
 

 

 

INTRODUCTION 

 

Citrus species are cultivated worldwide as fruit crops (Azam 

et al., 2013). Navel orange (Citrus sinensis), Hongjiang navel 

orange (C. sinensis), Satsuma mandarin (C. unshiu), Eureka 

lemon (C. limon), and Xiangshui lemon (C. limon) are the 

main cultivars that are grown in southern China and are a 

primary source of income in the southern agricultural 

economy. It has been reported that the international 

quarantine pest, Bactrocera minax, only lay eggs inside 

immature citrus fruits and prefer oranges to lemons (Li et al., 

2019; Xia et al., 2018). Owing to differences in the preference 

of B. minax for different citrus cultivars, it is possible that host 

volatiles from different cultivars play important roles in 

attracting adults for mating and laying eggs. Although the 

volatile profiles of ripened citrus fruits have been both 

extensively and intensively evaluated by focusing on the 

flavor of citrus juice and citrus essential oils (Gonza´lez-Mas 

et al., 2011; Jia et al., 1998; Jordan et al., 2001; Moshonas 

and Shaw, 1997; Nisperos-Carriedo and Shaw, 1990; Steffen 

and Pawlisyn, 1996; Yang and Peppard, 1994), no study has 

been down on the analysis of the immature citrus fruits. 

Traditional control methods of B. minax include the use of 

insecticides, fruit bagging, grove sanitation, fall/winter soil 

treatment, and removal of food sources (Xia et al., 2018). 

These can minimize the incidence and population density of 

B. minax to a certain degree, but they increase the 

requirements for labor and can have negative effects on the 

environment. It is necessary to find new strategies for 

management of B. minax. Elucidation of volatile compound 

profiles of citrus could provide a theoretical basis for 

developing the traps for monitoring the population density of 

B. minax.  

Solid-phase microextraction (SPME) coupled with gas 

chromatography-mass spectrometry (GC-MS) has been 

extensively used to analyze volatiles, especially in citrus 

(Augusto et al., 2000; Dharmawan et al., 2007; Jia et al., 

1998; Jordan et al., 2001; Pérez et al., 2005; Yang and 

Peppard, 1994). Compared with the common condensing 

solvent extraction and adsorption method, SPME can be 

performed without organic solvents and at a relatively low 

cost by selecting various SPME fibers with different polarities 

(Adahchour et al., 2002; Li et al., 2008).  

Here in order to determine the key factors affecting the host 

finding and egg laying of B. minax. The analysis of immature 

fruit VOCs from five citrus cultivars were reported using 

coupled SPME and GC-MS. Our results have provided a stage 

for further studying the roles of volatiles in the trap lure 

development. 

 

MATERIALS AND METHODS 

 

Citrus materials: Volatile from fruits of five citrus cultivars 

were studied (Table 1). Immature fruits (diameter ~3.3 cm) of 

Navel orange, Hongjiang navel orange, and Satsuma 
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mandarin, and whole intact Eureka lemon and Xiangshui 

lemon that were provided by local growers from conventional 

management were used (Table 1). To keep the fruits fresh, 

they were immediately placed in ice bags, sent to the Key 

Laboratory of Integrated Pest Management of Crop Pests on 

the Northwest Loess Plateaus of Ministry of Agriculture, 

Northwest A&F University, Yangling District, Shaanxi 

Province, China, and stored in a refrigerator at 4°C until they 

were used in the volatile analysis. 
Headspace volatile collection by SPME: Volatiles from 

