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ABSTRACT 
 

Aedes aegypti is an important vector of tropical diseases like Dengue, Zika, Chikungunya, and Yellow 

Fever and affects mainly countries located in tropical and subtropical zones, including Peru. Synthetic 

insecticides are used to control this vector, but they also cause a residual effect on the environment, 

whereas the vector has developed resistance to these compounds, so there is a current need to search for 

new control alternatives, such as the use of abundant natural resources. Therefore, this work aimed to 

evaluate the biocidal activity of extracts and oils from Cymbopogum citratus, Rosmarinus officinalis, and 

Minthostachys mollis on adult Aedes aegypti, as well as to evaluate their quality parameters. Furthermore, 

the chemical profile of the three species was assessed by ultra-high-performance liquid chromatography 

coupled with mass spectrometry (LC-MS/MS). The results showed that the aqueous/ethanolic extracts and 

the essential oils from the three evaluated species presented a biocidal effect on adult A.  aegypti. Regarding 

the analysis of the chemical profile, 15 compounds were identified in R. officinalis, while 29 compounds 

were identified from C. citratus and 30 compounds from M. mollis. Moreover, the extracts and oils 

presented quality parameters according to standards. In conclusion, the biocidal potential of the C. citratus, 

R. officinalis, and M. mollis on A. aegypti adults was reported so that they can be seen as a real natural 

alternative for the control of tropical diseases transmitted by this vector so that plant products are more eco-

friendly and subject to lower resistance by target organisms. 
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1 Introduction  

In recent years, globalization, unplanned urbanization, and 

environmental problems, including climate change, are 

considerable factors that influence the transmission of diseases, 

among which vector-borne diseases are the most common (Chala 

and Hamde 2021). Vector-borne diseases of public health 

importance are those infectious diseases that are spread by 

organisms that carry viruses, parasites, or bacteria from one 

infected person (or animal) to another. These diseases account for 

17% of the estimated global burden of infectious diseases and are 

more frequent in tropical and subtropical areas and places with 

problems with appropriate water access and sanitation (OPS 2019; 

WHO 2020). 

In Peru, there is a group of diseases that share the same vector: Aedes 

aegypti, which is a hematophagous diptera distributed mainly in 

tropical areas, responsible for the transmission of several arboviruses 

that cause diseases such as dengue, Zika, yellow fever, and 

chikungunya (Cabezas et al. 2015; Dueñas-López 2022). The control 

of these diseases is linked to the eradication of the mosquito vector 

so that the habits of the mosquito guide its management to the 

elimination of breeding sites, which in turn are maintained due to 

poor hygiene habits of the population, which tends to discard 

garbage in patios, streets and vacant lots (Pereira et al. 2022). 

The use of chemical insecticides is primarily adopted in Peru due 

to their effectiveness in reducing the populations of larvae and 

adults. The most widely used insecticides are organophosphates 

(temephos for eliminating larvae during focal treatment) and 

fenthion, fenitrothion and malathion for eliminating adult 

mosquitoes) and pyrethroids (deltamethrin, lambdacyalothrin, 

cypermethrin, and cyfluthrin). However, the WHO periodically 

monitors the emergence of resistance to the recommended 

pesticides and indicates the use of alternative substances that can 

be used, including in Peru (Lazcano et al. 2009; MINSA 2015). 

Furthermore, the development of resistance in A. aegypti 

mosquitoes to synthetic insecticides is the main problem that 

affects control strategies caused by the intensive use of these 

products due to the selection of resistance genes in the populations 

of this species. Some authors have mentioned that the mechanism 

associated with resistance to organophosphate insecticides could 

be linked to the elevation of esterases (Lazcano et al. 2009). 

Nonetheless, botanical insecticides are another accessible and low-

cost control alternative for farmers and communities since several 

plant species have insecticidal activity. Insecticides of plant origin 

have the advantage of being more biodegradable than their 

synthetic counterparts and are related to less development of 

resistance, often found with immediate availability (Demirak and 

Canpolat 2022). The secondary metabolites produced by plants in 

the face of attacks by insects and predators make them natural 

candidates for use in controlling insect species, including 

agricultural pests and disease vectors (Pino et al. 2013). 

In this context, plant species found mainly in Peru as Rosmarinus 

officinalis, Cymbopogum citratus, and Minthostachys mollis, 

demonstrated larvicidal, insecticidal, and repellent activities 

against different insects (Gillij et al. 2008; Duarte et al. 2015; 

Soonwera and Sittichok 2020; Rocha et al. 2022), so the objective 

of this present study was to evaluate the insecticidal potential of 

these species on adult A. aegypti. 

2 Materials and Methods 

2.1 Insects 

Adults of A. aegypti were obtained from the towns of Rio Seco 

(Trujillo), provided by the Institute for Research in Microbiology 

and Tropical Parasitology (INIMYPAT) of the Program of 

Microbiology and Parasitology, Universidad Nacional de Trujillo 

(Peru). 

