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Abstract: The aim of this research was to determine the chemical composition and 

insecticidal activity of the essential oil of Curcuma wenyujin Y.H. Chen et C. Ling 

rhizomes against the booklouse Liposcelis bostrychophila Badonnel and to isolate any 

insecticidal constituents from the essential oil. The essential oil of C. wenyujin rhizomes 

was obtained by hydrodistillation and analyzed by GC-MS. A total of 43 components of 

the essential oil were identified and the principal compounds in the essential oil were  

1,8-cineole (15.26%), camphor (10.12%), germacrone (6.86%), β-elemene (6.33%), 

curzerene (6.70%), and β-elemenone (5.23%). followed by curzerenone (4.52%),  

curdione (4.45%) and linalool (4.43%). Based on bioactivity-guided fractionation, the two 

main active constituents were isolated from the essential oil and identified as 1,8-cineole 

and camphor. The essential oil of C. wenyujin rhizomes exhibited contact toxicity against 

L. bostrychophila with an LD50 value of 208.85 µg/cm2. Camphor (LD50 = 207.26 µg/cm2) 

exhibited stronger contact toxicity than 1,8-cineole (LD50 = 1048.75 µg/cm2) against 

booklouse. The essential oil of C. wenyujin (LC50 = 2.76 mg/L air) also possessed fumigant 

toxicity against L. bostrychophila, while the two constituents, camphor and 1,8-cineole had 

LC50 values of 1.03 mg/L air and 1.13 mg/L air, respectively. The results indicate that the 
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essential oil of C. wenyujin rhizomes and its constituent compounds have potential for 

development as natural insecticides or fumigants for control of insects in stored grains. 

Keywords: Liposcelis bostrychophila; Curcuma wenyujin; contact toxicity; fumigant; 

essential oil composition; 1,8-cineole; camphor 

 

1. Introduction 

The booklouse Liposcelis bostrychophila Badonnel (Psocoptera: Liposcelididae) has a worldwide 

distribution and is commonly found in various processed and unprocessed dry foods in households, 

granaries, and warehouses [1]. These are tiny (approximately 1 mm in length), wingless, light brown 

insects. Psocids used to be considered as nuisance pests rather than a cause of losses to stored 

commodities [2]. They were regarded as secondary pests, often overlooked due to their small size  

and the existence of other more damaging primary pests (e.g., maize weevils Sitophilus zeamais,  

rice weevils S. oryzae and lesser grain borer, Rhyzopertha dominica) in cereal grains [2]. However, 

currently, psocids are perhaps the most important category of emerging pests in stored grains and 

related commodities due to their small size and resistance to chemicals [2–4]. Infestations of stored 

product insects currently are controlled by fumigation or insecticidal treatment of commodities and 

surfaces [5]. However, many problems are associated with these chemicals, such as the development of 

resistance, toxic residues in food, workers’ safety, and high cost of procurement [5,6]. These problems 

have necessitated a search for alternative eco-friendly insect pest control methods [6]. The use of 

essential oils or their constituents with low mammalian toxicity can effectively prevent and/or suppress 

insect pest especially in storage [7]. Investigations in several countries confirm that some plant 

essential oils not only repel insects, but possess contact and fumigant toxicity against stored product 

pests as well as exhibiting feeding inhibition or harmful effects on the reproductive system of insects [8]. 

Essential oils from many plants including medicinal herbs, spices and fruits have been evaluated with 

success for insecticidal activity against stored product insects/mites, in some cases, have been proven 

more effective than traditionally used organophosphorus pesticides [9–17]. 

During a screening program for new agrochemicals from Chinese medicinal herbs and wild plants, 

the essential oil of Curcuma wenyujin Y.H. Chen et C. Ling (Zingiberaceae) rhizomes was found to 

possess strong insecticidal toxicity against the booklouse (L. bostrychophila). Curcuma wenyujin is an 

herbaceous perennial plant distributed mainly in Guangdong, Guangxi, and Zhejiang Provinces of 

China and has been cultivated for medicinal purposes [18], as its roots and rhizomes have been 

employed in traditional Chinese medicines in different medicinal agents, known as “Radix curcuma” 

and “Rhizoma wenyujin concisa”, respectively [19]. They are famous for their actions to eliminate 

blood stasis, stimulate menstrual discharge and relieve pain [19]. The chemical composition of the 

essential oil of C. wenyujin has been widely studied [20–23]. However, a literature survey has shown 

that there is no report on insecticidal activity of the essential oil of C. wenyujin. Thus we decided to 

investigate the chemical constituents and insecticidal activities of the essential oil of C. wenyujin 

rhizomes against a grain storage insect for the first time and to isolate any active constituent 

compounds from the essential oil. 
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2. Results and Discussion 

