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The employment of greener-reducing extracts for ZnONPs biosynthesis 
is a facile, simple, and eco-friendly approach than physical and chemical 
synthesis. The present study was designed to the synthesis of ZnONPs for 
the first time using the Lavandula angustifolia leaf extract. The techniques 
like UV-Visible spectroscopy, PXRD, FESEM, EDAX, and FTIR were used 
to characterize the ZnONPs. In dose dependent manner from 80mg/L 
to 160mg/L, the ZnONPs were exposed to dengue-causing vector  A. 
albopictus for 24 hours. The UV-Vis absorption peak was found at 346 nm 
confirmed the biosynthesis of ZnONPs. FESEM results showed the ZnONPs 
were formed in aggregates with truncated octahedron morphology. 
The average particle size was found to be 74.58 nm. The PXRD analysis 
showed the ZnONPs were crystalline in nature. FTIR analysis showed the 
presence of different functional groups like phenolics, alcohols, and amines 
were involved in ZnONPs synthesis. The ZnONPs showed significant 
mosquito larvicidal activity after being treated with fourth instar larvae 
of A. albopictus. After 24h exposure the ZnONPs showed 100% mortality 
at a concentration of 160mg/L with LC50 value at 118mg/L and LC90 at 
135mg/L respectively. Based on these results, we strongly recommend the 
truncated octahedron-shaped L. angustifolia ZnONPs could act as a potent 
biomedical agent against mosquito-borne diseases and pest management.

INTRODUCTION
Mosquitoes are medically life threatened 

arthropod insect that carries many types of 
pathogens among people worldwide [1]. In various 
mosquito groups, Aedes aegypti and Aedes 
albopictus are causing diseases like dengue fever, 
chikungunya, zika fever, and yellow fever [2]. 
They make their breeding sites widely almost at 

all stagnant clear water sites except sewage water 
[3]. Dengue is the most lethal mosquito-borne 
disease that has attracted worldwide attention, 
it is a very challenging task to control it due to 
the absence of an effective vaccine. According to 
WHO data, an estimated 390 million infections 
occur annually in 129 countries, putting the 
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whole world’s population at risk.[4]. Thus, it is 
an important task to control the mosquito-borne 
diseases causing mosquito vectors at effective 
methods. The use of nanotechnology in mosquito 
control has shown a lot of interest recently. 
Currently, nanotechnology has been attracted 
the attention of many researchers due to its wide 
range of applications in many fields like medicine, 
agriculture, and electronics [5]. Nanoparticles can 
be synthesized by using a variety of traditional 
methods, including physical, chemical, and 
biological approaches. Nowadays, the synthesis 
of nanoparticles by a greener route utilizing plant 
extracts, roots, flowers, and the stem is considered 
to be safer due to its cost-effectiveness, low toxicity, 
and environmentally friendly than traditional 
methods [6]. Over the last years, various types of 
nanoparticles such as metallic silver, gold, copper, 
and iron as well as metal oxides such as magnesium 
oxide, iron oxide, zinc oxide, and titanium oxide 
have been synthesized [7]. Among the metal oxide 
nanoparticles, ZnONPs have shown outstanding 
properties like semiconducting, photocatalytic, Uv 
blocking, large binding energy, and high bandgap 
[8]. Its exceptional qualities allow it to be used 
in a variety of applications, including biomedical 
engineering, drug delivery, bio-imaging, and cancer 
research. It’s also used in cosmetics, sunscreens, 
food packaging, and paintings and among other 
things [9]. Zinc oxide nanoparticles possess 
excellent antibacterial, anticancer, antioxidant, 
wound healing, and larvicidal properties. It has 
been considered a safer metal oxide nanoparticle 
by US FDA [8]. Moreover, it possesses excellent 
anti-diabetic properties. It has been deemed safer 
for humans and animals due to its non-toxic nature 
and environmentally friendly [10]. Various forms 
of Zinc have been previously studied, in the form 
of ZnO films, ZnO nano wires and ZnO nanotubes 
for structural, optical, chemical and morphological 
applications [11-13].

