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Abstract 

The beet armyworm Spodoptera exigua Hübner (Lepidoptera: Noctuidae) is 

one of the most significant shallot pests worldwide, which affects 

agricultural production by approximately 100% in Indonesia. The growing 

awareness of sustainable agriculture encourages the search for natural 

alternatives to synthetic pesticides that promote resistance and contaminate 

the environment. Therefore, this study aims to evaluate the efficacy of basil 

(Ocimum basilicum L.) leaf extract against the 2nd and 3rd instar larvae of S. 

exigua. The extracts were prepared using maceration and hydrodistillation 

and the pathogenicity was carried out against the 2nd and 3rd instar of S. 

exigua using three replicates with several doses of extract ranging from 0-2.0 

percent. The extracts were applied to the larvae using contact and topical 

methods. The results showed that maceration extraction yields a greater 

extract with different types compared to those of the hydro-distillation 

method. Maceration extract of basil leaves with the contact application 

method to 2nd instar showed better results than the topical application, with 

the highest mortality rate of 75% (F=24.464; P< 0.001) and LC50 of 0.007%. 

This indicated that basil leaf extract with the contact application method has 

great potential to be developed as a botanical insecticide to control S. exigua 

in the field as part of Integrated Pest Management (IPM). 
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Introduction 

The beet armyworm, Spodoptera exigua Hübner (Lepidoptera: Noctuidae) is 

a widespread major crop pest in tropical, subtropical, and temperate 

climates (1). Its larvae are polyphagous pests of many cultivated crops, 

including cotton, tomatoes, potato, soybean, okra, celery, lettuce, cabbage, 

chilli, onion, and alfalfa (2, 3). S. exigua is a significant pest of onions in the 

Philippines, Vietnam, Indonesia, and India (4), but also attacks shallot plants 

in Indonesia, presenting a threat to this plantation (5, 6). 

 The resistance to insecticides is one of the critical issues in the control 
of S. exigua (7). Farmers sometimes perceive that the application of more 

synthetic insecticides is quite effective against pest attacks. However, it was 

reported that using synthetic pesticides too frequently will trigger insecticide 

resistance formation and provide biological accumulation as well as 

magnification to the environment and non-target species (8). In Indonesia, 
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insecticide resistance against armyworms has been 

documented (9, 10), where methoxyfenozide resistance 

was discovered in a shallot-producing center in Java, with 

LC50 values ranging from 0.53 to 127.61 ppm (6, 11). 

 The search for pesticides derived from plant 

extracts that are harmful to the larvae of S. exigua is 

presently increasing. It was discovered that plant extracts 

generate less residue and are safer for the environment, 

humans, and are suited for integrated pest management 

programs (7). Plant extracts have been employed to 

control S. exigua in several investigations, such as 

Goniothalamus wightii Hook. f. and Thomson (12), 

Delphinium navicular (Larkspur) (13), Aconitum apetalum 

and A. franchetii var. Villosulum (14), Sphagneticola 

trilobata (15), Salvia Veneris Hedge. (16), Alpinia galanga 

(7), Ocimum basilicum and Rosmarinus officinalis (1). 

Despite several experiments on the discovery of the right 

botanical insecticide, biopesticides for S. exigua are still 

being researched due to the possibility of co-evolution arm 

races and the diverse sensitivity of insects in various 

regions. 

 Basil (Ocimum basilicum L.), a member of the 

Lamiaceae family, is widely distributed in various regions 

of Indonesia, especially in Java, Sunda, Bali, Manado, and 

Ternate. The plant is widely used as a vegetable consumed 

freshly and as traditional medicine. Previous studies 

reported that basil has antimicrobial, antioxidant, 

repellent, insecticide, larvicide, nematicide, and 

therapeutic benefits such as analgesic, 

immunomodulatory, antipyretic, anti-inflammatory, and 

anticarcinogenic (17). Investigations on the use of basil 

extract as a biopesticide have been carried out, including 

activities against Spodoptera litura (18, 19), Culex 

quinquefasciatus (20), Spodoptera frugiperda (21) and Tuta 

absoluta (22). Even though extract has been widely 

developed as a biopesticide, there has been no 

information on its use as a biopesticide for S. exigua. 

Therefore, the research was carried out to observe the 

effectiveness of basil leaf extract as a biopesticide for S. 

exigua. 