2.1. Essential Oil Chemical Composition 

The yield of yellow essential oil of C. wenyujin rhizomes was 2.11% (v/w) and the density of the 

concentrated essential oil was determined as 0.88 g/mL. A total of 43 components of the essential oil 

of C. wenyujin were identified, accounting for 96.85% of the total oil (Table 1). The principal 

compounds in the essential oil were 1,8-cineole (15.26%), camphor (10.12%), germacrone (6.86%),  

β-elemene (6.33%), curzerene (6.70%), β-elemenone (5.23%), curzerenone (4.52%), curdione (4.45%) 

and linalool (4.43%). Monoterpenoids represented 20 of the 43 compounds, corresponding to 50.31% 

of the whole oil, while 21 of the 43 constituents were sesquiterpenoids (45.41% of the crude essential 

oil). The chemical composition of the essential oil of C. wenyujin rhizomes in the present study  

was different from that reported in previous studies. For example, curdione (22.04%), curzerenone 

(18.0%), curzerene (15.85%), and germacrone (9.32%) were the main constituents in the essential oil 

of C. wenyujin rhizomes harvested from Zhejiang Province in the fall and winter [20]. However, the 

major components in the essential oil of C. wenyujin rhizomes, also collected from Zhejiang Province 

in June, were 1,8-cineole (30.63%), β-selinene (7.32%), α-copaene (6.65%), fenchol (6.56%), β-pinene 

(4.96%), and camphor (4.62%) [21]. The essential oil of C. wenyujin rhizomes purchased from a local 

Chinese herbs market contained germacrone (9.07%), curcumenol (8.53%), isocurcumenol (7.48%),  

ar-zingiberone (5.06%) and curzerenone (4.98%) [22]. Seasonal variations in chemical composition of 

the essential oil derived from C. wenyujin rhizomes have been also observed [20]. The above findings 

suggested that there are great variations in the chemical composition of the essential oil of C. wenyujin 

rhizomes. Thus, further studies on plant cultivation and essential oil standardization because chemical 

composition of the essential oil of C. wenyujin rhizomes varies greatly with the plant population as 

well as harvest time. 

Table 1. Chemical constituents of the essential oil derived from Curcuma wenyujin rhizomes. 

 RI * Compound Composition (%) 

1 926 tricyclene 0.06 
2 929 α-thujene 0.15 
3 933 α-pinene 0.94 
4 954 camphene 1.82 
5 974 β-pinene 1.18 
6 991 β-myrcene 0.49 
7 1002 (+)-4-carene 0.39 
8 1031 1,8-cineol 15.26 
9 1059 γ-terpinene 0.14 
10 1091 2-nonanone 0.84 
11 1094 linalool 4.43 
12 1146 camphor 10.12 
13 1162 isoborneol 1.23 
14 1167 borneol 3.83 
15 1179 4-terpineol 3.02 
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Table 1. Cont. 

 RI * Compound Composition (%) 

16 1182 p-cymen-8-ol 2.32 
17 1189 α-terpineol 3.19 
18 1204 verbenone 0.35 
19 1217 trans-carveol 0.34 
20 1238 carvone 0.18 
21 1277 isobornyl acetate 0.87 
22 1293 2-undecanone 0.29 
23 1334 δ-elemene 0.55 
24 1375 α-copaene 1.76 
25 1385 β-bourbonene 0.63 
26 1388 β-patchoulene 0.38 
27 1394 β-elemene 6.33 
28 1420 β-caryophyllene 0.17 
29 1433 γ-elemene 0.22 
30 1498 α-muurolene 0.23 
31 1454 α-caryophyllene 0.45 
32 1485 germacrene D 0.66 
33 1494 α-selinene 1.11 
34 1498 curzerene 6.70 
35 1502 β-guaiene 0.48 
36 1523 δ-cadinene 0.66 
37 1578 spathulenol 2.53 
38 1583 caryophyllene oxide 0.72 
39 1589 β-elemenone 5.23 
40 1648 β-eudesmol 0.77 
41 1680 curzerenone 4.52 
42 1688 germacrone 6.86 
43 1893 curdione 4.45 
  Total identified 96.85 
  Monoterpenoids 50.31 
  Sesquiterpenoids 45.41 

  Others 1.13 

* RI, retention index as determined on a HP-5MS column using the homologous series of n-hydrocarbons. 

2.2. Insecticidial Activities 

The essential oil of C. wenyujin rhizomes exhibited contact toxicity against L. bostrychophila with 

an LD50 value of 208.85 µg/cm2 (Table 2). When compared with the positive control pyrethrum extract 

(LD50 = 18.99 µg/cm2), the essential oil was 11 times less toxic to L. bostrychophila. Two of the 

constituent compounds, camphor and 1,8-cineole exhibited contact toxicity against booklice with LD50 

values of 207.26 µg/cm2 and 1048.75 µg/cm2, respectively (Table 2). Camphor possessed almost five 

times more toxicity than 1,8-cineole against booklice. It is thus suggested that camphor is a major 

contributor to the insecticidal (contact) activity of the essential oil. However, compared with 
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pyrethrum extract (positive control), camphor and 1,8-cineole showed five times and 55 times less 

toxicity against booklice. 