The previous studies on mosquito control using 
nanoparticles have been performed against many 
mosquito vectors including dengue and Zika virus 
vector A. albopictus due to having environmental 
friendly and selective toxicity to the mosquito 
vector by interrupting ZnONPs into mosquito gut 
membrane leading to damage all physiological 
functions of the mosquito behaviors but the 
precise mechanisms of selected nanoparticles 
on mosquito larvae are still examined [14]. The 
ZnONPs can be prepared through various methods 

like sol-gel, direct precipitation, solvothermal, 
hydrothermal, and microwave irradiation. Due 
to the limitations of these methods like involving 
toxic chemicals, time-consuming, and requiring 
huge set-up, biosynthesis of ZnONPs employing 
greener route is considered to be safer and eco-
friendly [9]. Green synthesis of ZnONPs using plant 
extracts is non-toxic, safer, one-step approach, 
and less expensive. Secondary metabolites 
found in plants, such as alkaloids, tannins, and 
flavonoids function as capping and reducing 
agents in the bio-reduction of metal oxides into 
metal oxide nanoparticles. There are various 
reports by using plant extracts for the synthesis 
of ZnONPs like Bauhinia tomentosa  [15], Cassia 
alata  [16], Deverra tortuosa, [17] Cynara 
scolymus  [18] and Bergenia ciliata [8] Lavandula 
angustifolia belongs to the family of Lamiacea and 
is a perennial evergreen plant. It is abundantly 
found in Mediterranean regions, and it has a wide 
range of biological and therapeutic properties, 
including antibacterial, anti-inflammatory, 
antioxidant, and anxiolytic properties. [19]. The 
aim of the present study is the biosynthesis of 
ZnONPs using the leaf extract of L. angustifola and 
to investigate its mosquito larvicidal activity 
against Dengue causing vector Aedes albopictus.

MATERIALS AND METHODS
Collection and authentication of plant material

The Lavandula angustifolia plant material were 
procured from the Botanical Garden Department 
of the Botany University of Kashmir. The plant was 
recognized and authenticated by a taxonomist 
at the Centre for Biodiversity and Taxonomy, 
Department of Botany, University of Kashmir 
herbarium, with accession number 2721- (KASH).  

Preparation of plant extract and Synthesis of 
ZnONPs

The fresh leaves of L. angustifolia were surface 
sterilized with tap water before being washed 
twice with distilled water and followed by saline 
solution. The leaves were left in the shade 
for seven days to dry and then blended into a 
fine powder using a mixer grinder. The 5 g of L. 
angustifolia leaf powder was added into the 100 
ml of distilled water and boiled in a water bath 
for 20 minutes at 60°C. Afterwards the resulting 
solution was filtered by using Whatman’s no.1 
filter paper. The biosynthesis of L. angustifolia 
mediated ZnONPs were carried as per our already 
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reported work with slight modifications [8]. One 
ml of leaf extract was added into 60 ml of 0.01 
M zinc acetate dehydrate solution and stirred 
continuously till it changed into white suspension. 
By adding 2 M NaOH solution, the pH of the 
solution was adjusted to 12. The solution was then 
centrifuged at 7000 rpm. The white -colored pellet 
was kept in hot air oven at 80ºC for 12 hours. The 
dried pellet was crushed into a fine white powder 
for further analysis.

Characterization of ZnO-NPs
The green synthesized ZnO-NPs were 

characterized by UV-Visible spectroscopy (Model 
SHIMADZU UV-1800 Japan) in the UV range of 
200-800nm to determine the lambda max, which 
indicates synthesis of ZnO-NPs. The crystalline 
nature of ZnO-NPs was analyzed through 
Powder X-ray diffraction (Malvern Pan analytical 
Ltd., Malvern, UK). Fourier transform-infra red 
spectroscopy (FTIR) model ALPHA BRUCKER was 
used to detect the presence of functional groups 
in the range of 400 400 cm-1. The size and the 
morphology of ZnO-NPs were analyzed through 
FESEM model (FEI Quanta). The elemental 
composition of ZnO-NPs was studied through 
EDAX analysis.

