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Abstract 

This study aimed to determine the Gas Chrommatography (GC)-Mass Spectrometry (MS) 

profiles and insecticidal activity of essential oils (EOs) from Thymus vulgaris (Thyme) and 

Cymbopogon citratus (Lemongrass) against the invasive and devastating pest, Tuta absoluta 

(T. absoluta) through contact and fumigation routes. We found out that thyme oil was 

predominantly constituted of Thymol (22.16%), α-Pinene (15.35%) and p-Cymene (13.54%) 

whilst Neral (21.41%), Geranial (21.36%) and β-Myrcene (9.74%) were the major 

constituents of lemongrass oil.  Lemongrass oil exhibited higher insecticidal efficiency 

irrespective of application mode with 50% lethal dose (LD50) values of 35.8 and 72.2 µL.L-

1air on contact and fumigation routes, respectively. Lemongrass oil also lengthened pupal 

duration at all tested doses irrespective of application routes. The overall responses of 

Lemongrass oil surpassed that of the reference insecticide (Lynx®: Lambda-cyhalothrine; 

Acetamipride). Thus, the recorded data clearly showed the acute and long-term insecticidal 

effects of the studied EOs, though a greenhouse and open field trials are required prior to the 

validation of this approach as remediation measure for Integrated Pest Management (IPM) for 

tomato borer control in Cameroon and elsewhere.  

Keywords: Tomato borer, essential oil, GC-MS profile, larvicidal effects.   

1. Introduction 

Tomato (Solanum lycopersicum (Linné)) is a wordwide grown vegetable with a substantial 

economic value [1]. The nutritional and therapeutic properties of its fruits have raised it 

beyond all other cultivated legume fruits worldwide. In Cameroon, tomato fruits rank second 

among produced fruits behind sweet banana [2]. Beside the wide array of diseases which 

hinder tomato productivity, an invasive pest, known as “South American tomato leaf miner”, 

“tomato borer” or Tuta absoluta [(Meyrick, 1917) (Lepidoptera: Gelechiidae)] has been 

reported as one of the key devastative pests of solanaceous plants of worldwide significance 

[3,4,5]. In early 2010’s, this oligophagous insect pest was firstly reported in Bangangté 

locality, West Region of Cameroon (5◦8′47.07′′ N, 10◦31′26.04′′ E) and subsequently rapidly 

spread in main Cameroonian’s tomato production bassins with substantial yield declines. Till 

date, despite its outbreak in some commercial fields in the western highlands and southern 

Plateau’s production hot spots, the pest has not received any attention.  

The insect (T. absoluta) life cycle comprises four developmental stages: egg, larvae, pupae 

and moth. Larvae is the only harmfull stage. The former feeds, grows and produces many 
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galleries on soft tissues of the aerial parts of tomato plant such as leaves, stem, flowers and 

fruits. These damages involve significant qualitative and quantitive yield declines which could 

culminate at as high as 100% if no efficient control measures is undertaken [6]. 

 Elsewhere, the attention has been paid to the burden of tomato borer [3, 6, 4]. However, very 

few concerns were raised concerning the frequent spray of synthetic insecticides like 

Indoxacarb, Coragen and Triflumuron in gardens regardless of the drawbacks inherent to 

constant and inappropriate use of these agrochemicals on the non-target organisms and the 

environment as a whole. Recent operational approaches to this concern include the 

development of more ecological control tools encompassing biological control, planting of 

insect proof varieties and the utilization plant-derived active metabolites with insecticidal 

properties [7, 8].  

Accordingly, essential oils have hold promise of efficiency, sustainability and compatibility 

with other control measures in the framework of IPM programs [9]. The repellent [10], 

fumigant [11], antifeedant [12] and contacticide [13] activities of botanical extracts including 

essential oils are well documented.  

Indeed, essential oils from Thymus vulgaris and Cymbopogon citratus plants that are 

otherwise used in Cameroon for culinary purposes have been showed to possess insecticidal 

activity on a large number of arthropod pests [14, 15, 16]. They could therefore be applied in 

dwarfting the outbreak of the recently reported Tomato borer in Cameroon (unpublished data). 

