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Abstract. It is important to understand the fruit insect interaction mechanism to developing strategies to control the pests. The 

Mediterranean fruit fly Ceratitis capitata  (Medfly) infested some blueberries Vaccinium spp. cultivars, and their volatile 

compounds composition of infested fruit of those cultivars has been studied. Head space solid-phase microextraction extraction- 

gas chromatography (SPME-GC/MS) has been used to detect volatiles on these cultivars. First Blush 4514 and Brigitta 1403 

Australian cultivars used in this experiment. A total of 119 compounds find form these cultivars. There are a major different 

volatiles and their structure from infested fruits. HS-SPME released complex volatiles including (butanoic acid-3 methyl-, methy 

ester, methyl isovalerate, Butanoic acid-3 methyl-, isobutyl acetate, ethanone,2,2-dihydroxy-phenyl ) from First blush and Styrene, 

and 6-Methyl 1-2,3-dihydro-1,4-oxathine, methyl isovalerate, butanoic acid-3 methyl-, methy ester, ethyl isobutenoate from 

Brigitta cultivar.   
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I. INTRODUCTION 

Ceratitis capitata (Medfly) is an important fly that damage on a huge number of fruits, specially the larvae stage [1]. Fruit 

flies can be adapt with hard environmental condition, which is attention in zones separate and therefore potentially this zone 

at risk
 
[2,3]. Using pesticides to control fruit flies were harmful the human and environment [4]. This issue could be more 

dangerous in fruit production, since many counties rule reduce the use of pesticides. So, before fruit fly damage occurs, some 

governments tend to limit these problems [5,6].  

The host is a key criterion for determining whether pest risk with Medfly must be measured are required to mitigate by 

management the pest, including blueberries. Blueberries Vaccinium spp. have been the main crop worldwide
 

[7,8]. 

Blueberries productions are spreading owing to develop new cultivars in different areas
 
[9,10]. Recently, many researches 

explain how the infested fruit release different type of volatile organic compounds (VOCs). These chemicals decreases or 

increases during the ripening period of fruits [11,12,13]. This study evaluate infested fruit with fruit fly using HS-SPME as a 

technology for detect hidden infestation of blueberries. The main aim of this study is to identify of volatile organic 

compounds (VOCs) profiles of infested and non-infested blueberries with Medfly at three times of infestation of larvae.  

II. MATERIALS AND METHODS 

 Insect Culture 

The colony of Medfly was obtained from fruit fly centre (Murdoch University), Australia and the insects were reared in 

the Laboratory (Murdoch University). The conditions  23˚C ±2˚C, 75%±5% RH, 12:12-h (L:D) were used to reared Medfly. 

Screen cages (40 cm length ×40 cm height ×40 cm depth) have been used to rearing medfly adults and in each cage contained 

crystaline yeast hydrolysate (Australian Biosearch), sugar
 
(Bidvest, Australia), in the ratio of 1:4 and water was 50 Ml [1].  

 Blueberries Cultivars 

First Blush 4514 and Brigitta cultivars were used in this expermient. These cultivars were obtained from 1949C  Hootons 

Road, Tabulam New South Wales (NSW), Australia. Fruits were stored for three days under 2˚C until used in our experiment. 

 Blueberries Quality Parameters 

Colour, diameter, weight, hardness, brix  and acidit were studied by select the fruit randmaly from each cultivar. Colour 

was measured by colorimeter (CS-210 portable digital dolorimeter, diameter by millimeters vernier, weight by digital balance 

(PAL-BX|ACID7), hardness by fruit hardness tester (Model No GY-2) and brix, acidity by pocket brix-acidity meter 

(Blueberry) PAL-BX|ACID7 master kit. Three relplicate have been used in this experiment.  
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 Infestation and Sampling 

Flies were placed in cages as described in insect culture covered with mesh in one side. Approximately 1500 mature (11 

day old) has been used in the expermient. In each cage, 300 bluberries placed and allowed for infested. Oviposition has been 

allowed for one day (24 hours) infestation. Then, the infested bluberries were replaced and clean with distilled water to 

remove any fly excreta. Infested fruits have been divided to three groups randomly for chemicals collection (first, second and 

third instars) and one group as non infested fruits. The fruits have been left for 2–3 days intervals, then, cut the blueberries to 

determine the instars and monitor infestation level. Juice and pulp were tested and estimate using a microscope to detect any 

larvae instars. For collect the VOCs, same conditions have been used for all infested blueberries. Ten blueberries were used 

in each sample. They selected randomly from each group. Three replicate were used in each stage of instars. After chemical 

sampling, all fruits were cut and recorded the number of larvae. 