Table 2. Contact toxicity and fumigant toxicity of the essential oil of Curcuma wenyujin 

rhizomes and its constituents against Liposcelis bostrychophila. 

 
Treatment 

LD50 
LC50 

95% FL * Slope ± SE 
Chi square 

(χ2) 

 
Contact 
Toxicity  
(g/cm2) 

C. wenyujin 208.85 189.48–227.16 5.01 ± 0.63 35.84 
1.8-Cineol 1048.74 1021.95–1096.85 9.50 ± 0.91 11.76 
Camphor 207.26 199.78–214.99 13.81 ± 1.47 15.87 

Pyrethrum extract  18.99 17.56–20.06 7.64 ± 1.05 7.35 
 

Fumigant  
(mg/L air) 

C.wenyujin 2.76 1.95–3.67 2.57 ± 0.35 27.37 

1.8-Cineol 1.13 1.01–1.21 5.80 ± 0.67 13.57 

Camphor 1.03 0.94–1.11 6.13 ± 0.63  12.19 

Dichlorvos 1.35 × 10−3 1.25-1.47 × 10−3 6.87 ± 0.77 5.43 

* Fiducial limits. 

Camphor and 1,8-cineole (Figure 1) possessed fumigant toxicity against L. bostrychophila adults 

with LC50 values of 1.03 mg/L air and 1.13 mg/L air, respectively, while the crude essential oil of  

C. wenyujin rhizomes showed an LC50 value of 2.76 mg/L air (Table 2).  

Figure 1. Constituent compounds isolated from the essential oil of Curcuma wenyujin rhizomes. 
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Compared with the positive control, dichlorvos (LC50 = 1.35 μg/L air), the two isolated constituent 

compounds exhibited almost 762 and 837 times less toxicity to L. bostrychophila, respectively. 

Camphor exhibits repellency against clothes moths like Tineola bisselliella and has been used  

as a less-toxic natural ingredient (compared with synthetic repellents, e.g., naphthalene and  

1,4-dichlorobenzene) in mothballs [24]. In the previous reports, camphor has been demonstrated to 

exhibit contact and fumigant toxicity against several stored products insects [25,26]. Camphor also 

exhibited insecticidal activity against many important pest insects/mites, e.g., the cotton leafworm, 

Spodoptera littoralis (the 3rd larvae stage, LC50 = 5.61 mg/L) [27], larvae of Pseudaletia unipuncta 

(the 2nd larvae, LD50 = 189.4 μg/larva) and Trichoplusia ni (the 3rd larvae, LD50 = 233.9 μg/larva) 

[28], fruitflies, Drosophila melanogaster (LC50 = 4.82 mL/L air) and Bactrocera oleae (LC50 = 1.45 mL/L 

air) [29], adults of German cockroaches, Blattella germanica (LD50 = 0.10–0.14 mg/cm2) [30], 
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Pediculus humanus capitis (a 12 h LD50 = 5.4 mg/cm2) [31], mosquitoes, Aedes aegypti [32] and copra 

mite, Tyrophagus putrescentiae [33] as well as house dust mite, Dermatophagoides pteronyssinus 

[34]. Moreover, in the previous studies, 1,8-cineole was found to exhibit fumigant toxicity against red 

flour beetles, Tribolium castaneum adult with LC50 = 41 μL/L air [35], 15.3 μL/L air [36], and  

1.52 mg/L air [37]. It also possess fumigant toxicity against several other stored product insects and 

cockroaches as well as mosquitoes [32,38–40], e.g., the rice weevil (S. oryzae) (LC50 = 22.8 μL/L air), 

and the lesser grain borer (Rhyzopertha dominica) (LC50 = 9.5 μL/L air) [36]. It seems that the 

mentioned stored product insects were more tolerant than booklice to 1,8-cineole. Moreover,  

1,8-cineole was also found to possess fumigant activity against agricultural important pests, e.g., the 

cotton leafworm, S. littoralis (the third larvae, LC50 = 4.34 mg/L) [27] and fruitflies, D. melanogaster 

(LC50 = 1.19 mL/L air) and B. oleae (LC50 = 0.50 mL/L air) [29]. The above findings suggest that that 

insecticidal activity, especially the fumigant activity of the essential oil of C. wenyujin rhizomes and 

its two constituent compounds, against the booklouse is quite promising. As currently used fumigants 

are synthetic insecticides and the most effective fumigants (e.g., phosphine and MeBr) are also highly 

toxic to humans and other non-target organisms, the essential oil of C. wenyujin rhizomes and its two 

constituent compounds show potential to be developed as possible natural fumigants/insecticides for 

the control of L. bostrychophila. 