This study aimed thus to undertake GC-MS profiling of thyme and lemongrass EOs and 

evaluation of their insecticidal activity against T. absoluta larvae through two different 

application routes, contact and fumigation.  

2. Results  

2.1 Characterization of essential oils 

The EOs from thyme and lemongrass were obtained with respective yields of 0.3% and 0.2% 

(w/w) and had pale-yellow and clear-yellow colorations respectively. The GC/MS profiling 

of both EOs from T. vulgaris and C. citratus indicated a total of 53 and 44 compounds 

respectively, representing 99.7% and 98.6% of total detected components (Table 1). 

Specifically, thyme oil was predominently constituted of Thymol (22.16%), α-Pinene 

(15.35%), p-Cymene (13.54%), Linalool (5.52), β-Caryophyllene (4.85%), β-Myrcene 

(4.85%), Menth-8-en-1-ol (4.02%) and Borneol (4.02%). On the other hand, Neral (21.41%), 
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Geranial (21.36%), β-Myrcene (9.74%), β-Ocimene (8.34%), Linalool (6.62%), Photocitral B 

(7.18%) and 2-Undecanone (5.15%) were the major components found in lemongrass oil. A 

total of 19 compounds were shared by both EOs, quantitatively representing 36% and 43% of 

the Thyme and Lemongrass oils respectively.    

 Table 1. Chemical composition of T. vulgaris and C. citratus essential oils.    

No RI    Compounds Percentage (%) 
 

   
T. vulgaris oil C. citratus oil 

1 913 Cyclofenchene - 0.02 

2 915 α –Thujene 3.19 - 

3 920 α-Pinene 15.35 0.67 

4 929 Camphene 1.73 0.02 

5 940 1-Octen-3-ol 3.01 - 

6 948 β-Myrcene 4.85 9.74 

7 954 1,2-Dimethylcyclohexane - 0.02 

8 958 α-Phellandrene 0.78 - 

9 964 α-Terpinene - 0.19 

10 973 Benzene, 1, 2, 4, 5-tetramethyl 3.53 - 

11 977 p-Cymene 13.54 0.35 

12 979 β-Ocimene 0.15 8.34 

13 1005 Linalool 5.52 6.62 

14 1008 Menth-8-en-1-ol 4.02 - 

15 1011 Photocitral B - 7.18 

16 1016 Piperitol 0.18 0.06 

17 1026 Citronellal - 1.3 

18 1027 Photocitral A - 0.35 

19 1028 Camphor 1.07 - 

20 1036 Borneol 4.02 - 

21 1048 α-Terpineol 1.51 - 

22 1050 cis-Carveol - 0.09 

23 1052 Dihydrocarvonone 0.21 - 

24 1066 Citral B (neral) - 21.41 

25 1075 Citral A (geranial) 0.42 21.36 

26 1082 2-Undecanone - 5.15 

27 1094 3-Methyl-4-isopropylphenol 0.09 - 

28 1099 Geraniol 2.09 1.62 

29 1100 Thymol 22.16 - 

30 1101 Eugenol 0.11 3.45 

31 1102 Nerol 0.14 1.05 

32 1103 3-Allylguaiacol - 0.08 

33 1105 Lavandulol 0.09 0.82 

34 1109 Isobornyl acetate 0.2 3.08 

35 1110 Copaene 0.12 - 

36 1114 β-Bourbonene 0.35 - 
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37 1115 β-Elemene - 0.03 

