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Abstract 

Citripestis sagittiferella is one of the most harmful 

pest insects of pomelo in the Mekong Delta of 

Vietnam. In order to utilize sex pheromone as tool for 

population monitoring by which supplies information 

for timing control, the sex pheromone of C. 

sagittiferella was preliminarily identified then tested 

under field condition. Fruits infected C. sagittiferella

larvae were collected from pomelo orchards in Vinh 

Long and Hau Giang provinces and brought to Can 

Tho University laboratory for rearing to extract the 

pheromone. The analysis was conducted by GC-

EAD, GC-MS and the double bond position was 

affirmed by analysis of its DMDS adduct. GC-EAD 

analysis resulted in three EAG-responses, namely 

component I (Comp. I), Comp. II and Comp. III. 

Mass spectra with diagnostic ions at m/z 61, 194 and 

192 ([M-60]
+
 ions) indicated that they were 

unsaturated 14 carbons (C14) straight chain acetates. 

Reference to the synthetic standards by both GC-

EAD and GC-MS analysis confirmed that the three 

pheromone components were (E)-11-tetradecenyl 
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acetate (E11-14:OAc), (Z)-11-tetradecenyl acetate 

(Z11-14:OAc) and (9Z,11E)-9,11-tetradecadienyl 

acetate (Z9, E11-14:OAc), respectively. 

Unfortunately, lures prepared from mixtures of 

synthetic E11-14:OAc, Z11-14:OAc and E9, Z11-

14:OAc at several mixing ratios showed no attraction 

to C. sagittiferella males in field tests. 

Keywords: Citripestis sagittiferella; Sex 

pheromone; (E)-11-tetracenyl acetate; (Z)-11-

tetracenyl acetate; (9Z, 11E)-9,11-tetradecadienyl 

acetate 

1. Introduction 

Pomelo (Citrus maxima Merr.; Synonym: C. grandis 

Osbeck; C. decumana L.) is the largest citrus fruit 

which was native to South-East Asia [1]. In the 

Mekong Delta of Vietnam, pomelo is growing 

predominantly on the alluvial soil in provinces 

locating along “Tien” and “Hau” rivers, the two main 

branches of the Mekong River that flows on 

Vietnamese territory before emptying into the East 

Sea. The planting area of pomelo in the Mekong 

Delta in 2019 was 31,900 ha, producing 333,800 tons 

of fruits [Agriculture and Rural Development of 

Vietnam (MARD) report]. 

Although being listed as a major pest of citrus fruits 

in South East Asia in 1993 [2], the citrus fruit borer,

Citripestis sagittiferella (Lepidoptera: Pyralidae, 

Phycitinae), was considered as a newly emerging 

insect pest of pomelo by MARD in 2013. C. 

sagittiferella females lay their eggs on the pock of 

pomelo fruits, most is at lower half of the fruits. 

Newly hatching larvae mine and feed inside the 

fruits, causing consequently fruit loss with the loss 

ratio could reach to higher than 70% [3]. Moreover, 

C. sagittiferella larvae have also been recorded 

attacking all other kinds of citrus fruits [4]. Because 

most of the larval stage of C. sagittiferella were 

shielded by pomelo pock, effective control by sprays 

of insecticides for this species was difficult to obtain. 

Many pomelo growers in the Mekong Delta of 

Vietnam had to spray insecticides at 7- to 10-days 

intervals during the fruiting stage of the trees to 

prevent the damage of this species [5]. Since pomelo 

fruits were eaten freshly and used as a gift for 

occasions and visits among families, furthermore, to 

adapt to development of sustainable agriculture, 

management programs which limited the use of 

insecticides for control of C. sagittiferella are 

necessary. 

Pheromone are cell type special signals used for 

communication between individuals of the same 

species [6]. According to Ando and Yamakawa 

(2011) [7], pheromone was classified as 3 type: Type 

I, Type II and other Type. Most of pheromone 

depended on Type I and Type II [8]. 

Type I mostly belongs to primary alcohol with 

straight chain 10-18 carbon (C10 – C18) with the 

derivative of acetate and aldehyde. It is the most 

popular type [8]. 

Type II includes polyenyl hydrocarbon containing 

17-23 carbon with epoxy and ketone functional 

group. 

Besides, there are some cases that contain both Type 

I and Type II characteristics. According to Yan et al. 