In Traditional Chinese Medicine, C. wenyujin rhizomes are shown to possess many 

pharmacological actions such as anti-tumor, anti-early-pregnancy, antibacterial, leukocytes-increasing, 

body-rheography-improving, acute-kidney-failure alleviating, platelet-aggregation-inhibiting,  

anti-thrombosis and anti-inflammatory activities were demonstrated [19]. It seems that this medicinal 

herb is quite safe for human consumption because it has been used as a medicinal herb for hundreds of 

years. However, no experimental data about the safety of this herb is available so far. The isolated 

constituent camphor is reported to have oral LD50 value of more than 5 g/kg body weight in rats and 

1.31 g/kg body weight in mice [41]. In humans the signs of camphor intoxication include central 

nervous stimulation, oral and gastric irritation, nausea and vomiting, excitement, hallucinations, 

delirium, muscular excitability, tremors, convulsions and urinary retention [41]. The reported acute 

toxicity data of camphor on adults and children arise mostly from accidental ingestion of  

camphor-containing medications. The probable lethal oral dose has been reported to be in the range of 

50 to 500 mg/kg body weight. No acute toxicity of camphor was reported after doses lower than 2 

mg/kg body weight [42]. Thus, this compound is relatively safe for human consumption. WHO experts 

concluded that it would not raise a safety concern at current estimated intakes of camphor as 

flavouring substance of 58 μg/day in Europe and 396 μg/day in the USA [42]. The another isolated 

constituent 1,8-cineole is reported to have oral LD50 of 2.48g/kg body weight for rats and it is 

classified as a reproductive toxin for females and a suspect reproductive toxin for males [43]. Thus, to 

develop a practical application for the essential oil and the isolated constituents as novel 

fumigants/insecticides, further research into the safety of the essential oil/compounds to humans is 

needed. Additional studies on the development of formulations are also necessary to improve the 

efficacy and stability and to reduce cost. 
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3. Experimental 

3.1. Plant Material and Essential Oil Extraction 

The fresh rhizomes of C. wenyujin (10 kg) were harvested at August 2011 from Ruian Country 

(27.78 N latitude and 120.63 E longitude, Zhejiang Province, China). The plant was identified by  

Dr. Liu, QR (College of Life Sciences, Beijing Normal University, Beijing, China) and a voucher 

specimen (CMH-Jianghuang-Zhengjiang-2011-08) was deposited in the museum of Department of 

Entomology, China Agricultural University. The sample was air-dried and ground to a powder using a 

grinding mill (Retsch Muhle, Germany). The powder was subjected to hydrodistillation using a 

modified Clevenger-type apparatus for 6 h and extracted with n-hexane. Anhydrous sodium sulphate 

was used to remove water after extraction. The essential oil was stored in airtight containers in a 

refrigerator at 4°C for subsequent experiments. 

3.2. Insects 

Booklice, L. bostrychophila, were obtained from laboratory cultures in the dark in incubators at  

28–30 C and 70%–80% relative humidity and was reared on a 1:1:1 mixture, by mass, of milk 

powder, active yeast, and flour. All the containers housing insects and the Petri dishes used in 

experiments were made escape proof with a coating of polytetrafluoroethylene (Fluon®, Blades 

Biological, Cowden Edenbridge, Kent, UK). Laboratory bioassays were done within one week after 

adult collections. 

3.3. Gas Chromatography-Mass Spectrometry 

Components of the essential oil of C. wenyujin rhizomes were separated and identified by gas 

chromatography-flame ionization detection (GC-FID) and gas chromatography–mass spectrometry 

(GC–MS) Agilent 6890N gas chromatography connected to an Agilent 5973N mass selective detector. 

The same column and analysis conditions were used for both GC-FID and GC-MS. They were 

equipped with a flame ionization detector and capillary column with HP-5MS (30 m × 0.25 mm × 0.25 μm). 

The GC settings were as follows: the initial oven temperature was held at 60 C for 1 min and ramped 

at 10 C min−1 to 180 C where it was held for 1 min, and then ramped at 20 C min−1 to 280 C  

and held there for 15 min. The injector temperature was maintained at 270 C. The samples (1 μL) 

were injected neat, with a split ratio of 1:10. The carrier gas was helium at flow rate of 1.0 mL min−1. 