38 1116 1, 3, 5- Trimethoxybenzene 0.07 - 

39 1120 Safranal - 0.11 

40 1121 α-Gurjunene 0.11 - 

41 1125 Caryophyllene 4.85 0.14 

42 1128 Cis-β-Farnesene - 0.03 

43 1135 Humulene - 0.06 

44 1136 Alloaromadendrene 0.13 - 

45 1138 2-Tridecanone - 0.41 

46 1140 γ-Murolene 0.37 - 

47 1142 Nerolidol - 0.02 

48 1144 Isoledene - 0.1 

49 1145 Germacrene 2.27 0.03 

50 1147 Eugenyl acetate - 3.13 

51 1150 δ-Cadinene 0.03 0.08 

52 1152 Cubenene 0.95 
 

53 1154 Farnesol 0.21 0.07 

54 1156 α-Calacorene 0.03 - 

55 1160 n-Propyl cinnamate - 0.01 

56 1163 Cetane 0.03 - 

57 1167 Aromadrene 0.12 - 

58 1170 Caryophyllene oxide 0.53 0.15 

59 1172 trans-1,2-Cyclohexylene sulfite - 0.02 

60 1175 Isobutyl cinnamate - 0.04 

61 1178 Calarene - 0.83 

62 1179 8-epi-γ-Eudesmol 0.17 - 

63 1182 Cadinol 
 

0.04 

64 1185 α-Cadinol 0.5 0.13 

65 1187 Longifolenaldehyde 0.06 - 

66 1188 6-epi-Shyobunol 0.06 - 

67 1189 α-Elinene - 0.07 

68 1190 Farnesol (e), methyl ether 0.1 - 

69 1193 1-Methylbicyclo [3.2.1]-octane 0.01 - 

70 1204 Eicosane 0.5 - 

71 1205 Isoamyl cinnamate - 0.12 

72 1223 6-epi-Shyobunol 0.03 - 

73 1225 Methylprednisolone Acetate 0.02 - 

74 1256 Caproic anhydride 0.02 - 

75 1260 Geranylgeranyl diphosphate 0.04 - 

76 1268 Isodurenol 0.04 - 

77 1275 Citronellyl phenylacetate 0.01 - 

78 1282 2-(1-adamantyl)-4-

Bromoanisole 

0.01 - 

Total - - 99.7 98.6 

RI: Retention index; components were identified based on RI and GC-MS data and listed according to their 

order of elution on solid phase. % = Percent peak area of essential oil constituents. 
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2.2 Insecticidal effect of essential oils against T. absoluta  

2.2.1. Contact toxicity assay  

Larvicidal effect of the essential oils on T. absoluta: EOs displayed significant (p<0.001) 

larvicidal effect through direct application on fourth instar larvae. The mortality rate was a 

function of concentration (r = 0.71 and 0.72 respectively for thyme and lemongrass EOs) 

(Figure 1). Indeed at 336 µL.L-1air, the lemongrass or thyme oils totally cleared the larvae 

(mortality rate =100%). Moreover, the LD50 and LD90 values were respectively 35.8 µL.L-1air 

and 304.8 µL.L-1air for lemongrass oil and 63.0 µL.L-1air and 285.6µL.L-1air for thyme oil. 

(Table 2). The Duncan’s paired-based comparison test showed that lemongrass oil performed 

better than thyme oil as it showed lower LD50 (35.8 µL.L-1air) compared to thyme oil (63.0 

µL.L-1air).    

 

 

 

 

 

  

Figure 1. Percentage of mortality (± SD) of T. absoluta larvae exposed to increasing 

concentrations of thyme and lemongrass oils through contact toxicity. Vertical bars represent 

standard deviation means.  

Table 2. LD50 and LD90 values of thyme and lemongrass oils on fourth larval instar of T. 

absoluta after 4h exposure by contact toxicity.  

Essential oils                            Inhibition parameter (Range) (µL.L-1 air)  

LD50 LD90 

Thyme oil 63.00 (62.72-63.28) 285.60 (284.75-286.45) 
Lemongrass oil 35.80 (34.39-37.21) 

 
304.80 (303.95-305.65) 

Mean difference 27.2 -19.2 

p values 0.001** 0.004* 

* and ** denote significant difference at p ≤ 0.01 and p ≤ 0.001 respectively, given by the Duncan’s test.  
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Larval knockdown speed when exposed to sub-lethal concentrations of essential oils: The 

knockdown kinetic of the larvae at sub-lethal doses of EOs was evaluated (Figure 2). The 

results showed that for each dose, the knockdown occurred within 0 to one-hour time interval 

after exposure. Beyond one hour, no significant difference was observed with exposure time. 