(2014) [9], pheromone of some species on 

Pyraloidae bring both unsaturated hydrocarbon and 

epoxy group. According to Kanno et al. (2010) [10], 

pheromone of Amyelois transitella have both Type I 
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(aldehyde, alcohol group) and Type II (epoxy and 

ketone group). 

Pyralidae is one of the two families of Pyraloidea, the 

third largest supper family in Lepidoptera with more 

than 16.000 species have been described [11]. As a 

consequence of comprising of many agricultural 

pests, researches on sex pheromone identification has 

been carried on 39 pyralid and 62 crambid species 

[12], most of which aimed to utilize sex pheromone 

as tool for pest management. In the Mekong Delta of 

Vietnam, correlation between number of captured 

males by pheromone traps and damage ratios which 

could be used as reference to determine the action 

threshold for control of the citrus pock caterpillar 

(Prays endocarpa) and the diamond back moth 

(Plutella xylostella) has been reported [13,14]. 

Until now, there is no published data on sex 

pheromone of C. sagittiferela yet. Moreover, in order 

to utilize sex pheromone as tool for population 

monitoring by which supplies information for timing 

control, the sex pheromone of C. sagittiferella

inhabiting the Mekong Delta of Vietnam was 

identified by using GC-EAD and GC-MS analysis. 

2. Materials and Methods 

2.1 Materials 

Chemicals: (E)-11-tetradecen-1-ol (E11-14:OH), 

(Z)-11-tetradecen-1-ol (Z11-14:OH) and (3Z,6Z,9Z)-

3,6,9-Tricosatriene (Z3,Z6,Z9-23:H) were supplied 

by Shin-Etsu Chemical Company (Japan). 

Corresponding (E)-11-tetradecenyl acetate (E11-

14:OAc) and (Z)-11-tetradecenyl acetate (Z11-

14:OAc) were prepared by acetylation of E11-14:OH 

and Z11-14:OH. 9-Bromo-1-nonanol, (E)-2-pentanal, 

tetracyanoethylene and Sodium bis (trimethylsilyl) 

amide were purchased from Sigma-Aldrich 

(America). Dimethoxymethane (DMM), Lithium 

bromide (LiBr), p-tolunenesulfonic acid monohydrate

(p-TsOH), Triphenylphosphine (PPh3), 

Sodiumsulfate (Na2SO4) were purchased from Wako 

Chemicals (Japan); silica gel was a product of Kanto 

Chemical Company (Japan). Solvents including n-

hexane, benzene, ethyl acetate, tetrahydrofuran 

(THF), acetic anhydride, and pyridine were products 

of Merck (Germany). Purity of the chemicals (>98%) 

were checked by a gas chromatography (GC) analysis 

before using for field tests. 

2.2 Methods 

2.2.1 Insects and pheromone extracts 

Insects: Pomelo fruits infected C. sagittiferella larvae 

were collected from pomelo orchards in Vinh Long 

and Hau Giang provinces and brought to Can Tho 

University (Can Tho city, Vietnam). In laboratory, 

the C. sagittiferella was described and identified by 

Dung et al. (2017) [9] before pheromone extraction. 

The fruits were placed in plastic trays (480 mm x 392 

mm x 215 mm) containing a layer of sterile soil 

(about 5.0 cm). The trays were covered with 

cheesecloth and placed in room conditions (around 

12L:12D photo regime; 27-30°C). After pupation, 

each pupa which enclosed in a soil cocoon was 

placed individually in a small plastic cup. After 

eclosion, male and female adults were checked by 

inspecting their abdominal tips. The pheromone 

glands of 2- or 3-day-old virgin females were excised 

2-3 h after sunlight off and soaked in hexane (10 

μl/female) for 15 min to extract the pheromone 

components [15]. 

GC-EAD analysis: Electroantennographic responses 

(EAG-response) of male antennae to pheromone 

components in the pheromone gland extracts and 

synthetic standards were measured by a GC-EAD 
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system with an HP-5890 Series II gas chromatograph 

(Hewlett Packard) equipped with a DB-23 capillary 

column (0.25 mm ID, 30 m length, 0.25 μm film 

thickness; J & W Scientific, Folsom, CA, USA). The 

inlet was set up at 220
o
C and splitless mode. An Y 

connector at near the end of the column split the gas 

effluent into two lines at a ratio of 1:1 before leading 

to flame ionization detector (FID) and 

Electroantennogram detector (EAD) [16]. The 

program temperature for GC running was maintained 

at 80°C for 1 min, ramped at 8°C/min to 210°C, and 

kept at 210°C for 10 min. The EAG activities of 

synthetic standards were measured under the same 

GC conditions and analyzed three times on three 

male antennae. 

