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This research aimed to find indigenous plants and suitable solvents to extract substances with the 
capacity to suppress the immature stages of house fly populations in animal farms and urban areas. 
Seven native Thai plants were tested: Alstonia scholaris (L.) R.Br., Murraya paniculata (L.) Jack, Citrus 
aurantium L., Colocasia esculenta (L.) Schott, Limnophila aromatica (Lam.) Merr., Persicaria odorata 
(Lour.), and Manihot esculenta Crantz. Solvents with different polarities were used in series (hexane, 
ethyl acetate, acetone, ethanol, and water) to extract the active compounds from the plant tissues. The 
effects of extracts on immature stage were assessed separately in vitro using a completely randomized 
design with 5 replicates. The effects of each plant extract on the house fly stages varied depending on 
the solvent utilized. Extracts with high polarity solvents (ethanol and acetone) showed strong ovicidal 
activity but for larval and pupal stages, hexane, a low polarity solvent, demonstrated significant 
larvicidal and pupicidal activity. Acetone and ethanol solvents of P. odorata and L. aromatica caused 
notable mortality rate for the egg stage. Hexane extracts of M. paniculata and both hexane and ethyl 
acetate extracts of C. aurantium induced the highest percentage of larval mortality. Even if other plant 
extracts have less of an impact on the mortality of house fly eggs or larvae, they have an impact on 
the growth and development. The results showed that most plant extracts based on various solvents 
caused considerable mortality in house fly pupa. In this study, the hatching percentage of adult females 
was lower than the adult males after specific plant extracts were applied throughout the larval and 
pupal phases. High-efficiency plant extracts’ LC50 and LC90 values for house fly immature stages were 
calculated. The acetone extract of P. odorata during the egg stage had LC50 and LC90 values of 7.816 
and 31.117 mg/mL, respectively. At the larval stage, M. paniculata’s hexane extract had concentrations 
of 4.865 and 22.284 mg/mL, while C. aurantium’s ethly acetate extract had concentrations of 26.424 
and 61.801 mg/mL. Significant active chemicals discovered by GC-MS analysis were included bioactive 
substances with insecticidal properties, including flavonoids, alkanes, coumarins, etc., were identified 
by GC-MS analysis.
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INTRODUCTION

House flies (Musca domestica Linnaeus, 1758) are major medical 
and veterinary pests. They are one of disease-carrying pests that 
affect people and animals, transmitting pathogenic microorganisms 
such as helminthic eggs, protozoa cysts and trophozoites, bacteria, 
fungi, and viruses (Issa, 2019). Additionally, house flies can cause 
irritation and annoyance to people and animals during outbreaks. 
According to Geden et al. (2021), house fly damage may cause losses 
of up to $1 billion annually in the US. because it transmitted diseases 
to humans and animal such as typhoid fever, cholera, tuberculosis, 
and salmonellosis (Graczyk et al., 2005). A female housefly can lay 
900 eggs in a lifetime (West, 1951) in multiple batches of 100 to 
150 eggs (Geden et al., 2021). Due to its high reproductive capacity, 
house fly control is necessary in urban areas and animal farms. 

Because controlling immature stages is essential to controlling adult 
populations, breeding sites and immature habitats such as organic 
waste and garbage are the primary focus of house fly management 
(Hinkle & Hogsette, 2021). 
	 Chemical control has been the most often utilized method in 
house fly management programs because it is affordable, quick-
acting, available to purchase locally, and effectively controls the 
target pests. (Cooper & Dobson, 2007; Mahr et al., 2008; Aktar et al., 
2009). However, Overuse of chemicals has resulted in toxic residues 
persisting in the environment, risks to other organisms, and the 
development of resistance to synthetic chemicals (Aktar et al., 2009; 
Denholm & Devine, 2013). For the purpose of controlling house fly 
larvae, insecticidal formulations can be added to animal feed or 
sprayed directly into contaminated breeding substrate. Animals may 
receive formulations as treatments to their feed. When the active 
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component of the insecticide passes through the digestive system, 
it releases insecticidal residues in the excrement (Moon, 2002). 
	 Insect control methods have recently shifted their focus to bio-
pesticides made from plant extracts due to the ecological concerns 
associated with chemical insecticides. This is because biodegradable, 
ecologically friendly, and less hazardous than chemical insecticides 
(Kubinyi, 2002; Godlewska, 2020). Plant extracts have been reported 
as insect repellents, growth inhibitors, anti-feeding, and oviposition-
deterrents (Koul, 2005). There have been reports that some plant 
extracts have the potential to suppress house flies. For instance, 
Piper betles L. has a contact toxicity to adult house flies (Anisah 
& Sukesi, 2018), Moringa oleifera, Allium sativum, and P. nigrum 
suppressed house fly development at all stages when extracts were 
administered as larval food during the larval stage (Nisar et al., 2021). 
Attaullah et al. (2020) reported that Azadirachta indica, Penganum 
harmal, Datura stramonium, Tribulus terrestris, and Chenopodium 
murale caused inhibition of enzyme activity and growth regulators 
when applied to the larval stage. 
	 Thailand is an ecologically diverse country, blessed with high 
biodiversity that includes a flora of vascular plants that surpasses 
11,000 species (Panyadee et al., 2023). Some of them have bioactive 
ingredients with potential for traditional medicine and as pesticides 
(Nxumalo et al., 2021).
	 Limnophila aromatica and P. odorata are native plants 
throughout Southeast Asia. In Thailand, both of them are used as 
food ingredients. They have a strong smell, and there have been 
reports of insect toxicity. L. aromatica has been reported to have a 
high phenolic and flavonoid content (Kumar et al., 2019), whereas 
P. odorata has been reported to have high levels of flavonoids, 
anthraquinone, coumarins, and steroids (Saleh Al-Faqeeh et al., 
2020). 
	 Murraya paniculata is a small tropical evergreen tree growing 
in Thailand. Due to its high content of volatile chemicals, it has 
several applications in traditional medicine. There have been reports 
of both nematicidal and antifungal activities (Dosoky et al., 2016). 
Citrus aurantium is an evergreen tree native to Southeast Asia. Its 
fruit is utilized because it is a source of flavonoid-type compounds 
with diverse biological effects (Suntar et al., 2018). Even though 
essential oils and bioactive compounds have been reported from 
its leaves (Oulebsir et al., 2022), few reported studies have focused 
on them. Alstonia scholaris and Co. esculenta were chosen since 
they are both native to the area and do not sustain pest damage. 
Both plants have significant phenolic content in their leaves (Itam 
et al., 2018; Nur-Hadirah et al., 2021). For Ma. esculenta, leaves 
are one of the agricultural wastes that remains after pruning and 
after harvesting the tubers. The leaves of Ma. esculenta contain 
phenolic compounds such as cyanidine, tannins, delphinidine, and 
anthocyanidins, which are recognized for having pharmacological 
activities (Taupik et al., 2023).
	 According to Raja et al. (2014), each plant consists of various 
bioactive chemicals that have specific properties against distinct 
stages of insect life. Different compounds were extracted by different 
polarity solvents. Abdullahi and Haque (2020) and Pinelo et al. (2004) 
reported that the solvent was the main factor in the extraction of 
biochemical compounds from plants. Different bioactive substances 
have varying effects on the physiological targets of insects. In order 
to manage house flies at different phases of the extraction process, 
the solvent is crucial. While most studies concentrate on the larval 
stage, all stages of the life cycle are present at the breeding site: eggs, 
larvae, and pupae. Therefore, the main purpose of this research was 
to find the local plants and suitable solvents to extract substances 
with potential for control of immature stages of house fly in order 
to apply an environmentally friendly method of house fly control 
on animal farms and urban areas.

MATERIALS AND METHODS

Musca domestica and rearing
House fly colonies were maintained in the Department of 
Entomology, Khon Kaen University at room temperature (28±2°C), 
and relative humidity of 60±10%. Adults were reared in a mesh 
cage containing adult food, which was a 1:3 ratio of sugar to 
powdered milk (Tangkawanit et al., 2018). Moist tissue paper 
and fish meal were provided in a petri-dish for adult oviposition. 
After house fly oviposition, egg clusters were transferred to a 
larval food container (18×27×12 cm) containing a mixture of 
62.5 mL of water, 25 g of rice bran, and 12.5 g of chicken feed 
(Ardburi & Tangkawanit, 2022). After 5 days, larvae and food were 
transferred to a sieve box. The third instar larva passed through 
the sieve and developed into pupae in the dry box below. The 
pupae were then transferred to a different cage for emergence of 
adults. The house flies studied were from at least a 2nd generation 
colony.

Plant collection
Plants were chosen for screening based on factors such as plant 
waste (Plant-derived wastes from agriculture and processing), not 
damaged by insects (Castillo et al., 2009), strong smells, bitterness, 
or astringency. Some of the active substances involved are based 
on phenols, flavonoids, isoflavones, terpenes, and glucosinolates, 
and there have been prior reports of their toxicity against insects 
(Akbar et al., 2022). Based on these criteria, seven plants occurring 
in Thailand were selected for testing of their biopesticide activity 
against house fly. These plants were: Alstonia scholaris (L.) R.Br., 
Murraya paniculata (L.) Jack, Citrus aurantium L., Colocasia esculenta 
(L.) Schott, Limnophila aromatica (Lam.) Merr., Persicaria odorata 
(Lour.), and Manihot esculenta Crantz. Seven local plants were 
selected (Table 1). For screening, different parts of each plant were 
collected (leaves and stems) depending on the reports of the toxicity 
of those plant parts. 

Extraction process
Seven plants were extracted with solvents having different 
polarities: hexane, ethyl acetate, acetone, ethanol, and water 
(Pandey & Tripathi, 2014). Every plant part that was chosen 
(Table 1) was cleaned and weighed one kilogram., cut into small 
pieces, and dried under sunlight (33°C±2°C) for 3–5 days and then 

Table 1. List of plant extracts used in this study

Scientific name	 Family	 Common name	 Part

Alstonia scholaris	 Apocynaceae	 Devil tree	 Leaves
(L.) R. Br.

Murraya paniculata	 Rutaceae	 Orange jasmine	 Leaves
(L.) Jack.

Citrus aurantium L.	 Rutaceae	 Bitter orange	 Leaves

Colocasia esculenta	 Araceae	 Elephant ear	 Leaves
(L.) Schott

Limnophila aromatica	 Plantaginaceae	 Rice paddy 	 Arial
(Lam.) Merr.		  herb	 part

Persicaria odorata	 Polygonaceae	 Vietnamese	 Arial
(Lour.)		  coriander	 part

Manihot esculenta	 Euphorbiaceae	 Cassava	 Leaves
Crantz
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ground to fine powder. Plant powders were soaked in hexane 
(1:3 liters). After 72 hours, plant material was filtered through 
filter paper (Whatman No. 1). The solvent was transferred to a 
rotary evaporator for concentration.
	 The remaining residue from hexane (98%) extraction was 
extracted with ethyl acetate (98%), acetone (99.8%), ethanol 
(95%), and water, respectively. Extraction processes has been 
provided in the methodology: the filtrates of hexane crude 
extract were concentrated using a vacuum rotary evaporator 
(Buchi Rotavapor R-114) under reduced pressure at 40°C, while 
the aqueous crude extracts were evaporated to dryness using 
a refrigerated bath. The residue obtained from each plant 
extract was left to cool at room temperature to remove traces of 
solvent, and then finally, it was collected separately in an amber 
glass bottle and preserved and refrigerated at 4°C until used for 
experimentation (Soonwera & Phasomkusolsil, 2015). 

Bioassay
The experiments with different solvents were separately 
examined in the laboratory employing a completely randomized 
design (CRD) with 37 treatments and 5 replications. Each plant 
extract was prepared from a stock solution at a concentration 
of 100 mg/mL using an added co-solvent (4% acetone) for that 
plant extract [the concentration was modified from Ahmad et al. 
(2013)]. 4% acetone (co-solvent) and distilled water were used as 
negative controls. The mortality data from bioassay was corrected 
using corrected mortality according to Abbott’s formula (Abbott, 
1925).