Nevertheless, regardless to EOs, the knockdown rate at 42 µL.L-1air was significantly lower 

compared to 84 and 168 µL.L-1air (p < 0.001). But there was no significant difference 

between doses 84 and 168 µL.L-1air (p> 0.001). The KT50 and KT90 of lemongrass and thyme 

oils were respectively 0.68 and 0.66h and 0.95 and >4h (Table 3). While no difference was 

recorded between the KT50 of both oils, a statistical difference was however found between 

the KT90 values, indicating a faster action of lemongrass oil compared to thyme oil. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Percentage of larval knockdown by contact toxicity at varying time points when 

exposed to sub-lethal concentrations of lemongrass and thyme oils. Vertical bars represent standard 

deviation means.  
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Table 3. KT50 and KT90 values of thyme and lemongrass oils on fourth larval instar of T. 

absoluta by contact toxicity.  

Essential oils                            Inhibition parameter (Range) (µL.L-1air)  

KT50 KT90 

Thyme oil  0.66 (0.62-0.70) ˃ 4  

Lemongrass oil  0,68 (0.47-0.90) 0.95 (0.94-1.01) 

Mean difference  -0.02 Nd 

p values 0.905 0.0003* 

*Denotes significant difference at p ≤ 0.001given by the Duncan’s test; Nd= Not determined.  

 

Effects of sub-lethal doses of essential oils on larval life cycle: At 42 µL.L-1air, thyme oil 

significantly increased (3 days) the larval instar duration compared to lemongrass oil (2 days 

12 hours) and the negative control (2 days 15 hours), but was statistically equal to the reference 

insecticide: Lynx® (2 days 17 hours) (Figure 3). For pupal duration, as referred to reference 

insecticide, both EOs lenghtened the shift from pupae to moth. T. vulgaris oil enhanced the 

pupal duration (7 days 5 hours) more than the other treatments including the reference 

insecticide (Lynx®: 6 days 11 hours).    

At 84 µL.L-1air, C. citratus oil and the positive control did not affect larval duration compared 

to the negative control. Inversely, T. vulgaris oil significantly (p < 0.05) lenghtened larval 

period even more than the reference insecticide (3 days 16 hours). Meanwhile, no difference 

was observed between pupal duration of T. vulgaris and control treatments (Tween 80 and 

Lynx®), indicating no long-term effects of the former at 84 µL.L-1air. Whereas, exposure to 

lemongrass oil lenghtened pupal duration (8 days) with reference to the other treatments (p < 

0.001). 
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Figure 3. T. absoluta larval and pupal durations when exposed to essential oils by contact 

toxicity. Bars bearing different letters are significantly different referring to the Duncan’s based multiple 

comparison test.   

2.2.2 Fumigant toxicity assay.  

Effects of the essential oils on T. absoluta larval mortality: As with contact toxicity, both 

oils incited T. absoluta larvae dead, in a dose dependent manner (r=0.73 and 0.87 respectively 

for thyme and lemongrass oils). Globally, lemongrass oil was likely most efficient as it caused 

100% larval mortality at 336 µL.L-1air whilst thyme oil needed 672 µL.L-1air to exhibit the 

same output (Figure 4). In addition, the LD50 and LD90 were 72.2 and 156.8 µL.L-1air for 

lemongrass oil and 140.4 and 336.8 µL.L-1air for thyme oil (Table 4). A comparative analysis 

of the oils based on their respective LD50 and LD90 clearly indicates a statistically superior 

larvicidal effect of lemongrass oil over thyme as with contact toxicity.  

       

 

 

 

 

 Figure 4. Percentage of mortality of T. absoluta larvae when exposed to increasing 

concentrations of thyme and lemongrass oils through fumigant toxicity. Vertical bars represent 

standard deviation means. 
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Table 4. LD50 and LD90 values of fourth larval instar of T. absoluta after 4h of exposure to C. 

citratus and T. vulgaris oils by fumigant toxicity.  