Mosquito Larvae Collection and rearing
The different larval instars (I-IIIrd) of Aedes 

albopictus were collected from Korukkupet, 
Chennai, Tamil Nadu, India. The larvae were taken 
to the laboratory after collection and reared under 
optimal conditions, such as 28±2º C temperature, 
55-60 % relative humidity and 12:12 h (light: dark) 
photoperiod. Until the fourth instar, the larvae 
were fed with dog biscuit and yeast (1:3) solution. 
After that the larvicidal activity of ZnONPs were 
evaluated against fourth instar larvae of Aedes 
albopictus for 24 h.

Larvicidal Bioassay
For the larvicidal bioassay, A. albopictus 

larvae in their early fourth instar were used. 
The larvicidal assay was performed according 
to the WHO standard procedures with slight 
modifications, Parthiban et al. [3]. In each assay 10 
larvae were placed in a bowl containing different 
concentrations of ZnONPs starting from (80, 100, 
120,140 and 160 mg/L), with tap water were 
used as a control. Mortality was measured after 
24 h, and the experiments were carried out in 
triplicates.

Statistical analysis
To check the larval percent mortality probit 

analysis was used to calculate LC 50 and LC 90 
statistics at 95% confidence limits of upper 
confidence limit (UCL), and lower confidence limit 
(LCL) values was calculated using Statplus (V.5.00).

    

 

 

 

 

 

 

Fig. 1. UV-Vis spectra analysis of ZnONPs
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RESULTS AND DISCUSSION
UV spectra analysis

The bio-synthesis of ZnONPs was first confirmed 

by UV-Vis spectroscopy. Upon increasing the pH, 
the formation of white color from the pale yellow 
indicates the formation of ZnONPs. The peak was 

 

                                                        

 

 

                                                                       

 

 

 

Fig. 2. Low (a) and High (b) magnification FESEM images of ZnONPs

Fig. 3. EDAX analysis of ZnONPS
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observed at 346 nm in the UV range from 200-800 
nm as shown in Fig.  1. The formation of UV peak 
at 346 nm is consistent with recent research that 
showed a peak at 341, confirming the synthesis of 
ZnONPs [20].

FESEM and EDAX analysis
The size and the morphology of ZnONPs 

were determined by using FESEM analysis. It 
was observed from the FESEM analysis the size 
of ZnONPs were ranges from 64-83 nm with 
average particle size 74.58 nm. The ZnONPs were 
formed in aggregates with truncated octahedron 
morphology as shown in Fig. 2 [8]. The phase 
purity and the elemental composition of ZnONPs 
were determined by EDAX analysis. From the 
EDAX results, elemental composition of zinc was 
found to be (75.31%) and oxygen (24.69 %) in 
ZnONPs as shown in Fig. 3. Similar kinds of atomic 
compositions were found when garlic skin extract 
was used to synthesize ZnONPs, the composition 
of Zn was found (78%) and O (22%) which confirms 
the purity of ZnONPs [21].

PXRD analysis
The crystalline nature and structural properties 

of L. angustifolia mediated ZnONPs were studied 
by using PXRD analysis. From 2Ɵ, the values of 
diffraction signals as 31.8°,34.5°,36.6°,57.2° and 
63.2° corresponds to (100), (002), (101), (110) 
and (103) respectively as shown in Fig. 4. The 
PXRD results shows the ZnONPs were formed with 
hexagonal wurtzite phase and matching with the 
patterns of JCPDS card no.36-1451. The average 
crystalline size was determined by using Scherrer 
formula which was found to 19 nm. Similarly, 
Vinayagam et al. [22], reported that the average 
crystalline size of ZnONPs were 17.79 nm by using 
Peltophorum pterocarpum pod extract.

FT-IR analysis
The presence of different functional groups 

involved in ZnONPs synthesis were analyzed by 
Fourier transform infra-red Spectroscopy (FTIR) 
in the range from 400-4000 cm-1 (Fig. 5). The 
peaks at 441cm-1 and 590 cm-1 indicates the Zn-O 
bonding in ZnONPs formation [12]. The presence 
of peaks at 906 cm-1,1402 cm-1 and 1490 cm-1 
corresponds to the C-N stretching of amines and 
alkene groups. The peak at 1667 cm-1 indicates 
to the C=O stretching due to primary amines 
[23]. The presence of broader peak at 3370 cm-1 

                                                                                    

 

 

 

 

 

 

 

 

 

Fig. 4. PXRD analysis of ZnONPs
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corresponds to the O-H stretching of phenolics 
and alcohols present in the leaf extract of L. 
angustifolia involved in ZnONPs formation [24].