                                       % mortality in treatment – % mortality in control
Corrected mortality = _________________________________________ x 100
                                                           100 – % mortality in control

Egg stage

Contact activity
Twenty newly laid house fly eggs (<12 h old) were used per 
replication. Eggs were transferred into a larval food container 
(2 cm in height × 5 cm in diameter). 200 µL of plant extract 
(100 mg/mL) and 200 µL of control were applied to eggs in the 
separate container. The number of eggs hatched, and abnormal 
eggs were recorded every 24 and 48 h. The newly hatched larvae 
were transferred to a new food container (2 cm in height × 5 cm 
in diameter) to observe their survival rate and the development 
period. Egg Mortality percentage was calculated using the 
following formula (Reegan et al., 2015).

                                                      Number of unhatched eggs
Egg Mortality percentage = ____________________________ x 100
                                                     Number of eggs introduced

Larval stage

Feeding activity
The methods were modified from Subaharan et al. (2021). 5 g 
of larval food were prepared per replication. 2.5 mL of plant 
extract (100 mg/mL) and control were sprayed into a larval food 
container (2 cm in height × 5 cm in diameter). Ten 2nd instar of 
house fly larvae (2 days old) were examined. The mortality rate of 
the larvae was recorded every 24 h for 3 days. The survivor larvae 
were transferred to a new food container to observe their survival 
rate and the development period.

Pupal stage

Contact activity
The dipping technique was utilized for examining the toxicity 
(Abdel, 2017) to pupae. Ten house fly pupae (3 days old) per 
replication were transferred into a cotton muslin bag with a 

rope (56 cm), then the bag was dipped into 5 mL of plant extract 
solution (100 mg/mL) and maintained for 40 seconds. The pupae 
were then transferred to plastic containers (7×9×4 cm). The 
hatching rate of the pupae was recorded every 24 h for 5 days. 
Survival, and sex ratio were recorded.

Toxicity Test (LC50 and LC90)
At each stage of the bioassay experiment, the best potential plant 
extract was evaluated for LC50 and LC90 (Subaharan et al., 2021). 
The house fly immature stage was examined using the same 
methodology as the bioassay experiment. Plant extract with the 
greatest potential from each stage was diluted at 0, 25, 50, 75, 
and 100% concentrations. LC50 and LC90 from the toxicity bioassay 
were estimated using probit analysis (Finney, 1971).

GC-MS analysis 
The chemical composition of the best potential of plant extracts 
in each stage of house fly from all experiments was analyzed by 
gas chromatographic-mass spectrometry analysis at the Center 
for Scientific and Technological Equipment, Suranaree University 
of Technology. 
	 GC-MS analysis was performed using the equipment GC 
Agilent 7890A and MS Agilent 7000.The equipment has column 
HP-5 capillary column (20 m × 0.18 mm, 0.18 um), Helium at the 
rate of 1 mL/min was used as carrier gas. 2 µL sample volume 
was injected. The program was started at 40°C, held for 5 min, 
ramped at 8°C/min to 200°C, then ramped at 5°C/min to 280°C, 
and held for 20 min. then save the result as a chromatogram. The 
identification of components was based on the library of NIST MS 
Search 2.0.
	 This work was performed according to the Guidelines for 
Animal Experimentation of the National Research Council of 
Thailand and approved by the Animal Ethics Committee of Khon 
Kaen University, Thailand (IACUC-KKU-15/66).

Data analysis 
The Statistix 10 program performed an analysis of variance 
(ANOVA) on the mean percentage mortality, followed by Fisher’s 
least significant difference (LSD) at P > 0.05 (Analytical Software, 
2013). A probit analysis of mortality vs. concentration was 
conducted to estimate lethal concentrations (LC50 and LC90).

RESULTS

Ovicidal activity
The results revealed that plant extracts obtained with different 
solvents resulted in different house fly egg mortality values (Table 2). 
When extracted using acetone and ethanol solvents, the following 
plants had strong ovicidal activity: L. aromatica, P. odorata, and 
Ma. esculenta. In this study, plant extracts from P. odorata and 
L. aromatica significantly reduced egg mortality (100%) when 
acetone was used as a solvent. However, there were no significant 
differences when comparing the results with the ethanol solvent 
(Table 2). However, hexane extracts in M. paniculata  and C. 
aurantium had significantly increased ovicidal activity against 
houseflies (70.93% and 75.58%, respectively).
	 The house fly larvae which emerged during all treatments 
were monitored during their development (Table 3). The results 
revealed that there was no difference between the control and all 
plant extracts in the larval and pupal developmental time. 
	 Even though some treatments had lower ovicidal activity, they 
had significant effects on larval and pupal development.  The survival 
rate from egg to adult was much reduced by four plant extracts 
from: Ma. esculenta (hexane, ethyl acetate, and ethanol extracts), 
P. odorata (hexane, and ethyl acetate extract), L. aromatica (ethyl 
acetate extract), C. aurantium (hexane and ethyl acetate extracts), 
and Co. esculenta (ethyl acetate and acetone extracts). These 
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Table 2. Mortality rate of house fly eggs tested with seven plant extracts

Treatment		        Accumulated eggs hatching1/	 % eggs	 % egg	 % Corrected
Plants 	

Solvent
	        24 h	       48 h	 hatching	 Mortality 	 mortality

		
A. scholaris	 Hexane	 9.6±2.19hi2/, 3/	 10.8±1.09efg	 54	 46	 37.20
	 Ethyl acetate	 10.6±0.54gh	 10.6±0.54fgh	 53	 47	 38.37
	 Acetone	 8.4±2.19hijk	 8.4±2.19ijk	 42	 58	 51.16
	 Ethanol	 13±2.73def	 13±2.73d	 65	 35	 24.41
	 water	 15.4±0.54abc	 15.4±0.54ab	 77	 23	 10.46

M. paniculata	 Hexane	 5±2.73mno	 5±2.73mn	 25	 75	 70.93
	 Ethyl acetate	 7.8±1.09ijkl	 7.8±1.09ijkl	 39	 61	 54.65
	 Acetone	 12±0fg	 12±0def	 60	 40	 30.23
	 Ethanol	 13.6±0.54cdef	 13.6±0.54bcd	 68	 32	 20.93
	 water	 16.4±0.54ab	 16.4±0.54a	 82	 18	 4.65

C. aurantium	 Hexane	 4.2±1.64no	 4.2±1.64no	 21	 79	 75.58
	 Ethyl acetate	 8±0ijklm	 8±0ijk	 40	 60	 53.48
	 Acetone	 13.4±2.19cdef	 13.4±2.19bcd	 67	 33	 22.09
	 Ethanol	 12.6±3.28efg	 12.6±3.28def	 63	 37	 26.74
	 water	 13.4±0.54cdef	 13.8±1.09bcd	 69	 31	 19.76

Co. esculenta	 Hexane	 13±2.73def	 13±2.73d	 65	 35	 24.4
	 Ethyl acetate	 13.8±1.64cdef	 13.8±1.64bcd	 69	 31	 19.76
	 Acetone	 8.4±0.54hijk	 8.4±0.54ijkl	 42	 58	 51.16
	 Ethanol	 13.2±4.38cdef	 13.2±4.38cd	 66	 34	 23.25
	 water	 15.2±3.83abcd	 15.2±3.83abc	 76	 24	 11.62

L. aromatica	 Hexane	 7.2±1.09jklm	 7.2±1.09jkl	 36	 64	 58.13
	 Ethyl acetate	 5.8±1.64lmn	 5.8±1.64lmn	 29	 71	 66.27
	 Acetone	 0±0q	 0±0q	 0	 100	 100
	 Ethanol	 0.8±1.09pq	 0.8±1.09pq	 4	 96	 95.34
	 water	 12.8±1.09efg	 12.8±1.09de	 64	 36	 25.58

P.  odorata	 Hexane	 10.6±0.54gh	 10.6±0.54fgh	 53	 47	 38.37
	 Ethyl acetate	 7.4±0.54ijkl	 7.4±0.54ijkl	 36	 63	 56.97
	 Acetone	 0±0q	 0±0q	 0	 100	 100
	 Ethanol	 1.2±1.64pq	 1.2±1.64pq	 6	 94	 93.02
	 water	 7±0klm	 8.4±0.54ijk	 42	 58	 51.16

Ma.  esculenta	 Hexane	 9.4±3.28hij	 9.4±3.28ghi	 47	 53	 45.34
	 Ethyl acetate	 6.4±0.54klmn	 6.4±0.54klm	 32	 68	 62.79
	 Acetone	 8.6±0.54hijk	 8.6±0.54hij	 43	 57	 50
	 Ethanol	 2.8±1.09op	 2.8±1.09op	 14	 86	 83.72
	 water	 12.8±1.64efg	 12.8±1.64de	 64	 36	 25.58

Control (4% acetone)		  14.4±2.19bcde	 17±0.70a	 85	 15	 1.16

Control (Distilled water)		  17.2±0.44a	 17.2±0.44a	 86	 14	 0

1/n=20, 2/Mean±SD, 3/ within each column, Mean±SD followed by similar superscript letters indicate no statistically significant difference (P > 0.05).

treatments also resulted in a lower percentage of female hatching 
from house fly pupae than male hatching. There is no abnormal 
adult in the experiment. Lethal concentrations (LC50 and LC90) were 
evaluated for the L. aromatica and P. odorata (in acetone extract) 
treatments, which have the most effective ovicidal activity. LC50 
of L. aromatica and P. odorata were 42.657, and 7.816 mg/mL, 
respectively. LC90 were 124.738 and 31.117 mg/mL, respectively 
(Table 7).

Larvicidal activity
The efficiency of seven plant extracts in different solvents was 
tested on the larval stage of the house fly. The results indicated 
that most hexane extracts caused a high mortality rate for house 
fly larvae. The plant extracts of M. paniculata (hexane extract) 
and C. aurantium (hexane and ethyl acetate extracts) induced the 
highest percentage of larval mortality (100%). However, it was not 
significantly different with A. scholaris (hexane and acetone extract), 
M. paniculata (ethyl acetate and acetone extracts), C. aurantium 
(acetone extract), Co. esculenta (hexane and ethanol extracts), 
P. odorata (hexane extract), and Ma. esculenta (acetone extract). 
For larvicidal activity, L. aromatica (acetone extract) and P. odorata 

(acetone extract) resulted in a low percentage of larval mortality 
(24.48 and 26.53%) (Table 4).
	 Survival of house fly larvae after 96 h during all treatments was 
observed during their development (Table 5). The results showed 
that the effects of plant extracts extended to the developmental 
period of the larval and pupal stages. The larval development period 
was 7–10 days, which was longer than the control period of 5–6 days. 
For the pupal stage, pupal duration was extended for 1–2 days longer 
than in the control. Even though some treatments had low larvicidal 
activity, they had a significant effect on insect development. The 
larvae treated with plant extracts had significantly lower survival 
rate than controls when they developed from the larval stage 
through to the adult stage. Compared to the control group, survival 
of adults was less than 50%. Adults from all treatments had a higher 
proportion of females than males. Adult deformity was not present. 
Lethal concentrations (LC50 and LC90) were estimated for the high 
efficiency treatments in controlling house fly larvae: M. paniculata 
(hexane extract) and C. aurantium (hexane and ethyl acetate extract). 
The results revealed that LC50 of those three treatments was 4.865, 
11.587, and 13.365, and LC90 was 22.284, 37.757, 35.156 mg/mL, 
respectively (Table 7).
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Table 3. Development of house fly after eggs tested with seven plant extracts

		       No. larvae		  Larval 		  Pupal		  Sex	 %Treatment	 Solvent	 (hatched larvae	 Mortality	 duration	    No.	 duration	 No. adult	 ratio	 Total	 Corrected
Plants 		  from 20 eggs)1/	 rate (3rd)	 (days)	 pupae1/ 

	 (days)		  M:F	 mortality	 mortality

A. scholaris	 Hexane	 10.8±1.09efg3/	 2.4±0.542/	 5-6 	 8.4±0.54	 5-6	  7.4±0.54	 1:1.17	 63	 50
	 Ethyl acetate	 10.6±0.54fgh	 4.6±2.19	 5-6	 6±2.73	 5-6	 5.6±3.28	 1:1	 72	 62.12
	 Acetone	 8.4±2.19ijk	 2±0	 5-6	 6.4±2.19	 5-6	 6±2.73	 1:0.42	 70	 59.45
	 Ethanol	 13±2.73d	 0±0	 5-6	 13±2.73	 5	 11.2±1.64	 1:0.33	 44	 24.32
	 water	 15.4±0.54ab	 0.8±1.09	 5-6	 14.6±0.54	 5-6	 12.4±0.54	 1:0.51	 38	 16.21