Essential oils                            Inhibition parameter (Range) (µL.L-1 air)  

                            LD50 LD90 

Tyme oil      140.40 (137.57-143.23)       336.80 (336.23-337.37) 

Lemongrass oil 72.20 (67.96-76.44) 
 

156.80 (151.14-162.46) 

 Mean difference 68.2 180 

p values 0.003* 0.001** 

* and ** denote significant differences at p ≤ 0.01 and p ≤ 0.001 given by the Duncan’s multiple range test.  

Time-dependent larvae knockdown when exposed to sub-lethal concentrations of essential 

oils: The results revealed that for each sub-lethal dose, the larvae knockdown occurred within 

0 to 2 hours contrarily to contact toxicity which occured one hour post treatment (Figure 5). 

Three and four hours post treatment, no knockdown difference was observed with respect to 

time. Globally, the mean knockdown percentages at 42, 84 and 168 µL.L-1air of lemongrass 

oil were significantly different (p < 0.001). The time required to knock 50 (KT50) and 90% 

(KT90) of larvae were 0.69 and 2.4h for C. citratus oil and 0.96 and >4h for T. vulgaris oil 

respectively (Table 5). The Duncan’s paired comparaison unveiled that thyme oil needed 

significantly more time to suppress the larval growth compared to lemongrass oil whose action 

was somehow quick.  
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Figure 5. Percentage of larvae knockdown at varying time points upon exposure to differents 

concentrations of C. citratus and T. vulgaris oils by fumigant toxicity. Vertical bars represent 

standard deviation means.  

 Table 5. KT50 and KT90 values of Thyme and Lemongrass oils on fourth larval instar of T. 

absoluta by fumigant toxicity. 

Essential oils                            Inhibition parameter (Range) (µL.L-1air)  

KT50 KT90 

Thyme oil  0.96 (0.89-1.03) ˃ 4  

Lemongrass oil  0.69 (0.66-0.72) 2.4 (2.29 - 2.53) 

Mean difference  0.27 Nd 

p values 0.0344* Nd 

* denotes signicant difference at p ≤ 0.05 given by the Duncan’s multiple range test. 

Effects of sub-lethal concentrations of essential oils on larval development: The larval and 

pupal duration of survived larvae when exposed to sub-lethal concentrations of EOs was 

determined (Figure 6). At 42 µL.L-1air, all the tested EOs significantly increased the larval 

and pupal durations as compared to untreated controls (Tween 80). When treated with thyme 

and lemongrass oils, their respective effects significantly enhanced the duration of larvae (1 
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day 5 hours; 1 day 6 hours) and pupae (3 days 20 hours; 4 days 11 hours) as compared to both 

positive (Lynx®) and negative (Tween 80) controls.  

 At 84 µL.L-1air, although no change was recorded on larval instar duration upon exposition 

to thyme oil when compared to controls, lemongrass oil significantly augmented the larval 

duration (p < 0.001) relatively to unstressed control. Besides, lemongrasss oil (2 days13 hours) 

showed higher efficiency compared to thyme oil (2 days 10 hours).  

At 168 µL.L-1air, all the tested EOs significantly (p < 0.001) enhanced both larval and pupal 

durations compared to controls (positive and negative controls). Lemongrass oil exerted 

highly potent effect on pupal duration relative to thyme oil and the reference insecticide 

(Lynx®).  

 

 

 

 

 

 

Figure 6. Larval and pupal durations of T. absoluta when exposed to essential oils by fumigant 

toxicity. Mean values (Bars) bearing different letters are significantly different referring to the Duncan’s based 

multiple comparison test.   

