hours to yield the essential oil. Extraction was done on: 100 g of 
dried material; 1:12 plant material / water  (W/ V) volume ratio. Ex-
tracted oils transferred to glass flasks that were filled to the top and 
kept at the temperature of 4°C in a refrigerator. 
 
Contact toxicity tests of synergist 
In this bioassay, DEM was combined with acetone in the ratio (1:2). 
Filter papers (9-cm diameter) were impregnated in 1 ml of this solu-
tion and placed in Petri dishes (9-cm of diameter). Acetone was 
evaporated by placing the dishes under the laboratory fume hood for 
20 min. Thirty larvae (7-10 days old) of T. castaneum were exposed to 
treated dishes for 1 h and then for considering synergistic effect of 
DEM on the toxicity of essential oil from C. reticulata to T. castaneum, 
insects were placed in glass bottles (2-cm high). The bottles were 
then closed tightly with a lid. Each treatment and its respective con-
trol (filter papers which were impregnated with acetone) were repli-
cated. Treated insects were incubated at 27 ± 1°C for both 24 and 48 h 
exposures. Mortality was checked after 24 and 48 h. After this time, 
the number of dead larvae was counted.  Those larvae that did not 
move when lightly probed or shaken in light and mild heat were 
considered dead. Mortality in the control was not observed in any 
experiment. 

 
Fumigant toxicity of essential oil from Citrus reticulata peels 
In fumigant toxicity assays, filter papers (What man No. 1, cut into 4 
× 5 cm paper strip) were impregnated with different concentrations 
using a microsampler. Thirty larvae (7-10 days old) of T. castaneum 
were placed in small plastic tubes (3.5 cm diameter and 5 cm height) 
with open ends covered with cloth mesh. The tubes were hung at the 
geometrical centre of glass bottles, which were then sealed with air–
tight lids. The experimental concentrations of Citrus reticulata peel 
essential oil on Tribolium castaneum larvae were determined by pre-
liminary tests. Experimental concentrations were 8, 13, 19, 24 and 28 
μl/l air for larvae (7-10 days old). In the control bottles, only acetone 
was applied on the filter papers. Experiment were replicated three 
times. In all cases, the exposure times were 24 and 48hours. Treated 
insects were incubated at 27 ± 1°C for both 24 and 48 h exposures. 
After this time, the number of dead larvae was counted. Those larvae 
that did not move when lightly probed or shaken in light and mild 
heat were considered dead (Mobki et al. 2014). Mortality in the con- 

trol was not observed in any experiment. 
 
Data analysis 
Mortality data were analyzed with SPSS software (SPSS Inc 1993). 
Probit analysis was used to determin LC50 and LC95 values. Data 
were analyzed using one-way analysis of variance (ANOVA) fol-
lowed by Tukey's honestly significant difference (HSD) test to esti-
mate statistical differences among  means at α = 0.05. 
 
 
Results  
 
Analysis of variances showed that the insect mortality was 
completely correlated with essential oils from Citrus reticu-
lata Fruit Peels concentrations at 24 and 48 h exposure. Mean 
comparisons of percent mortality data with honestly signifi-
cant differences (HSD= honestly significant difference 
Tukey) test showed that all treatments were statistically dif-
ferent in their lethality to larvae. With comparing the mean 
mortality values, it is seen that with increase in concentra-
tions of Citrus reticulata peel essential oil, mortality rate of 
larvae of Tribolium castaneum was increased accordingly (Ta-
bles 1 and 2). The insecticidal activity varied with plant de-
rived material, different concentrations of the oils and expo-
sure time. The essential oil of Citrus reticulata fruit peels at 
the highest dose of 28 μl/l air gave 78.8%  and 81%  mortal-
ity after 24 and 48 hours of exposure, respectively (Table 1) , 
When DEM was added as synergist, the highest dose of 14 
μl/l air gave 82.1%  and 79.9% mortality after 24 and 48 
hours of exposure (Table 2). 

After comparing the mean values, it is concluded that 
with increase in concentrations of essential oil of C. reticulata, 
the mortality rate of larvae of T. castaneum was increased ac-
cordingly (Tables 1 and 2). It was found that the synergist 
decreased the doses of the essential oil from C. reticulata for 
T. castaneum control (Table 2). 