Larvicidal activity of ZnONPs
Many investigators are continuously involved 

in the prevention of mosquito borne disease by 
testing the various kinds of silver nanoparticles 
including ZnONPs against major dengue causing 
vectors Aedes albopictus and Aedes aegypti [25-
26], both have ability to transmit such a disease 
among the populations. In this study, the larvicidal 
activity was performed against fourth instar 
larvae of A. albopictus using ZnONPs synthesized 
from L. angustifolia to study effects of ZnONPs 
nanoparticles on the tested mosquito vector. In this 
accordance, the ZnONPs shows a dose dependent 
larval mortality as shown in Table. 1 and its lethal 

concentration were as 118 mg/L (LC50) and 135 
mg/mL (LC90) for 24 h exposure. The larvicidal 
activity of metal nanoparticles mode of action on 
mosquito are still unknown. The common proposed 
mechanisms of metal nanoparticles behind 
this mode of action are to believed that these 
nanoparticles have an ability to penetrate through 
the insect gut cell wall membrane where they bind 
with such a macromolecule of proteins and DNA, 
consequentially by altering their structures lead 
to the disruption of whole metabolic functions 
and leads to the death of bacteria [27].Therefore, 
in the present investigation the ZnONPs shows a 
better larvicidal property against tested mosquito 
species with the unknown proposed mechanism 
behind. Therefore, the mode of action of 
nanoparticles in the mosquito larvae finding are 
help to promote the ZnONPs production in the 
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Fig. 5. FTIR spectrum of L. angustifolia mediated ZnONPs

 

Concentration mg/l Aedes albopictus (4th instar) LC50 (LCL-UCL)$ LC90 (LCL-UCL) $ 

Percent mortality (24 h)@ 

80 26.6 ± 0.5   

100 43.3 ± 0.5   

120 76.6 ± 1.15 118 (105.1-125.08) 135 (127.9-151.98) 

140 93.3 ± 0.57   

160 100 ± 0.0   

@ Data represent mean values ± SD (n=3) from three replicates using sample from exposure larvae for 24 h. $LC50 and 90represents concentration  
required for 50 and 90 % mortality of larvae to ZnONPs exposure and (LCL-UCL) Lower confidence limit-Upper confidence limit. 

Table 1. Mosquito larvicidal property of ZnO-NPS
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integrated pest management system to control 
the mosquito borne diseases.

CONCLUSION
The green and facile biosynthesis of ZnONPs 

from L. angustifolia was successfully carried out. 
The ZnONPs were characterized by different 
microscopic techniques as discussed vide-supra. 
The average size of ZnONPs was found to be 74.58 
nm with truncated octahedron morphology. The 
different functional groups like phenolics, alcohols 
and amines were found in ZnONPs by FTIR 
analysis. On dose dependent manner the ZnONPs 
showed excellent larvicidal activity against fourth 
instar larvae of A. albopictus. The L. angustifolia 
mediated ZnONPs showed the 100 % mortality 
at 160 mg/L with LC50 and LC90 values at 118mg/L 
and 135 mg. Overall our study showed that the L. 
angustifolia mediated ZnONPs synthesis is safer 
and non-toxic approach than traditional ways, and 
could be used to combat mosquito borne diseases 
and the production of novel pesticides.

ACKNOWLEDGEMENT
We are highly thankful to the Department of 

Zoology, Madras University, Chennai for providing 
their valuable support to carry out this work.

CONFLICT OF INTEREST
The authors declare that there is no conflict 

of interests regarding the publication of this 
manuscript.

                                                
REFERENCES
1. Van den Berg H. Reducing vector-borne disease by 

empowering farmers in integrated vector management. 
Bulletin of the World Health Organization. 2007;85(7):561-
566.