Spectra were scanned from 20 to 550 m/z at 2 scans s−1. Most constituents were identified by gas 

chromatography by comparison of their retention indices with those of the literature or with those of 

authentic compounds available in our laboratories. The retention indices were determined in relation to 

a homologous series of n-alkanes (C8–C24) under the same operating conditions. Further identification 

was made by comparison of their mass spectra with those stored in NIST 05 (Standard Reference Data, 

Gaithersburg, MD, USA) and Wiley 275 libraries (Wiley, New York, NY, USA) or with mass spectra 

from the literature [44]. Component relative percentages were calculated based on GC peak areas 

without using correction factors. 
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3.4. Contact Toxicity with Treated Filter Paper 

Range-finding studies were run to determine the appropriate testing concentrations of the essential 

oil of C. wenyujin and pure compounds. The essential oil and compound were diluted in acetone. The 

filter paper with 3.5 cm in diameter (Whatman) was treated with 150 μL of the solution. Then the filter 

paper after treated with solid glue (Glue Stick, Jong Ie Nara Co., Ltd. Hong Kong) was placed in a 

Petri dish (3.5 cm in diameter) and 10 booklice were put on the filter paper by using a hair brush.  

The plastic cover with holes was put and all the Petri dishes were kept in incubators at 27–29 C,  

70%–80% r.h. for 24 h. Acetone was used as controls and pyrethrum extract was used as a positive 

control. Five concentrations and five replicates of each concentration were used in all treatments and 

controls. Mortality of insects was observed and the observed data were corrected for control mortality 

using Abbott’s formula. The results from all replicates were subjected to probit analysis using the 

PriProbit Program V1.6.3 to determine LC50 values [45]. Pyrethrum extract (25% pyrethrine I and 

pyrethrine II) was purchased from Fluka Chemie (Buchs, Switzerland). 

3.5. Fumigant Toxicity 

Range-finding studies were run to determine the appropriate testing concentrations of the pure 

compounds and C. wenyujin essential oil. A filter paper strip (3.5 cm  1.5 cm) treated with 10 μL of 

an appropriate concentration of test essential oil/compound in acetone. The impregnated filter paper 

was then placed in the bottom cover of glass bottle of 250 mL. The insects, 10 adults in a small glass 

bottle (8 mL), were exposed for 24 h and each concentration with five replicates. All the treatments 

were replicated five times. Acetone was used as controls and dichlorvos was used as a positive control. 

The observed mortality data were corrected for control mortality using Abbott’s formula. The LC50 

values were calculated by using Probit analysis [45]. Positive control, dichlorvos (99.9%) was 

purchased from Aladdin Reagent Company (Shanghai, China). 

3.6. Bioassay-Directed Fractionation 

The crude essential oil of C. wenyujin rhizomes (25 mL) was chromatographed on a silica gel 

(Merck 9385, 1,000 g) column (85 mm i.d., 850 mm length) by gradient elution with a mixture of 

solvents (n-hexane, n-hexane-ethyl acetate). Fractions (500 mL each) were collected and concentrated 

at 40 C, and similar fractions according to thin layer chromatography (TLC) profiles were combined 

to yield 15 fractions. Fractions (3–5, 8) that possessed contact toxicity, with similar TLC profiles, were 

pooled and further purified by preparative silica gel column chromatography (PTLC) until to obtain 

the pure compound for determining structure as 1,8-cineole (0.6 g) and camphor (0.8 g). The structure 

of the compounds was elucidated based on high-resolution electron impact mass spectrometry and 

nuclear magnetic resonance. 1H and 13C-NMR spectra were recorded on Bruker ACF300 and AMX500 

(500 MHz (1H)) instruments using CDCl3 as the solvent with TMS as internal standard. EIMS were 

determined on a ThermoQuest Trace 2000 mass spectrometer at 70 eV (probe). 

1,8-Cineole (Eucalyptol, 1), colorless oil. MS m/z (%): 154 (24), 111 (29), 108 (36), 96 (23), 93 (56), 

84 (38), 81 (56), 71 (47), 69 (40), 68 (38), 67 (24), 55 (33), 43 (100), 41 (33), 39 (19). C10H18O. 
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1HNMR (500 Hz, CDCl3) δ: 1.05 (3H, 7-CH3), 1.24 (6H, 9, 10-CH3), 1.41 (1H, 4-H), 1.50 (4H, Ph-H), 

1.66 (2H, Ph-H), 2.02 (2H, Ph-H). 13CNMR (CDCl3) δ: 76.8 (C-8), 72.7 (C-1), 39.6 (C-4), 37.3 (C-2, 

C-6), 28.9 (C-9, 10), 25.4 (C-7), 24.2 (C-3, 5). The spectral data matched with the previous reports [46,47]. 

Camphor (2), white solid. MS m/z (%): 152 (30), 110 (14), 109 (30), 108 (43), 95 (100), 83 (34), 81 

(72), 69 (34), 67 (18), 55 (29), 41 (44). C10H16O. 1H-NMR (500 Hz, CDCl3) δ: 2.36 (1H, H-2), 2.09 

(1H, H-3), 1.96 (1H, H-4), 1.85 (1H, H-2), 1.68 (1H, H-5), 1.37 (2H, H-4, 5), 0.96 (3H, 9-CH3), 0.92 

(3H, 7-CH3), 0.84 (3H, 10-CH3). 
13C-NMR (CDCl3) δ: 219.0 (C-1), 57.7 (C-6), 46.8 (C-2), 43.3 (C-8), 

40.1 (C-3), 30.0 (C-5), 27.1 (C-4), 19.8 (C-9) 19.1 (C-10), 9.3 (C-7). The data matched with the 

previous reports [47–49]. 