about 50 g of whole intact immature orange fruits (NO1, NO2 

and SM; Table 1) and ~100 g of lemons (EL and XL; Table 

1) were collected. Dynamic headspace volatile collection was 

performed using SPME fiber coated with 50/30 µm 

DVB/CAR/PDMS (Supelco, Bellefonte, PA, USA). 50/30 

µm DVB/CAR/PDMS fiber was conditioned by heating at 

270°C for 30 min in a GC injection port prior to its first use 

(Romeo, 2009). Before the start of the experiments, 3 L 

volatile collection glass jars were rinsed with distilled water 

followed by pure ethyl alcohol (Guanghua Sci-Tech, Shantou, 

Guangdong, China). After the jars were dried, they were 

baked in an oven at 200°C for 2 h. Subsequently, the citrus 

fruits were placed in the jars. Purified air was filtered via an 

activated charcoal and silica gel column and continuously 

supplied to the jars by an air pump at 200 mL per min, which 

was vented at the bottom. The openings of the jars were sealed 

by wrapping with Parafilm (Bemis Flexible Packaging, 

Oshkosh, WI, USA). The 50/30 µm DVB/CAR/PDMS fiber 

was inserted into the top opening of the jar to collect volatiles 

for 30 min. and then, it was removed and immediately inserted 

into the GC for desorption for 5 min. Immediately after 

completion of the analysis in the GC, the SPME fiber was 

conditioned in the back inlet at 250°C for 15 min before the 

next experiment. To eliminate background interference, 

volatiles from blank jars under the same conditions were 

obtained before each experiment. The indoor environmental 

conditions of the whole experiment were set at 25 ± 2°C and 

70 ± 10% relaive humidity. All of the experiments were 

repeated three times. 

GC-MS identification of headspace volatiles compounds: 

Headspace volatile collections by SPME were analyzed on a 

TRACE 1310 (Thermo Scientific, Waltham, MA, USA) using 

a TR-5MS UI capillary column (30 m length ×0.25 mm inner 

×0.25 μm film thickness, Thermo Scientific, Waltham, MA, 

USA) and an ISQ Single quadrupole MS (Thermo Scientific, 

Waltham, MA, USA) was utilized for volatiles test, which 

was controlled by the Xcalibur 2.2 software. Setting the black 

inlet temperature to 250℃ and the front inlet temperature to 

260℃. Sample disorption was operated in a splitless mode 

combined with high purity helium as the carrier gas at a 

constant flow of 1.0 mL/min, and the head pressure was set at 

1.45 psi. The GC oven temperature was 40℃ for 2 min, then 

increased to 260℃ at 8℃/min for 1 min. The transfer line 

temperature of GC oven and ion source temperature were 

maintained at 280°C. Mass spectrometry: scan range was 45- 

500 amu with a rate of 5 scans/s, EI ionization mode, 70 eV 

electron energy, 25 uA emission current. 

Volatiles of individual peaks were identified by comparing 

their retention times to the 1 μL of the n-alkane C7–C40 ( 5 

μg/mL Sigma, Hamburg, Germany). They were then 

corroborated by means of the NIST Chemistry Webbook, 

SRD 69 (National Institute of Standards and Technology, 

Washington, DC, USA) and Xcalibur software 2.2 (Thermo 

Scientific, Waltham, MA, USA) using characteristic ions. 

Data analysis: To further analyze the compounds, the relative 

proportions of the components were calculated according to 

the following formula: 

𝑀𝑖,𝑗  = 𝐴𝑖,𝑗/𝐴𝑠,𝑗 

where Mi,j is the ratio of component i peak area over the total 

peak area of test cultivars j, Ai,j is the peak area of component 

i in test cultivars j, and As,j is the total peak area of all 

components in the test cultivars j. 

Principal component analysis (PCA) and hierarchical cluster 

analysis (HCA) reflect the correlation and differentiation 

between cultivars. For PCA, to apply the transformation 

formula to cases where the analysis material area was zero in 

the test cultivars, a constant 0.01 was added to each relative 

peak area. The data conversion method was then performed 

with the reference to avoid the inherent limitations of analysis 

of the component data (Geiselhardt et al., 2009). The 

calculation formula was as follows: 

𝑍𝑖,𝑝  =  𝑙𝑛[𝑌𝑖,𝑝/g(Yp)] 

where Yi,p is the area of peak i for different cultivars p, g(Yp) 

is the geometric mean of the all peaks for different cultivars 

p, and Zi,p is the standardized area of peak i for different 

cultivars p. Subsequently, the transformed data were 

subjected to a correlation matrix based on PCA, and the first 

two retention characteristics greater than one were retained. 

The PCA values and results are shown in the score graph. 

Two-group or multi-group results in the volatile profiles were 

Table 1. Details of the five citrus cultivars used in this study. 

Cultivars code Citrus Citrus types Collection site 

NO1 Navel orange C. sinensis Xiangxi Tujia and Miao Autonomous Prefecture, Hunan Province 

NO2 Hongjiang navel orange C. sinensis Fushan Town, Chengmai County, Hainan Province 

SM Satsuma mandarin C. unshiu Huaxi Town, Huaning County, Yunnan Province 

EL Eureka lemon C. limon Yangcun Town, Boluo County, Guangdong Province 

XL Xiangshui lemon C. limon Yangcun Town, Boluo County, Guangdong Province 
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determined using Student’s t-test or one-way ANOVA (LSD, 

Dunnett´s T3). All of the data analyses were performed using 

IBM SPSS Statistics v.20.0 (SPSS, Chicago, IL, USA). 