The result on fumigant toxicity of essential oil of Citrus re-
ticulata fruit peels is presented in Table 1. No dead larvae 
were observed at the least dose of 8 μl/l air. The highest dose 
of essential oil showed significantly higher (P< 0.05) mortal-
ity. Tables 3 and 4 show the probit analysis results and ap-
propriate LC50 and LC95 values.  

LC50 and LC95 values of essential oils on T. castaneum lar-
vae were 17.5 and 50.6 μl/l air respectively after 24 h of ex-
posure, while the corresponding values after 48 h were 11.6 
and 38.9 μl/l air, respectively (Table 3), After adding the 
synergist, the corresponding values of LC50 and LC95 were 
decreased to 5.5 and 31.1 μl/l air after 24 h and 3.01 and 19.9  

 
Table1. Percentage mortality of  T. castaneum larvae treated with essential oils of Citrus reticulata peel after 24 h and 48 h. 

 

Concentration (µl/l air) Exposue time control 8 13 19 24 28 
Mean Mortality (%)± SE 24 0.0A±0.0 19.8B±0.3 26.5C±0.3 48.6D±0.5 65.5E±0.8 78.8E±0.0 
Mean Mortality (%)± SE 48 0.0A±0.0 20.9B±0.6 27.7B±0.6 47.5C±0.58 69C±0.0 81D±1 

 

Means followed by the same letter are not significantly different at  p = 0.05 (Tukey, HSD). 
 
 

Table2. Percentage mortality of T. castaneum larvae treated with essential oils of C. reticulata peel with synergist DEM  
after 24 and 48 h. 

 

Concentration (µl/l air) Exposue time control 2 4 7 11 14 
Mean Mortality (%)± SE 24 0.0A±0.0 20.1B±0.3 26.4C±0.3 46.6D±0.3 71.6E±0.0 82.1E±0.2 
Mean Mortality (%)± SE 48 0.0A±0.0 21.2B±0.4 28.8B±0.5 45.5C±0.2 68.5C±0.2 79.9D±0.0 

 

Means followed by the same letter are not significantly different at  p = 0.05 (Tukey, HSD). 



S.A. Safavi & M. Mobki 
 

84 

Table 3. Probit analysis of fumigant toxicity data of Citrus reticulata peel essential oils against T. 
castaneum larvae 24 and 48 h after exposure. 

 

Intercept Slope χ2 [df = 5, 12] LC95 (µl/l air) LC50 (µl/l air) Exposure time (h) 

1.90 7.5 1.11 50.6 17.5 24 
2.01 7.7 1.04 38.9 11.6 48 

 
 

Table 4. Probit analysis  of fumigant toxicity  data of Citrus reticulata peel essential oils with  
synergist DEM against T. castaneum larvae 24 and 48 h after exposure. 

 

Intercept Slope χ2 [df = 5, 12] LC95 (µl/l air) LC50 (µl/l air) Exposure time (h) 
1.06 6.5 1.01 31.1 5.5 24 
1.5 7.2 1.2 19.9 3.01 48 

 
 

μl/l air after 48 h, respectively (Table 4). 
 
 
Discussion 
 
Essential oils and components from more than 75 plant spe-
cies belonging to different families have been proved to pos-
sess high fumigant activity against stored product insect 
pests (Rajendran & Sriranjini 2008). Rutaceae is the large 
family containing 130 genera in seven subfamilies with 
many important fruits and essential oil products. In this fam-
ily, lemon essential oil has the highest value of all essential 
oils and is widely used as flavouring agent in bakery, as fra-
grance in perfumery and also for pharmaceutical applica-
tions (Weiss 1997). In this study, results showed a consider-
able insecticidal effect of essential oils from peel of citrus 
fruits on Tribolium castaneum after 24 and 48 h exposure. 
Several essential oils of plants  have been reported for their 
insecticidal activies against Tribolium castaneum (Herbst). The 
essential oil of Citrus sinensis L. showed contact toxicity 
against adult stage of  Zabrotes subfasciatus L. after 24, 48, 72 
and 96 h exposure (Zewde & Jembere 2010). Essential oil de-
rived from orange peels is known to have toxic, feeding de-
terrent and poor development effects on lesser grain borer, 
Rhyzopertha dominica (F.), rice weevils, Sitophilus oryzae (L.) 
and red flour beetle, Tribolum castaneum Herbst. (Tripathi et 
al. 2003).  