2.2 Plant material 

The collection of the plant species was carried out by the classic 

method of herborization. 12 kg of the Rosmarinus officinalis leaves 

were collected from Trigopampa, located at geographic coordinates 

with south latitude 07º53.351´, west longitude 078º34.600´, altitude 

2,617 m, Otuzco province, La Libertad region, Peru, in April. On the 

other hand, the same amount (kg) of the  C. citratus leaves were 

collected from Galindo, located at geographic coordinates with south 

latitude 08°4’47,08812’’, west longitude 078°5439,348´, altitude 89 

m, Laredo district, Trujillo province, Peru, in February. Also, 12 kg 

of the M. mollis leaves were collected from Galindo, located at 

geographic coordinates with south latitude 07º53.356´, west 

longitude 078º34.611´, altitude 2,616 m, Otuzco province, La 

Libertad region, Peru, in April.  

The plant material was selected from each plant species by 

separating the different parts to avoid mixing with each other and 

avoiding the inclusion of organic and inorganic residues. Then, a 

complete specimen of each plant was provided to the Truxillense 

Herbarium of the National University of Trujillo, to be deposited 

with the Herbarium codes N° 60304 for R. officinalis, N° 60305 

for C. citratus and code N° 60306 for M. mollis. 

2.3 Preparation of plant samples 

Selected plant leaves were dried at room temperature under shade, 

then placed in Kraft paper bags in an oven at 40 °C for 48 hours. 

The dried leaves were pulverized and sieved (up to a particle size 

of 2.0 mm) and then properly stored in amber bottles, remaining in 

a place without humidity and direct light. 



 

 
Journal of Experimental Biology and Agricultural Sciences  
http://www.jebas.org 

 
 
 

121                                Córdova O et al. 

  

 

 

For the essential oil extraction, 10 kg of plant material from each 

plant was subjected to steam distillation for 2 hours. Then, the 

essential oils were purified with anhydrous sodium sulfate, 

received in an amber glass bottle, sealed to prevent contact with 

light and oxygen, and stored under refrigeration at 4°C until later 

use. To estimate the essential oil yield, 100 g of leaves were placed 

in a 1 L capacity flask and conditioned in the Clevenger 

equipment, proceeding to distill for 2 hours. The oil obtained was 

measured in the graduated tube. The essential oil yield was 

expressed as a volume/weight percentage (ml of essential oil per 

100g of plant material) (Miranda and Cuellar 2002). 

To obtain the extracts, 100 g of the dried leaves were weighed, 

packed in a nylon bag, and then introduced into a balloon over an 

electric stove. Afterward, 250 mL of different solvents of 

increasing polarity (hexane, ethyl acetate, ethanol, distilled water) 

was added to begin the extraction process. Finally, each extract 

was filtered through a vacuum pump and stored in an amber bottle 

until use (Miranda and Cuellar 2002). 

2.4 Determination of total solids concentration 

An aliquot of 1 mL was taken from each extract, placed on a 

previously weighed capsule, and then put in an oven at 40°C for 24 

hours. After that time, it was introduced into the desiccator (with 

silica gel) to cool for 30 minutes. Calculations were made by 

weight difference in mg/mL. This procedure was performed in 

triplicate (Miranda and Cuellar 2002). 

2.5 Determination of the quality parameters of the plant species 

2.5.1 Determination of moisture  

The loss on drying method carried out the determination of water. 

In a previously tared cardboard box, 100 g of the fresh vegetable 

drug was weighed and dried in an oven at 40 °C for 48 hours until 

a constant weight was obtained. After, the sample was cooled in 

desiccators for 30 minutes (Miranda and Cuellar 2002).  

2.5.2 Determination of total ashes  

The determination of complete ashes was carried out by the 

gravimetry method. For this, 2 g of the crushed vegetable drug was 

weighed in a previously tared porcelain crucible, carbonized in the 

kitchen, and then incinerated in a muffle oven at 700°C for 2 

hours. After, the sample was cooled in a desiccator for 30 minutes 

(Miranda and Cuellar 2002).  

2.5.3 Extraction of ethanol/water-soluble substances  

The extraction was carried out by the hot extraction method. 

Based on the solubility of soluble substances in water and 

ethanol 96°GL, 5g of previously dried and crushed plant leaves 

were weighed in a 100 mL round-bottom flask for each system. 

After this, 50 mL of solvent (water and ethanol 96°GL) were 

added, respectively, stirred, and allowed to stand for 1 hour. A 

reflux condenser was attached to the flask, and the sample was 

subjected to a constant boil for 45 min. Then, it was quickly 

shaken and filtered, transferred to a flask, and refluxed again. 