 

RESULTS 
 
VOCs in citrus fruits: Total of 72 VOCs were identified in 
the five citrus cultivars (Supp.Table S1). These included 32 
hydrocarbons, 19 alcohols, 4 aldehydes, 11 ketones, 4 esters, 
and 2 ethers. Among them, 57 VOCs (28 hydrocarbons, 15 
alcohols, 2 aldehydes, 9 ketones, 1 ester, and 2 ethers) were 
only detected in the three orange cultivars (NO1, NO2, and 
SM). Some VOCs were reported from fruit for the first time 
in this study, including 3 hydrocarbons, 4 alcohols, and 5 

ketones. Only 35 VOCs (15 hydrocarbons, 9 alcohols, 3 
aldehydes, 4 ketones, 3 esters, and 1 ether) were found in two 
lemons (EL and XL), of which 4 hydrocarbons, 3 alcohols, 4 
ketones, and 3 esters were reported for the first time. Some 
compounds were only found in one or a few cultivars. 
As expected, all of the citrus cultivars had an abundance of d-
limonene, ranging from 33.8% in SM to 77.4% in NO2. The 
other abundant volatiles in SM were γ-terpinene (20.8%), p-
cymene (13.4%), and linalool (9.8%). NO1 contained the 
highest levels of β-ocimene (21.8%), and it also released 
sabinene (16.4%), β-pinene (5.6%), and (Z)-limonene oxide 
(4.5%). Sabinene was abundant from NO2 (8.6%). Regarding 
the two lemons, we found that the second most abundant 
compound from EL was (Z)-geraniol (6.6%), while β-pinene 
(11.5%) and γ-terpinene (8.6%) were abundant from XL. 

 

Table S1. Volatile chemical composition of five different citrus cultivars. 
No. Compounds Selected iona 

(m/z) 
Orange Identify-

cationb 
lemon Identify-

cationb 

 Hydrocarbons  NO1 NO2 SM  EL XL  

1 β-thujene 93 77 91 1.21±0.09a 1.66±0.43a 1.08±0.07a Ms,Ref nd nd nd 
2 sabinene 93 41 77 16.37±1.21a 8.61±1.80abc 0.41±0.03b Ms,Ref nd 1.46±0.13c Ms,Ref 
3 β-pinene 93 41 69 5.57±0.17a 0.46±0.08b 2.63±0.18c Ms,Ref nd 11.52±0.44d Ms,Ref 
4 d-limonene 68 93 67 43.43±0.70a 77.36±1.80b 33.83±2.04c Ms,Ref 68.64±1.91d 62.37±3.41d Ms,Ref 
5 β-ocimene 93 91 79 21.78±0.94a nd nd Ms,Ref 1.56±0.77b nd Ms,Ref 
6 γ-terpinene 93 91 77 2.83±0.16a 1.02±0.26a 20.79±2.53b Ms,Ref nd 8.64±0.98c Ms,Ref 
7 cosmen 91 119 134 0.16±0.00 nd nd Ms nd nd nd 
8 α-cubebene 161 105 119 0.02±0.00a nd 0.14±0.05a Ms,Ref nd nd nd 
9 .alfa.-copaene 161 119 105 0.05±0.01 nd nd Ms,Ref nd nd nd 
10 β-elemene 81 93 68 0.17±0.06a nd 1.41±0.52a Ms,Ref nd nd nd 
11 α-bergamotene 93 41 119 0.03±0.01 nd nd Ms,Ref nd nd nd 
12 β-caryophyllene 41 69 93 0.36±0.08a 0.64±0.34a 0.32±0.07a Ms,Ref nd 0.09±0.04a Ms,Ref 
13 cis-β-farnesene 41 69 93 0.17±0.06 nd nd Ms,Ref nd nd nd 
14 humulene 93 41 80 0.05±0.01a nd 0.28±0.11a Ms,Ref nd nd nd 
15 α-farnesene 41 93 69 0.05±0.02a nd 0.53±0.22a Ms,Ref nd nd nd 
16 δ-cadinene 161 119 105 0.03±0.00 nd nd Ms,Ref nd nd nd 
17 β-sesquiphellandrene 69 41 93 0.02±0.00 nd nd Ms,Ref nd nd nd 
18 α-thujene 93 77 91 nd nd nd nd nd 0.80±0.08 Ms,Ref 
19 α-pinene 93 91 92 nd 0.89±0.08a 1.93±0.04b Ms,Ref 0.31±0.03c 2.71±0.17d Ms,Ref 
20 (Z)-β-ocimene 93 91 79 nd nd 0.65±0.06 Ms,Ref nd nd nd 
21 cyclohexane, 2-ethenyl-