 The purpose of this study is to realize the toxicity of 

the O. basilicum leaf in S. exigua (Hübner) larvae in in-vitro 

conditions. The O.basilicum leaf was selected because it is 

easily accessible and extensively grown in Indonesian 

backyard gardens and plantations. Both maceration and 

hydrodistillation were used to determine the most 

effective extraction method for extracts with the highest 

biopesticide activity. Based on investigations, no research 

has yet compared the efficiency of these two approaches 

for extracting metabolites from basil leaves for 

biopesticides. Therefore, this study is essential because it 

provides information on an alternative method for creating 

low-cost pest control, namely armyworm management, by 

employing and cultivating locally accessible plants with 

the capacity to reduce the usage of standard synthetic 

pesticides. 
 
 

 

 

Materials and Methods 

Basil sample collection  

 Basil leaves were collected from Magelang district, 

Central Java, Indonesia, in March 2021. The mature leaves 

derived from the basil plants had just entered the 

flowering phase (23). The basil plant species was 

authenticated at the Plant Systematic Laboratory Faculty 

of Biology, Universitas Gadjah Mada, with certificate 

number 01410972/S.Tb./XI/2021.  

Samples preparation  

The basil leaves were taken apart from the stem, cleaned 

with distilled water, and dried at room temperature under 

dust-free conditions for 2 weeks. Subsequently, dried 

leaves were pulverized using an electric blender to 

improve the extraction process. The simplicia were stored 

in airtight plastic until the next experiments. 

Extraction Basil leaves  

Extractions were carried out using two techniques, namely 

maceration and hydrodistillation. In the maceration, 100 g 

of powdered samples were used with 400 mL of n-hexane 

at a ratio of 1:4 for 3 × 24 h with periodic shaking. The 

mixtures were filtered to collect the filtrate and the solvent 

was evaporated to obtain an extract. Basil oil was obtained 

from 600 g of powdered leaves processed in a 

hydrodistillation machine for 4 h, filtered, and stored at 4°

C for the next experiment (20).  

Gas Chromatography-Mass Spectrometry (GC-MS) 

Analysis 

GC-MS analysis was carried out at the Department of 

Organic Chemistry, Universitas Gadjah Mada using GCMS-

QP2010S SHIMADZU with a capillary column of DB-5MS. 

Helium was the carrier gas and the analysis was set in the 

splitless mode with equipment setting, namely column 

oven temperature 60.0 °C, sampling time 1.00 min, 

injection temperature 300 °C, pressure 16.5 kPa, total flow 

30.5 mL/min, column flow 0.55 mL/min, linear velocity 27.1 

cm/sec, purge flow 3.0 mL/min. Subsequently, the 

chromatograms obtained were analyzed for peak 

identification and the interpretation of the mass spectra 

results was selected based on compounds with an SI above 

86%. 

Mass rearing of Spodoptera exigua  

The insect at the larval stage for the initial stock was 

collected from onion farms in Magelang district, Central 

Java, Indonesia. A total of 300 larvae were used as 

broodstock. The collected larvae were grown in the 

Entomology Laboratory of the Faculty of Biology at 

Universitas Gadjah Mada on an artificial diet produced 

from white beans using the procedures (8, 24). An amount 

of 250 g of white beans was soaked overnight with tap 

water until soft and then steamed for ± 1 h until thoroughly 

cooked. The beans were mashed using an electric blender 

containing 1200 mL of distilled water. This was followed by 

the addition of 50 g agar, 10 g sodium benzoate, and 80 g 

instant dried yeast, which was cooked for ± 45 min until 

boiling. The mixture was left at room temperature for         

10 min until the temperature dropped to ± 50°C. 
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Subsequently, 20 g of ascorbic acid was added to the 

mixture and homogenized. A total of 25 mL of artificial diet 

was poured into a 90 mL plastic cup with a top and bottom 

diameter of 6.5 cm and 5 cm, as well as a height of 4.6 cm 

respectively. For the following experiment, the artificial 

diet was stored at 4 °C after 45 min at room temperature. 

 A total of 30 pupae each were transferred in a glass 

jar with a diameter of 7 cm and height of 23 cm, with an 

opaque paper for egg laying. A cotton ball dipped in a 10% 

honey solution was used to feed adults. Eggs were 

monitored every 24 h and kept in plastic cups, with a top 

diameter of 6.5 cm, bottom diameter of 5 cm, and height 

of 4.6 cm, containing an artificial diet, and covered with 

tissue until hatched into first instar larvae. 