The extracts were combined and calibrated to 100 mL. Finally, 5 

mL of each extract was measured in a previously tared porcelain 

dish, brought to dryness in a water bath, allowed to cool in a 

desiccator, and weighed without delay. The procedure was 

performed in triplicate. In addition, the calculations were 

obtained by gravimetry, and the content of extractable matter 

was expressed in mg/g of dry vegetable matter (Miranda and 

Cuellar 2002). 

2.6 Phytochemical screening 

For the phytochemical analysis, the Draggendorff test was carried 

out for the determination of alkaloids, as well as the foam test, for 

the identification of saponins, in addition to the Ballet test (for 

lactones), ferric chloride test (for phenolics and tannins), 

Borntrager test (for quinones), Nihidrine test (for free amino acids 

and amines), Fehling test (for reducer sugars), Gelatin test (for 

tannins) and Liebermann-Burchard test, for identification of 

terpenes, steroids, and terpenoids (Wagner and Bladt 2004). 

2.7 Chemical identification of plant extracts  

The chemical identification of plant extracts was carried out by 

ultra-high performance liquid chromatography coupled with 

double mass spectrometry (UHPLC-MS/MS) analysis. In a clean 

and dry vial, 10 mg of the samples were placed. 10 mL of ACN-

H2O solution (8:2) was added and stirred in ultrasound equipment 

for 20 minutes at room temperature. The obtained solutions were 

diluted 10 times with the same solvent to reach 0.1 mg/mL final 

concentration. Chromatographic separation was achieved on a 

Dionex Ultimate 3000 UHPLC system (Thermo Scientific) 

equipped with aLuna© Omega C18 100 Å, Phenomenex (150 x 2.1 

mm, 1.6μm) column. Formic acid 1% (v/v) in H2O (A) and MeCN 

(B) mobile phases were used. The gradient conditions were as 

follows: 0-1 min 90-10% B; 1-18 min 90-10% B; 18-20 min 5-

95% B; 20-25 min 5-95% B. The flow of the mobile phase was 

300 μL/min, and the injection volume is of 3 μL. The column 

temperature was kept at 40 °C. The UV chromatograms were 

obtained in a range between 200 and 750 nm. 

The mass spectrometer Q Exactive Plus (Thermo Scientific) was 

equipped with an electrospray ion (ESI) source operated in positive 

and negative ionization modes. The "spray voltage" was kept at 

3.5-2.5KV. The drying temperature was 250-300 °C, and the 

sheath gas flow rate was 50 AU. Nitrogen was used as the dry, fog, 

and collision gas, with a heat temperature of 400 °C. The collision 
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energy was set at 30 eV. HRESIMS and MS/MS spectra were 

acquired in the m/z range of 120 to 1200 amu. 

2.8 Evaluation of biocidal activity 

2.8.1 Stabilization of A. aegypti strains in the insectary 

After INIMYPAT provided the papers containing A. aegypti from 

Rio Seco (Trujillo), they were transferred to plastic sources 

(48.5cm x 35cm x 5cm) with dechlorinated water and placed in the 

larval rearing boxes (polystyrene). The feeding was made with fish 

food (finely crushed to powder), and placed in the dechlorinated 

water from the first presence of larvae. When they reached the 

pupal stage, they were transported to the insectary, where they 

were placed in the rearing cages for adults and waited until the 

adult emerged. Once the adults emerged, they were fed with a 5% 

sugar solution; the females were provided with the help of a guinea 

pig (with blood so that it could carry out the oviposition process). 

For this, the guinea pig was anesthetized with Ketamine (0.1 ml) 

and placed in the adult rearing cage for 45 minutes so that the 

females could feed. Three days after the copulation between male 

and female, the eggs were placed in the strips of craft paper 

(ovitrap), and after five days (for the embryogenesis stage), the 

strips were removed and stored in a box at room temperature. This 

process was carried out until the obtaining of F2 to carry out the 

bioguided tests (Brogdon and Chan 1998). 

2.8.2 Bioassay in Aedes aegypti adults 

The CDC bottle biological assay method was used. Previously 

washed, four 250 ml wide-mouth glass bottles (CORNING) were 

used for each biological assay: three for the test replicates and one 

for the positive control (insecticide). The extracts (hexane, ethyl 

acetate, ethanol, and aqueous) and essential oils from the plants 

described in this study were evaluated. The bottles used for the 

experimentation were washed with hot soapy water and rinsed at 

least three times thoroughly. To dry the bottles, they were placed 

in an oven at 50°C for 15-20 minutes until completely dry. Then, 

each bottle was impregnated by placing 1 ml of the solution under 

study from each plant to be evaluated, exposing the entire internal 

surface of the bottle to the solution. 