 Volatile Collections and Analysis 

Ten blueberries placed in 100 mL jars. Volatile compounds collected by HS-SPME with 50/30 μm Carboxen.DVB/PDMS 

(2cm) (Sigma-Aldrich, USA) coated. The jars have been left for 4 hours sealing time at 24˚C, then the fibre was insert into 

the jar to collect the chemicals. Fibre has been exposed for 1 hour as extraction time. The fibre has been inject into GC/MS 

for 10 min. Chemicals were analysed by using GC-MS (7820) equipped with a detector (5977) Agilen Tech.. The column 

was  DB,35ms (30m × 250μm × 0.25μm) (Santa Clara, USA). The carrier gas was helium 99.99% (BOC, Australia). The GC-

MS setup as follows: flow rate was 1:1 ml-min and splitless was 20ml/min with 1.5 min. The initial oven was 50°C  which 

reached 250°C by (5◦C per min). The injector port temperature was 270°C. The total instrument run time was 45 mins. Three 

replicates collected from each cultivar of blueberries. Volatiles have been deconvoluted using AMDIS version 2.71, and 

identified by searching the NIST (2014) (US National Institute of Standards and Technology) comparied with retention index 

(RI) confirmation. 

 Statistical Analysis 

One way ANOVA table has been used to analysis the level of infestation. Two way ANOVA table has been used to 

analysis the differences between the compounds. (LSD, P ≤ 0.05) has been used to detemine the means between treatments. 

The area of each compound was divided by 10
5
. 

III. RESULTS AND DISCUSION 

 Level of Infestation 

Infested fruits dissected immediately after collecting the VOCs samples. For the 1
st
 instar, it was too hard to calculate 

them because the larvae was very small. There are no significant differences between cultivars at the same conditions. 

Average ± SE number of larvae were 13.40, 9.20 and 6.96 (first, second and third instars) respectively in first blush, while in 

Brigitta cultivar were 9.43, 6.10 and 5.50 respectively (Fig 1).  
TABLE 1. blueberries quailty and characteriastions for First Blush and Brigitta cultivars. 

   colourc      

Cultivar W (g)a Diamb (cm) Red Green Black hardd RH %e Brixf acidg sugh 

First Blush 3.83 2.12 90.91 85.10 146.9 2.45 89.11 14.5 0.5 26.43 

Brigitta 2.45 1.14 112.20 134 250 3.23 88.41 15 0.4 28.40 

(a)Weight; (b) diameter; (c) colour of berries; (d) hardness test; e Relative humidity; (f) brix; (g) acid and (h) sugar. 
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FIGURE 1. Infestation level in different bluberries cultivers. 

 Identification of Volatiles 
The GC-MS analysis has been detect many peaks, but some of them still a small area. Fourteen peaks recorded by the GC 

analysis of first blush cultivar, and 12 peaks from brigitta one. Non infested fruit showed different volatiles with infested 

fruits. There are significant different in some volatiles. Methyl isovalerate, butanoic acid-3 methyl-, methy ester, undecane, 

Β-myrcene, valerena-4,7(11)-diene, caryophyllene, hexadecane cyclononasiloxane, octadecnethyl, isopimaradiene, manool 

 oxide have been presented from first blush (Table 2) However, undecane, aznlene, 4,7-dimethyl,  tridecane, 6-Methyl 1-2,3-

dihydro-1,4-oxathine, undecane and3-Methylbiphenyl  relasead from brigitta (Table 3).  

 
TABLE 2. Volatile compounds in First Blush 4514 cultivar infested with Medfly identify by GC-MS. Each number repesent 105. 

RTa Compound nameb RIc 
First blushd 

Non-infestede 
1 2 3 

3.82 Isobutyl acetate 721 23.10 77.33* 43.83 23.10 

3.89 Methyl isovalerate 761 - 32.50 47.02* 12.67 

6.00 Butanoic acid-3 methyl-, 820 - - - 66.15* 

6.02 Butanoic acid-3 methyl-, methy ester 824 44.62 - 38.35 - 

7.25 Styrene 914 32.11 - - 32.10 

14.56 Β-myrcene 1120 - - 45.13 - 

21.43 Modephene 1416 16.97 34.60 - 43.87 

22.60 7-epi-silphiperfol-5 
1448 

- 16.02 28.90 14.76 

23.02 Benzene,2,5- cyclohexadian-1 1449 45.20 - - 29.19 

23.15 Valerena-4,7(11)-diene 1487 - 45.38* 32.30 - 

23.78 Caryophyllene 1494 - 45.32* - 10.90 

29.68 Cyclononasiloxane, octadecnethyl 1858 21.89 39.31 - - 

35.52 Isopimaradiene 1926 - 24.50 34.30 - 

36.83 Manool oxide 1992 25.20 - - 12.89 

(a) retention time; (b) compound names; (c) retention index; (d) eureka cultivar; (1) first, (2) second and (3) third instars; (e) 

non-infested fruit. * sigmificant differences at 0.05. 

 

The GC-MS detect that Isobutyl acetate, Butanoic acid-3 methyl-, methy ester, Caryophyllene and Isopimaradiene from 

first blush cultivar. The first instar of larvae showed more chemical than others However, the third instar was the lowest level 

 of infested fruit chemicals (Table 2). The non infested fruits indicate 6 peaks like Isobutyl acetate, Butanoic acid-3 methyl-,

Styrene, Modephene, 7-epi-silphiperfol-5 and Benzene,2,5- cyclohexadian-1.  