 

3. Discussion 

The extraction yields of thyme and lemongrass oils were 0.30% and 0.20% respectively. These 

data are in agreement with the report of Simo et al. [17] (0.32%) for T. vulgaris collected in 

West Region of Cameroon. Other studies by Nguefack et al. [18] reported higher yields 

(0.65% and 0.70% respectively) from T. vulgaris and C. citratus dry materials harvested in 

the West and Centre regions of Cameroon.   The analysis of the chemical compositions of EOs 

revealed the main components in thyme oil to be thymol (22.16%), α-pinene (15.35%) and p-
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cymene (13.54%). On the other hand, neral (21.41%), geranial (21.36%) and β-myrcene 

(9.74%) were found to be the most abundant in lemongrass oil. Overall, 53 and 44 compounds 

were identified in T. vulgaris and C. citratus oils, representing quantitatively 99.70% and 

98.59% of their total components respectively. Previous studies by Nguefack et al. [18] have 

identified thymol (27.2%) as the major component of thyme oil while Tchinda et al. [19] 

reported geranial (32.2 %), myrcene (27.0 %) and neral (25.7 %) as the principal constituents 

of lemongrass oil. Such discrepancies in relative compositional abundance of EOs 

components has been tentatively ascribed to harvest season which can significantly impact on 

plant metabolism thus essential oils biosynthesis [20]. Through fumigation and direct contact 

assays, the EOs showed inhibitory action on fourth instar larvae of T. absoluta. Lemongrass 

oil exerted the most potent effect than thyme oil. The observed biological effects could be 

directly linked to the multitude of components of the EOs and their mechanistic interactions. 

Previous studies by Tak et al. [21] reported the insecticidal activity of lemongrass oil by 

contact and fumigant toxicity on the cabbage looper (Trichoplusia ni). In addition, Sammour 

et al. [16] have shown the larvicidal activity of formulated Thyme oil on T. absoluta. thus, 

observed biological activities were presumably thought to be due to the acidic nature of 

phenolic compounds like thymol, and aldehydes like neral and its isomer (geranial) that 

enhance their reactivity with most enzyme active sites, leading to their inactivation [22]. This 

statement was further emphasised by Tak and Isman [8] who found that citral incites reduced 

frass production, feeding deterrence and larvae growth. At 42 µL.L-1air, Lemongrass oil 

delayed larval period through fumigation route meanwhile by contact toxicity, Lemongrass 

oil did not prolonged larval time. These data further strengthen the inference of application 

route on the efficacy of extracts on pests. Both oils when tested through fumigation assay 

lenghtened pupal duration corroborating the findings of El-Mesallamy et al. [23] who reported 

that basil oil prolonged larval duration of spiny bollworm.  

The tomato leaves, stems and fruits mining mediated by T. absoluta is a serious constraint to 

tomato production worldwide. The damage potential, coupled with the rapid multiplication 

and spread of the insect further justify its high aggressiveness which has incited farmers to 

augment the insecticidal application rate across the production period to secure acceptable 

yields [24]. Regardless the fact that insecticides use has helped in curbing food security issues 

up to some extent, it’s being perceived in modern agriculture as limiting factor owing to their 

negative actions on various components of the environment targeting for instance natural 

enemies (biological control insects) and pollinisators leading to substantial yield drawbacks. 
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Agricultural scientists have therefore adopted the Integrated Pest Management (IPM) 

approach which could assure nearly same protective effects while preserving human and 

environmental health. In this sense, plant-derived compounds have been proven to be an 

integral part of the IPM package as it mimics the mode of action of plant’s innate immune 

system against pests [25]. Despite the aforementioned facts, from the huge number of EOs 

tested for their insecticidal properties, just few investigations have been directed against T. 

absoluta [25]. More, the available reports tend to report the short term (Acute) toxic effects 

of EOs whilst the monitoring of the long-lasting effects of these compounds mixtures would 

be of paramount importance for a confident integration of this technology into the IPM system. 

This study reports for the first time the insecticidal potential of Lemongrass EO against 

T.absoluta. 

