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The Mediterranean fruit fly (Medfly) ,Ceratitis capitata Wiedemann, 1824 (Diptera:Trypetidae.)  is one of 
the most  significant pest  being able to infest the orchards, if its  proliferation is not controlled.  Among 
the preventive measures recommended in looking for varieties that are less favorable to development of 
this pest. Moreover, we tested the bioinsecticidal effect of Citrus limonum, Citrus sinensis and Citrus 
paradisi essential oils on adults of C. capitata. The parameters studied are number of bites / fruit and the 
number of pupae / fruit. On the other hand, we evaluated the essential oils effects on the percentage 
mortality of C.  capitata adults.  The results show that the citrus varieties Thomson, Waschington and 
Valentia late are the most piqued by C. capitata with a maximum of 1.78 bites / fruit on the Thomson.  
The number of pupae / fruit reveals that these citrus varieties are less infested or even lack of pupae in 
late Moro orange, soft orange Wachington and lemon Eureka.  The essential oils exert a highly 
significant toxic inhalation effect on the adults of fruit fly during the inhalation test. The dose of 17μl   
lemon essential oil appears to act more effectively on the longevity of C. capitata adults, since we 
obtained a cumulative mortality rate of 100% in less than 24 hours of exposure. At the end of this study, 
we confirm the toxicity of citrus essential oils on C. capitata, especially lemon essential oil. It would be 
interesting to define the main active ingredients of this oil acting as bio insecticides 

Keywords: Ceratitis capitata, bio insecticidal, essential oil, Citrus limonum, Citrus sinensis, Citrus paradise  

 
INTRODUCTION 

The Mediterranean fruit fly Ceratitis capitata  
Wiedemann, 1824 (Diptera: Trypetidae) is one of 
the most important fruit pests of citrus (Eskafi, 
1990; Katsoyannos et al, 1998; Mavrikakis et al, 
2000). Some citrus fruits attract the fruit fly to lay, 
but the majority of these bites do not give pupae. 
The fruit variety appears to act very highly 
significantly on the fruit fly infestation (Sadoudi Ali 
Ahmed et al. 2012). Some citrus variety reveals 
resistance mechanisms that reduce survival, 
fecundity and longevity of Mediterranean fruit flies 
(Papachristos et al, 2008; Papachristos and 
Papadopoulos, 2009; Papachristos et al. 2009). 
Papachristos and Papadopoulos (2009) reported 

that the flies that developed and oviposited on the 
lemon indicate a tendency to decrease the 
population on this host. According to same 
authors resistance of citrus fruit to medfly 
infestation is directly related to citrus essential 
oils.  

Citrus fruit fly rind is the first barrier that eggs 
and newly hatched larvae face. Larvae 
penetrating the citrus peels to the most nutritious 
fruit pulp have to overcome the toxic effect of the 
peels essential oils (Papachristos et al. 2008). In 
this context we have studied the infestation of 
some fruit varieties including citrus fruits. Firstly, 
we studied the infestation of citrus fruit by 
comparison with other fruits according to the 
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number of bites / fruit and the number of pupae / 
fruit of C. capitata. Secondly we tested the 
insecticidal effect of three essential citrus oils 
Citrus sinensis, Citrus limonum and Citrus 
paradisi on adults of C. capitata 

 
MATERIALS AND METHODS 

In order to study the infestation   by C. 
capitata of different citrus fruit varieties compared 
to other fruits, we harvested 6 varieties of citrus 
fruits in the citrus orchards of  Tizi Ouzou town 
(100 km far from Algiers)  in addition to two 
varieties of peaches and one variety of black fig 

The fruit varieties sampled are: Eureka lemon, 
Valentia late orange, Thomson orange, 
Wachington orange, Moro orange, Clementine 
Monreal, Cardinal and Redhaven peaches, 
Achtoui black fig. We note that these fruit varieties 
are sampled at maturity. In the laboratory we have 
enumerated the stitches for each variety with the 
naked eye and when these are not visible we use 
the magnifying glass. 