Topical  insecticidal  activity assay on Spodoptera exigua 

The assay was carried out using the armyworm's 2nd and 

3rd instar larvae with the topical application method on the 

test larvae. Each treatment used 20 larvae with three 

replications. The treatment was performed by applying 1 

μL of basil extract solution in a solvent to the pronotum, 

the anterior portion of the prothorax using a micropipette 

with serial concentrations of basil extracts of 0.1, 0.5, 1 and 

2%. The solvents used for dilution were 5 percent DMSO 

for maceration extract and 10% acetone for 

hydrodistillation extract, while both solvents were used as 

control treatments. Each treatment was carried out in a 90 

mL plastic cup with a 15 g artificial diet, which was 

changed every 3 days to feed the larvae (1). Larval 

mortality was observed at 72 h after treatment. 

Meanwhile, the mortality was calculated using the formula 

expressed below (20): 

Mortality(%) = Number of larvae dead    × 100 

               Total number of larvae introduced  

Contact insecticidal activity assay on Spodoptera exigua 

A contact toxicity test was carried out using the 

armyworm's 2nd and 3rd instar larvae. The 2nd and 3rd instar 

larvae were immersed in the extract solution with a serial 

concentration of basil extract of 0.1, 0.5, 1 and 2%. Solvent 

5% DMSO and 10% acetone as a control for 10 s (14) and 

each treatment used 20 larvae with 3 replications. Larval 

mortality was calculated at 72 h after the application of the 

extract and mortality was determined using the following 

formula (20): 

Mortality (%) = Number of larvae dead         × 100 

                   Total number of larvae introduced  

Data analysis 

The mortality data were analyzed using Abbot's formula. 

The mean mortality data for each treatment was tested 

using analysis of variance in the treatment means (ANOVA) 

at the 95% confidence level, followed by the Tukey HSD 

test. Finally, the LC50 was calculated using probit analysis, 

statistical analysis was carried out using IBM-SPSS (version 

25) and Curve Expert 1.4 (Daniel Hyams, 1993). 

 

 

Results   

Plant extract  

The extraction of dried basil leaves using two different 
techniques produced different yields. The maceration 
produced a blackish-green paste-like extract with a yield 
of 3.94% yield, while the hydrodistillation yielded 0.3 % of 
a thick yellowish oil, as presented in Table 1. The results 
showed that maceration extraction yields a greater extract 
with different types compared to those of the hydro-
distillation method. 

Insecticidal activity on mortality 

The effectiveness of maceration and hydrodistillation 
extract against 2nd and 3rd instar S. exigua was evaluated 
using 2 different methods of bioassay, namely topical and 
contact application. The results showed a significant 
difference in the mortality of beet armyworm in control 
and treatment with contact application against the 2nd 
instar. The mortality % of contact application and 
maceration leaf extract against the 2nd instar for control 
(0%), 0.1%, 0.5%, 1% and 2% were 3.33, 61.66, 71.66, 75.00 
and 75.00% respectively, as presented in Table 2. This 
indicated that contact application as well as maceration 
leaf extract provided the highest mortality and were more 
sensitive to the 2nd armyworm instar. 

 The lethal concentrations of maceration and 
hydrodistillation extracts against the 2nd and 3rd instars of 
S. exigua are shown in Table 3. It was analyzed using a 
probit graph to determine the LC50 for each treatment, as 
illustrated in Fig. 1. The results showed that the LC50 of the 
2nd instar has a lower value than the 3rd instar larvae. The 
LC50 value of the 2nd instar larva with the contact 
application method has the LC50 value of 0.007% (70 ppm) 
for maceration extract and 0.001% (10 ppm) for 
hydrodistillation extract. However, the topical application 
method has an LC50 value of 1.91 and 1.17 % for 
maceration and hydrodistillation extracts respectively. In 
the 3rd instar, the LC50 value for the topical application 
method of maceration extract was 3.66% and 2.90% for 
hydro distillation. Meanwhile, for the contact application 
method, the values were 9.91% and 2.02% for maceration 
and distillation extracts, respectively. 