There were still some interesting area presented in infested fruit these include Butanoic acid-3 methyl-, Benzene,2,5- 

  cyclohexadian-1, and Cyclononasiloxane, octadecnethyl in first blush. Linalool, undecane, Dodecan, Naphthalene, 1 methyl-

,and Α-elemene have bben recordrd from brigitta cultivar. The volailes presented in tables showed that there is a major 

differences between instars and cultivars.  Some volaties detect in both cultivars (Table 1, 2).  
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TABLE 3. Volatile compounds in Brigitta cultivar infested medfly identify by GC MS. 

RTa Compoundsb RIc 
Brigitta d 

Non-infestede 
1 2 3 

3.89 Methyl isovalerate 761 - 14.34 15.48 9.49 

6.02 Butanoic acid-3 methyl-, methy ester 824 11.45 - 43.18 14.21 

8.32 6-Methyl 1-2,3-dihydro-1,4-oxathine 921 - 79.90* 78.19* 13.14 

10.87 Mesitylene 956 10.34 - 78.50* 12.30 

14.50 Linalool 1082 55.18 - - 45.13 

14.56 Undecane 1100 - 16.55 11.87 - 

17.63 Dodecane 1200 23.73 - - 77.30 

20.43 Naphthalene, 1 methyl-, 1289 18.34 12.78 - 17.65 

21.07 Α-Elemene 1334 - - - 43.45 

23.78 Caryophyllene 1494 44.29 33.26 - 43.76 

25.61 3-Methylbiphenyl 1526 - 13.79 89.45* - 

28.73 Undecane,4,7-dimethyl 1693 19.11 - 66.32* 10.11 

(a) retention time; (b) compound names; (c) retention index; (d) OPI 1111 cultivar; (1) first, (2) second and (3) third instars; 

(e) non-infested fruit. * significant differences at 0.05. 

The bluberries have been relaesed a different volatiles including esterified chemicals. aliphatic structures reported several 

kind of chemicals, specially in brigitta cultivar [14]. Butanoic acid-3 methyl- was the most important volatile in both 

cultivars. It has been record that d-limonene is a major volatile copmound of the aroma from most fruits. This chemical 

emissions increased more than other volatiles, espieclly in ripening fruits. In the experiment, butanoic acid-3 methyl-, methy 

ester volatile was presented in both first blush and brigitta cultivars. It is record in first and third instars.  

The first level of infestation was the hardest level to detect using visual inspection. The ripening progression would be not 

account for the observed decrease in butanoic acid-3 methyl-, level over time. This pattern of volatiles were reported in 

another profile of fruits [15]. High levels of esters always presented at buleberries that infested with the medfly larvae . 

However, some compounds were not match with other compounds in NIST database. Additional work is needed to determine 

the new chemical sources (larvae, host fruit or microbial origin). Healthy fruits released small level of peak areas in some 

compounds like 6-Methyl 1-2,3-dihydro-1,4-oxathine and mesitylene.  

Although the potentially diagnostic of larvae infestation, these still small, fast-eluting volatiles were not resolved well by 

the rapid GC/MS separation. As with d-limonene, elevated peak of myrcene and undecane have been shown to be correlated 

with wounded bluberries fruit. However, due to their low olfactory threshold, characteristic flavour notes are added to 

blueberry aroma such as limonene, β-myrcene and Mesitylene, also, many of the detected chemicals structures also have 

strong potential and supplement the characteristic of blueberries [16,17]. 

HS-SMPE fibre was used as reliable and fast way to decribe volatile compounds from plant samples. It was very sensitve 

and suitability methods [18, 19]. As well as, the GC-MS detect the low abundance from infested fruits. At the same time, the 

results recorded in systemitic way [20]. Futhermore, most of the compounds that recorded from bluberries Vaccinium 

sp.cultivar have been reported by [21,22,23]. [24], found that the females of Drosophila suzukii  responded preferentially to 

odors from Chinese bluberries to the non-infested control fruits 

Vaccaro and Bouvet (2006) [25] has been used same preferences of C. Capitata female from bioassays. The results 

showed methanolic and hexanic extracts from fruit fly infested bluberries as compared to healty fruit or mechanically 

damaged fruit by using GC-MS. The qualitative and quantitive are different in volatile content profile depend on the 

treatments. Several compounds were elevated with infestation, including 3-carene, d-limonene, gurgenene and terpinolene 

[26]. 

CONCLUSION 

In conclusion, infested fruits realesed different volatile compounds comparing to non infested blueberries Vaccinium spp. 

Methyl esters has been recorded low relative level for both cultivars . some volatile compounds are presented like pheromone 

of fruit fly C. capitata, which is too low in levels. The fruit fly selected fruit depends on intense, fruity, sweet. Also,  

characteristic blueberry flavors can be help breeders to detect medly in early infested. The results also shwed that non 

infested fruit relaesed different peak areas which could be used preferentially in particular environmental contexts. This 

profiles can help the bluberries breeders to reduce the damage of seious pests.  
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