M. paniculata	 Hexane	 5±2.73mn	 1.4±0.54	 5-6	 3.6±2.19	 5	 3.6±2.19	 1:0.12	 82	 75.67
	 Ethyl acetate	 7.8±1.09ijkl	 1.2±1.64	 5-6	 6.6±0.54	 5-6	 5.2±1.09	 1:1	 74	 64.86
	 Acetone	 12±0def	 4.8±1.09	 5-6	 7.2±1.09	 5-6	 5.6±0.54	 1:0.47	 72	 62.16
	 Ethanol	 13.6±0.54bcd	 8±0	 5-6	 5.6±0.54	 5-6	 5.2±1.09	 1:0.36	 74	 64.86
	 water	 16.4±0.54a	 8±0	 5-6	 8.4±0.54	 5-6	 5.4±0.54	 1:0.58	 73	 63.51

C. aurantium	 Hexane	 4.2±1.64no	 2.6±0.54	 5-6	 1.6±2.19	 5	 1.6±2.19	 1:1	 92	 89.18
	 Ethyl acetate	 8±0ijk	 3.4±0.54	 5-6	 4.6±0.54	 5-6	 2.8±1.09	 1:0.4	 86	 81.08
	 Acetone	 13.4±2.19bcd	 4.2±1.64	 5-6	 9.2±3.83	 5-6	 6.2±1.09	 1:1.21	 69	 58.10
	 Ethanol	 12.6±3.28def	 2±0	 5-6	 10.6±3.28	 5-6	 9.2±3.83	 1:0.39	 54	 37.83
	 water	 13.8±1.09bcd	 2±0	 5-6	 11.8±1.09	 5-6	 9±0	 1:0.40	 55	 39.18

Co.  esculenta	 Hexane	 13±2.73d	 3.6±0.54	 5-6	 9.4±2.19	 5-6	 7.8±1.64	 1:0.85	 61	 47.29
	 Ethyl acetate	 13.8±1.64bcd	 10.4±0.54	 5-6	 3.4±2.19	 5-6	 2.8±1.64	 1:0.75	 86	 85.13
	 Acetone	 8.4±0.54ijk	 6.6±0.54	 5-6	 1.8±0.44	 5-6	 1.8±0.44	 1:1	 91	 87.83
	 Ethanol	 13.2±4.38cd	 6.6±2.19	 5-6	 6.6±2.19	 5-6	 5.4±0.54	 1:0.42	 73	 63.51
	 water	 15.2±3.83abc	 5.8±4.38	 5-6	 9.4±0.54	 5-6	 7.2±1.64	 1:1.11	 64	 51.35

L. aromatica	 Hexane	 7.2±1.09jkl	 2.6±2.19	 5-6	 4.6±3.28	 5-6	 4±2.73	 1:0.33	 80	 72.97
	 Ethyl acetate	 5.8±1.64lmn	 4.6±0.54	 5-6	 1.2±1.09	 5-6	 1.2±1.09	 1.2:0	 94	 91.89
	 Acetone	 0±0q	      –	 –	 –	 –	 –	 –	 100	 100
	 Ethanol	 0.8±1.09pq	 0.8±1.09	 –	 –	 –	 –	 –	 100	 100
	 water	 12.8±1.09de	 3±0	 5-6	 9.8±1.09	 5-6	 8.6±2.19	 1:1.26	 57	 41.89

P.  odorata	 Hexane	 10.6±0.54fgh	 7.6±0.54	 5-6	 3±0	 5-6	 3±0	 1:0.66	 85	 79.72
	 Ethyl acetate	 7.4±0.54ijkl	 4.8±1.09	 5-6	 2.6±0.54	 5-6	 2.6±0.54	 1:3.33	 87	 82.43
	 Acetone	 0±0q	      –	 –	 –	 –	 –	 –	 100	 100
	 Ethanol	 1.2±1.64pq	 1.2±1.64	 –	 –	 –	 –	 –	 100	 100
	 water	 8.4±0.54ijk	 3.6±0.54	 5-6	 4.8±1.09	 5-6	 4±0	 1:0.66	 80	 72.97

Ma. esculenta	 Hexane	 9.4±3.28ghi	 6.2±3.49	 5-6	 3.2±0.44	 5-6	 2.6±3.28	 1:0.25	 85	 79.72
	 Ethyl acetate	 6.4±0.54klm	 5.2±1.64	 5-6	 1.2±1.09	 5-6	 1.2±1.09	 1:1	 94	 91.89
	 Acetone	 8.6±0.54hij	 4.4±0.54	 5-6	 4.2±1.09	 5-6	 3.6±0.54	 1:0.38	 82	 75.67
	 Ethanol	 2.8±1.09op	 0.6±0.54	 5-6	 2.2±1.64	 5	 2.2±1.64	 2.2:0	 89	 85.13
	 water	 12.8±1.64def	 3.2±1.09	 5-6	 9.6±0.54	 5-6	 7.2±1.09	 1:0.56	 64	 51.35

Control (4% acetone)		 17±0.70a	 0.8±1.09	 5-6	 16.2±1.30	 5-6	 14.4±0.54	 1:1.16	 28	 2.70

Control (Distilled water)	 17.2±0.44a	 0.6±3.48	 5-6	 16.6±1.14	 5-6	 14.8±1.09	 1:1.05	 26	 0

1/n=20, 2/Mean±SD, 3/ within each column, Mean±SD followed by similar superscript letters indicate no statistically significant difference (P > 0.05).

Pupicidal activity
Pupal mortality was found to be impacted by plant extracts in various 
solvents. C. aurantium (ethyl acetate extract), Ma. esculenta (hexane 
extract), and Co. esculenta (hexane extract) completely killed house 
fly pupa, followed, in decreasing rank of efficiency, by M. paniculata 
(ethanol extract), C. aurantium (acetone extract), P. odorata (hexane 
and ethyl acetate extract), and Ma. esculenta (acetone extract) 
(Table 6). LC50 of C. aurantium (ethyl acetate extract), Ma. esculenta 
(hexane extract), and Co. esculenta (hexane extract) was 26.424, 
30.408, 37.411, and 61.801, respectively, and LC90 was 61.801, 
72.945, and 100, respectively (Table 7). Plant extracts did not affect 
pupal duration. Adult males were in a higher proportion than females 
after applying these plant extracts during the pupal stage. (Table 6).

GC-MS Analyses
The best potential plant extracts at each stage of the bioassay 
experiment were analyzed by GC-MS. The major chemical 
components (>4%) from each plant extract were shown in Table 
8. According to the results of acetone extracts of L. aromatica, 

flavonoids were the majority of the compound (50.72%), followed 
by acyclic diterpenoids and fatty acids respectively. Five major 
components were identified in acetone leaf extracts of P. odorata. 
Four components were identified as stigmastane, olefinic 
compounds, acyclic diterpenoids, and fatty acids. One chemical 
remained unidentified. The main component in C. aurantium 
acetone and ethyl acetate extracts was found to be alkane (13.22% 
and 12.3%, respectively). The majority of the chemical compounds in 
these extracts belonged to the terpene chemical classes (4 chemical 
compounds for each extraction). Hexane extracts of M. paniculata 
included eight major components, four of which were categorized 
as terpenes, one of which was classified as an alkene, vitamin, and 
pesticide, and one of which was unidentified. From Co. esculenta 
hexane extract, 16-hentriacontanone (ketone group) had the largest 
percentage at 46.47%. It was followed by b-sitosterol (stigmastane) 
at 15.23% and phytol (acyclic diterpenoids) at 5.10%. There are nine 
main components in the hexane extract of Ma. esculenta. Seven of 
them were terpene groups, one was vitamin E, and one of them 
was stigmastane.
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Table 4. Mortality rate of house fly larvae tested with seven plant extracts by feeding method

Treatment		                         Cumulative mortality rate1/	 	 % Total	 Corrected
Plants 	

Solvent
	        24 h	       48 h	      72 h	 mortality	 mortality

	
A. scholaris	 Hexane	 6±1.41efgh2/, 3/	 8.6±2.19abcde	 8.6±2.19abc	 86	 85.61
	 Ethyl acetate	 6±2.23efgh	 7.6±0.54def	 7.6±0.54cde	 76	 75.51
	 Acetone	 3.4±0.89ijk	 6.8±1.64efg	 8.4±2.30abcd	 84	 83.67
	 Ethanol	 7.4±1.34cdef	 7.4±1.34def	 7.4±1.34cde	 74	 73.46
	 water	 2.8±1.64jklm	 2.8±1.64jk	 3.6±0.89ijkl	 36	 34.69

M. paniculata	 Hexane	 8.6±0.89abc	 9.8±0.44ab	 10±0a	 100	 100
	 Ethyl acetate	 5.6±2.19gh	 9.4±0.89abc	 9.6±0.54ab	 96	 95.91
	 Acetone	 8.2±1.30abcd	 8.4±2.30bcd	 9.4±1.34ab	 94	 93.87
	 Ethanol	 6.6±0.54efgh	 6.8±0.44efg	 6.8±0.44def	 68	 67.34
	 water	 2±0klmn	 2.6±0.54jk	 5.6±0.89fg	 56	 55.10

C. aurantium	 Hexane	 9.6±0.54a	 10±0a	 10±0a	 100	 100
	 Ethyl acetate	 8.4±0.89abc	 10±0a	 10±0a	 100	 100
	 Acetone	 8.6±0.54abc	 9.6±0.54abc	 9.6±0.54ab	 96	 95.91
	 Ethanol	 3.4±0.89ijk	 3.6±0.89ijk	 5.4±0.89fgh	 54	 53.06
	 water	 2.6±0.54jklm	 2.6±0.54jk	 4.6±1.94ghijk	 46	 44.89

Co. esculenta	 Hexane	 6.2±1.30efgh	 9.4±0.89abc	 9.4±0.89ab	 94	 93.87
	 Ethyl acetate	 7.4±0.89bcde	 7.6±0.54def	 7.6±0.54bcd	 76	 75.51
	 Acetone	 5.8±1.78fgh	 6.2±1.30fgh	 6.2±1.30efg	 62	 61.22
	 Ethanol	 9.2±1.78ab	 9.2±1.78abc	 9.4±1.34ab	 94	 93.87
	 water	 1.2±1.09mno	 2.2±1.09klm	 7±2.82cdef	 70	 69.38

L. aromatica	 Hexane	 8.4±2.19abc	 8.4±2.19bcd	 8.4±2.19abcd	 84	 83.67
	 Ethyl acetate	 7.4±0.89cdef	 7.4±0.89def	 8±1.41bcd	 80	 79.59
	 Acetone	 1.4±0.89lmno	 2.6±0.54jk	 2.6±0.54l	 26	 24.48
	 Ethanol	 2.2±1.30jklmn	 2.4±1.34kl	 3.2±1.09jkl	 32	 30.61
	 water	 3±1.41ijkl	 3.4±0.89jk	 3.8±0.44hijkl	 38	 36.73

P. odorata	 Hexane	 8.4±0.89abc	 8.4±0.89bcd	 8.4±0.89abcd	 84	 83.67
	 Ethyl acetate	 4.6±0.89hi	 5.6±0.54gh	 7.4±1.34cde	 74	 73.46
	 Acetone	 1.4±0.89lmno	 2.2±1.30klm	 2.8±1.78l	 28	 26.53
	 Ethanol	 3.2±2.48ijk	 4±1.41ij	 4.8±1.64ghij	 48	 46.93
	 water	 0.6±0.54no	 0.8±0.44mn	 3±1.73kl	 30	 28.57

Ma. esculenta	 Hexane	 4.6±0.54hi	 5.8±0.44gh	 8±0bcd	 80	 79.59
	 Ethyl acetate	 7.4±1.34cdef	 8.2±1.78cde	 8.2±1.78bcd	 82	 80
	 Acetone	 7±1.41cdefg	 8.4±0.89bcd	 9.6±0.54ab	 96	 95.91
	 Ethanol	 3.8±2.16ij	 5±1.73hi	 6.2±2.68efg	 62	 61.22
	 water	 0.8±0.44no	 1±0lmn	 5±1.41ghi	 50	 48.97

Control (4% acetone)		  0±0o	 0.2±0.44n	 0.2±0.44m	 2	 0

Control (Distilled water)		  0±0o	 0.2±0.44n	 0.2±0.44m	 2	 0

1/n=10, 2/Mean±SD, 3/ within each column, Mean±SD followed by similar superscript letters indicate no statistically significant difference (P > 0.05).