This procedure was carried out in a fume hood to facilitate the 

solvent's evaporation and guarantee the researcher's safety when 

working with organic solvents. The bottles were allowed to dry 

before starting the tests, covering them with paper or aluminum 

foil to protect the formulated solution from degradation due to the 

effect of light. Following the steps above, the positive control 

bottle was impregnated with 2% malathion. Soon after, using a 

vacuum cleaner, 15 female mosquitoes are introduced into each 

bottle. The timer was activated, and the bottles were examined at 

Time 0; the number of dead and/or alive mosquitoes was counted 

every 15 minutes until the total number of mosquitoes was dead or 

until 2 hours had passed since the beginning (Brogdon and Chan 

1998). 

The criteria proposed by the World Health Organization (WHO) to 

assess the significance of the resistance values detected are: a) 

98%–100% mortality during the recommended diagnosis period, 

which will indicate susceptibility in the population; b) 90%–97% 

mortality during the recommended diagnosis time will suggest the 

possibility of resistance and must be confirmed; c) <90% mortality 

during the recommended diagnosis time suggests resistance (WHO 

2016). 

2.8.3 Statistical Analysis 

The data were submitted to the analysis of variance (ANOVA) and 

with Tukey's multiple comparison tests to determine the significant 

differences between the experimental and control groups with a 

significance level of 0.05. The InfoStat version 2018 program was 

used. 

3 Results 

3.1 Yield of essential and determination of total solids 

concentration 

The yields of essential oils from R. officinalis, C. citratus, and M. 

mollis were 0.8, 1.0, and 0.3 % RAE (v/w), respectively. Also, the 

concentration of total solids in the extracts and oils was determined 

for each species. For R. officinalis, the solid concentrations in the 

extracts were the following: 190.03 mg/mL for the aqueous 

extract, 75.30 mg/mL for the ethanolic extract, and 207 µg/mL for 

the essential oil, while for C.  citratus, values were: 261.23 mg/mL 

for the aqueous extract, 57.90 mg/mL for the ethanolic extract, and 

20 µg/mL for the essential oil. For M. mollis, the solid 

concentrations were: 165.30 mg/mL for the aqueous extract, 90.30 

mg/mL for the ethanolic extract, and 20 µg/mL for the essential oil 

(Table 1). 

Table 1 Determination of the total solids concentration in the oil and extracts 

Plant Species Essential Oils Ethanolic Extract 70° GL Aqueous Extract 

R. officinalis 20µg/mL 75.30 mg/mL 190.03 mg/mL 

C. citratus 20µg/mL 57.90 mg/mL 261.23 mg/mL 

M. mollis 20µg/mL 90.30 mg/mL 165.30 mg/mL 
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3.2 Determination of the quality parameters of the plant species 

After evaluating the quality parameters of the species under study, 

the following results were obtained for Rosmarinus officinalis: 

water weight loss of 52.3% and total ashes equal to 5.32%. The 

water/ethanol soluble substances concentrations were 12.94 

mg/mL (aqueous extract) and 11.34 mg/mL (ethanolic extract). For 

C. citratus, it presented a water weight loss of 71.4% and total 

ashes equal to 4.17 %. The concentration of water/ethanol soluble 

substances was 21.74 mg/mL (aqueous extract) and 16.86 mg/ml 

(ethanolic extract). For M. mollis, the water weight loss was 

65.3%, and total ashes were equal to 7.66%. The concentration of 

water/ethanol soluble substances was 16.86 mg/mL (aqueous 

extract) and 12.54 mg/mL (ethanolic extract), so it can be 

concluded that the best extraction of secondary metabolites in both 

species was obtained by the aqueous extract (Table 2).  

3.3 Phytochemical screening 

Phytochemical screening was carried out for the three plant 

species. All species reported the presence of polyphenols, tannins, 

free amines and reducing sugars. Also, triterpenes/steroids and 

alkaloids were found in M. mollis (Table 3). 

3.4 Chemical Identification by UHPLC-MS/MS 

Altogether, 15 substances were identified in the ethanolic extract 

of R. officinalis (Table 4), which was shown to be composed of 

organic acids, flavonoids, lipid acids, and terpenoids. Among 

them, major reported compounds were sucrose [M-H = 341], 

pyroglutamic acid [M-H = 128], diethylallarate [M-H = 265], two 

glycosilated quercetin: quercetin-3-O-rutinoside [M-H = 609], 

quercetin-3-O-glucoside [M-H = 463], and three lipids: 

hexadecasphinganine [M+H = 274], and two isomers of 

heptadecasphinganine [M+H = 288] were the most common one. 