 The regression and correlation of O. basilicum 
extract on S. exigua mortality are presented in Table 4 and 
Fig. 1. Regression analysis had a different regression 
pattern between extract concentration and mortality of 
armyworm beet larvae. The correlation with an upward 
trend (positive), indicates a pattern of increasing mortality 
with high extract concentration. This shows that 
regression analysis can estimate the concentration of 
extract required to cause mortality in the test population. 

Chemical compositions of basil leaf extracts by GC–MS 

The GC-MS analysis of the basil extracts of chemical 
compositions in Fig. 2 shows that the maceration leaf 
extract of O. basilicum contains 87 peaks, while the 
hydrodistillation extract has 55 identified chemicals. 

 The bioactive metabolites detected from the 
maceration and hydrodistillation leaves extract of O. 
basilicum are shown in Table 5. From the 87 peaks, only 
the compound identity for 14 and 12 metabolites was 
confirmed in the maceration and hydrodistillation extracts 
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Fig. 1. The effect of concentrations on mortality of 2nd instar with topical application and maceration extract (A), 2nd instar with topical 
application and hydrodistillation extract (B), 2nd instar with contact application and maceration extract (C), 2nd instar with contact 
application and hydrodistillation extract (D), 3rd instar with topical application and maceration extract (E), 3rd instar with topical application 
and hydrodistillation extract (F), 3rd instar with contact application and maceration extract (G), 3rd instar with contact application and 
hydrodistillation extract (H). 

Fig. 2. Gass Chromatography results of the O. basilicum maceration leaf extract; 87 peaks were detected (a). Chromatogram of bioactive 
components of the O. basilicum hydrodistillation leaf extract; 55 peaks were detected (b). 
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Bioassay Larval instar 
Concentrations (%) 

Mortality Percentage (means±SE) 
    Maceration Hydrodistillation 

Topical application 2nd 0 26.66±13.33a 26.66±1.66a 
    0.1 33.33±14.24a 38.33±7.26a 
    0.5 38.33±9.27a 48.33±13.01a 
    1 56.66±10.13a 60.00±7.63a 
    2 41.66±8.81a 40.00±8.66a 

Contact application 2nd 0 3.33±1.66a 3.33±1.66a 
    0.1 61.66±1.66b 61.66±9.27b 
    0.5 71.66±7.26b 58.33±3.33b 
    1 75.00±2.88b 50.00±7.63b 
    2 75.00±0.00b 73.33±9.27b 

Topical application 3rd 0 3.33±1.66a 6.67±1.67a 
    0.1 8.33±4.40a 13.33±4.41a 
    0.5 6.66±3.33a 16.67±4.41a 
    1 3.33±3.33a 18.33±7.26a 
    2 18.33±8.81a 26.67±10.14a 

Contact application 3rd 0 8.33±1.66ab 13.33±1.66ab 
    0.1 21.66±16.91ab 26.66±1.66ab 
    0.5 11.66±6.00ab 70.00±18.02b 
    1 8.33±4.40a 20.00±5.77ab 
    2 21.66±12.01ab 50.00±10.00ab 

Solvent Method Form Characteristics Yield (%) 

n-Hexane Maceration Paste Blackish-Green 3.94 

Water Hydrodistillation Oil Yellowish 0.3 

Table 1. Extraction of secondary metabolites from Ocimum basilicum leaves using maceration and hydrodistillation technique  

Table 2. The mortality percentage of 2nd and 3rd instar S. exigua (mean±SE) after 72 h of maceration and hydrodistillation extract 
applications under laboratory conditions 

Note. Means in the  same column followed by different letters were significantly different at α: 0.05. 

Larval stage Extract 
Application 

Topical (%) Contact (%) 

2nd instar 
Maceration 1.91 0.007 

Hydrodistillation 1.17 0.001 

3rd instar 
Maceration 3.66 9.19 

Hydrodistillation 2.90 2.02 

Table 3. The  50% lethal concentration of maceration and hydro distillation extract against the 2nd and 3rd instar of S. exigua 

Bioassay Larval Extract r R2 Model Equation 

Topical 
application 

  

2nd 
  

Maceration 0.92 0.84 Hoerl Model 

 

Hydrodistillation 0.99 0.98 Reciprocal 
Quadratic 

 

Contact 
application 

  

2nd 
  

Maceration 0.99 0.98 Hoerl Model 

 