DISCUSSION

The result of the experiment showed that bioactive compounds 
from each plant extract were dependent on solvent in the extraction 
process. The results of the experiment showed that the various 
phases of the house fly were impacted differently by each plant 
that was extracted using a different solvent. Abdullahi and Haque 
(2020) and Pinelo et al. (2004) reported that the solvent was the 
main factor in the extraction of biochemical compounds from plants. 
Various compounds were extracted in solvents of different polarity 
(Pandey & Tripathi, 2014). For instance, Alkaloids interact well in 
non-polar solvents, whereas saponins, polyphenols and tannins 
interact well in polar solvents (Azmir et al., 2013; Dai & Mumper, 
2010). It is impossible to extract all of the bioactive chemicals from 
plant material using a single solvent. 
	 The acetone and ethanol solvent-based extracts (polar 
solvents) of P. odorata and L. aromatica resulted in a significant 
mortality rate of egg stage (Table 2). However, there were no good 
results from the other solvent extractions of either plant. Do et al. 
(2014) found that ethanol and acetone extracts of L. aromatica 

contain high phenolic content, which is consistent with the high 
flavonoid (50.72%) values in the phenolic group in this investigation 
(Table 8). Nguyen et al. (2020) reported that ethanolic extract from 
the leaves of P. odorata showed high total flavonoid (70.65 ± 4.14 
µg/mg) and phenolic content (58.56 ± 3.86 µg/mg). Previous 
research indicates that flavonoid components may be significant 
bioactive substances for ovicidal activity in polar solvent-based 
extracts of P. odorata and L. aromatica (Valizadeh et al., 2021). 
According to Valizadeh et al. (2021), the phenolic compounds 
in essential oils have an impact on the embryo’s movement and 
vital systems in the beetle [Xanthogaleruca luteola (Mull.)]. They 
also inhibit gas exchange inside the egg, which causes the crust 
to harden and directly affects protoplasm, which  results in the 
embryo dying inside the egg. Flavonoids are suggested to disturb 
the embryogenesis process (Rajkumar & Jebanesan, 2009). In 
mosquitoes, flavonoid compounds are effective ovicides in the 
early stages of egg development because the eggshell is very 
thin at this stage, which facilitates entry into the egg (Rajkumar 
& Jebanesan, 2009). In addition to flavonoids, the L. aromatica 
acetone extract contained a total of 11% terpenoids concentration. 
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Table 5. Development of house fly after larvae tested with seven plant extracts by feeding method

			   Larval	 Number	 Pupal		  Sex	 %
Treatment	 Solvent	 Survival rate	 duration	 of	 duration	 No. adult	 ratio	 Total	 Corrected
Plants			   (days)	 pupae1/	 (days)		  M:F	 mortality	 mortality

A. scholaris	 Hexane	 1.4±2.19klm3/	 7-8	 0.8±1.092/	 5-6 	 0.8±1.09	 1:1	 92	 91.66
	 Ethyl acetate	 2.4±0.54ijk	 9-10	 2.4±0.54	 5-6	 1.8±0.44	 9:0	 82	 81.25
	 Acetone	 1.6±2.30jklm	 8-9	 0.8±1.09	 5-6	 0.6±0.89	 1:0.5	 94	 93.75
	 Ethanol	 2.6±1.34ijk	 9-10	 1.8±1.30	 5-6	 1.2±1.78	 1:0.5	 88	 87.5
	 water	 6.4±0.89bcde	 9-10	 4.8±1.78	 6-7	 4.4±1.34	 1:0.57	 56	 54.16

M.  paniculata	 Hexane	       –	 –	 –	 –	 –	 –	 100	 100
	 Ethyl acetate	 0.4±0.54lm	 8-9	 0.4±0.54	 5-6	 0.4±0.54	 2:0	 96	 95.83
	 Acetone	 0.6±1.34lm	 9-10	 0.4±0.89	 5-6	 0.4±0.89	 1:1	 96	 95.83
	 Ethanol	 3.2±0.44hij	 7-8	 3.2±0.44	 6-7	 2.2±0.44	 1:0.57	 78	 77.08
	 water	 4.4±0.89gh	 7-8	 4±0.70	 6-7	 3.4±0.89	 1:0.54	 66	 64.58

C. aurantium	 Hexane	       –	 –	 –	 –	 –	 –	 100	 100
	 Ethyl acetate	       –	 –	 –	 –	 –	 –	 100	 100
	 Acetone	 0.4±0.54im	 8-9	 –	 –	 –	 –	 100	 100
	 Ethanol	 4.6±0.89fgh	 8-9	 3.8±0.44	 6-7	 2.8±0.44	 1:0.27	 72	 70.83
	 water	 5.4±1.94cdefg	 7	 5±1.41	 6-7	 4.4±0.89	 1:0.57	 56	 54.16

Co. esculenta	 Hexane	 0.6±0.89lm	 8-9	 0.4±0.54	 5-6	 0.2±0.44	 1:0	 98	 97.916
	 Ethyl acetate	 2.4±0.54jkl	 8-9	 1.4±0.54	 5-6	 0.6±0.89	 1:0.5	 96	 95.83
	 Acetone	 3.8±1.30ghi	 8-9	 2.4±2.19	 5-6	 2.2±2.16	 1:0.37	 78	 77.08
	 Ethanol	 0.6±1.34lm	 8-9	 0.6±1.34	 7-8	 0.4±0.89	 1:1	 96	 95.83
	 water	 3.0±2.82hijk	 7	 3±2.82	 6-7	 2.2±1.78	 1:1.2	 78	 77.08

L. aromatica	 Hexane	 1.6±2.19jklm	 7-8	 1.6±2.19	 5-6	 1.2±1.78	 6:0	 88	 87.5
	 Ethyl acetate	 2±1.41jkl	 7-8	 2±1.41	 5-6	 1.8±1.09	 1:0.8	 82	 81.25
	 Acetone	 7.4±0.54b	 9	 7.4±0.54	 5-6	 4.2±0.44	 1:0.4	 58	 56.25
	 Ethanol	 6.8±1.09bcd	 8-9	 5.2±2.48	 7-8	 4.4±3.57	 1:1.2	 56	 54.16
	 water	 6.2±0.44bcdef	 7	 6.2±0.44	 6-7	 5±1.87	 1:0.66	 50	 47.91

P. odorata	 Hexane	 1.6±0.89jklm	 9-10	 1.2±0.44	 5-6	 0.2±0.44	 1:0	 98	 97.91
	 Ethyl acetate	 2.6±1.34ijk	 9-10	 2.4±0.89	 5-6	 0.8±0.44	 1:3	 92	 91.66
	 Acetone	 7.2±1.78b	 9-10	 6.2±0.44	 5-6	 1.6±2.60	 1:0.14	 84	 83.33
	 Ethanol	 5.2±1.64defg	 7-8	 4.2±1.09	 6-7	 3.2±1.78	 1:0.6	 68	 66.66
	 water	 7.0±1.73bc	 9	 7±1.73	 6-7	 6.2±0.44	 1:0.55	 38	 35.41

Ma. esculenta	 Hexane	 2.0±0jkl	 9-10	 1.8±0.44	 5-6	 0.8±0.44	 4:0	 92	 91.66
	 Ethyl acetate	 1.8±1.78jkl	 9-10	 1.8±1.78	 5-6	 0.4±0.54	 1:1	 96	 95.83
	 Acetone	 0.4±0.54lm	 7-8	 0.4±0.54	 5-6	 0.2±0.44	 1:0	 98	 97.91
	 Ethanol	 3.8±2.68ghi	 9	 3.2±3.19	 7-8	 1.8±2.38	 1:1.25	 82	 81.25
	 water	 5.0±1.41efg	 7-8	 5±1.41	 6-7	 3.6±1.14	 1:0.8	 64	 62.5

Control (4% acetone)		  9.8±0.44a	 5-6	 9.8±0.44	 5-6	 9.6±0.54	 1:1.66	 4	 0

Control (Distilled water)		  9.8±0.44a	 5-6	 9.8±0.44	 5-6	 9.6±0.54	 1:1.76	 4	 0

1/n=10, 2/Mean±SD, 3/ within each column, Mean±SD followed by similar superscript letters indicate no statistically significant difference (P > 0.05).

Terpenoids content was as well detected from the acetone extract 
of P. odorata in this experiment (7.22%). The results related to the 
report of Sasongko et al. (2011) that P. odorata has a significant 
amount of caryophyllene (a member of the terpene group), which 
may be extracted using an acetone solvent. Dambolena et al. 
(2016) reported that terpenes from some essential oils have an 
ovicidal effect on lice. Chemical components from ethanol extract in 
L. aromatica were not evaluated in this study. Soeung et al. (2022) 
revealed that high saponin content was determined in the ethanol 
extract in L. aromatica. The mode of action of saponin in the insect 
egg has not been described, although it has been reported to 
affect the ovicidal activity of many insects, such as the corn borer 
[Ostrinia furnacalis (Guenee)] (Liu et al., 2019) and Culex pipiens 
(Djeghader et al., 2018). Even though other treatments have less 
of an effect on house fly eggs, they have an impact on the growth 
and development of the larvae that hatch from a surviving egg. 
Incomplete development during the larval stage might be due to 
abnormalities in embryogenesis.  

	 Based on the results from larvicidal bioassay, house fly larvae 
died at a significant rate when exposed to most plant extracts 
that use hexane as a solvent. The plant extracts with the highest 
percentage of larval death (100%) were M. paniculata (hexane 
extract) and C. aurantium (hexane and ethyl acetate extract) 
(Table 4). Analysis of bioactive compounds in plant extracts revealed 
that the major components extracted from these 2 plants were 
terpenoids and alkanes (Table 8). In previous studies, alkanes were 
reported to have insecticidal activity against insect larvae, including 
Plutella xytostella L. larvae in their second instar (Poonsri et al., 
2015) and Spodoptera litura (F.), Spodoptera exigua (H bner), and 
Plutella xylostella L. in their third instar (Junhirun et al., 2018). 
According to Junhirun et al. (2018), alkanes have been reported to 
be both a contact toxin and a feeding deterrent. Sonter et al. (2021) 
reported that the main ingredient in M. paniculata derived from 
hexane extraction is cyclohexane. It’s a monocyclic monoterpene, 
or terpenoid (Zieliń  ska-B ajet et al., 2021). This related to the 
results of this study, terpene was the major component of 
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Table 6. Mortality rate of house fly pupae after tested with seven plant extracts by dipping method

		
	                  

     Accumulated pupal hatching1/			   %		  Age of	 SexTreatment		
	

				    No.	 Total	 Corrected	 pupa	 ratioPlants	
Solvent

	 24 h	 48 h	      72 h	      96 h	     120 h	 adult 	 mortality	 mortality	 (days)	 M:F

A. scholaris	 Hexane	 0±0	 0±02/	 1.6±0.54de3/	 6.2±1.09a	 7.6±0.54ab	 76	 24	 11.627	 6-8	 1:0.72
	 Ethyl acetate	 0±0	 0±0	 1.6±0.54de	 5.2±1.09ab	 5.2±1.09ef	 52	 48	 39.534	 6-7	 1:0.44
	 Acetone	 0±0	 0±0	 3.6±0.54b	 5.6±0.54ab	 6.6±0.54bcd	 66	 34	 23.255	 6-8	 1:0.94
	 Ethanol	 0±0	 0±0	 1±0ef	 4±0cdef	 4±0g	 40	 60	 53.488	 6-7	 1:0.05
	 water	 0±0	 0±0	 0.4±0.54fg	 2±0hhij	 7.6±0.54ab	 76	 24	 11.627	 6-8	 1:0.58

M. paniculata	 Hexane	 0±0	 0±0	 2.2±0.44cd	 3±0fgh	 4.6±0.54fg	 46	 54	 46.511	 6-8	 1:1.87
	 Ethyl acetate	 0±0	 0±0	 0±0g	 1.6±0.54ijk	 1.6±0.54jklm	 16	 84	 81.395	 7	 1:0.6
	 Acetone	 0±0	 0±0	 0±0g	 1.8±1.64ij	 2.4±2.19ij	 24	 76	 72.093	 7-8	 1:1
	 Ethanol	 0±0	 0±0	 0±0g	 0±00l	 0.6±0.54mn	 6	 94	 93.023	 8	 1:2
	 water	 0±0	 0±0	 2.6±0.54c	 4±0cdef	 7.6±0.54ab	 76	 24	 11.627	 6-8	 1:0.35