On the other hand, 29 substances can be identified in the extract 

from C. citratus (Table 5), in which the major compounds were 

sucrose, 1,3-O-di-trans-p-coumaroylglycerol [M-H = 383], 1-

coumaroyl-3-feruloylglycerol [M-H = 413], as well as two lipids 

acids:7-Hydroxy-13,15,17-octadecatrienoic acid [M-H = 293], and 

7-hydroxy-9,13-octadecadienoic acid[M-H = 295]. Moreover, 30 

substances can be identified in the extract from M. mollis (Table 6),  

Table 2 Quality parameters of the studied plant species 

Quality Parameters 
Plant Species 

R. officinalis C. citratus M. mollis 

Water Weight Loss 52.3% 71.4% 65.3% 

Total Ashes 5.32% 4.17% 7.66% 

Extracted Substances Metabolites Concentration 

H2O 12.94 mg/ mL 21.74 mg/mL 16.86mg/mL 

Etanol 11.34 mg/ mL 16.86 mg/mL 12.54mg/mL 

 

Table 3 Phytochemical screening of the studied plant species 

Assays Metabolites 

Plant Species 

R. officinalis C. citratus M. mollis 

Etanol Water Etanol Water Etanol Water 

Ferric chloride Polyphenols ++ ++ +++ +++ +++ +++ 

Gelatin test Tannins + - + - ++ - 

Liebermann-Burchard Triterpenes/Steroids - NE - NE + NE 

Borntrager Quinones - NE - NE NE NE 

Dragendorff Alkaloids - - - - ++ - 

Baljet Lactones - NE - NE - NE 

Ninhidrina Free amines ++ ++ +++ +++ +++ +++ 

Felhing Reducing sugars ++ ++ +++ +++ +++ +++ 

Here Identification: Presence (+), Absence (-); Intensity: Low (+), Moderate (++), High (+++); Not executed: (NE) 
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Table 4 Substances identified in R. officinalis ethanolic extract by UHPLC-MS/MS 

Substances Rt M-H M+H Main fragments (m/z) 

Glutamic acid 2.12 146 
 

128, 102, 85 

Sucrose 2.16 341 
 

179, 161, 143, 113, 101, 89, 71 

Quinic acid 2.25 191 
 

173, 127, 111 

Malic acid 2.43 133 
 

115, 72, 71 

Pyroglutamic acid 2.63 128 
 

98, 84, 82 

Diethylallarate 2.73 265 
 

179, 145 

Quercetin-3-O-rutinoside 11.54 609 
 

463, 343, 300, 271, 178 

Quercetin-3-O-glucoside 11.90 463 
 

300, 271, 178 

Kaempferol-rutinoside 12.06 593 
 

285, 255 

Quercitrin 12.54 447 
 

300, 271, 178 

Hexadecasphinganine 16.15 
 

274 256, 230, 106 

Heptadecasphinganine isomer 1 16.68 
 

288 270, 106 

Heptadecasphinganine isomer 2 16.85 
 

288 270, 106 

9-Octadecenamide 17.62 282 
 

265, 247, 149, 135, 121 

Gingerol 17.70 293 
 

236, 221 

Rt: Retention time 
 

Table 5 Substances identified in C. citratus ethanolic extract by UHPLC-MS/MS 

Substances Rt M-H Main fragments (m/z) 

Sucrose 2.16 341 179, 161, 143, 113, 101, 89, 71 

Shikimicacid 2.46 173 155, 137, 129, 111 

Pyroglutamic acid 2.63 128 98, 84, 82 

Aesculetin 11.41 177 135, 105, 89 

Caffeic acid 11.53 179 135, 107 

2‖-O-Rhamnosyl- 6-C-Glucosyl luteolin 11.90 593 473, 447, 429, 327, 285 

Apigenin-pentosyl-glucose 11.91 563 503, 425, 399, 298 

6-C-Glucosyl luteolin 12.08 447 327, 285 

Apigenin-rhamnosyl-glucose 12.52 577 415, 323, 293, 269 

Luteolin 7-neohesperidoside 12.81 593 447, 285 

Apigenin-8-C-glucoside-2'-rhamnoside 12.86 577 415, 311, 298, 269 

6-C-Pentosyl-8-C-hexosyl apigenin 12.90 563 473, 417, 399, 298 

7-C-Glucosyl luteolin 13.06 447 327, 285 

Trans-coumaric acid 13.20 163 119, 93 

Ferulic acid 13.61 193 178, 149, 134 

3',6'-diferuloylsucrose 14.29 693 517, 337, 193 

Acetyl-3',6'-diferuloylsucrose 14.97 735 559, 337, 193 

Acetyl-3',6'-diferuloylsucrose isomer 15.18 735 559, 337, 193 

8-C-rhamnoside apigenin 15.24 415 311, 253 

6-C-rhamnoside apigenin 15.73 415 397, 353, 311. 253 

Luteolin 15.87 285 175, 151 

9,12,13-Trihydroxy-10-octadecenoic acid 16.72 329 311, 139 

1,3-O-di-trans-p-Coumaroylglycerol 16,99 383 219, 163, 119 

1-Coumaroyl-3-feruloylglycerol 17.15 413 398, 249, 219, 163, 119 

Diferuloylglycerol 17.27 443 428, 249, 193, 175, 149, 134 

16-Hydroxy-9-oxo-10,12,14-octadecatrienoic acid 18.46 307 289, 235, 211, 199, 185 

12,13-Dihydroxy-9-octadecenoic acid 20.18 313 295, 277, 201, 171, 155, 127 

7-Hydroxy-13,15,17-octadecatrienoic acid 21.53 293 275, 256, 223, 195, 177, 111 

7-hydroxy-9,13-octadecadienoic acid 22.28 295 277, 259, 193, 183, 171, 113 

Rt: Retention time 
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in which the major compounds were isosakuranetin-7-O-rutinoside 

[M-H+FA = 639], naringenin [M-H = 271], isosakuranetin [M-H = 

285], and citronellic acid [M+H = 153]. 