 In order to calculate the number of pupae per 
fruit we have placed the fruit varieties in sieves, 
which are arranged in bowls containing about 2 
cm of send that is used to retrieve the pupae 
because the third-stage larvae leave the fruit of a 
sudden relaxation to sink in shallow soil where 
pupation takes place, giving the pupae. These 
pupae are collected daily by sieving the send. 

The emergence of the adults intended for the 
study of the insecticidal effect of three essential 
citrus oils on their longevity and this by adopting 
an inhalation test.   

This test consists in observing the longevity of 
the adults of C. capitata  by adopting the following 
experimental  protocol:   

Cotton mass soaked with oil essential is put in 
glass bottle of one liter. It’s attached   to a wire 
with the internal face of the lid of the bottle.   
Various doses of each essential oil (05, 09 13 and 
17 ul) are injected into cotton.  
 Five couples of C. capitata of the same 
generation are introduced into each bottle which 
will be closed hermetically.   
The tests are repeated three times for each dose.  
Pilot batches are carried out in parallel without 
being exposed to essential oils.   

At the end of 24, 48, 72 and 96 hours of each 
test an enumeration of the dead individuals is 
carried out. 
 
RESULTS  

Number of bites / fruit 
According to the results shown in Figure 1, 

the Thomson variety had the highest number of 
pits of 1.78 bites / fruit. It is classified in group (a). 
It is followed by the two varieties Wachington and 
Valentia late with an average of 1.70 and 0.88 
bites / fruit respectively. On the other hand the 
least piqued variety is Monreal with 0.88 bites / 
fruit 
 
The Kruskal Wallis test revealed a very highly 
significant effect of the variety on the number of 
bites / fruit (P = 2.17 e-0.5). 

 
 
 

Figure 1: Average number of bites / fruit by variety 
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Average number of pupae / fruit  
According to the results presented in Figure 2, 

the Redhaven peach has the highest pupal / fruit 
ratio of 1.78 pupae / fruit. It is followed by the 

Cardinal peach which presents 0.94 pupae / fruit. 
On the other hand, the late orange Valentia late is 
the least infested with 0.016 pupae / fruit 
 

 
 
 
 

Figure 2: Number of pupae / fruit according to varieties 
 

The Kruskal Wallis test revealed a very highly 
significant effect of the number of pupae / fruit 
depending on the variety (P = 0.001267).  

Biological tests 

Treatment with lemon essential oil 
With the essential lemon oil, we recorded a total 

mortality of the flies of C capitata  to the dose 5µl 
after 96 h of  exposure.  However the dose 17 µl 
seems to act in a way more effective than the 
doses 5, 9 and 13µl since we recorded 100% of 
mortality after 24 h of exposure (fig 3 
 
 

 

 
Figure 3:   Average mortality of the adults of C. capitata according to doses and exposure time to 

essential lemon oil
 

 
The results of the analysis of the variance, show a 
difference very highly significant for the factor 

doses, time, like their interaction (P=0,000).   

Treatment with the sweet orange essential oil  
With the sweet orange oil, we recorded a total 
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mortality of the flies to the dose 13µl after 96 h of 
exposure.  However, the dose 17µl seems to be 
more effective since we recorded 100% of 
mortality after 48 h of exposure (fig 4). 
The results of variance analysis, show a 
difference very highly significant for the factor 
doses, time and their interactions (P=0,000).   

Treatment with the grapefruit essential oil 
The grapefruit oil reveals an effective inhalatoire 
effect after 96 H of exposure to the dose of 17µl 
where 100% of mortality was recorded (fig 5). 
 

 
 

Figure 4:   Average mortality of the adults C. capitata according to doses and exposure time to 
essential sweet orange oil 

 
Figure 5:   Average mortality of the adults of C. capitata according to doses and exposure time to 

essential grapefruit oil 
We noted, at the beginning of the treatment by 
three essential oils, that the flies present 
movements fast and disordered as the amounts 
and the time increase this activity decreases until 
the death of the fly.  The results of the analysis of 
the variance, show a difference very highly 
significant for the factor dose, time, but no 
significant for their interactions (P>0,005) 
 
 
DISCUSSION  

The study of the infestation of fruits according 

to the number of bites revealed that C. capitata 
shows a preference for certain varieties. Similarly, 
the results of the statistical analysis reveal that the 
variety exerts a very highly significant effect on 
the number of stings / fruit and on the rate of fruit 
stitched.  The infestation estimate based on the 
number of bites / fruit of the 9 varieties studied, 
revealed that Thomson was the most pricked with 
1.78 bites / fruit. It’s followed by the two varieties 
Wachington and Valentia late. After these 
varieties of oranges, Redhaven peaches come in 
fourth position with a number of 0.72 bites / fruit. 
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The varieties Eureka lemon, Moro late orange 
and Achtoui black fig are less stitched.  