C. aurantium	 Hexane	 0±0	 0±0	 0.4±0.54fg	 3.6±0.54efg	 5.6±0.54def	 56	 44	 34.883	 6-8	 1:1.15
	 Ethyl acetate	 0±0	 0±0	 0±0g	 0±0l	 0±0n	 0	 100	 100	 -	 -
	 Acetone	 0±0	 0±0	 0±0g	 0.6±0.54kl	 0.6±0.54mn	 6	 94	 93.023	 7-8	 1:2
	 Ethanol	 0±0	 0±0	 0±0g	 0.6±0.54kl	 1.2±1.09klm	 12	 88	 86.046	 7-8	 1:1
	 water	 0±0	 0±0	 0.4±0.54fg	 3.6±0.54efg	 3.6±0.54gh	 36	 64	 58.139	 6-8	 1:1.25

Co. esculenta	 Hexane	 0±0	 0±0	 0±0g	 0±0l	 0±0n	 0	 100	 100	 -	 -
	 Ethyl acetate	 0±0	 0±0	 1±0ef	 2.2±1.09hi	 2.2±1.09ijk	 22	 78	 74.418	 7	 1:0.83
	 Acetone	 0±0	 0±0	 0±0g	 0.6±0.54kl	 1±0lmn	 10	 90	 88.372	 7-8	 1:0.66
	 Ethanol	 0±0	 0±0	 0±0g	 0±0l	 1±0lmn	 10	 90	 88.372	 8	 1:0.66
	 water	 0±0	 0±0	 1.8±1.64cde	 3±0fgh	 3.6±0.54gh	 36	 64	 58.139	 6-8	 1:1.25

L. aromatica	 Hexane	 0±0	 0±0	 0±0g	 0±0l	 2.6±0.54hij	 26	 74	 69.767	 8	 1:0.62
	 Ethyl acetate	 0±0	 0±0	 0±0g	 1.6±0.54ijk	 2±0ijkl	 20	 80	 76.744	 7-8	 1:0.66
	 Acetone	 0±0	 0±0	 0±0g	 1.8±1.64ij	 2.8±1.64hi	 28	 72	 67.441	 6-8	 1:1.8
	 Ethanol	 0±0	 0±0	 3.8±1.64b	 4.6±0.54bcde	 6.2±1.09cde	 62	 38	 27.906	 6-8	 1:0.47
	 water	 0±0	 0±0	 1±0ef	 1±0jkl	 1±0lmn	 10	 90	 88.372	 6	 1:0.25

P. odorata	 Hexane	 0±0	 0±0	 0±0g	 0.4±0.54l	 0.6±0.54mn	 6	 94	 93.023	 7-8	 0:3
	 Ethyl acetate	 0±0	 0±0	 0±0g	 0.6±0.54kl	 0.6±0.54mn	 6	 94	 93.023	 7-8	 1:2
	 Acetone	 0±0	 0±0	 5±2.73a	 5±2.73bc	 6.8±2.68bc	 68	 32	 20.930	 7-8	 1:0.61
	 Ethanol	 0±0	 0±0	 1.6±0.54de	 4.8±1.64bcd	 5.6±0.54def	 56	 44	 34.883	 6-8	 1:4.6
	 water	 0±0	 0±0	 2.6±0.54c	 3.8±1.64def	 6.6±0.64bcd	 66	 34	 23.255	 6-8	 1:0.83

Ma. esculenta	 Hexane	 0±0	 0±0	 0±0g	 0±0l	 0±0n	 0	 100	 100	 -	 -
	 Ethyl acetate	 0±0	 0±0	 0±0g	 1.8±1.64ij	 2.4±1.34ij	 24	 76	 72.093	 7-8	 1:0.71
	 Acetone	 0±0	 0±0	 0.6±0.54fg	 0.6±0.54kl	 0.6±0.54mn	 6	 94	 93.023	 6-8	 1:2
	 Ethanol	 0±0	 0±0	 0±0g	 0.6±0.54kl	 1.2±1.09klm	 12	 88	 86.046	 7-8	 1:1
	 water	 0±0	 0±0	 2.6±0.54c	 2.6±0.54ghi	 2.8±0.44hi	 28	 72	 67.441	 6-8	 1:1.8

Control (4% acetone)		  0±0	 0±0	 1.6±0.54de	 4.6±0.54bcde	 8.4±0.54a	 84	 16	 2.325	 6-8	 1:1.80

Control (Distilled water)	 0±0	 0±0	 2±0cd	 1.6±0.54ijk	 8.6±0.54a	 86	 14	 0	 6-8	 1:1.86

1/n=10, 2/Mean±SD, 3/ within each column, Mean±SD followed by similar superscript letters indicate no statistically significant difference (P > 0.05).

Table 7. Lethal concentration (LC50, LC90) of plant extract against immature 
stage of house flies

Stage 	 Plants 	 Solvent	 LC50
1/	 LC90

			   (mg/mL)	 (mg/mL)

Eggs	 L. aromatica	 Acetone	 42.6572/	 124.738
	 P. odorata	 Acetone	 7.816	 31.117

Larvae	 C. aurantium	 Hexane	 11.587	 37.757
	 C.  aurantium	 Ethly acetate	 13.365	 35.156
	 M. paniculata	 Hexane	 4.865	 22.284

Pupa	 C. aurantium	 Ethly acetate	 26.424	 61.801
	 Co. esculenta	 Hexane	 37.411	 100.000
	 Ma. esculenta	 Hexane	 30.408	 72.945

1/Lethal concentration is indicated with 95% confidence limit (CL,), 2/LC50 
and LC90 of plant extract mg/mL.

C. aurantium extracted by hexane. According to the findings, terpene 
is also the main component of C. aurantium that is extracted using 
ethyl acetate. D-limonene (a monoterpene substance) is the most 
active constituent (94%) from leaves of C. aurantium extracted 
by hexane (Maksoud et al., 2021; Changbunjong et al., 2022). 
However, in this study Alkane, Eucalyptol, a-Amyrin and a-Terpineol 
were the main components. Many factors, including plant organs, 
phenological stage, genetic profile, and environmental abiotic and 
biotic factors including growing site, light, temperature, radiation, 
soil salinity and dryness, infections, and herbivore attacks, can cause 
a large variation in the concentration of bioactive chemicals (Cirak 
& Radusiene 2019). Kuppusamy and Murugan (2010) reported that 
a-Amyrin action similar to juvenile hormone analogs in combination 
with growth regulator activity and toxicity in the larvae of Anopheles 
Stephensi Liston. Huang et al. (2022) reported that terpineol was 
found to have insecticidal effect against P. xylostella and has been 
correlated to decreased activity of GST, CAT, AChE, and Na+/
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Table 8. GC-MS analysis of bioactive compounds from plant extracts

Plants (solvent)	 Main compound 	 Peak area %	 Class of compound 	 Chemical group

L. aromatica	 Flavone, 5,7-dihydroxy-3’,4’,5’-trimethoxy-	 50.72	 Flavonoids	 Polyphenolic  compound
(Acetone)	 Phytol	 6.21	 Acyclic diterpenoids 	 Terpenoids 
	 n-Hexadecanoic acid	 5.29	 Fatty acid	 Fatty acid
	 Phytol, acetate	 5.10	 Acyclic diterpenoids	 Terpenoids

P. odorata	 β-Sitosterol 	 11.88	 Stigmastane and derivatives	 Organic compounds
(Acetone)	 2,5-Furandione, 3-dodecyl- 	 10.31	            –	         –
	 3-Penten-2-one, 4-methyl- 	 8.63	 Olefinic compound	         –
	 Phytol, acetate 	 7.22	 Acyclic diterpenoids	 Terpenoids
	 n-Hexadecanoic acid 	 8.92	 Fatty acid 	 Fatty acid

C. aurantium	 Hentriacontane 	 15.62	 Alkane 	 Alkane
(Hexane)	 Eucalyptol 	 10.98	 Monoterpenes	 Terpene
	 dl-α-Tocopherol 	 9.12	 vitamin E	 vitamin 
	 α-Amyrin 	 8.79	 Pentacyclic triterpenoid	 Terpenoids
	 α-Terpineol 	 4.87	 Menthane  monoterpenoids	 Terpenoids
	 β-Linalool 	 4.01	 Acyclic monoterpenoid	 Terpenoids

C. aurantium	 Hentriacontane 	 13.22	 Alkane 	 Alkane
(Ethyl acetate)	 α-Amyrin 	 12.64	 Triterpenoids 	 Terpenoids
	 dl-α-Tocopherol 	 9.79	 vitamin E	 vitamin 
	 Eucalyptol 	 7.53	 Monoterpenes 	 Terpene
	 β-Sitosterol 	 4.58	 Stigmastane and derivatives	 Organic compounds
	 α-Terpineol 	 4.46	 Menthane  monoterpenoids	 Monoterpenoids 
	 Phytol	 4.42	 Acyclic diterpenoids 	 Terpenoids
	 n-Hexadecanoic acid 	 4.04	 Fatty acid	 Fatty acid

M. paniculata	 7-Geranyloxycoumarin 	 12.30	 Coumarins 	 Terpene
(Hexane)	 β-Caryophyllene 	 8.71	 Sesquiterpene   	 Terpenes 
	 Cycloeucalenol acetate 	 8.36	 Puerarin 	 Isoflavone glycoside group
	 6-tert-Butyl-1-Tetralone 	 6.56	            –	         –
	 Binapacryl 	 5.59	 Pesticides 	 Pesticides
	 Hentriacontane 	 5.22	 Alkane 	 Alkane
	 Germacrene D 	 4.69	 Sesquiterpenoids   	 Terpenoids
	 dl-α-Tocopherol 	 4.37	 vitamin E	 Vitamin 

Co. esculenta	 16-Hentriacontanone 	 46.67	 Dialkyl ketone 	 Ketone
(Hexane)	 β-Sitosterol 	 15.23	 Stigmastane and derivatives	 Organic compounds
	 Phytol	 5.10	 Acyclic diterpenoids 	 Terpenoids

Ma. esculenta	 Squalene 	 18.17	 Triterpenoids 	 Terpenoids
(Hexane)	 Friedelan-3-one 	 13.13	 Pentacyclic triterpenoid 	 Terpenoids
	 Lupenone 	 11.52	 Pentacyclic triterpenoid	 Terpenoids
	 dl-α-Tocopherol 	 9.00	 vitamin E	 Vitamin  
	 Lupeol 	 8.04	 Pentacyclic triterpenoid	 Terpenoids
	 D-Friedoolean-14-en-3-one 	 7.05	 Pentacyclic triterpenoid	 Terpenoids
	 β-Amyrin 	 6.23	 Pentacyclic Triterpenoids	 Terpenoids
	 β-Sitosterol 	 5.62	 Stigmastane and derivatives	 Organic compounds
	 α-Amyrin 	 4.93	 Pentacyclic Triterpenoids 	 Terpenoids