3.5 Evaluation of biocidal activity 

The analysis of variance (ANOVA) reported that the analyzed data 

are statistically significant p<0.05, which establishes that there are 

differences between the means of the percent mortality (biocidal 

effect) using each plant extract, essential oil, or positive control 

against adults of A. aegypti. The biocidal activity evaluation on 

A. aegypti showed that all the essential oils caused 100% 

mortality of A. aegypti adults within 105 minutes and above 90% 

mortality in 30 minutes, being more efficient than all the extracts 

evaluated. 

The statistically significant difference was determined between 

groups; the Tukey statistical test was used, where it was reported a 

p=0.9999 between the essential oils and the positive control (2% 

malathion). On the other hand, the comparison between aqueous and  

Table 6 Substances identified in M. mollis ethanolic extract by UHPLC-MS/MS 

Substances Rt M-H M+H Main fragments (m/z) 

Mannitol 2.18 181 
 

163, 149, 131, 119, 101, 89, 71, 59 

Quinic acid 2.30 191 
 

173, 127, 111 

Shikimic acid 2.46 173 
 

155, 137, 129, 111 

Malic acid 2.54 133 
 

115, 72, 71 

Caffeoylquinic acid 6.75 353 
 

191, 179, 173, 161, 135, 111, 93 

Caffeic acid 11.79 179 
 

135, 107 

Quercetin-3-O-rutinoside 12.27 609 
 

300, 271, 178 

Kaempferol-3-O-rutinoside 12.83 593 
 

447, 285, 255 

Naringenin-7-O-rutinoside 12.92 579 
 

271, 227, 175, 151 

Isoquercitrin 13.22 463 
 

300, 271, 178 

Naringenin-4´-O-rutinoside 13.44 579 
 

271, 227, 175, 151 

Kaempferol-3-O-glucoside 13.57 447 
 

284, 255 

Naringenin-7-O-glucoside 13.91 433 
 

271, 227, 175, 151 

Rosmarinic acid 14.33 359 
 

197, 179 

Isosakuranetin-7-O-rutinoside 14.90 639 [M-H+FA] 
 

285, 226 

Isosakuranin 15.75 447 
 

285, 270, 241, 196 

Chalconosakuranetin 15.83 493 [M-H+FA] 
 

285, 179, 161, 135 

Tricoumaroylspermidine 16.09 582 
 

436, 342, 316, 145 

9,12,13-Trihydroxy-10,15-octadecadienoic acid 16.25 327 
 

309, 291, 137 

9,12,13-Trihydroxy-10-octadecenoic acid 16.78 329 
 

311, 139 

Naringenin 16.94 271 
 

227, 151, 107 

Hesperetin 17.24 301 
 

286, 257, 242 

Irigenin 17.83 359 
 

344, 329, 314, 193 

2-Amino-1,3-heptadecanediol 18.50 
 

288 270, 106, 88, 70 

Eupatilin 19.14 343 
 

328, 313, 298, 270 

Isosakuranetin 19.26 285 
 

270, 243, 151 

Citronellicacid 20.01 
 

153 135, 109, 107, 93, 81 

Gardenin B 21.66 
 

359 344, 329, 298, 135 

3-Hydroxy-11-ursen-28,13-olide 22.44 
 

455 437, 409, 391, 219 

Enoxolone 22.73 471 
 

425, 407, 271, 217 

Rt: Retention time 
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ethanolic extracts reported a p-value above 0.9732. In all cases, the 

significance level was more significant than p=0.05 of standard 

significance, which in turn means that these extracts have 

comparable efficacy since there is no statistically significant 

difference in their biocidal effect against adults of A. aegypti. All 

ethanolic extracts caused 100% mortality in 105 min. However, the 

aqueous extracts of R. officinalis and C. citratus caused observed 

mortality in shorter periods than ethanolic extracts (30 min versus 

45 min for R. officinalis and 15 min versus 45 min for C. citratus, 

respectively) (Figures 1, 2, and 3). 