2. Benelli G. Commentary: Data Analysis in Bionanoscience—
Issues to Watch for. J Cluster Sci. 2016;28(1):11-14.

3. Parthiban E, Arokiyaraj C, Ramanibai R. Annona muricata: 
An alternate mosquito control agent with special reference 
to inhibition of detoxifying enzymes in Aedes aegypti. 
Ecotoxicology and Environmental Safety. 2020;189:110050.

4. A new dengue vaccine should only be used in people who 
were previously infected, WHO says. AAAS Articles DO 
Group: American Association for the Advancement of 
Science (AAAS); 2021.

5. Brindhadevi K, Samuel MS, Verma TN, Vasantharaj S, 
Sathiyavimal S, Saravanan M, et al. Zinc oxide nanoparticles 
(ZnONPs) -induced antioxidants and photocatalytic 
degradation activity from hybrid grape pulp extract 
(HGPE). Biocatalysis and Agricultural Biotechnology. 
2020;28:101730.

6. Chikkanna MM, Neelagund SE, Rajashekarappa KK. Green 
synthesis of Zinc oxide nanoparticles (ZnO NPs) and their 

biological activity. SN Applied Sciences. 2018;1(1).
7. Agarwal H, Nakara A, Menon S, Shanmugam V. Eco-

friendly synthesis of zinc oxide nanoparticles using 
Cinnamomum Tamala leaf extract and its promising effect 
towards the antibacterial activity. J Drug Deliv Sci Technol. 
2019;53:101212.

8. Ahmed Rather G, Nanda A, Ahmad Pandit M, Yahya S, 
sofi MA, Barabadi H, et al. Biosynthesis of Zinc oxide 
nanoparticles using Bergenia ciliate aqueous extract and 
evaluation of their photocatalytic and antioxidant potential. 
Inorg Chem Commun. 2021;134:109020.

9. Bhattacharya P, Chatterjee K, Swarnakar S, Banerjee S. Green 
Synthesis of Zinc Oxide Nanoparticles via Algal Route and 
its Action on Cancerous Cells and Pathogenic Microbes. 
Advanced Nano Research. 2020;3(1):15-27.

10. Gunathilaka UMTM, de Silva WAPP, Dunuweera SP, 
Rajapakse RMG. Effect of morphology on larvicidal activity 
of chemically synthesized zinc oxide nanoparticles against 
mosquito vectors. RSC Advances. 2021;11(15):8857-8866.

11. Krajian H, Abdallah B, Kakhia M, AlKafri N. Hydrothermal 
growth method for the deposition of ZnO films: Structural, 
chemical and optical studies. Microelectronics Reliability. 
2021;125:114352.

12. Abdallah B, Kakhia M, Zetoun W, Alkafri N. PbS doped 
ZnO nanowires films synthesis by thermal evaporation 
method: Morphological, structural and optical properties. 
Microelectron J. 2021;111:105045.

13. Abdallah B, Kakhia M, Obaide A. Morphological and 
Structural Studies of ZnO Nanotube Films Using Thermal 
Evaporation Technique. Plasmonics. 2021;16(5):1549-1556.

14. Ishwarya R, Vaseeharan B, Kalyani S, Banumathi B, 
Govindarajan M, Alharbi NS, et al. Facile green synthesis 
of zinc oxide nanoparticles using Ulva lactuca seaweed 
extract and evaluation of their photocatalytic, antibiofilm 
and insecticidal activity. J Photochem Photobiol B: Biol. 
2018;178:249-258.

15. Sharmila G, Muthukumaran C, Sandiya K, Santhiya S, 
Pradeep RS, Kumar NM, et al. Biosynthesis, characterization, 
and antibacterial activity of zinc oxide nanoparticles 
derived from Bauhinia tomentosa leaf extract. Journal of 
Nanostructure in Chemistry. 2018;8(3):293-299.

16. Happy A, Soumya M, Venkat Kumar S, Rajeshkumar S, Sheba 
RD, Lakshmi T, et al. Phyto-assisted synthesis of zinc oxide 
nanoparticles using Cassia alata and its antibacterial activity 
against Escherichia coli. Biochemistry and Biophysics 
Reports. 2019;17:208-211.