Hydrodistillation 0.95 0.90 Quadratic Fit 

 

Topical 
application 

  

3rd 
  

Maceration 0.98 0.96 Quadratic Fit 

 

Hydrodistillation 0.98 0.96 Quadratic Fit 

 

Contact 
application 

  

3rd 
  

Maceration 0.99 0.98 Quadratic Fit 

 

Hydrodistillation 0.40 0.16 Exponential 
Association 

 

Table 4. The regression and correlation of maceration and hydrodistillation extract against the S. exigua 
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respectively. These metabolites consist of numerous 
classes of secondary metabolites, such as terpenes, 
monoterpenes, sesquiterpenes, alkanes, and fatty acids. In 
comparison to hydrodistillation extracts, which include 5 
groups of metabolites, the maceration extracts contain 7 
groups. 

 A comparison test showed that there are 4 
compounds found in 2 different extraction methods, 
classified into 3 groups, namely monoterpenes, 
sesquiterpenes, and fatty acids. Compounds 1,6-Octadien-
3-ol, 3,7-dimethyl- and trans-caryophyllene had a higher 
percentage area in the hydrodistilled extract compared to 
the maceration extract. Meanwhile, alpha-humulene and 
octadecanoic acid had a higher percentage area in the 
maceration than the hydrodistilled extract as presented in 
Fig. 3. 

No RT Compounds Groups 
Area 
(%) Peak MF MW 

Maceration leaf extract 

1. 15.52 1,6-Octadien-3-ol, 3,7-dimethyl-, Monoterpene 12.27 5 C10H18O 154 

2. 53.33 Squalene Triterpene   2.28 68 C30H50 410 

3. 23.76 4-Methyl-3-penten-1-ol Homoallylic   alcohol 4.71 9 C6H12O 100 

4. 25.71 trans-Caryophyllene Sesquiterpene 2.63 12 C15H24 204 

5. 25.94 alpha.-Farnesene Sesquiterpene 1.66 13 C15H24 204 

6. 28.78 alpha.-Humulene Sesquiterpene 3.19 22 C15H24 204 

7. 37.67 Pentadecanoic acid Fatty acid 1.56 37 C17H34O2 270 

8. 38.50 Octadecanoic acid Fatty acid 8.11 38 C18H36O2 284 

9. 41.12 9,12-Octadecadienoic acid, methyl ester, Fatty acid 1.07 45 C18H34O2 294 

10. 41.25 Linolenic acid, methyl ester Fatty acid 4.79 46 C19H32O2 292 

11 42.10 9,12,15-Octadecatrienal Fatty aldehyde 15.57 49 C18H30O 262 

12. 54.66 Eicosane, 2-methyl- Alkanes 1.68 71 C21H44 296 

13 58.49 Hexatriacontane Alkanes 2.13 78 C36H74 507 

14. 63.75 Octacosane Alkanes 2.62 84 C28H58 394 

Hydrodistillation leaf extract 

1. 11.33 6-Methyl-5-hepten-2-one Methyl ketone 3.39 1 C8H14O 126 

2. 15.09 Trans-linaloloxide Terpene 1.16 3 C10H18O2 170 

3. 15.53 1,6-Octadien-3-ol, 3,7-dimethyl-, Monoterpene 17.48 5 C10H18O 154 

4. 19.75 Nerol Monoterpene 1.49 14 C10H18O 154 

5. 20.18 2,6-Octadienal, 3,7-dimethyl-, Monoterpene 9.50 16 C10H16O 152 

6. 21.09 2,6-Octadienal, 3,7-dimethyl-, Monoterpene 13.28 17 C10H16O 152 

7. 25.71 trans-Caryophyllene Sesquiterpene 2.52 28 C15H24 204 

8. 25.93 trans-Caryophyllene Sesquiterpene 1.72 29 C15H24 204 

9. 28.77 alpha.-Humulene Sesquiterpene 2.25 38 C15H24 204 

10. 38.42 Octadecanoic acid Fatty acid 2.33 48 C18H36O2 284 

11. 41.24 Cyclopropanepentanoic acid Fatty acid 1.86 50 C20H38O2 310 

12. 41.99 9-Octadecenal Fatty aldehyde 3.24 53 C18H34O 266 

Table 5. Bioactive compounds of the O. basilicum maceration and hydrodistillation leaf extract 

Fig. 3. Comparison of compounds found in both extracts: 
maceration and hydrodistillation.  
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Discussion   

Recently, the use of botanical pesticides to combat S. 
exigua has gained much attention due to their several 
benefits over chemical insecticides. These include quick 
decomposition of botanical insecticide residues, 
friendliness to non-target animals, as well as human and 
environmental safety (25, 26). Several studies have used 
plant extracts from Alpinia galanga (7), Salvia veneris 
Hedge (16), Pinellia ternata (27), Melia azedarach (28), and 
O. basilicum (1) to make botanical insecticides for S. 
exigua. 