These results are consistent with those of 
Katsoyannos (1986) and Papadopoulos et al. 
(2001) who found that adults of C. capitata are 
attracted by the most voluminous fruits. Similarly, 
Papaj & Opp (1989) inferred that the volume of 
fruits plays a role in the rate of infestation. Ali 
Ahmed- Sadoudi (2007) reports that the most 
infested varieties are those whose fruits have 
bright colors.  

Female fruit flies use a variety of chemical, 
visual and tactile stimuli to detect and accept a 
suitable fruit to lay their eggs (Papadopoulos et al, 
2006a). According to Sampaio et al. (1984) and 
Quillici (1993), the attractiveness of C. capitata 
would be due to the volatile compounds emitted 
long before fruit maturation such as Thomson. 
These compounds are olfactory stimuli for C. 
capitata. Dhouibi et al. (1995) reported that 
chemical parameters such as the essential oil 
content of the bark and the nature of the volatile 
substances could play a significant role in the 
attraction or repulsion of the pest. This partly 
explains our results on lemon. Its thick bark rich in 
essential oils and its acidity make it the least 
infested fruit. 

Feron (1962) has highlighted the importance 
of light intensity and quality of light which can 
cause variable responses when choosing the 
oviposition site. He reports that the brightness of 
the oviposition site, rather than its color, has a 
major influence on egg deposition. 

Moro late orange variety is the least piqued. 
This is characterized by a very thick skin 
compared to other varieties of Citrus fruit which 
does not facilitate the task for females for egg 
laying. The thickness of the epidermis has a 
determining role in the infestation of fruits by C. 
capitata. These results agree with those of Ortu 
(1982) who reported that late varieties of Citrus 
fruits are the most resistant to attack by C. 
capitata. 

The results show that the number of pupae / 
fruit varies very highly according to the variety. 

We found that only the three following 
varieties Redhaven, Cardinal and Achtoui have 
yielded a significant number of pupae. The 
Redhaven peach is ranked first with 1.78 pupae / 
fruit. It is followed by Cardinal peach in second 
position with 0.34 pupae / fruit. In third position, 
comes the Achtoui black fig with 0.53 pupae / fruit. 

The three varieties of Citrus Thomson orange, 
Valentia late and Monreal Clementine gave few 
pupae with averages of 0.08; 0.016 and 0.007 

pupae / fruit. On the other hand, the other 
varieties of Citrus fruits Eureka lemon, Moro and 
Wachington orange gave no pupae. Despite the 
large number of C. capitata bites observed on 
Thomson, Wachington and Valentia late fruits; this 
did not result in the formation of a large number of 
pupae or even absence of pupae. Papadopoulos 
et al. (2006a) reported that several activities of 
adult fruit flies such as sexual interactions take 
place on host fruits and they are stimulated by 
host plant properties. On another side, chemical 
and physical properties of the fruits may deter 
oviposition and cause egg and larva mortality 
conferring various degrees of resistance to 
respective fruit crops. 

According to Ioannou et al. (2012), limonen, 
the most abundant chemical in all Citrus oils, 
stimulates oviposition, whereas linalool, a 
representative compound of immature Citrus fruit 
associated with high toxicity against immature 
stage of fruit flies C. capiatata, has a significant 
deterrent effect. According to Greany et al. (1983); 
Aluja et al.( 2003) ; Birke et al.( 2006) ; Aluja and 
Mangan, (2008) and Papachristos et al. (2008), 
Citrus species have developed several 
mechanisms to defeat infestations of fruit flies as 
well as infestations by other insect species. The 
chemical properties of fruits, especially the peel 
essential oils are considered to be the most 
important resistance mechanism of citrus fruits 
against fruit flies.  