17. Selim YA, Azb MA, Ragab I, H. M. Abd El-Azim M. Green 
Synthesis of Zinc Oxide Nanoparticles Using Aqueous 
Extract of Deverra tortuosa and their Cytotoxic Activities. 
Sci Rep. 2020;10(1).

18. Rajapriya M, Sharmili SA, Baskar R, Balaji R, Alharbi NS, 
Kadaikunnan S, et al. Synthesis and Characterization of 
Zinc Oxide Nanoparticles Using Cynara scolymus Leaves: 
Enhanced Hemolytic, Antimicrobial, Antiproliferative, and 
Photocatalytic Activity. J Cluster Sci. 2019;31(4):791-801.

19. Cardia GFE, Silva-Filho SE, Silva EL, Uchida NS, Cavalcante 
HAO, Cassarotti LL, et al. Effect of Lavender<i>(Lavandula 
angustifolia)</i>Essential Oil on Acute Inflammatory 
Response. Evid Based Complement Alternat Med. 
2018;2018:1-10.

20. Pauzi N, Zain NM, Yusof NAA. Gum arabic as natural 
stabilizing agent in green synthesis of ZnO nanofluids 
for antibacterial application. Journal of Environmental 

http://dx.doi.org/10.2471/blt.06.035600
http://dx.doi.org/10.2471/blt.06.035600
http://dx.doi.org/10.2471/blt.06.035600
http://dx.doi.org/10.2471/blt.06.035600
http://dx.doi.org/10.1007/s10876-016-1143-3
http://dx.doi.org/10.1007/s10876-016-1143-3
http://dx.doi.org/10.1016/j.ecoenv.2019.110050
http://dx.doi.org/10.1016/j.ecoenv.2019.110050
http://dx.doi.org/10.1016/j.ecoenv.2019.110050
http://dx.doi.org/10.1016/j.ecoenv.2019.110050
http://dx.doi.org/10.1126/science.aat9362
http://dx.doi.org/10.1126/science.aat9362
http://dx.doi.org/10.1126/science.aat9362
http://dx.doi.org/10.1126/science.aat9362
http://dx.doi.org/10.1016/j.bcab.2020.101730
http://dx.doi.org/10.1016/j.bcab.2020.101730
http://dx.doi.org/10.1016/j.bcab.2020.101730
http://dx.doi.org/10.1016/j.bcab.2020.101730
http://dx.doi.org/10.1016/j.bcab.2020.101730
http://dx.doi.org/10.1016/j.bcab.2020.101730
http://dx.doi.org/10.1007/s42452-018-0095-7
http://dx.doi.org/10.1007/s42452-018-0095-7
http://dx.doi.org/10.1007/s42452-018-0095-7
http://dx.doi.org/10.1016/j.jddst.2019.101212
http://dx.doi.org/10.1016/j.jddst.2019.101212
http://dx.doi.org/10.1016/j.jddst.2019.101212
http://dx.doi.org/10.1016/j.jddst.2019.101212
http://dx.doi.org/10.1016/j.jddst.2019.101212
http://dx.doi.org/10.1016/j.inoche.2021.109020
http://dx.doi.org/10.1016/j.inoche.2021.109020
http://dx.doi.org/10.1016/j.inoche.2021.109020
http://dx.doi.org/10.1016/j.inoche.2021.109020
http://dx.doi.org/10.1016/j.inoche.2021.109020
http://dx.doi.org/10.21467/anr.3.1.15-27
http://dx.doi.org/10.21467/anr.3.1.15-27
http://dx.doi.org/10.21467/anr.3.1.15-27
http://dx.doi.org/10.21467/anr.3.1.15-27
http://dx.doi.org/10.1039/d1ra00014d
http://dx.doi.org/10.1039/d1ra00014d
http://dx.doi.org/10.1039/d1ra00014d
http://dx.doi.org/10.1039/d1ra00014d
http://dx.doi.org/10.1016/j.microrel.2021.114352
http://dx.doi.org/10.1016/j.microrel.2021.114352
http://dx.doi.org/10.1016/j.microrel.2021.114352
http://dx.doi.org/10.1016/j.microrel.2021.114352
http://dx.doi.org/10.1016/j.mejo.2021.105045