4. Materials and methods 

4.1. Plants collection and essential oils extraction  

Fresh aerial parts were collected from insecticide-free cultivated thyme (T. vulgaris) and 

lemongrass (C. citratus) respectively at 8 am in the locality of Mbouda (West Region) on the 

Mount bamboutos hillside (5◦40′11.99′′ N, 10◦3′2.16′′ E) in August 2017 and in the locality of 

Oyom-abang located in the subdivision of Yaoundé 7 (3◦52′22.22′′ N, 11◦28′48.86′′ E) in 

September 2017. The plants were identified at the National Herbarium of Cameroon where 

voucher specimens are deposited under the respective reference numbers 42851/CAM and 

48536/SRF/CAM for T. vulgaris and C. citratus. 

Freshly harvested samples were subjected to hydrodistillation using a clevenger-type 

apparatus for approximately 6h. The resulting oils were collected by decantation and dried 

through anhydrous sodium sulfate column and stored in dark glass bottle until usage. The 

yield of extraction was determined as follows: 

Yield (%w/w) = [(Mass of essential oil (g)/ Mass of vegetal material (g)) x 100]. 

 4.2. Determination of the chemical composition of essential oils 

The chemical composition of EOs was analysed using Gas Chromatography coupled to Mass 

Spectrometry (GC-MS) on an Agilent Technologies (7890B GC System and 5977A MSD, 

Germany) apparatus equipped with a Zebron-5MS column (ZB-5MS 30 m x 0.25 mm x 0.25 

um) (5%-phenylmethylpolysiloxane). The analytical conditions were: helium was used as 

carried gas with a flow rate of 2 ml/min and samples injected at 1ml by splitless mode. The 
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injector and oven temperatures were set at 280°C and 70°C respectively. The temperature of 

the oven was initially programmed from 70°C to 120°C with a gradient of 15°C/min; from 

120°C to 180°C with a gradient of 10°C/min and finally rised to 270°C at the gradient of 

20°C/min then maintained for 3 min. Thus, separated compounds flew in MS column at a 

transfer temperature of 270°C. Mass spectra were obtained from the full scan of the positive 

ions resulting from ionization of the compounds from the GC with a scanning in an appropriate 

mass/charge (m/s) range, and operated with an electron impact mode of 200 eV. The 

components were later on identified by comparing the obtained spectra with standard mass 

spectra obtained in the same experimental conditions and also to mass spectra of known 

compounds using Wiley and Nist08 library database available with Xcalibur software.    

4.3. T. absoluta and tomato plants rearing  

The animal model (T. absoluta) used in this study was reared as described in the modified 

protocol of Benchouikh et al. [26]. Briefly, tomato leaves and stems bearing T. absoluta larvae 

were collected in commercial tomato farms in Foumbot (West Region of Cameroon). Larvae 

were thereafter transferred individually into Petri dishes afforded with fresh tomato leaves 

from experimental pesticide-free garden, and followed up on daily basis until moth’s 

emergence. The moths were then realeased into an egg-laying cage (80×160 × 60 cm) along 

with young trap tomato plants grown in pots for oviposition. The rearing conditions were: 25 

± 2°C, 65 ± 5% RH, and photoperiod of 16/8 hours light to dark cycles. The adults were 

provided with energy source by soaking cotton wool in 10% honey solution and placing it in 

rearing cages. After hatching of eggs, the first instar larvae were collected individually into 

petri dish on fresh tomato leaves and maintained in rearing conditions until reached the fourth 

instar larval stage which was used for bioassays.  

The tomato (cv. Rio Grande) plants utilized for T. absoluta rearing, as well as for the 

bioassays, were grown from seeds in pot culture in screenhouse and at the experimental field 

of the Antimicrobial and Biocontrol Agents Unit, University of Yaoundé I, Cameroon. 

 

4.4. Preparation of test solutions of essential oils and reference insecticides  

Stock solutions of thyme and lemongrass essential oils were prepared by dissolving pure oils 

in Tween 80 (Sigma Aldrich) (1:9 v/v). Then, two-fold dilutions were made so as to obtain 

test concentrations raging from 42 to 672 µL.L-1air. The reference insecticide: Lynx® 
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(Lambda-cyhalothrine at 15g/l and Acetamipride at 20g/l) was prepared according to the 

manufacturer’s inctructions (Sun valley Hall Limited, Hong kong) by dissolving the liquid 

form in sterile distilled water so as to get a final concentration of 3333, 33µL/L which is the 

recommended dose for farm application against T. absoluta.  