1,1-dimethyl-3-
methylene- 

 
69 79 41 

 
nd 

 
nd 

0.47±0.09a Ms,Ref  
0.80±0.50a 

 
nd 

 
Ms 

22 β-myrcene 41 93 69 nd 2.85±0.90a 1.20±0.17ab Ms,Ref nd 0.94±0.03b Ms,Ref 
23 α-phellandrene 93 91 77 nd 0.34±0.08 nd Ms,Ref nd nd nd 
24 terpinolene 93 121 91 nd 0.48±0.09a 0.89±0.09b Ms,Ref nd 0.60±0.10ab Ms,Ref 
25 ethylbenzene 91 106 51 nd nd 0.07±0.02a Ms nd 0.12±0.08a Ms 
26  toluene 91 92 65 nd nd nd nd nd 1.79±0.76 Ms 
27 p-xylene 91 106 105 nd nd nd nd nd 0.34±0.19 Ms 
28 (E)-α-bergamotene 93 41 119 nd nd nd nd nd 0.23±0.08 Ms,Ref 
29 p-cymene 119 91 134 nd nd 13.39±1.78 Ms,Ref nd nd nd 
30 p-cymenene 117 132 115 nd nd 0.99±0.16 Ms nd nd nd 
31 δ-elemene 121 93 41 nd nd 0.18±0.08 Ms,Ref nd nd nd 
32 copaene 161 119 105 nd nd 0.24±0.11 Ms,Ref nd nd nd 
 Alcohols         
33 (Z)-β-terpineol 43 71 41 0.65±0.07a nd nd Ms,Ref nd 0.32±0.12a Ms 
34 linalool 71 93 55 0.76±0.12a 1.37±0.33a 9.75±2.00a Ms,Ref 1.69±0.19a 0.64±0.15a Ms,Ref 
35 (-)-terpinen-4-ol 71 111 43 0.25±0.02 nd nd Ms nd nd nd 
36 cis-p-mentha-1(7),8-dien-

2-ol 
41 55 109 0.51±0.04 nd nd Ms,Ref nd nd nd 

37 (Z)-carveol 109 84 55 0.57±0.06a 0.18±0.04b nd Ms,Ref nd nd nd 
38  3-hexanol 59 55 73 nd 0.24±0.08 nd Ms,Ref nd nd nd 
39 (E)-p-menth-2,8-dien-1-ol 43 79 91 nd 0.11±0.04 nd Ms,Ref nd nd nd 
40 trans-p-mentha-1(7),8-

dien-2-ol 
109 41 55 nd 0.07±0.02 nd Ms nd nd nd 

41 α-terpineol 59 93 121 nd 0.08±0.03a 0.67±0.14a Ms,Ref nd 3.41±0.85b Ms,Ref 
42 (Z,E)-farnesol 41,69,81 nd 0.03±0.01 nd Ms nd nd nd 
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No. Compounds Selected iona 
(m/z) 