 In this study, O. basilicum extract was used against 
the 2nd and 3rd instar of S. exigua, and a considerable 
insecticidal activity was obtained. During the experiment, 
2 extraction techniques, namely maceration and 
hydrodistillation were used with contact and topical 
application assays. As predicted, the 2nd instar was more 
sensitive than the 3rd instar to basil extracts from both 
extraction methods. The percentage of larval mortality in 
the earlier instar larvae stages was more susceptible to 
insecticides and biopesticides than giant larvae (29, 30). It 
was reported that 1st and 2nd instars of the diamondback 
moth Plutella xylostella L. were the most susceptible 
stages to the crude extracts of Annona squamosa (31).  

 The variations in plant extract toxicity of the results 
were observed between the 2 extraction methods. It was 
discovered that both maceration and hydrodistillation 
extracts from basil leaves caused toxicity to the 2nd and 3rd 
instar of S. exigua, as indicated by larval mortality 
calculated 72 h after treatment. The percentage of larval 
mortality in Table 2 also showed that both extracts have 
high mortality in the 2nd instar by contact application 
method. Meanwhile, the maceration extract of O. basilicum 
L. was found more toxic and stable against the 2nd instar 
than the hydrodistillation extract. This offers an advantage 
for the further use of basil leaves as a biopesticide since 
the maceration technique is simpler, cheaper, does not 
require a special tool, and yields ten times more than the 
hydrodistillation. According to a previous study, the yield 
range of extraction can vary from 0.3% (Helichrysum) to 
3.6% (Rosmarinus) (20, 32). Numerous factors influence 
the yield of essential oils, however, the chemical and 
biological composition varies widely based on the climate, 
location, genetic variability, plant sections used for 
extraction, and the period of plant material harvest (33-
35). Other important factors include the selection of 
solvent during the extraction process. These include 
selectivity, solubility, cost, safety, and the use of dissolves 
principles, where solvents with a polarity close to the 
solute will tend to work better (36). In this study, nonpolar 
hexane was used to extract terpenoid components from 
basil leaves. Hexane was used to successfully get 
triterpenes, monoterpenes, and phenolic diterpenes from 
the leaves of Rosmarinus officinalis L. (37). Moreover, 
several monoterpenes such as cineol, limonene, 
terpinolene, and thymol were reported to have 
exceptional insecticidal and repellent effects (38). 

 In this study, contact application caused a higher S. 
exigua mortality rate than topical treatment. This shows 
that the techniques or routes of absorption might have 

influenced toxicity. According to a study, the crude extract 
of Humulus lupulus was more toxic in the contact assay 
than in the feeding experiment (39). However, it was 
revealed that the topical administration methods of 
Zanthoxylum armatum DC. extract had superior toxicity 
than the leaf-dipping technique (40). This is because 
applying an insecticide topically can get through the tarsal 
barriers and directly deliver pesticide solutions in a 
lipophilic solvent to the thorax of an insect through its 
cuticle. Additionally, the existence of cuticular resistance 
can affect the outcomes of topical testing, which manifests 
as cuticle thickening and changes to the makeup of the 
cuticle, or receptors limiting the uptake and penetration of 
active substances (41). This deviation can be caused by 
variations in the host plant, pest species, and other 
aspects. Since different pest species have several 
detoxifying processes, variation in toxicity methods and 
levels between insects is possible (40). 