4.5. Assessment of the insecticidal effects of the essential oils.  

 

Contact toxicity assay of the essential oils: The contact toxicity of the evaluated essential 

oils on T. absoluta larvae was assessed as described by Slimane et al. [13]. In fact, 10 fourth 

intar larvae per replicate were placed on fresh tomato leaflets into 9 cm Petri dishes, then, EOs 

were drop-inoculated onto the larvae so as to get final test concentrations from 42 µL.L-1air to 

336 µL.L-1air. Petri plates were immediately sealed with parafilm tape and maintained in 

rearing conditions as described above. The control plates were provided with 0.9% Tween 80 

for negative control and 3333, 33µL/L Lynx® for positive control. Four replications were 

prepared per concentration and the overall experiment was repeated twice. The plates were 

subsequently examined each hour and the number of larvae knocked down (paralysed larvae) 

was recorded and expressed in terms of percentage over the initial larvae number per treatment 

[27]. Also, the time required to knock down 50% and 90% (KT50 and KT90) of larvae was 

determined. Thereafter, the larvae knocked down were transfered onto fresh tomato leaves 

and incubated for 24 more hours under same rearing conditions. The larvae which could not 

react to the pressure of the brush upon the incubation period on fresh tomato leaves were 

considered as dead [4]. The mortality rate was then calculated as described by Molan et al. 

[28]:  

Mortality (%) = 100 (Number of dead larvae / total number larvae)  

In addittion, the living larva were inspected daily to assess the effect of essential oils on 

pupation. Doing so, living larva were transferred individually into dishes and incubated till 

moth's emergence. Then, larval and pupal duration were recorded [23]. 

 

Fumigant toxicity assay of the essential oils: The fumigant toxicity of the tested EOs on T. 

absoluta larvae was assessed following the protocol described by [4]. Accordingly, ten larva 

per replicate were transferred on fresh tomato leaves laying into a Petri dish. Whatman No. 1 

filter paper disk was fixed onto the inner surface of plates lids and impregnated with different 

volumes of essential oils so as to get final concentrations range from 42 µL.L-1air to 672 µL.L-
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1 air. Negative control plate was provided with 0.9 % Tween 80 and positive control with 

3333, 33µL/L Lambda-cyhalothrine, Acetamipride (Lynx®). Four replications were prepared 

per treatment, and the overall experiment was repeated twice over time. The number of larvae 

knocked down as well as the KT50 and KT90 were determined; the mortality rate was recorded 

as described above and the larval and pupal durations were determined at sub-lethal doses as 

well [23]. 

4.6. Statistical analyses 

The results were expressed as means ± standard deviation (SD). The one factor ANOVA 

coupled to the Duncan’s Post HOC test was used to measure the distance among means values. 

The strength of the relationship between concentrations and the observed responses was tested 

with the Pearson correlation.  The LD50 and LD90 as well as KT50 and KT90 values were 

graphically determined using the Statgraphics Plus 5.1 statistical package.  

5. Conclusion 

This study unveils the larvicidal potential of two essential oils from Cameroonian thyme and 

lemongrass that were tested through direct contact and fumigation routes on fourth instar 

larvae of T. absoluta. Results indicated that lemongrass oil has stronger larvicidal effect 

irrespective of application mode. Likewise, regardless of the applicaton mode, sub-lethal 

doses of both EOs altered significantly the insect pest biolology by lengthening its life cycle. 

This potency of thyme and lemongrass oils indicate their potential to impair the development 

speed of T. absoluta and thus the reduction of their population density in the farm with the 

related destructive action on tomato plants. These attributes offer more hopes towards an 

effective and sustainable control strategy against T. absoluta be it singly in greenhouse-based 

agriculture or combined with available control measures for a better output in open field trials.  
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