Orange Identify-
cationb 

lemon Identify-
cationb 

43 (Z)-3-hexen-1-ol 41 67 55 nd nd 0.61±0.54 Ms,Ref nd nd nd 
44 1-hexanol 56 55 43 nd nd 0.90±0.83a Ms,Ref 0.80±0.65a nd Ms,Ref 
45  terpinen-4-ol 71 43 93 nd nd 0.33±0.07a Ms,Ref nd 0.44±0.11a Ms,Ref 
46 geraniol 69 41 68 nd nd nd nd 2.43±0.71a 0.37±0.05b Ms,Ref 
47  4-methylhexanol 70 69 41 nd nd nd nd 0.13±0.07 nd Ms 
48 glycerin 61 43 44 nd nd nd nd 0.52±0.14 nd Ms 
49 (Z)-geraniol 69 41 93 nd nd nd nd 6.60±1.15a 1.01±0.22b Ms,Ref 
50 eucalyptol 43 81 93 nd nd 3.33±0.76 Ms nd nd Nd 
51  topanol 205 220 57 nd nd 0.26±0.12 Ms,Ref nd nd Nd 
52 nonanal 57 41 43 nd 0.80±0.46a 1.67±0.78a Ms,Ref 4.25±2.92a 1.47±0.53a Ms,Ref 
53 decanal 41 43 57 nd 0.64±0.17a 0.79±0.53a Ms,Ref nd nd nd 
54 octanal 41 43 57 nd nd nd nd 0.47±0.25a 0.57±0.09a Ms,Ref 
55 (E)-citral 69 41 84 nd nd nd nd 0.71±0.02 nd Ms,Ref 
 Ketones         
56 3-thujen-2-one 108 107 91 0.05±0.01 nd nd Ms nd nd nd 
57  trans-dihydrocarvone 67 95 68 0.38±0.03 nd nd Ms nd nd nd 
58 piperitone 82 110 39 0.02±0.00 nd nd Ms,Ref nd nd nd 
59 3-hexanone 43 57 71 nd 0.52±0.27 nd Ms nd nd nd 
60  2-hexanone 43 58 57 nd 0.42±0.26 nd Ms,Ref nd nd nd 
61 carvone 82 54 108 nd 0.09±0.03 nd Ms,Ref nd nd nd 
62 p-mentha-1,8-dien-3-one, 

(+)- 
82 39 150 0.01±0.00a 0.22±0.08b nd Ms,Ref nd 0.16±0.06ab Ms 

63  sulcatone 43 41 69 nd nd nd nd 2.39±0.25 nd Ms 
64  2-undecanone 43 58 71 nd nd nd nd 2.57±0.43 nd Ms 
65 oxime-, methoxy-phenyl-

_ 
133 151 135 nd 0.11±0.07a 0.26±0.09a Ms 0.26±0.15a nd Ms 

66  verbenone 107 91 39 nd 0.08±0.04 nd Ms nd nd nd 
 Esters         
67 methyl geraniate 69 41 114 0.02±0.00 nd nd Ms,Ref nd nd nd 
68 butyl caproate 56 99 43 nd nd nd nd 2.88±2.12 nd Ms 
69  isobutyl heptanoate 56 43 113 nd nd nd nd 0.31±0.11 nd Ms 
70 butyl heptanoate 56 43 41 nd nd nd nd 1.37±0.26 nd Ms 
 Ethers         
71 (E)-limonene oxide 43 67 41 nd 0.42±0.09a nd Ms,Ref 1.30±0.19b nd Ms,Ref 
72 (Z)-limonene oxide 43 67 41 4.47±0.44a 0.33±0.12b nd Ms,Ref nd nd nd 

Means (± SE, n=3) followed by different letters indicate significant differences (student´s t-test , LSD, Dunnett´s T3). selected iona: 

the number indicates the quantitative ion. Identificationb: ‘Ms’ means the RI (retention index) and mass spectra of unknown 

compounds matched to those in the Mass Spectral Library (NIST69) and Xcalibur software 2.2. ‘Ref’ means that compounds were 

reported in previous references. ‘nd’ means compounds which were not detected. 

 

Major VOC classes from the five citrus cultivars: The fruit 

VOCs from the five citrus cultivars could be divided into six 

organic categories (Fig. 1). The hydrocarbons were the 

dominant chemical group, followed by alcohols, while trace 

amounts of aldehydes, ketones, esters, and ethers were found. 

The hydrocarbons accounted for 71.3-94.3% of the total 

volatiles. The alcohols were rich from NO2, XL, EL, and SM, 

which explained 2.1-15.9% of the total volatiles. However, 

the combined ratio of aldehydes, ketones, esters, and ethers 

ranged from 2.2-16.5%, and some of them were either too 

small to distinguish or non-existent from one of the five 

cultivars. 

Relationship analysis of the five citrus cultivars based on 

fruit VOCs: PCA showed a clear separation of fruit VOCs of 

the five citrus cultivars (Fig. 2). The two principal 

components explained almost 58.6% of the variance and 

clearly separated all of the cultivars from one another, with 

PC1 separating NO2, SM, EL, and XL from NO1, and PC2 

separating NO1 and EL from NO2, SM, and XL. The PC1 and 

PC2 components explained 33.0% and 25.6% of the variance 

among the five cultivars, respectively (Fig. 2A). 