According to Soria (1963) and Dhouibi et al. 
(1995), larval mortality in Citrus, especially 
orange, may be due to the chemical composition 
of the fruit bark. Loussert (1989) reported that a 
thicker epidermis hinders larval development. 
Delrio (1985) adds that on Citrus fruits, eggs and 
larvae have a very high mortality due to the 
toxicity of the species of skin bark. 

Our results are always in agreement with 
those of Sampaio et al. (1984), Delrio (1985); 
Loussert (1989) and Dhouibi et al. (1995) on the 
thickness of the epidermis and the toxicity of the 
species of bark and skin. They explain perfectly 
the absence of pupae in the variety Eureka lemon, 
Moro and Wachington orange. Ortu (1982) found 
that the number of oily glands per cm2 of the 
surface of the fruit plays an important role in the 
resistance of fruits to attacks by C. capitata. 

The results obtained show clearly that 
essential oils of Citrus limonum , Citrus sinensis 
and Citrus paradisi,  reveal a significant effect on 
mortality of  

C. capitata adults, reducing the longevity of C. 
capitata adults with increasing concentrations and 
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exposure time.  At the highest doses, we record 
rates that sometimes reach 100% in less time (24 
hours). 

The essential oil of Citrus limonum, proves 
more effective since a mortality of 100% was 
observed with 17µl in 24 hours. Salvador et  
al.(2004) note after a  series of experiments led to 
the laboratory that the addition of a  small quantity 
of citral, 5,7 dimethoxycoumarine and linalool to 
the  extract of stored lemon zest would increase 
the larval mortality of  C. capitata to an identical 
average mortality that  obtained with  fresh  lemon 
zest extract.  Therefore, we can assume that 
toxicity of lemon essential oil on C. capitata 
adults, would be probably related to citral; 5, 7 
diméthoxycoumarine and linalool.  

 After the essential lemon oil, we note the 
effectiveness of essential oil of Citrus sinensis oil 
compared to Citrus paradisi essential oil.  We 
obtained 100% of mortality with the orange oil 
after 48 hours of exposure to 17µl and 100% of 
mortality to the same amount after 96 hours with 
the grapefruit oil. Papachristos et al. (2009) 
reported that citrus peel essential oils are 
considered to constitute the most important 
resistance factor of citrus fruit against larvae fruit 
flies. Our results do not agree with those of 
Papachristos et al. (2009) who reports that the 
two essential oils of sweet and bitter orange give 
better results against C. capitata compared to 
lemon essential oil.  Among the three essential 
oils that we tested, limonene proves to be the 
major compound. The essential oil of sweet 
orange has the highest percentage of 94.49%. We 
assume that the toxicity of these oils on C. 
capitata adults is bound, in part to limonene. Our 
results are agree with those of Papanastasiou et 
al. (2017) who reports that limonene, a major 
constituent of citrus essential oils, induces high 
mortality of adult medflies at increased doses. 

Referring to the infestation study of citrus and 
the toxicity of the essential oils of Citrus limonum, 
Citrus sinensis, and Citrus paradisi, we are able to 
conclude that the citrus essential oils are toxic to 
C. capitata. It would be interesting to extract the 
essential oils from the resistant citrus varieties 
such as orange Wachington, Moro and Eureka 
lemon which inhibits larval development, thus 
preventing the formation of pupae. It would also 
be interesting to isolate their chemical 
composition having a larvicidal and bio insecticidal 
role on the Mediterranean fruit fly. 
 
CONCLUSION 
Referring to the infestation study of citrus and the 

toxicity of the essential oils of Citrus limonum, 
Citrus sinensis, and Citrus paradisi, we are able to 
conclude that the citrus essential oils are toxic to 
C. capitata. It would be interesting to extract the 
essential oils from the resistant citrus varieties 
such as orange Wachington, Moro and Eureka 
lemon which inhibits larval development, thus 
preventing the formation of pupae. It would also 
be interesting to isolate their chemical 
composition having a larvicidal and bio insecticidal 
role on the Mediterranean fruit fly. 
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