K+-ATPase. The effects of eucalyptol were evaluated against the 
house fly, M. domestica, and blow fly, Chrysomya megacephala (F.) 
According to Sukontason et al. (2004), eucalyptol had a low larvicide 
impact (LD50 = 642 µg/µL) against C. megacephala but a moderate 
larvicide effect (LD50 = 101 µg/µL) on M. domestica larvae. According 
to studies by Picollo et al. (2008), The cause of eucalyptol’s toxicity 
to various insects is the inhibition of acetylcholinesterase (AChE) 
enzyme activity, which affects the insect’s nervous system and results 
in paralysis and death.
	 The results of this investigation indicated that the plant 
extract influences house fly larval survival and lengthens their 
developmental period, but not the duration of the pupal stage, 
which was consistent with the findings of Nisar et al. (2021). 
Due to their ability to delay larval development, some bioactive 
components found in plant extracts negatively impact insect larvae, 
such as S. frugiperda (Silva et al., 2016).  In Anopheles gambiae, 
pre-emergence impacts include prolonging the life of its larvae 
and pupae, preventing molting in these stages, and maybe even 

causing mortality during the melanization and molting processes. 
The molting process can cause hormonal imbalances, which can 
lead to developmental disruptions (Muema et al., 2016).
	 Akbar et al. (2022) suggested that plant extract components 
enter insects through their integument. The hydrophilic-hydrophobic 
structure of the cuticle has been reported to involve the penetration 
of pesticides. Chemical properties of active principals and polarity 
influence passage of bioactive compounds, like insecticides through 
the cuticle. Nonpolar molecular mobility is enhanced by the 
outermost lipophilic layer of the cuticle. Shaaban and Al-Malah 
(1993) suggested that plant extract may come into contact with the 
body’s surface, allowing chemical compounds to enter the insect’s 
body (the elastic area) and leading the insect to become paralyzed 
and die. 
	 For house fly pupa, the results revealed that some plant 
extracts caused high mortality (>80%) (Table 6); such as extracts of 
M. paniculata (ethyl acetate, ethanol extract), C. aurantium (ethyl 
acetate, ethanol, and acetone extract), Co. esculenta (acetone, 
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hexane and ethanol extracts), L. aromatica (water), P. odorata (ethyl 
acetate and hexane extracts), and Ma. esculenta (hexane ethanol and 
acetone). Ethyl acetate extract of C. aurantium and hexane extract 
of Co. esculenta and Ma. esculenta showed 100% mortality of house 
fly pupae. An alkane function group, hentriacontane compound, was 
detected with the highest peak area of 15.62% obtained using gas 
chromatography mass spectrometry in C. aurantium extract by ethyl 
acetate extract. Whereas, terpenoid contents were detected in Ma. 
esculenta extract by hexane. According to Dambolena et al. (2016), 
terpene functioned in the pupal stage by extending the durations 
that pupae developed as well as decreasing the longevity and fertility 
of the emerging female adults. 16-Hentriacontanone was the major 
compound in Co. esculenta extract by hexane. Pratiwi et al. (2020) 
revealed that 16-Hentriacontanone was neurotoxic against insects. 
it was an acetylcholinesterase receptor inhibitor.
	 In the house fly, the exarate pupa is enclosed in a puparium, 
which is called a coarctate pupa.  The outer cuticular sheet is 
heavily chitinized puparium, which makes it difficult for chemical 
compounds to enter. However, on the puparium surface, there are 
small openings for communication between the pupal tracheal 
system and the outside air, such as respiratory horns on the fifth 
segment of the puparium, anterior spiracle on the lateral surfaces 
of the prothorax at the anterior tip of the puparium and a pair of 
posterior spiracles on the caudal segment. (Karandika & Ranade, 
1964; Siriwattanarungsee et al., 2005). Plant extract may penetrate 
the pupa via these tiny pores. In this study, plant extract did not 
affect duration time of pupa. Therefore, plant extract may have a 
low effect on house fly pupae in their development. Adult females 
were in lower proportion than males after application some of the 
plant extracts during the larval and pupal stage. Rodrםguez-Munoz 
et al. (2019) suggested that in insect populations with a male-biased 
sex ratio, individuals may spend less in reproduction as a result of 
focusing more of their energy on mating competition. Population 
growth is believed to be encouraged by the female-biased sex 
ratio. Compton and Tu (2022) reported that the desired sex ratio 
may change due to selection, but sex ratio distortion (SRD) may be 
caused by meiotic drive and endosymbiont manipulation. Zhang 
et al. (2016) revealed that gossypol, a secondary metabolite from 
cotton, suppressed Buchnera aphidicola (obligate endosymbiont) 
populations in Aphis gossypii Glover populations from both cotton 
and cucumber. According to this research, plant extract may affect 
sex determination by reducing the endosymbiont population, 
which is associated with sex ratio. However, the evidence for these 
investigated plants has not been published, though.

CONCLUSIONS

Each plant extract’s bioactive components varied across different 
solvents used during the extraction process. The experiment 
discovered that each plant extract affected the house fly stages 
differently, depending on the solvent used. Strong ovicidal activity 
was observed in plant extracts in high polarity solvents (ethanol and 
acetone). Conversely, low polarity solvent (hexane) extracts exhibited 
strong larvicidal and pupicidal activity during the larval and pupal 
phases. A significant mortality rate at the egg stage was observed 
in the extracts of P. odorata and L. aromatica based on acetone and 
ethanol solvents. Other treatments influenced the development and 
growth of the larvae that hatch from a surviving egg, even though 
they have less of an effect on house fly egg mortality. According 
to the findings of the larvicidal bioassay, most plant extracts that 
employed hexane as a solvent caused a significant percentage 
of house fly larval deaths. Even when they are not immediately 
poisonous to insects, some plant extracts used in other treatments 
did have an impact on larval growth. The majority of plant extracts 
based on different solvents caused significant mortality (>80%) in 
house fly pupa. In this study, after applying certain plant extracts 
during the larval and pupal stages, the proportion of adult females 

was lower than that of males. Lethal concentration (LC50, LC90) of high 
efficiency plant extract against immature stage of house flies were 
estimated for L. aromatica, P. odorata, C. aurantium, M. paniculata, 
Co. esculenta, Ma.  Esculenta extracts. These extracts might have 
utility for controlling the immature stage of housefly in urban and 
veterinary areas.

Conflict of Interests
The author declares that they have no conflict of interests.

ACKNOWLEDGEMENTS

We thank Dr. Adrian Plant for the English editing of this 
manuscript. This work we are thank you for scholarships form 
“Plant Genetic Project under The Royal Initiative of Her Royal 
Highness Princess Maha Chakri Sirindhorn, Khon Kaen University” 
which was financially supported by the Fundamental Fund of 
Khon Kaen University (FRB650032/0161) and the Graduate School 
Khon Kaen University Fund (2022) (651JT209).

REFERENCES

Abbott, W.S. (1925). A method of computing the effectiveness of an 
insecticide. Journal of Economic Entomology 18: 265-267.

	 https://doi.org/10.1093/jee/18.2.265a 
Abdullah, M.S.I., Muhammad, I. & Warodi, F.A. (2017). Review on some plants 

as bio-pesticides. International Journal of Contemporary Research and 
Review 8: 20186-20191. https://doi.org/10.15520/ijcrr/2017/8/07/203 

Abdel, M., Abdel, R. & Razik, M.A. (2017). Toxicological and developmental 
effects of selected insecticides, plant volatile oils and plant extracts on 
house fly, Musca domestica L. American Journal of Biochemistry and 
Molecular Biology 7: 127-137.

	 https://doi.org/10.3923/ajbmb.2017.127.137  
Abdelgaleil, S.A., Mohamed, M.I., Badawy, M.E. & El-arami, S.A. (2009). 

Fumigant and contact toxicities of monoterpenes to Sitophilus oryzae 
(L.) and Tribolium castaneum (Herbst) and their inhibitory effects on 
acetylcholinesterase activity. Journal of Chemical Ecology 35: 518-525. 

	 https://doi.org/10.1007/s10886-009-9635-3
Abdullahi, R.A. & Haque, M. (2020). Preparation of medicinal plants: basic 

extraction and fractionation procedures for experimental purposes. 
Journal of Pharmacy and Bioallied Sciences 12: 1-10. 

	 https://doi.org/10.4103/jpbs.JPBS_175_19 
Adeoti, J.O., Ogungbite, O.C., Salami, O.S. & Odeyemi, O.O. (2023). 

Susceptibility of processed and stored cassava, plantain, yam, and 
cocoyam to coffee bean weevil (Araecerus fasciculatus De Geer). The 
Journal of Basic and Applied Zoology 84: 20. 

	 https://doi.org/10.1186/s41936-023-00341-x
Ahmad, M., Saeed, F. & Mehjabeen, Jahan, N. (2013). Evaluation of 

insecticidal and antioxidant activity of selected medicinal plants. Journal 
of Pharmacognosy and Phytochemistry 2: 153-158.

Ahmed, W.S., Abdel-Lateef, E.E., El-Wakil, E.A. & Abdel-Hameed, E.S. (2019). 
In vitro antioxidant and antimicrobial properties of Murraya paniculata 
L. extracts as well as identification of their active secondary metabolites 
by HPLC-ESI-MS. Der Pharma Chemica 11: 1-8. 

Akbar, R., Khan, I.A., Alajmi, R.A., Ali, A., Faheem, B., Usman, A., Ahmed, 
A.M., El-Shazly, M., Farid, A., Giesy, J.P. et al. (2022). Evaluation of 
insecticidal potentials of five plant extracts against the stored grain 
pest, Callosobruchus maculatus (Coleoptera: Bruchidae). Insects 13: 
1047.  https://doi.org/10.3390/insects13111047. 

Aktar, M.W., Sengupta, D. & Chowdhury, A. (2009). Impact of pesticides use 
in agriculture: their benefits and hazards. Interdisciplinary Toxicology 2: 
1-12. https://doi.org/10.2478/v10102-009-0001-7 

Anisah, A. & Sukesi, T. (2018). Uji efektifitas ekstrak daun sirih (Piper betle 
L) sebagai larvasida larva lalat rumah (Musca domestica). Jurnal Vektor 
Penyakit 12: 39-46. https://doi.org/10.22435/vektorp.v12i1.283 

Ardburi, W. & Tangkawanit, U. (2022). Effect of larval food on house fly 
(Diptera: Muscidae) production and host suitability for a pupal house 
fly parasitoid (Spalangia gemina) (Hymenoptera: Pteromalidae). Journal 
of Medical Entomology 59: 1376-1381. 

	 https://doi.org/10.1093/jme/tjac069 
Arya, N. & Sahai, N. (2014). Mosquito larvicidal and chemosterilant activity 

of ageratum conyzoides against Culex quinquefasciatus. International 
Journal of Pharmacy and Biological Sciences 3: 671-676. 



569

Ardburai et al. (2024), Tropical Biomedicine 41(4): 559-571

Attaullah, M.K.Z., Zahoor, M.A., Mubarik, M.S., Rizvi, H., Majeed, H.N., 
Zulhussnain, M., Ranian, K., Sultana, K., Imran, M. & Qamer, S. (2020). 
Insecticidal, biological and biochemical response of Musca domestica 
(Diptera: Muscidae) to some indigenous weed plant extracts. Saudi 
Journal of Biological Sciences 27: 106-116.

	 https://doi.org/10.1016/j.sjbs.2019.05.009
Azmir, J., Zaidul, I.S.M., Rahman, M.M., Sharif, K.M., Mohamed, A., Sahena, 

F., Jahurul, M.H.A., Ghafoor, K., Norulaini, N.A.N. & Omar, A.K.M. (2013). 
Techniques for extraction of bioactive compounds from plant materials: 
A review. Journal of Food Engineering 117: 426-436.

	 https://doi.org/10.1016/j.jfoodeng.2013.01.014 
Changbunjong, T., Boonmasawai, S., Sungpradit, S., Weluwanarak, T. 

& Leesombun, A. (2022). Contact and fumigant activities of Citrus 
aurantium essential oil against the Stable Fly Stomoxys calcitrans 
(Diptera: Muscidae). Plants (Basel) 11: 1122.

	 https://doi.org/10.3390/plants11091122 
Chhajed, M., Jain, A., Pagariya, A., Dwivedi, S., Jain, N. & Taile, V. (2023). 

Alstonia scholaris Linn. R. Br.: an assessment of its botany, conventional 
utilizaton, phytochemistry and pharmacology. Pharmacognosy Reviews 
17: 184-203. https://doi.org/10.5530/097627870302 

Compton, A. & Tu, Z. (2022). Natural and engineered sex ratio distortion in 
insects. Frontiers in Ecology and Evolution 10: 884159.

	 https://doi.org/10.3389/fevo.2022.884159
Cirak, C. & Radusiene, J. (2019). Factors affecting the variation of bioactive 

compounds in Hypericum species. Bio-Follicular Unit Transplantation 
70: 1-15. https://doi.org/10.1556/019.70.2019.25 

Dai, J. & Mumper, R.J. (2010). Plant phenolics: extraction, analysis and 
their antioxidant and anticancer properties. Molecules 15: 7313-7352. 
https://doi.org/10.3390/molecules15107313 

Joshi, D. & Gohil, K.J. (2023). A brief review on Murraya paniculata (Orange 
Jasmine): pharmacognosy, phytochemistry and ethanomedicinal uses. 
Journal of Pharmacopuncture 26: 10-17.

	 https://doi.org/10.3831/KPI.2023.26.1.10 
Dambolena, J.S., Zunino, M.P., Herrera, J.M., Pizzolitto, R.P., Areco, V.A. & 

Zygadlo, J.A. (2016). Terpenes: natural products for controlling insects 
of importance to human health-a structure-activity relationship study. 
Psyche: A Journal of Entomology 2016: 4595823.

	 https://doi.org/10.1155/2016/4595823 
Denholm, I. & Devine, G.J. (2013). Insecticide resistance. In encyclopedia 

of biodiversity, Levin, S.A. (editor), 2nd edition. Academic Press, pp. 
298-307. 