 
Figure 1. Relative composition of volatile organic 

compound groups from five Citrus cultivars 

(Full names of the five citrus cultivars are listed 

in Table1) 
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(a) 

 
(b) 

 
Figure 2. Principal component analysis of the volatiles of 

the five Citrus cultivars (Full names of the five 

citrus cultivars are listed in Table1). (A) VOCs 

from the five citrus cultivars. (B) Loading plot 

for the correlation between VOCs of the five 

citrus cultivars on PC1 and PC2. Each number 

corresponds to a VOC indicated in Table S1. 

 

The loading plot indicated that the fruit VOCs contributed to 

the separation among the five citrus cultivars (Fig. 2B). The 

hydrocarbons β-myrcene and terpinolene accounted for a high 

proportion in PC2, which was exclusive of NO1 and EL. 

Some alcohols, like (-)-terpinen-4-ol and [cis-p-mentha-

1(7),8-dien-2-ol], and other ketones, such as 3-thujen-2-one, 

trans-dihydrocarvone, and esters of methyl geraniate, 

contributed to a high value in PC1 with a lower level in NO1. 

 

DISCUSSION 

 

In this study, 72 VOCs of immature citrus varieties were 

identified by using headspace SPME-GC-MS. Both 

quantitative and qualitative differences in fruit volatile 

compounds in the five citrus cultivars were found. This is the 

first report on the VOCs of immature citrus fruits, though 

there are many reports addressing the VOCs of mature citrus 

fruits (Agut et al., 2015; Baaliouamer et al., 1988; Cannon et 

al., 2015; Chen et al., 2014; Cuevas et al., 2017, Dharmawan 

et al., 2007, Dugo et al., 2010, Elmaci and Onoğur, 2012; 

Espina et al., 2011; Hamdan et al., 2013; Huang et al., 2010; 

Karabayir et al., 2018; Kirbaslar et al., 2006; Näf et al., 1996; 

Peterson et al., 2002; Thi Nguyen et al., 2015; Ziegler et al., 

1991).  

The immature citrus fruit VOCs from the five citrus cultivars 

can be well-distinguished and correlated. Terpenes were 

found to be the main type of volatile compounds in citrus 

(Kelebek and Selli, 2011; Zhong et al., 2014). Similar to our 

results, the highest volatile compound class was recorded for 

hydrocarbons. In addition, specific substances were present in 

diverse cultivars at different amounts. Sometimes, even 

within a cultivar, discrepancies in technology can lead to 

diversity in volatile substances and quantities. In SM, the 

most characteristic volatiles were linalool, γ-terpinene, and p-

cymene, but p-cymene was not detected in previous report 

(Qiao et al., 2008). In XL, β-pinene and γ-terpinene were 

abundant, and a similarity result was also found for other 

lemon volatiles (Schieberle and Grosch, 1989). Similarity, the 

high sabinene content found in NO1 and NO2 has been 

reported in Chinese sweet orange oil (Sawamura et al., 2005). 

However, the level of volatile compound (E)-citral detected 

in EL was much lower in a previous report (Karabagias, 

2017). The fruits of the five citrus cultivars contained a high 

level of d-limonene, which was consistent within the orange 

cultivars (C. sinensis), including cv. Kozan (C. sinensis), cv. 

Dortyol (C. sinensis), and Indian mosambi juice (C. sinensis); 

lemon (C. lemon); and Satsuma mandarin (C. unshiu) 

(Dharmawan et al., 2007; Elmaci and Altug, 2005; Flamini et 

al., 2007; Kelebek and Selli, 2011; Lota et al., 2002; Moufida 

and Marzouk, 2003; Selli et al., 2004). 

Conclusion: Citrus volatile organic compounds by SPME-

GC-MS has proven to be a valuable tool for the 

characterization of citrus from different cultivars. Elucidating 

the active volatiles from immature fruits will facilitate a better 

understanding of the relationship among different citrus and 

also contribute to present a comparative dealing with volatiles 

in immature citrus. 

 

 Supplementary Data: Supplementary data are available at 

Pakistan Journal of Agricultural Sciences online. 
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