GC-MS analysis: A Hewlett Packard 6900 Series gas 

chromatograph equipped with a Hewlett Packard 

5973 mass selective detector (Agilent Technologies 

Inc., Palo Alto, CA, USA), a split/splitless injector, 

and a DB-23 column were used for recording mass 

spectra of EAG active components in the extracts and 

synthetic standards. Helium (He) was used as carrier 

gas at a flow rate of 1.0 mL/min. The GC conditions 

using for the analysis were set up in the same manner 

as that for the GC-EAD analysis. The content amount 

of pheromone components was determined by 

calculation of peak area on a total ion chromatogram 

(TIC) using a calibration curve prepared with a 

synthetic standard. For analysis of DMDS adducts, 

the HP-5 column (0.25 mm ID, 30 m length, 0.25 μm 

film thickness; J & W Scientific, Folsom, CA, USA) 

was used. The temperature program was maintained 

at 100°C for 1 min and then programmed at 

15°C/min to 280°C. 

DMDS Derivatization of Pheromone Components:

To determine the double bond position in the 

pheromone component, the crude pheromone extract 

(thirteen female equivalence, 13 FE) was dissolved in 

50 μl of dimethydisulfide (DMDS) and 5 μl of iodine 

solution in diethyl ether (60 mg/ml). The mixture was 

kept warming at 40°C overnight [17]. After that a 

10% sodium thiosulfate solution (0.2 ml) was added 

and the DMDS adducts were extracted with hexane. 

2.3 Field examinations 

Field attraction of the synthetic sex pheromones were 

examined at pomelo orchards in Vinh Long and Hau 

Giang provinces where the infested pomelo fruits 

were collected. The lure was a rubber septum (white 

rubber, 8 mm OD; Sigma-Aldrich) impregnated with 

a hexane solution of synthetic compounds. Each lure 

was placed at the center of a sticky board trap (30×27 

cm bottom plate with roof; Takeda Chemical Ind., 

Ltd., Osaka, Japan), which was hung in pomelo 

canopy at approximately 1.2 - 1.5 m above the 

ground and distanced about 25 m far from each other. 

Traps baited with empty septa were used as a control. 

The males captured by traps were counted every 

week. In order to avoid a positional effect, position of 

traps in each experimental block was randomly 

changed after counting captured males. The trial was 

designed as Randomized Completed Block Design 

(RCBD) with 3 replicates. Each replicate 

corresponded with 1 pheromone trap. Trial included 

5 treatments of E11-14:OAc, Z11-14:OAc; Z9, E11-

14:OAc and T23 (Z3,Z6,Z9-23:H) with different 

mixing scale. 1 positive check and if 1 virgin female 

adult and 1 negative check with 10 µl n-hexan were 

included also.  

Data analysis: Data obtained in each field test were 

analyzed by one-way ANOVA, and pairwise 

comparisons among traps were performed with 

Tukey-Kramer Test with P-values adjusted for 
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multiple comparisons. In order to homogenize the 

variance, means were transformed by using log 

(x+0.5) transformation. Treatments with zero catches 

were omitted from the ANOVA. All statistical 

analysis were performed with R version 3.0.1 (R 

Development Core Team 2015). 

3. Results 

3.1 GC-EAD analysis 

Figure 1 showed the results of GC-EAD analysis of 

the pheromone extract and synthetic standards. Citrus 

fruit borer (CFB) male antenna responded clearly to 

three components in the pheromone extract (1 FE), 

namely component I (Comp. I), Comp. II and Comp. 

III, at retention times (Rt) of 15.0 min (intensity of 

response: 155 µV), 15.20 min (81 µV) and 16.45 min 

(175 µV), respectively (Figure 1, lower). Expectedly, 

GC-EAD analysis of synthetic standards, E11-

14:OAc, Z11-14:OAc and Z9, E11-14:OAc 

compounds showed the same Rts and EAG-responses 

from the male antenna as those of the three 

components in the pheromone extract (Figure 1, 

upper).