 
Figure 1 Percentage of mortality of adults of A. aegypti exposed to different extracts and oils from R. officinalis  

and 2% malathion (positive control) 

 

 
Figure 2 Percentage of mortality of adults of A. aegypti exposed to different extracts and oils from C. citratus  

and 2% malathion (positive control) 
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4 Discussion 

The plant species R. officinalis yielded 0.8% of the fresh leaves' 

essential oil. The literature indicates that the yield of essential leaf 

oil is 0.61% for the tissue in the fresh state and 0.98% for the dry 

tissue, so compared to the result obtained, the value found in this 

work is within the expected range. It has been shown that the main 

components of the essential oil of R. officinalis are camphor (5.0-

21%), 1,8-cineole (15-55%), α-pinene (9.0-26%), borneol (1.5-

5.0%), camphene (2.5–12%), β-pinene (2.0–9.0%) and limonene 

(1.5–5.0%) in proportions that vary according to the vegetative 

stage and bioclimatic conditions (López 2008; Andrade et al. 

2018). In turn, C. citratus presented a yield of 1.0% for the 

essential oil from its fresh leaves. The literature reports that the 

fresh plant of C. citratus provides essential oil between 0.5 – 0.7%, 

and the obtained oil is of a transparent yellow liquid with a citrus 

scent. These results agree with the findings of Rodriguez et al. 

(2006), those who received 0.7% of essential oil from this plant 

species collected from the town of Trujillo, included in the same 

region mentioned in this study (Rodriguez et al. 2006). Compared 

with the yield obtained, the plant species provides a high 

percentage of essential oil. This could be due to different 

agroclimatic factors such as the salinity of the soil, altitude, and 

water content, which in turn could also influence the quality and 

quantity of essential oils (Ekpenyong et al. 2014). According to 

different studies with C. citratus, essential oils, geranial, neral, and 

myrcene were the main components of the species (Soto-Ortiz et 

al. 2002; Rodriguez et al. 2006; Gbenou et al. 2013). On the other 

hand, the yield of the essential oil obtained from the fresh leaves of 

M. mollis was 0.3 %, which is in agreement with the essential oil 

ranges (0.25 - 4.93%) reported in the literature. The predominant 

components of essential oil are pulgeone and menthone. This 

includes a study by Orbegozo and Rodriguez (2018), which 

obtained 0.6% v/w in a species collected in the same region 

(Santiago de Chuco, La Libertad). All the essential oil values 

obtained in this study are within the acceptable ranges, and the 

place of origin was found to have a slight effect on this parameter 

(Van Baren et al. 2014; Orbegozo and Rodriguez 2018). In 

addition, M. mollis is very heterogeneous in its genetics and 

morphology, and other abiotic factors previously mentioned can 

influence the composition of the essential oil (Linares 2020). 

Furthermore, the values found for the quality parameters of three 

species studied in this work proved to be within the range 

recommended by the reference documents in Peru (Villar 1999; 

Miranda 2002; British Pharmacopoeia 2022;). In addition, the 

study of Orbegozo and Rodriguez (2018) demonstrated the value 

of 7.58 % of total ashes in a sample of M. mollis from the La 

Libertad region, corroborating the result described in this work. 

The study determining the concentration of solids in extracts and 

oils demonstrated greater water efficiency in concentrating the 

metabolites in all the species evaluated. The quantitative and 

qualitative yield of the extraction depends on the nature of the 

extracted compounds and the solvent used, as well as on factors 

such as the nature of the sample, concentration of the solvent, 

 
Figure 3 Percentage of mortality of adults of A. aegypti exposed to different extracts and oils from M. mollis  

and 2% malathion (positive control) 
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temperature, contact time, particle size, and mass-solvent ratio 

among others (Soto and Rosales 2016). 

In the chemical identification by UHPLC-MS/MS, 15 substances 

were identified for R. officinalis, whereas 29 compounds were for 

C. citratus and 30 for M. mollis. Flavonoids, mainly querecetin 

compounds, besides organic acids, sugars, lipids, and gingerol, a 

phenolic constituent, were the main substances identified in R. 

officinalis; these results agree with the previous literature of this 

species (Achour et al. 2017; Mena et al. 2020). In the C. citratus 

analysis, phenolic acids like caffeic, ferulic, and coumaric acid 

conjugates, as well as the flavonoids apigenin and luteolin and 

lipid acids were the principal bioactive constituents and are also 

found in other works as species markers (Sousa et al. 2021; 

Bhaskar et al. 2021). Moreover, the chemical analysis of M. mollis 

extracts showed the presence of flavonoids, including 

isosakuranetin and naringenin, as major compounds, besides 

phenolic acids and terpenoids, which in turn are characteristics of 

the genus Minthostachys (Faraone et al. 2021). 

The lethality of essential oils can vary greatly, depending on 

factors such as chemical composition, plant species, part of the 

plant extracted, maturity, and extraction method (Isman 2020). 