http://dx.doi.org/10.1016/j.mejo.2021.105045
http://dx.doi.org/10.1016/j.mejo.2021.105045
http://dx.doi.org/10.1016/j.mejo.2021.105045
http://dx.doi.org/10.1007/s11468-021-01420-x
http://dx.doi.org/10.1007/s11468-021-01420-x
http://dx.doi.org/10.1007/s11468-021-01420-x
http://dx.doi.org/10.1016/j.jphotobiol.2017.11.006
http://dx.doi.org/10.1016/j.jphotobiol.2017.11.006
http://dx.doi.org/10.1016/j.jphotobiol.2017.11.006
http://dx.doi.org/10.1016/j.jphotobiol.2017.11.006
http://dx.doi.org/10.1016/j.jphotobiol.2017.11.006
http://dx.doi.org/10.1016/j.jphotobiol.2017.11.006
http://dx.doi.org/10.1007/s40097-018-0271-8
http://dx.doi.org/10.1007/s40097-018-0271-8
http://dx.doi.org/10.1007/s40097-018-0271-8
http://dx.doi.org/10.1007/s40097-018-0271-8
http://dx.doi.org/10.1007/s40097-018-0271-8
http://dx.doi.org/10.1016/j.bbrep.2019.01.002
http://dx.doi.org/10.1016/j.bbrep.2019.01.002
http://dx.doi.org/10.1016/j.bbrep.2019.01.002
http://dx.doi.org/10.1016/j.bbrep.2019.01.002
http://dx.doi.org/10.1016/j.bbrep.2019.01.002
http://dx.doi.org/10.1038/s41598-020-60541-1
http://dx.doi.org/10.1038/s41598-020-60541-1
http://dx.doi.org/10.1038/s41598-020-60541-1
http://dx.doi.org/10.1038/s41598-020-60541-1
http://dx.doi.org/10.1007/s10876-019-01686-6
http://dx.doi.org/10.1007/s10876-019-01686-6
http://dx.doi.org/10.1007/s10876-019-01686-6
http://dx.doi.org/10.1007/s10876-019-01686-6
http://dx.doi.org/10.1007/s10876-019-01686-6
http://dx.doi.org/10.1155/2018/1413940
http://dx.doi.org/10.1155/2018/1413940
http://dx.doi.org/10.1155/2018/1413940
http://dx.doi.org/10.1155/2018/1413940
http://dx.doi.org/10.1155/2018/1413940
http://dx.doi.org/10.1016/j.jece.2019.103331
http://dx.doi.org/10.1016/j.jece.2019.103331
http://dx.doi.org/10.1016/j.jece.2019.103331


632

G. A. Rather et al. / Mosquito Larvicidal Activity of ZnO Nanoparticles

J Nanostruct 12(3): 625-632, Summer 2022

Chemical Engineering. 2020;8(3):103331.
21. Modi S, Fulekar MH. Synthesis and characterization of zinc 

oxide nanoparticles and zinc oxide/cellulose nanocrystals 
nanocomposite for photocatalytic degradation of 
Methylene blue dye under solar light irradiation. 
Nanotechnology for Environmental Engineering. 2020;5(2).

22. Vinayagam R, Pai S, Murugesan G, Varadavenkatesan 
T, Selvaraj R. Synthesis of photocatalytic zinc oxide 
nanoflowers using Peltophorum pterocarpum pod extract 
and their characterization. Applied Nanoscience. 2021.

23. Gupta M, Tomar RS, Kaushik S, Mishra RK, Sharma D. 
Effective Antimicrobial Activity of Green ZnO Nano Particles 
of Catharanthus roseus. Front Microbiol. 2018;9.

24. Ezealisiji KM, Siwe-Noundou X, Maduelosi B, Nwachukwu 
N, Krause RWM. Green synthesis of zinc oxide nanoparticles 
using Solanum torvum (L) leaf extract and evaluation of the 
toxicological profile of the ZnO nanoparticles–hydrogel 

composite in Wistar albino rats. International Nano Letters. 
2019;9(2):99-107.