4. Conclusions 

The study indicates that the essential oil of C. wenyujin rhizomes and its constituent compounds 

camphor and 1,8-cineols have potential for development into natural insecticides/fumigants for control 

of insects in stored grains. 

Acknowledgments 

This project was supported by the Hi-Tech Research and Development of China 2011AA10A202. 

We thank Q.R. Liu from the College of Life Sciences, Beijing Normal University, Beijing 100875, for 

the identification of the investigated medicinal herbs. The authors thank Kai Yang from the 

Department of Entomology, China Agricultural University, for the bioassay. 

References 

1. Nayak, M.K.; Daglish, G.J.; Byrne, V.S. Effectiveness of spinosad as a grain protectant against 

resistant beetle and psocid pests of stored grain in Australia. J. Stored Prod. Res. 2005, 41,  

455–467. 

2. Turner, B.D. Psocids as a nuisance problem in the UK. Pestic. Outlook 1998, 9, 27–30. 

3. Pascual-Villalobos, M.J.; Baz, A.; Del Estal, P. Occurrence of psocids and natural predators on 

organic rice in Calasparra (Murcia, Spain). J. Stored Prod. Res. 2005, 41, 231–235. 

4. Chai, Y.X.; Liu, G.Y.; Wang, J.J. Toxicological and biochemical characterizations of AChE in 

Liposcelis bostrychophila Badonnel (Psocoptera: Liposcelididae). Pestic. Biochem. Physiol. 2007, 

88, 197–202. 

5. Zettler, J.L.; Arthur, F.H. Chemical control of stored product insects with fumigants and residual 

treatments. Crop Prot. 2000, 19, 577–582. 

6. Phillips, T.W.; Throne, J.E. Biorational approaches to managing stored-product pests. Ann. Rev. 

Entomol. 2010, 55, 375–397. 

7. Isman, M.B. Botanical insecticides, deterrents, and repellents in modern agriculture and an 

increasingly regulated world. Ann. Rev. Entomol. 2006, 51, 45–66. 

8. Isman, M.B. Plant essential oils for pest and disease management. Crop Prot. 2000, 19, 603–608. 



Molecules 2012, 17 12058 

 

 

9. Rajendran, S.; Srianjini, V. Plant products as fumigants for stored-product insects control.  

J. Stored Prod. Res. 2008, 44, 126–135. 

10. Chu, S.S.; Liu, Q.R.; Liu, Z.L. Insecticidal activity and chemical composition of the essential oil 

of Artemisia vestita from China. Biochem. Syst. Ecol. 2010, 38, 489–492. 

11. Li, W.Q.; Jiang, C.H.; Chu, S.S.; Zuo, M.X.; Liu, Z.L. Chemical composition and toxicity against 

Sitophilus zeamais and Tribolium castaneum of the essential oil of Murraya exotica aerial parts. 

Molecules 2010, 15, 5831–5839. 

12. Fang, R.; Jiang, C.H.; Wang, X.Y.; Zhang, H.M.; Liu, Z.L.; Zhou, L.; Du, S.S.; Deng, Z.W. 

Insecticidal activity of essential oil of Carum carvi fruits from China and its main components 

against two grain storage insects. Molecules 2010, 15, 9391–9402. 

13. Chu, S.S.; Hu, J.F.; Liu, Z.L. Composition of essential oil of Chinese Chenopodium ambrosioides 

and insecticidal activities to maize weevil, Sitophilus zeamais. Pest Manag. Sci. 2011, 67, 714–718. 

14. Zhang, J.S.; Zhao, N.N.; Liu, Q.Z.; Liu, Z.L.; Du, S.S.; Zhou, L.; Deng, Z.W. Repellent 

constituents of essential oil of Cymbopogon distans aerial parts against two stored-product insects. 

J. Agric. Food Chem. 2011, 59, 9910–9915. 

15. Chu, S.S.; Jiang, G.H.; Liu, Z.L. Insecticidal compounds from the essential oil of Chinese 

medicinal herb, Atractylodes chinensis. Pest Manag. Sci. 2011, 67, 1253–1257. 

16. Yang, K.; Zhou, Y.X.; Wang, C.F.; Du, S.S.; Deng, Z.W.; Liu, Q.Z.; Liu, Z.L. Toxicity of 

Rhododendron anthopogonoides essential oil and its constituent compounds towards Sitophilus 

zeamais. Molecules 2011, 16, 7320–7330. 