Essential oils are a mixture of various chemical components that 

produce different toxic effects on the insect's organism, so it is 

likely that A. aegypti cannot easily develop an adaptation that leads 

to resistance (Wahyuni 2012; Dias and Moraes 2014). Many 

studies have shown the neurotoxic actions of essential oils, causing 

paralysis followed by death, in insects. This characteristic allows 

considering the components of essential oils as potential 

bioinsecticides. This mechanism might occur through the 

inhibition of acetylcholinesterase (AChE), or triggering effects 

similar to those produced by conventional insecticides such as 

temephos or organophosphate cholinesterase inhibitors used in 

vector-borne disease control programs (Kostyukowsky et al. 2002; 

WHO 2009). Another mechanism is through the octopaminergic 

system. Available data showed that essential oils could increase the 

level of cAMP and calcium in nerve cells. Therefore, essential oils 

are interesting bioinsecticide candidates (Jankowska et al. 2018). 

Furthermore, the literature revealed that essential oils rich in 

phenylpropanoids, oxygenated sesquiterpenes, and monoterpene 

hydrocarbons have significant larvicidal activity against A. aegypti 

(Dias and Moraes 2014). According to Rodriguez et al. (2006), the 

main compounds responsible for insecticidal activity are of low 

polarity (Rodriguez et al. 2006). 

Regarding this point, Isman (2000) indicates that monoterpenes 

and phenylpropanoids were the most identified compounds in 

essential oils, extracts, and purified fractions, which stand out in 

larvicidal activity (Isman 2000). In addition, to postulate that the 

toxicity of these phytometabolites may be associated with their 

non-polar property, which increases the ability of the compound to 

penetrate the hydrophobic cuticle of the larvae and enhances its 

harmful effect on the insect compared to polar compounds 

(Vincent and Wegst 2004). Scientific evidence showed that the 

essential oils of R. officinalis, C. citratus, and M. mollis have insect 

repellent, insecticide, larvicide, adulticide, ovicide, and oviposition 

dissuasive activities, being applied in the control of pathogens and 

insects (Prajapati et al. 2005; Gillij et al. 2008; Waliwitya et al. 

2009; Vera et al. 2014; Soonwera and Phasomkusolsil 2016; 

Alegre 2016; Azeem et al. 2019; Oladeji et al. 2019; Soonwera and 

Sittichok, 2020;). Moreover, the components found in these 

essential oils, such as pulegone, menthone, thymol, eugenol, trans-

anetol, and citronellal have shown high larvicidal activity 

(Waliwitya et al. 2009). 

The insecticidal activity of the extracts from R. officinalis is 

probably related to the presence of quercetin, kaempferol 

conjugates, and gingerol. Quercetin possesses an antifeedant effect 

against A. aegypti.  The proposed mechanism suggests that 

quercetin oxidation by larvae generates reactive oxygen species, 

which in turn can degrade the nutritional quality of food present in 

the gut lumen of the insects. In addition, quercetin also inhibits 

transhydrogenase activity, negatively impacting their development 

and therefore leading them to death (Pessoa et al. 2018). Also, 

kaempferol inhibits the ecdysone 20-monooxygenase enzyme in 

females, suppressing their oviposition (Mitchell et al. 1993), and 

gingerol is a growth insect regulator and has antifeedant activity 

(Agarwal et al. 2001). In turn, the activity of C. citratus extracts 

can be explained by the presence of apigenin conjugates that share 

the exact mechanism of action with kaempferol and by the high 

content of phenolic acids that can inhibit insect 

acetylcholinesterase (Maazoun et al. 2017). Also, the presence of 

caffeic acid and rosmarinic acid in M. mollis extracts acts on the 

reduction of insect herbivory in several ways, such as reducing 

fertility, discouraging feeding, oviposition, and shortening the 

insect life span (Isman 2006; Dawkar et al. 2013). This effect is 

added to the mechanisms related to flavonoids and kaempferol 

conjugates and acid triterpenes (enoxolone and 3-Hydroxy-11-

ursen-28,13-olide), which in turn provide antifeedant action in 

insects (González-Coloma et al. 2011). 

In sum, the essential oils and extracts from the three species, found 

mainly in Peru, provide a promising source for insecticidal 

applications due to their significant biocidal activity and possible 

toxicological safety for mammals and the environment since they 

are more easily degraded by natural ecosystem mechanisms (Bhatt 

et al. 2013). 

Conclusions 

The research demonstrated the insecticidal activity of essential oils 

and extracts of the plant Peruvian resources R. officinalis, C. 

citratus, and M. mollis against A. aegypti adults. The study also 
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determined the chemical profile of ethanolic extracts from three 

species, including 15 substances for R. officinalis, 29 for C. 

citratus, and 30 for M. mollis. Furthermore, the study of quality 

parameters for the essential oil and extracts indicated that they 

agree with recommended quality standards so that these 

phytoproducts can be seen as more eco-friendly biological 

controllers of A. aegypti when compared with synthetic 

insecticides. 
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