25.Sulaiman AA, Ali GG, Thanon AI. Synthesis and Study of 
ZnO Thin Films Using CVD Technique For Waveguide Sensor 
Applications. Journal of Nanostructures. 2022;12(1):1-11.

26. Ramya S, Shanmugasundaram T, Balagurunathan R. 
Actinobacterial enzyme mediated synthesis of selenium 
nanoparticles for antibacterial, mosquito larvicidal and 
anthelminthic applications. Particulate Science and 
Technology. 2019;38(1):63-72.

27. Subramaniam J, Murugan K, Panneerselvam C, Kovendan 
K, Madhiyazhagan P, Kumar PM, et al. Eco-friendly control 
of malaria and arbovirus vectors using the mosquitofish 
Gambusia affinis and ultra-low dosages of Mimusops elengi-
synthesized silver nanoparticles: towards an integrative 
approach? Environmental Science and Pollution Research. 
2015;22(24):20067-20083.

http://dx.doi.org/10.1016/j.jece.2019.103331
http://dx.doi.org/10.1007/s41204-020-00080-2
http://dx.doi.org/10.1007/s41204-020-00080-2
http://dx.doi.org/10.1007/s41204-020-00080-2
http://dx.doi.org/10.1007/s41204-020-00080-2
http://dx.doi.org/10.1007/s41204-020-00080-2
http://dx.doi.org/10.1007/s13204-021-01919-z
http://dx.doi.org/10.1007/s13204-021-01919-z
http://dx.doi.org/10.1007/s13204-021-01919-z
http://dx.doi.org/10.1007/s13204-021-01919-z
http://dx.doi.org/10.3389/fmicb.2018.02030
http://dx.doi.org/10.3389/fmicb.2018.02030
http://dx.doi.org/10.3389/fmicb.2018.02030
http://dx.doi.org/10.1007/s40089-018-0263-1
http://dx.doi.org/10.1007/s40089-018-0263-1
http://dx.doi.org/10.1007/s40089-018-0263-1
http://dx.doi.org/10.1007/s40089-018-0263-1
http://dx.doi.org/10.1007/s40089-018-0263-1
http://dx.doi.org/10.1007/s40089-018-0263-1
https://jns.kashanu.ac.ir/article_111892.html
https://jns.kashanu.ac.ir/article_111892.html
https://jns.kashanu.ac.ir/article_111892.html
http://dx.doi.org/10.1080/02726351.2018.1508098
http://dx.doi.org/10.1080/02726351.2018.1508098
http://dx.doi.org/10.1080/02726351.2018.1508098
http://dx.doi.org/10.1080/02726351.2018.1508098
http://dx.doi.org/10.1080/02726351.2018.1508098
http://dx.doi.org/10.1007/s11356-015-5253-5
http://dx.doi.org/10.1007/s11356-015-5253-5
http://dx.doi.org/10.1007/s11356-015-5253-5
http://dx.doi.org/10.1007/s11356-015-5253-5
http://dx.doi.org/10.1007/s11356-015-5253-5
http://dx.doi.org/10.1007/s11356-015-5253-5
http://dx.doi.org/10.1007/s11356-015-5253-5

	Mosquito Larvicidal Activity of ZnO Nanoparticles against Dengue Causing Vector Aedes Albopictus Usi
	Abstract
	Keywords
	How to cite this article 
	INTRODUCTION 
	MATERIAL AND METHODS 
	Collection and authentication of plant material 
	Preparation of plant extract and Synthesis of ZnONPs 
	Characterization of ZnO-NPs 
	Mosquito Larvae Collection and rearing 
	Larvicidal Bioassay 
	Statistical analysis 

	RESULTS AND DISCUSSION 
	UV spectra analysis 
	FESEM and EDAX analysis 
	PXRD analysis 
	FT-IR analysis 
	Larvicidal activity of ZnONPs 

	CONCLUSION
	ACKNOWLEDGEMENT 
	CONFLICT OF INTEREST 
	REFERENCES  