17. Zhao, N.N.; Zhou, L.; Liu, Z.L.; Du, S.S.; Deng, Z.W. Evaluation of toxicities of some common 

spices essential oils from China against Liposcelis bostrychophila. Food Control 2012, 26, 486–490. 

18. Flora of China Homepage. Available online: http://www.efloras.org/florataxon.aspx? 

flora_id=2&taxon_id=240001177/ (accessed on 10 October 2012). 

19. Committee of Chinese Pharmacopoeia. Chinese Pharmacopoeia; Chemical Industry Press: 

Beijing, China, 2000; pp. 166–230.  

20. Xiang, Z.; Wang, X.Q.; Gao, H.C.; Zhang, M.L.; Zeng, S. GC-MS and HPLC metabolic profiling 

studies of Curcuma wenyujin rhizomes obtained at different harvest times. Anal. Lett. 2012, 45, 

1–14. 

21. Fang, F.; Cheng, Z.H.; Guo, Y.L.; Cai, Y.B. Comparative analysis of the volatile components in 

the fresh roots and rhizomes of Curcuma wenyujin by static headspace gas chromatography mass 

spectrometry. Chin. J. Chem. 2006, 24, 1346–1351. 

22. Cao, J.; Qi, M.L.; Zhang, Y.; Zhou, S.; Shao, Q.L.; Fu, R.N. Analysis of volatile compounds in 

Curcuma wenyujin Y. H. Chen et C. Ling by headspace solvent microextraction-gas 

chromatography-mass spectrometry. Anal. Chim. Acta 2006, 561, 88–95. 

23. Cao, J.; Qi, M.L.; Fang, L.H.; Zhou, S.; Fu, R.N.; Zhang, P.P. Solid-phase microextraction-gas 

chromatographic-mass spectrometric analysis of volatile compounds from Curcuma wenyujin 

Y.H. Chen et C. Ling. J. Pharm. Biomed. Anal. 2006, 40, 552–558. 

24. Cox, P.D.; Pinniger, D.B. Biology, behaviour and environmentally sustainable control of  

Tineola bisselliella (Hummel) (Lepidoptera: Tineidae). J. Stored Prod. Res. 2007, 43, 2–32. 



Molecules 2012, 17 12059 

 

 

25. Obeng-Ofori, D.; Reichmuth, C.H.; Bekele, A.J.; Hassanali, A. Toxicity and protectant potential 

of camphor, a major component of essential oil of Ocimum kilimandscharicum, against four 

stored product beetles. Int. J. Pest Manag. 1998, 44, 203–209. 

26. Gupta, N.; Saxena, G. Identification and application of bioactive principles from Mentha, Annona, 

Cinnamomum and Eucalyptus against stored pulse grain pest. Asian J. Chem. Environ. Res. 2010, 

3, 82–86. 

27. Abdelgaleil, S.A.M. Molluscicidal and insecticidal potential of monoterpenes on the white garden 

snail, Theba pisana (Muller) and the cotton leafworm, Spodoptera littoralis (Boisduval).  

Appl. Entomol. Zool. 2010, 45, 425–433. 

28. Isman, M.B.; Wilson, J.A.; Bradbury, R. Insecticidal activities of commercial rosemary oils 

(Rosmarinus officinalis) against larvae of Pseudaletia unipuncta and Trichoplusia ni in relation to 

their chemical compositions. Pharm. Biol. 2008, 46, 82–87. 

29. Pavlidou, V.; Karpouhtsis, I.; Franzios, G.; Zambetaki, A.; Scouras, Z.; Mavragani-Tsipidou, P. 

Insecticidal and genotoxic effects of essential oils of Greek sage, Salvia fruticosa, and mint, 

Mentha pulegium, on Drosophila melanogaster and Bactrocera oleae (Diptera: Tephritidae).  

J. Agric. Urban Entomol. 2004, 21, 39–49. 

30. Jung, W.C.; Jang, Y.S.; Hieu, T.T.; Lee, C.K.; Ahn, Y.J. Toxicity of Myristica fagrans seed 

compounds against Blattella germanica (Dictyoptera: Blattellidae). J. Med. Entomol. 2007, 44, 

524–529. 

31. Yang, Y.C.; Lee, S.H.; Clark, J.M.; Ahn, Y.J. Ovicidal and adulticidal activities of Origanum 

majorana essential oil constituents against insecticide-susceptible and pyrethroid/malathion-

resistant Pediculus humanus capitis (Anoplura: Pediculidae). J. Agric. Food Chem. 2009, 57, 

2282–2287. 

32. Tabanca, N.; Demirci, B.; Gurbuz, I.; Demirci, F.; Becnel, J.J.; Wedge, D.E.; Baser, K.H.C. 

Essential oil composition of five collections of Achillea biebersteinii from central Turkey and 

their antifungal and insecticidal activity. Nat. Prod. Commun. 2011, 6, 701–706. 