Djeghader, N.E., Aןssaoui, L., Amira, K. & Boudjelida, H. (2018). Toxicity 
evaluation and effects on the development of a plant extract, the 
saponin, on the domestic mosquito, Culex pipiens. International Journal 
of Mosquito Research 5: 01-05. 

Do, Q.D., Angkawijaya, A.E., Tran-Nguyen, P.L., Huynh, L.H., Soetaredjo, E., 
Ismadji, S. & Ju, Y.H. (2014). Effect of extraction solvent on total phenol 
content, total flavonoid content, and antioxidant activity of Limnophila 
aromatic. Journal of Food and Drug Analysis 22: 296-302. 

	 https://doi.org/10.1016/j.jfda.2013.11.001 
Dosoky, N.S., Satyal, P., Gautam, T.P. & Setzer, W.N. (2016). Composition and 

biological activities of Murraya paniculata (L.) Jack essential oil from 
nepal. Medicines (Basel) 3: 7.

	 https://doi.org/10.3390/medicines3010007 
Elmesallamy, A.M.D., Mohamed, E.I., Sarhan, M.A.M. & Hussein, S.A.M. 

(2021). Chemical and biological activities of Deverra Triradiata Hochst. 
Ex. Boiss. aerial parts from St. Catherine, Southern Sinai, Egypt. Egyptian 
Journal of Chemistry 64: 1387-1394.

	 https://doi.org/10.21608/ejchem.2020.52846.3092 
Finney, D.J. (1971). Probit Analysis. Cambridge: Cambridge University 

Press.
Gao, L., Gou, N., Amakye, W.K., Wu, J. & Ren, J. (2022). Bioactivity guided 

isolation and identification of phenolic compounds from Citrus 
aurantium L. with anti-colorectal cancer cells activity by UHPLC-Q-
TOF/MS. Current Research in Food Science 5: 2251-2260. 

	 https://doi.org/10.1016/j.crfs.2022.11.013
Geden, C.J., Nayduch, D., Scott, J.G., Burgess, E.R., Gerry, A.C., Kaufman, P.E., 

Thomson, J., Pickens, V. & Machtinger, E.T. (2021). House fly (Diptera: 
Muscidae): biology, pest status, current management prospects, and 
research needs. Journal of Integrated Pest Management 12: 39. 

	 https://doi.org/10.1093/jipm/pmaa021 
Godlewska, K., Pacyga, P., Michalak, I., Biesiada, A., Szumny, A., Pachura, N. 

& Piszcz, U. (2020). Field-scale evaluation of botanical extracts effect 
on the yield, chemical composition and antioxidant activity of celeriac 
(Apium graveolens L. Var. rapaceum). Molecules 25: 4212. 

	 https://doi.org/10.3390/molecules25184212 

Glaucilane, S.C., Wanderley-Teixeira, V., Oliveira, J.V., Carolline, G., Cunha, 
F.M., Teixeira, A.A.C., Guedes, C.A., Dutra, K.A., Barbosa, D.R.S. & Breda, 
M.O. (2017). Effect of trans-anethole, limonene and your combination in 
nutritional components and their reflection on reproductive parameters 
and testicular apoptosis in Spodoptera frugiperda (Lepidoptera: 
Noctuidae). Chemico-Biological Interactions 263: 74-80. 

	 https://doi.org/10.1016/j.cbi.2016.12.013 
Graczyk, T.K., Knight, R. & Tamang, L. (2005). Mechanical transmission of 

human protozoan parasites by insects. Clinical Microbiology Reviews 
18: 128-132.

Hikal, W.M., Baeshen, R.S., Said-Al Ahl, H.A.H. & Ujhבzy, K. (2017). Botanical 
insecticide as simple extractives for pest control. Cogent Biology 3. 
https://doi.org/10.1080/23312025.2017.1404274

Hinkle, N.C. & Hogsette, J.A. (2021). A review of alternative controls for 
house flies. Insects 12: 1042.

	 https://doi.org/10.3390/insects12111042 
Hsouna, A.B., Gargouri, M., Dhifi, W. & Saibi, W. (2019). Antioxidant and 

hepato-preventive effect of Citrus aurantium extract against carbon 
tetrachloride-induced hepatotoxicity in rats and characterisation of 
its bioactive compounds by HPLC-MS. Archives of Physiology and 
Biochemistry 125: 332-343.

	 https://doi.org/10.1080/13813455.2018.1461233
Huang, X., Du, L., Liu, T., Ma, R., Liu, X., Yuan, H. & Liu, S. (2022). Insecticidal 

activity of a component, (-)-4-terpineol, isolated from the essential oil 
of Artemisia lavandulaefolia DC. against Plutella xylostella (L.). Insects 
13: 1126.  https://doi.org/10.3390/insects13121126 

Indriyani, N.N., Anshori, J.A., Permadi, N., Nurjanah, S. & Julaeha, E. 
(2013). Bioactive components and their activities from different parts 
of Citrus aurantifolia (Christm.) swingle for food development. Foods 
12: 2036. https://doi.org/10.3390/foods12102036 

Inaba, K., Ebihara, K., Senda, M., Yoshino, R., Sakuma, C., Koiwai, K., Takaya, 
D., Watanabe, C., Watanabe, A., Kawashima, Y. et al. (2022). Molecular 
action of larvicidal flavonoids on ecdysteroidogenic glutathione 
S-transferase Noppera-bo in Aedes aegypti. BMC Biology 20: 43. 

	 https://doi.org/10.1186/s12915-022-01233-2
Issa, R. (2019). Musca domestica acts as transport vector hosts. Bulletin 

of the National Research Centre 43: 73.
	 https://doi.org/10.1186/s42269-019-0111-0 
Itam, A., Wulandari, A., Rahman, M.M. & Ferdinal, N. (2018). Preliminary 

phytochemical screening, total phenolic content, antioxidant and 
cytotoxic activities of Alstonia scholaris R. Br leaves and stem bark 
extracts. International Journal of Pharmaceutical Sciences Research 
10: 518-522. 

Jayaprakasha, G.K., Girennavar, B. & Patil, B. (2008). Radical scavenging 
activities of rio red grapefruits and Sour orange fruit extracts in different 
in vitro model systems. Bioresource Technology 99: 4484-4494.

	 https://doi.org/10.1016/j.biortech.2007.07.067 
Cooper, J. & Dobson, H. (2007). The benefits of pesticides to mankind and 

the environment. Crop Protection 26: 1337-1348.
	 https://doi.org/10.1016/j.cropro.2007.03.022 
Junhirun, P., Pluempanupat, W., Yooboon, T., Ruttanaphan, T., Koul, O. & 

Bullangpoti, V. (2018). The study of isolated alkane compounds and 
crude extracts from  Sphagneticola trilobata  (Asterales: Asteraceae) 
as a candidate botanical insecticide for lepidopteran larvae. Journal of 
Economic Entomology 111: 2699-2705.

	 https://doi.org/10.1093/jee/toy246
Kuppusamy, C. & Murugan, K. (2010). Effects of Andrographis paniculata 

Nees on growth, development and reproduction of malarial vector 
Anopheles stephensi Liston (Diptera: Culicidae). Tropical Biomedicine 
27: 509-516. 

Karandika, K.R. & Ranad, R. (1964). Studies on the pupation of Musca 
domestica nebulo fabr. (Diptera-Cyclorrhapha-Muscidae). Indian 
Academy of Sciences 61: 204-213.

	 https://doi.org/10.1007/BF03051009 
Khyade, M.S. & Vaikos, N.P. (2009). Phytochemical and antibacterial properties 

of leaves of Alstonia scholaris R. Br. Afr. Journal of Biotechnology 8: 6434-
6436. https://doi.org/10.5897/AJB2009.000-9489 

Koul, O. (2005). Insect antifeedants. United States: CRC Press.
Kubinyi, H. (2002). Chemical similarity and biological activities. Journal of 

the Brazilian Chemical Society 13. 
	 https://doi.org/10.1590/S0103-50532002000600002 
Kumar, R., Laskar, M.A., Hewaidy, I.F. & Barakat, M.A. (2019). Modified 

adsorbents for removal of heavy metals from aqueous environment: 
a review. Earth Systems and Environment 3: 83-93.

	 https://doi.org/10.1007/s41748-018-0085-3 



570

Ardburai et al. (2024), Tropical Biomedicine 41(4): 559-571

Kweka, E.J. (2016). Roles and challenges of construction firms and public 
health entomologists in ending indoor malaria transmission in African 
setting. Malaria journal 15: 554.

	 https://doi.org/10.1186/s12936-016-1607-9 
Liu, S., Wang, X., Xu, Y., Zhang, R., Xiao, S., Wang, Y. & Zhang, L. (2019). 

Antifeedant and ovicidalactivities of ginsenosides against Asian corn 
borer, Ostrinia furnacalis (Guenee). PLoS ONE 14: e0211905.

	 https://doi.org/10.1371/journal.pone.0211905 
Castillo, L., Smith, K. & Branigan, H.P. (2019). Interaction promotes the 

adaptation of referential conventions to the communicative context. 
Cognitive Science 43: e12780. https://doi.org/10.1111/cogs.12780 

Mahr, A., Belarbi, L., Wechsler, B., Jeanneret, D., Dhote, R., Fain, O., Lhote, 
F., Ramanoelina, J., Coste, J. & Guillevin, L. (2008). Population-based 
prevalence study of Behחet’s disease: differences by ethnic origin and 
low variation by age at immigration. Arthritis Rheum 58: 3951-3959. 

	 https://doi.org/10.1002/art.24149
Maksoud, S., Abdel-Massih, R.M., Rajha, H.N., Louka, N., Chemat, F., Barba, 

F.J. & Debs, E. (2021). Citrus aurantium L. active constituents, biological 
effects and extraction methods. an updated review. Molecules 26: 5832. 

	 https://doi.org/10.3390/molecules26195832 
Mitchell, M.J., Keogh, D.P., Crooks, J.R. & Smith, S.L. (1993). Effects of 

plant flavonoids and other allelochemicals on insect cytochrome 
P-450 dependent steroid hydroxylase activity. Insect Biochemistry and 
Molecular Biology 23: 65-71.

	 https://doi.org/10.1016/0965-1748(93)90083-5 
Moon, R.D. (2002). Muscid flies. In: Medical and Veterinary Entomology, 

Mullen, G. & Durden, L. (editors). London: Academic Press, pp. 279-301.
Muema, E., Kinyanjui, P., Mbaria, J., Nguta, J., Chepkwony, S., Kamau, J., 

Onkoba, N. & Nyachieo, A. (2016). Toxicity and safety of khat (Catha 
edulis) consumption during pregnancy using olive baboons (Papio 
anubis) asexperimental models: A prospective randomised study. 
Greener Journal of Epidemiology and Public Health 4: 61-70.

	 https://doi.org/10.15580/GJEPH.2016.3.102116188 
Nguyen, V.T., Nguyen, M.T., Nguyen, N.Q. & Truc, T.T. 2020. Phytochemical 

screening, antioxidant activities, total phenolics and flavonoids content 
of leaves from Persicaria odorata Polygonaceae. Materials Science and 
Engineering 991: 012029.

	 https://doi.org/10.1088/1757-899X/991/1/012029 
Nisar, M.S., Ismail, M.A., Ramzan, H., Maqbool, M.M., Ahmad, T., Ghramh, 

H.A., Khalofah, A., Kmet, J., Horvát, M. & Farooq, S. (2021). The impact 
of different plant extracts on biological parameters of Housefly [Musca 
domestica (Diptera: Muscidae)]: Implications for management. Saudi 
Journal of Biological Sciences 28: 3880-3885.

	 https://doi.org/10.1016/j.sjbs.2021.03.070 
Nur-Hadirah, K., Arifullah, M., Nazahatu,l A.A., Klaiklay, S., Chumkaew, P., 

Norhazlini, M.Z. & Zulhazman, H. (2021). Total phenolic content and 
antioxidant activity of an edible Aroid, Colocasia esculenta (L.) Schott. 
IOP Conference Series: Earth and Environmental Science 756: 012044. 
https://doi:10.1088/1755-1315/756/1/012044

Oulebsir, C., Mefti-Korteby, H., Djazouli, Z.E., Zebib, B. &  Merah, O. (2022). 
Essential oil of Citrus aurantium L. leaves: composition, antioxidant 
activity, elastase and collagenase inhibition. Agronomy 12: 1466. 

	 https://doi.org/10.3390/agronomy12061466 
Nxumalo, K.A., Aremu, A.O. & Fawole, O.A. (2021). Potentials of 

medicinal plant extracts as an alternative to synthetic chemicals in 
postharvest protection and preservation of horticultural crops: A 
Review. Sustainability 13: 5897. https://doi.org/10.3390/su13115897

Pandey, A. & Tripathi S. (2014). Concept of standardization, extraction and 
pre phytochemical screening strategies for herbal drug. Journal of 
Pharmacognosy and Phytochemistry 2: 115-119.