Figure 1: GC-EAD analysis of a C. sagittiferella female abdominal tip extract and synthetic standards of E11-

14:OAc, Z11-14:OAc and Z9, E11-14:OAc. Rts of natural components coincide with synthetic standards as follows: 

Comp. I (Rt 15.00 min), Comp. II (Rt 15.20 min) and Comp. III (Rt 16.45 min) 
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3.2. GC-MS analysis 

Although GC-EAD analysis of 1 FE extract obtained 

strong three EAG-responses (Figure 1), GC-MS 

analysis of 6 FE detected only Comp. I and Comp. II 

on the total ion chromatogram (TIC) at Rts of 13.292 

min and 13.497 min with a ratio of 99:1, while the 

peak of Comp. III was not detected (Figure 2A). 

Trace of the Comp. III was observed on TIC of the 

analysis of 23 FE extract at Rt 14.867 min (data was 

not showed). Mass spectrum of the Comp. I was 

basically similar to that of the Comp. II with 

diagnostic ions at m/z 61 and 194 ([M-60]
+
) (Figure 

2B and 2C) indicated that they were tetradecenyl 

acetates [8]. Additionally, with 0.21 min difference in 

Rts between the two components, while the DB-23 

capillary column was used for the analysis, it was 

suggested that Comp. I and Comp. II were E- and Z-

isomers of each other. Comp. III eluted later than 

Comp. II 1.37 min, its mass spectrum with clear 

molecular ion (M
+
) at m/z 252, diagnostic ions at m/z

61 and 192 (ion [M-60]
+
), two units less than those of 

Comp. I and Comp. II, revealed a conjugated 

tetradecadienyl acetate (Figure 2D). 

Figure 2: GC-MS analysis of a C. sagittiferella extract (6 FE). (A) Total ion chromatogram (TIC), (B) mass 

spectrum of Comp. I (E11-14:OAc, Rt 13.292 min), (C) mass spectrum of Comp. II (Z11-14:OAc, Rt 13.497 min) 

and (D) mass spectrum of Comp. III (Z9, E11-14:OAc, Rt 14.867 min) 

The double bond position in Comp. I was determined 

by GC-MS analysis of its DMDS derivative and the 

result was showed in the Figure 3. Mass spectrum of 

the adduct (at Rt 31.12 min on TIC, Figure 3A) with 
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the M
+
 ion at m/z 348 and two fragmentary ions at 

m/z 259 and 89 (Figure 3B) affirmed that the double 

bond position of the Comp. I was at the carbon 11
th

(C11).

Figure 3: GC-MS analysis of the crude pheromone extract (13 FE) treated with DMDS. (A) Total ion 

chromatogram (TIC), (B) mass spectrum of the DMDS adduct of Comp. I (Rt 31.12 min). 

Since Comp. I was identified as E11-14:OAc, Comp. 

II and Comp. III were consecutively interpreted to be 

Z11-14:OAc and Z9, E11-14:OAc. Expectedly, Rts 

and mass spectra of Comp. I, Comp. II and Comp. III 

coincided well with those of synthetic E11-14:OAc, 

Z11-14:OAc and Z9, E11-14:OAc, respectively. 

Result of titer experiment showed that content of 

E11-14:OAc in a female extract was about 7 ng. 

3.3 Field attraction of C. sagittiferella males 

Tests for examination of the field attraction by 

synthetic lures were carried out at pomelo orchards in 

Hau Giang and Vinh Long provinces where C. 

sagittiferella larvae were collected. Unexpectedly, 

only one CFB male was captured in one test, the 

other test captured no CFB male (Table 1). 
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Table 1: Field examinations for synthetic pheromone lures of C. sagittiferella at pomelo orchrads in Hau Giang and 

Vinh Long provinces. Test -1 was conducted at Tan Phu Thanh village, Chau Thanh A district, Hau Giang province 

from 8
th

 - 29
th

 April 2018; Test -2 was conducted at My Hoa village, Binh Minh district, Vinh Long province from 

14
th

 June – 5
th

 July 2018 

Lure component (mg/septum) 
Captured male/week 

E11-14:OAc Z11-14:OAc Z9,E11-14:OAc T23 

Test-1 

0 0.0 0.5 0 

0.5 0.0 0 0 

0.5 0.05 0 0 

0.5 0.05 0.05 0 

0.5 0 0.05 0 

0 0 0 0 

1 virgin female                                                       0 

Tes-2 

0 0.0 0.5 0.05 0 

0.5 0.0 0 0.05 0 

0.5 0.05 0 0.05 1 

0.5 0.05 0.05 0.05 0 

0.5 0 0.05 0.0 0 

0 0 0 0.0 0 

1 virgin female                                                       0 

Lures prepared with synthetic E11-14:OAc or Z9, 

E11-14:OAc as major components showed no 

attraction to C. sagittiferella males in field. 