33. Tak, J.H.; Kim, H.K.; Lee, S.H.; Ahn, Y.J. Acaricidal activities of paeonol and benzoic acid from 

Paeonia suffruticosa root bark and monoterpenoids against Tyrophagus putrescentiae  

(Acari: Acaridae). Pest Manag. Sci. 2006, 62, 551–557. 

34. Saad, E.Z.; Hussein, R.; Saher, F.; Ahmed, Z. Acaricidal activities of some essential oils and their 

monoterpenoidal constituents against house dust mite, Dermatophagoides pteronyssinus  

(Acari: Pyroglyphidae). J. Zhejiang Univ. 2006, 7B, 957–962. 

35. Suthisut, D.; Fields, P.G.; Chandrapatya, A. Fumigation toxicity of essential oils from three  

Thai plants (Zingiberaceae) and their major compounds against Sitophilus zeamais and  

Tribolium castaneum. J. Stored Prod. Res. 2011, 47, 222–230. 

36. Lee, B.H.; Annis, P.C.; Tumaalii, T.; Choi, W.C. Fumigant toxicity of essential oils from the 

Myrtaceae family and 1, 8-cineole against 3 major stored-grain insects. J. Stored Prod. Res. 2004, 

40, 553–564. 

37. Tripathi, A.K.; Prajapati, V.; Aggarwal, K.K.; Kumar, S. Toxicity, feeding deterrence, and effect 

of activity of 1,8-cineole from Artemisia annua on progeny production of Tribolium castanaeum 

(Coleoptera: Tenebrionidae). J. Econ. Entomol. 2001, 94, 979–983. 



Molecules 2012, 17 12060 

 

 

38. Zahran, H.E.D.M.; Abdelgaleil, S.A.M. Insecticidal and developmental inhibitory properties of 

monoterpenes on Culex pipiens L. (Diptera: Culicidae). J. Asia-Pacific Entomol. 2011, 14, 46–51. 

39. Araujo, E.C.C.; Silveira, E.R.; Lima, M.A.S.; Andrade, N.M.; Andrade, I.L.; Lima, M.A.A.; 

Santiago, G.M.P.; Mesquita, A.L.M. Insecticidal activity and chemical composition of volatile 

oils from Hyptis martiusii Benth. J. Agric. Food Chem. 2003, 51, 3760–3762. 

40. Traboulsi, A.F.; Taoubi, K.; El-Haj, S.; Bessiere, J.M.; Rammal, S. Insecticidal properties of 

essential plant oils against the mosquito Culex pipiens molestus (Diptera: Culicidae). Pest Manag. 

Sci. 2002, 58, 491–495. 

41. Opdyke, D.L.J. Camphor USP in “Monographs on Fragrance Raw Materials”. Food Cosmet. 

Toxicol. 1978, 16, 665–669. 

42. The 63rd meeting of the Joint FAO/WHO Expert Committee on Food Additives. Safety 

evaluation of certain food additives. Available online: http://www.bvsde.paho.org/texcom/ 

cd045364/foodseries60.pdf (accessed on 12 October 2012). 

43. Material Safety Data Sheet-Cineole MSDS. Available online: http://www.sciencelab.com/msds. 

php?msdsId=9924005/ (accessed on 10 October 2012). 

44. Adams, R.P. Identification of Essential Oil Components by Gas Chromatography/Quadrupole 

Mass Spectroscopy, 3rd ed.; Allured: Carol Stream, IL, USA, 2007. 

45. Sakuma, M. Probit analysis of preference data. Appl. Entomol. Zool. 1998, 33, 339–347. 

46. Elgendy, E.M.; Khayyat, S.A. Oxidation studies on some natural monoterpenes: citral, pulegone, 

and camphene. Russian J. Org. Chem. 2008, 44, 814–822. 

47. Bohlmann, F.; Zeisberg, R.; Klein, E. Naturally occurring terpene derivatives. 13CNMR spectra of 

monoterpenes. Org. Magn. Reson. 1975, 7, 426–432. 

48. Cruil, G.B.; Garber, A.R.; Kennington, J.W.; Prosser, C.M.; Stone, P.W.; Fant, J.M.;  

Dawson, J.H.; Carbon-13 NMR spectra of nineteen (lR)-(+)-camphor derivatives. Magn. Reson. 

Chem. 1986, 24, 737–740. 

49. Martin, G.J.; Lavoine-Hanneguelle, S.; Mabon, F.; Martin, M.L. The fellowship of natural 

abundance 2H-isotopomers of monoterpenes. Phytochemistry 2004, 65, 2815–2831. 

Sample Availability: Samples of the crude extracts and pure compounds are available from the authors. 

© 2012 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 