Panyadee, P., Wangpakapattanawong, P., Inta, A. & Balslev, H. (2023). Very 
high food plant diversity among ethnic groups in Northern Thailand. 
Diversity 15: 120. https://doi.org/10.3390/d15010120 

Peres, K.G., Nascimento, G.G., Peres, M.A., Mittinty, M.N., Demarco, F.F., 
Santos, I.S., Matijasevich, A. & Barros, A.J.D. (2017). Impact of prolonged 
breastfeeding on dental caries: a population-based birth cohort study. 
Pediatrics 140: e20162943. https://doi.org/10.1542/peds.2016-2943 

Picollo, M.I., Toloza, A.C., Cueto, G.M., Zygadlo, J. & Zerba, E. (2008). 
Anticholinesterase and pediculicidal activities of monoterpenoids. 
Fitoterapia 79: 271-278. https://doi.org/10.1016/j.fitote.2008.01.005 

Pinelo, M., Rubilar, M., Sineiro, J. & Núñez, M.J. (2004). Extraction of 
antioxidant phenolics from almond hulls (Prunus amygdalus) and pine 
sawdust (Pinus pinaster). Food Chemistry 85: 267-273. 

	 https://doi.org/10.1016/j.foodchem.2003.06.020 

Poonsri, W., Pluempanupat, W., Chitchirachan, P., Bullangpoti, V. & Koul, 
O. (2015). Insecticidal alkanes from Bauhinia scandens var. horsfieldii 
against Plutella xylostella L. (Lepidoptera: Plutellidae). Industrial Crops 
and Products 65: 170-174. 

	 https://doi.org/10.1016/j.indcrop.2014.11.040 
Pratiwi, F.A., Utami, T.S. & Arbianti, R. (2020). Using ultrasonic assisted 

extraction to produce a bioinsecticide from cigarette butt waste and 
green solvent to control Armyworm Infestation. International Journal of 
Technology 11: 1329-1336. https://doi.org/10.14716/ijtech.v11i7.4474 

Prakash, G., Soni, R., Mishra, R. & Sharma, S. (2019). Role of plant-microbe 
interaction in phytoremediation. In: In Vitro Plant Breeding Towards 
Novel Agronomic Traits, Kumar, M., Muthusamy, A., Kumar, V. & 
Bhalla-Sarin, N. (editors). Singapore: Springer, pp. 83-118. 

Rahana, V.K., Anirudh, E.R., Ramesh, P.R., Aneesh, E.M. & Pushpalatha, 
E. (2023). Leaf extracts of three native medicinal plants damages the 
reproductive organs of the filarial vector, Culex quinquefasciatus Say 
(Diptera: Culicidae). Journal of Natural Pesticide Research 6: 100050. 
https://doi.org/10.1016/j.napere.2023.100050 

Raja, V., Shreaz, S. & Siddiqui, W.A. (2014). Curcuma longa rhizome extract as 
a promising source of anticandidal agents. American Scientific Publishers 
20: 1644-1649. https://doi.org/10.1166/asl.2014.5592 

Rajkumar, S. & Jebanesan, A. (2009). Larvicidal and oviposition activity 
of Cassia obtusifolia Linn (Family: Leguminosae) leaf extract against 
malarial vector, Anopheles stephensi Liston (Diptera: Culicidae). 
Parasitology Research 104: 337-40. 

	 https://doi.org/10.1007/s00436-008-1197-8 
Reegan, A.D., Gandhi, M.R., Paulraj, M.G. & Ignacimuthu, S. (2015). Ovicidal 

and oviposition deterrent activities of medicinal plant extracts against 
Aedes aegypti L. and Culex quinquefasciatus say mosquitoes (Diptera: 
Culicidae). Osong Public Health and Research Perspectives 6: 64-69. 

	 https://doi.org/10.1016/j.phrp.2014.08.009 
Ridzuan, P.M., Aini, H.H., Shah, M.H.N.A., Roesnita & Aminah, K.S. (2013). 

Antibacterial and antifungal properties of Persicaria odorata leaf against 
pathogenic bacteria and fungi. The Open Conference Proceedings Journal 
4: 71-74. https://doi.org/10.2174/2210289201304020071 

Rodríguez-Munoz, R., Boonekamp, J.J., Fisher, D., Hopwood, P. & Tregenza, 
T. (2019). Slower senescence in a wild insect population in years with 
a more female-biased sex ratio. Proceedings of the Royal Society 286: 
20190286. https://doi.org/10.1098/rspb.2019.0286 

Rodríguez-Munoz, A., Beato, M., Usseglio, V.L., Camina, J., Zygadlo, J.A., 
Dambolena, J.S. & Zunino, M.P. 2022. Phenolic compounds as controllers 
of Sitophilus zeamais: A look at the structure-activity relationship. 
Journal of Stored Products Research 99: 102038. 

	 https://doi.org/10.1016/j.jspr.2022.102038 
Saleh Al-Faqee, L.A., Naser, R. & Kagne, S.R. (2020). Phytochemical screening 

and antioxidant activity of Hypsizygus ulmarius (Bull.). Pharmacy and 
Technology 13: 4297-4302.

	 https://doi.org/10.5958/0974-360X.2020.00759.3 
Sasongko, P., Laohankunjit, N. & Kerdchoechuen, O. (2011). Evaluation of 

physicochemical properties of plant extracts from Persicaria odorata. 
The Journal of Agricultural Science 42: 333-336. 

Shaaban, A. & Al-Mallah, N.M. (1993). Pesticides. Mosul: University of 
Mosul Press.

Silva, T.R.F.B., Almeida, A.C.S., Moura, T.L., Silva, A.R., Freitas, S.S. & Jesus, 
F.G. (2016). Effect of the flavonoid rutin on the biology of Spodoptera 
frugiperda (Lepidoptera: Noctuidae) Acta Scientiarum. Agronomy 38: 
165-170. https://doi.org/10.4025/actasciagron.v38i2.27956 

Siriamornpun, S., Sriket, C. & Sriket, P. (2014). Phytochemicals of Thai local 
edible herbs. International Food Research Journal 21: 1045-1052. 

Siriwattanarungsee, S., Sukontason, K.L., Kuntalue, B., Piangjai, S., Olson, 
J.K. & Sukontason, K. (2005). Morphology of the puparia of the 
housefly, Musca domestica (Diptera: Muscidae) and blowfly, Chrysomya 
megacephala (Diptera: Calliphoridae). Parasitology Research 96: 166-
170. https://doi.org/10.1007/s00436-005-1343-5 

Soeung, R., Felipe, L.O., Bouhoute, M., Taarji, N., Nakajima, M. & Neves, 
M.A. (2022). Limnophila aromatica crude extracts as natural emulsifiers 
for formation and stabilizing of oil-in-water (o/w) emulsions. Colloids 
Interfaces 6: 26. https://doi.org/10.3390/colloids6020026 

Sonter, S., Mishra, S., Dwivedi, M.K. & Singh, P.K. (2021). Chemical profiling, 
in vitro antioxidant, membrane stabilizing and antimicrobial properties 
of wild growing Murraya paniculata from Amarkantak (M.P.). Scientific 
Reports 11: 9691. https://doi.org/10.1038/s41598-021-87404-7 

Soonwera, M. & Phasomkusolsil, S. (2015). Efficacy of Thai herbal essential 
oils as green repellent against mosquito vectors. Acta Tropica 142: 127-
30. https://doi.org/10.1016/j.actatropica.2014.11.010 



571

Ardburai et al. (2024), Tropical Biomedicine 41(4): 559-571

Subaharan, K., Senthoorraja, R., Manjunath, S., Thimmegowda, G.G., 
Pragadheesh, V.S., Bakthavatsalam, N., Mohan, M.G., Senthil-Nathan, 
S., David, K.J., Basavarajappa, S. et al. (2021). Toxicity, behavioural and 
biochemical effect of Piper betle L. essential oil and its constituents 
against housefly, Musca domestica L. Pesticide Biochemistry and 
Physiology 174: 104804. https://doi.org/10.1016/j.pestbp.2021.104804 

Sukontason, K.L., Boonchu, N., Sukontason, K. & Choochote, W. (2004). Effects 
of eucalyptol on house fly (Diptera: Muscidae) and blow fly (Diptera: 
Calliphoridae). Revista do Instituto de Medicina Tropical de São Paulo 
46. https://doi.org/10.1590/S0036-46652004000200008 

Suntar, I., Khan, H., Patel, S., Celano, R. & Rastrelli, L. (2018). An 
overview on Citrus aurantium L.: Its functions as food ingredient and 
therapeutic agent. Oxidative Medicine and Cellular Longevity 2018: 
7864269. https://doi.org/10.1155/2018/7864269 

Tangkawanit, U., Kaewkamsan, S. & Siri, N. (2018). Preimaginal phases and 
development of Spalangia gemina and Pachycrepoideus vindemiae 
(Hymenoptera: Pteromalidae) on house fly (Diptera: Muscidae). 
Walailak Journal of Science and Technology 15: 235-243.

Taupik, S.A.M., Aani, S.N.A., Chia, P.W. & Chuah, T.S. (2023). Phytotoxic 
compounds of cassava leaf extracts for weed inhibition in aerobic rice. 
South African Journal of Botany 159: 563-570.

	 https://doi.org/10.1016/j.sajb.2023.06.045 
Valizadeh, B., Jalali, S.J., Oftadeh, M., Ebadollahi, A. & Krutmuang, P. (2021). 

Ovicidal and physiological effects of essential oils extracted from six 
medicinal plants on the elm leaf beetle, Xanthogaleruca luteola (Mull.). 
Agronomy 11: 2015. https://doi.org/10.3390/agronomy11102015 

Wardani, E., Harahap, Y., Mun’im, A. & Bahtiar, A. (2019). Teaching science 
process skill using guided inquiry model with starter experiment 
approach: An experimental study. Journal of Biological Education 
Indonesia 5: 277-284. https://doi.org/10.22219/jpbi.v5i2.8429 

Widiastuti, D., Warnasih, S., Mulyati, A.H., Sutanto, Herlina, E., 
Triastinurmiatiningsih, Sinaga, S.E., Salam, S., Harneti, D., Lesmana, R. 
et al. (2024). Steroid compounds of Manihot Esculenta Crantz Var. Sao 
Pedro Petro (Tuber) and their cytotoxic effects on Melanoma Cancer 
Cells (B16-F10). Trends in Sciences 21: 7591. 

	 https://doi.org/10.48048/tis.2024.7591 
West, L.S. (1951). The house fly. Ithaca: Comstock Publishing Company Inc.
Yi, B., Hu, L., Mei, W., Zhou, K., Wang, H., Luo, Y., Wei, X. & Dai, H. (2011). 

Antioxidant phenolic compounds of cassava (Manihot esculenta) from 
Hainan. Molecules 16: 10157-67.

	 https://doi.org/10.3390/molecules161210157
Zhang, Y.C., Cao, W.J., Zhong, L.R., Godfray, H.C.J. & Liu, X.D. (2016). 

Host plants determine the population size of an Obligate Symbiont 
(Buchnera aphidicola) in Aphids. Applied and Environmental 
Microbiology 82: 2336-2346. https://doi.org/10.1128/AEM.04131-15 
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