According to Dung et al. (2017) [5], C. sagittiferella 

was very popular in this location (frequency of 

occurrence was more than 50%). Moreover, the result 

from virgin female treatment showed no attraction 

also. The mating mechanism of insect is very 

complicated [18]. This is the strain of many 

consecutive and interactive behaviors such as finding 

the location of female, coupling…[19]. According to 

Deisig et al. (2014) [20], excreted pheromone from 

female adult must contact and correlate with some 

component on the hosted plant to form some 

compounds which attract the male adult. Similarly, 

sex pheromone of Cestsia flavipes showed some 

similar result as contacting the leaf and branch tissue 

of hosted plant to amplify the attraction, then to 

attract the male adult [21]. According to Romero et 

al. (2014) [22], before mating, one of the most 

important behaviors of Dalbulus maidis are to move 

for a distance and to clap the wings. However, in this 

trial, the C. sagittiferella female was locked up in the 

small cage with the roof. It was therefore proposed 

that the cage did not fully imitate some essential 

condition (if any) for mating behavior under natural 
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condition. Thus, it may lead to low attraction of sex 

pheromone from virgin female on this trial. 

4. Discussion 

The sex pheromone of C. sagittiferella was 

preliminarily identified by using GC-EAD and GC-

MS analysis. Although, double bond position was 

affirmed only for the Comp. I by DMDS derivative 

experiment due to low content of the other 

pheromone components, by reference to GC-EAD 

and GC-MS analysis of synthetic standards, the sex 

pheromone of C. sagittiferella was identified as a 

composition of E11-14:OAc, Z11-14:OAc and Z9, 

E11-14:OAc at a ratio of 99:1:trace, respectively. 

Pyralidae is one of the two families of Pyraloidea 

with about 5.000 described species [11]. To date, sex 

pheromones from 39 pyralid species have been 

identified [12]. Most of the pheromone components 

were unsaturated straight chain compounds with a 

terminal functional group (Type I pheromone). In 

that, Z9, E11-14:OAc was identified as the major 

pheromone component of Dioryctria abietella, D. 

abietivorella and D. mendacella [23-25] while E11-

14:OAc and Z11-14:OAc were pheromone 

components of Etiella behrii and E. zinckenella

[26,27]. Sex pheromones of C. sagittiferella was a 

new identification. 

Field attraction of C. sagittiferella by synthetic lures 

was tested at pomelo orchards where C. sagittiferella

larvae were collected. Unexpectedly, lures prepared 

with synthetic E11-14:OAc or Z9, E11-14:OAc as 

major components showed no attraction to C. 

sagittiferella males in field (Table 1, Test 1). 

Moreover, addition of (3Z,6Z,9Z)-3,6,9-tricosatriene

(Z3,Z6,Z9-23:H) compound as a minor component 

into the lures did not support the attraction (Table 1, 

Test 2). Sex pheromones from 36 species in

Phycitinae have been identified. In most of cases, 

field examination of the synthetic pheromones often 

resulted in weak attractiveness. Since the study of 

Cabrera et al. (2001) [28] on the sex pheromone of 

Neoleucinodes elegantalis, hybrid pheromones which 

comprised of Type I component(s) and a 

polyunsaturated hydrocarbon (Type II component) 

have been reported for 14 species in Pyraloidea. 

While Z3,Z6,Z9-23:H is a common Type II 

component of crambid species, (Z,Z,Z,Z,Z)-

3,6,9,12,15-tricosapentaene (Z3,Z6,Z9,Z12,Z15-

23:H) and (Z,Z,Z,Z,Z)-3,6,9,12,15-

pentacosapentaene (Z3,Z6,Z9,Z12,Z15-25:H) were

recorded as active pheromone components of 7 

pyralid species including Amyelois transitella and 

Pyralis farinalis [29], Dioryctria abietella [30], D. 

abietivorella [31], D. amatella [32], D. mendacella 

[25], Orthaga achatina [33]. A future study would 

clarify whether C. sagittiferella females produce 

Type II components by a detailed analysis of extracts 

of not only pheromone glands but also body surfaces, 

in addition to test of their role in field attraction of C. 

sagittiferella in the Mekong Delta of Vietnam. 
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