The essential oil from Citrus reticulata fruit peels has also 
been reported to have fumigant toxicity toward Culex pipiens 
(L.) (Mwaiko & Savaeli 1992) and cow pea weevils, Calloso-
bruchus maculates (F.) (El-Sayed & Abdel-Razik 1991). Fur-
thermore, the essential oil from Citrus reticulata fruit peels 
has fumigant action against Xenopsylla cheopis (R.) (Weinzierl 
& Henn 1992), household insect, Blatella germanica (L.) and 
Musca domestica (L.) and stored product Sitophilous oryzae (L.) 
(Kan & Coats 1988). Anna senegalensis (P.), Hyptis specigera (J.) 
and lippie regosa (T.) essential oils were tested against the 
four major stored product insect pests Sitophilous zeamais, Si-
tophilous oryzae, Callosobruchus maculatus and Tribolium casta-
neum. Hyptis specigera (J.) essential oil was the most active 
towards Sitophilous Oryzae (L.), and T. castaneum was the less 
sensitive insect when exposed to three essential oils (Ngamo 
et al. 2007). Toxicity and repellency of garlic (Allium sativum L.) ex-
tract has been reported against Tribolium castaneum (Herbst) lar-
vae and adults (Mobki et al. 2014). The essential oils from differ-
ent parts of plants, fruits of Schyzygium aromaticum L. , leaves 
of Aegle marmelos L., seed of Corriandrum sativum L. and peel 
of C. reticulata fruits extracted by a water distillation method 

showed strong repellency against Tribolium castaneum 
(Mishra & Tripathi 2011). The essential oil from Citrus reticu-
lata fruit peels has been reported to have fumigant toxicity 
against Tribolium castaneum adults. Result of that experiment 
showed that all treatments of the essential oil of Citrus reticu-
lata fruit peels was relatively toxic to Tribolium castaneum (Sa-
favi & Mobki 2012). 

Essential oils of fruit peels of some Citrus species are re-
ported to have insecticidal properties against stored grain 
insect pests (Tripathi et al. 2003). The essential oils extracted 
from Citrus genus have monocyclic monoterpenoides and its 
major component is d-limonene (j)-mentha-l,8-dene) and 
they have insecticidal activity against insect pests (Kan & 
Coats 1988). Similarly, in the present study the essential oil 
of Citrus reticulata Blanco found to have remarkeble  fumi-
gant toxicity at 24 and 48 h exposure against larvae of T. cas-
taneum. The result of this experiment showed that all treat-
ments of the essential oil of Citrus reticulata fruit peels was 
relatively toxic to Tribolium castaneum larvae. 

The synergist is able to block the specific system of en-
zymes involved in the selection of tolerance in susceptible 
generations. DEM is an inhibitor of glutathione s-transferase 
activity. The insecticidal activity varied with plant-derived 
material, different concentrations of the essential oil and ex-
posure time. Insects use enzymes not only to maintain their 
homeostasis, but also to protect themselves against xenobiot-
ics. Preliminary evidence of their involvement in insecticide 
resistance can be obtained using synergists. The synergists, 
DEM, pipronyl botoxide and tree pheny, are inhibitors of the 
main detoxification enzymes commonly involved in insecti-
cide resistance (Bernard & Philogene 1993, Scott 1999). Use 
of insecticide synergists for providing preliminary evidence 
on the resistance mechanism has seldom been fully explored 
in stored-product insect pests (Guedes et al. 1997). 

Our experiments showed that the toxicity of these oils 
was suitable in red flour beetle larvae control, and decreased 
resistance to essential oil of C. reticulata was achieved in this 
study using DEM as synergist, suggesting that it is able to 
enhance the enzymatic activity and decrease the mechanism 
of resistance in insects. Importance of essential oil from Cit-
rus reticulata fruit peels and such other extracts are due to 
human health, environmental safety and use of indigenous 
economic resources for pest control. A considerable advan-
tage of this trend may be the introduction of essential oil 
from Citrus reticulata fruit peels as a safe option for storage 
pest control. However, more tests are necessary to introduce 
plant extracts for other storage pest control and their practi-
cal use in storeges. 
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