 Ocimum basilicum extracts have been widely used 
to control several species of Spodoptera. Research showed 
that after 72 hrs of treatment, freshly hatched larvae (1st 
instar larvae) of S. littoralis (Boisd.) were susceptible to the 
larvicidal effects of basil essential oil, with LC50 and LC90 
values of 1.176 and 9.08% respectively (42). However, it 
was reported that the crude extract from O. canum and O. 
sanctum, with LC50 values of 36.46 and 68.84 ppm 
respectively, has the maximum larval mortality against the 
larvae of S. litura (43). It was also discovered that the crude 
extract and phenylpropanoid compounds of Alpinia 
galanga showed toxicity against 2nd instar S. exigua larvae 
with LD50 of approximately 2.44 µg/larva (7). 

 A regression analysis was carried out in Table 4 to 
determine the interaction pattern of concentration with 
mortality. It was discovered that both treatments for 
mortality had a different regression pattern. Therefore, a 
correlation analysis was performed to determine the 
relationship between treatment and mortality. The results 
showed that both variables have a positive correlation, 
indicating a positive association between the treatment 
and the experimental parameters. The difference in 
mortality percentage caused by maceration and 
hydrodistillation extracts can be caused by variations in 
the extraction method, leading to differences in the 
compounds of the extract (44).  

 The results of the GC-MS analysis in Fig. 2 showed 
that the hydrodistillation extract did not detect 

compounds with high boiling points. Meanwhile, the 

maceration extract shows a compound content, that 

varies from low to high boiling point. The hydro-distilled 

oil has a higher concentration of oxygenated terpene, 

limonene, β-ocimene, α-ocimene, α-terpinene, γ-

terpinene, ρ-cymene, as α-pinene, camphene, β-pinene, 

sabinene, myrcene as well as lower boiling point 

hydrocarbons (44). Based on identifying compounds with 

SI >86% and percentage area >1, both extracts contained 

monoterpenoid compounds that act as insecticides. 

According to previous reports, several chemicals from 

essential oils, namely monoterpenoids, eugenol, thymol, 

limonene, and cinnamaldehyde have the most significant 

impact as insecticides (45, 46). 
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 Bioactive compounds of the O. basilicum 

maceration and hydrodistillation leaf extract are shown in 

Table 5. It was discovered that the maceration extract of 

basil leaves contains monoterpene, triterpene, homoallylic 

alcohol, sesquiterpene, fatty acids, and alkane 

compounds. Meanwhile, the hydrodistillation extract 

contains methyl ketone, terpene, monoterpene, 

sesquiterpene, fatty acid, and fatty aldehyde compounds. 

Compounds found in the 2 extracts are based on the % 

area in Fig. 3. Variability in compound concentration can 

be induced by oxidation and reduction processes as well 

as rearrangements caused during the drying process at 

high temperatures (35). Moreover, 1,6-Octadien-3-ol, 3,7-

dimethyl-, namely linalool, is one of the compounds from 

the monoterpene group found in both extracts. This 

compound is an alcoholic monoterpene found in basil O. 

basilicum, rosewood (Aniba rosaeodora Ducke), and sacaca 

(Croton cajucara Benth) with antibacterial, repellent and 

antifungal activities (47, 48). Linalool acts on insects' 

nervous systems and can inhibit acetylcholinesterase (49). 

 Based on the results, the class of sesquiterpene 

compounds found in both extracts are alpha-humule and 

trans-caryophyllene. Alpha-humulene is the main 

sesquiterpene in Hemp Essential Oil (Cannabis sativa L.) 

that has acaricidal and anti-mosquito activity (50, 51). 

Sesquiterpenes also play a role in triggering a plant's 

defense mechanism to reduce attacks from pests (52, 53). 

Meanwhile, trans-caryophyllene in several medicinal 

plants was found to have mosquito-repellent activity (54, 

55). A previous report has also identified a group of fatty 

acid compounds that act effectively as biopesticides, 

herbicides, and fungicides in the 2 extracts (56). There are 

many fatty acids contained in the extract of Azadirachta 

indica, which acts as a biopesticide (57). 

 

Conclusion 

The results showed that maceration and hydrodistillation 

extracts of leaves of O. basilicum L. caused mortality in the 

2nd and 3rd instar larvae of S. exigua. Maceration extract of 

basil leaves with the contact application method to 2nd 

instar showed better results than the topical application 

with the highest mortality rate of 75% and LC50 of 0.007%. 

This showed that basil leaf extract applied directly to the 

plant has a huge amount of potential to become a useful 

botanical pesticide for controlling S. exigua in the field as 

part of Integrated Pest Management (IPM). 
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