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Abstract 
The present study pertains to the exploitation of biowaste generated through Banana (Musa acuminate 
L.) peels for the synthesis of green silver nanoparticles (AgNPs) and their bioactivity was evaluated for 
managing the dengue vector, Aedes aegypti. UV-VIS specrtophotometery was used for confirming 
AgNPs synthesis and a peak was observed at 426 nm. Characterization of AgNPs was done using 
Scanning electron microscopy which depicted spherical shape of AgNPs while Transmission electron 
micrographs revealed their size to be ranging from 20 to 50 nm. AgNPs bioactivity was studied against 
III instar larvae following 24, 48 and 72 h exposure and values of LC50 and LC90 were analyzed using 
probit analysis. LC50 values ranged from 10.69 to 25.15 ppm with AgNPs at various time exposures. 
Antioxidant potential of these AgNPs was also evaluated to supplement these findings. This study 
highlights the potential of biowastes as a potent larvicide against Aedes aegypti. 
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1. Introduction 
Mosquitoes are responsible for the spread of many diseases like dengue fever, yellow fever, 
chikungunya, and Zika virus and all these diseases are caused due to the bite of female Aedes 
aegypti. In the last two decades, extensive research focus is paid for managing dengue at 
global level as this arboviral disease is proving deadly. Initially, dengue was a native disease 
of Africa but later expanded to the tropical and subtropical regions of the globe. The most 
common reason being that dengue occurs in low-income countries because there is no sizeable 
or predictable market available. Since the last decades, climate change, population growth, 
deforestation, habitat invasion, and insecticide resistance have contributed to the emergence, 
re-emergence, and dispersion of several diseases. A major challenge of public health which is 
affecting hundreds of millions of lives every year on our planet [1]. Currently, no common 
commercial vaccine or drug is available against dengue viral infection, therefore, the 
alternative prevention method is mainly achieved through mosquito population control. The 
most commonly used tool is the application of chemical insecticides and despite their 
effectiveness, indiscriminate use of these chemicals has led to high operational costs, 
population resistance and adverse effect on the non-target organisms. Therefore, we need to 
develop new biodegradable insecticides of paramount importance for future mosquito control 
strategies. 
According to the present scenario, the relevance of nanotechnology emerged as an escalating 
field of research which involves synthesis design, fabrication, characterization, device 
formulation and several medical applications such as diagnosis, treatment, drug delivery, 
medical device coating etc. due to their size and shape. Recent advancements in 
nanotechnology led to the development of drugs and medicines towards the treatment and 
prevention therapies of life- threatening diseases. Presently, researchers are interested in 
formulating large scale production method of solid waste through bio-synthesized metal 
nanoparticles like silver, gold, and platinum. In recent years, plant-derived larvicides are being 
reported by many researchers [2,3,4,5] that usually contain a combination of several 
phytopotentials that work synergistically, targeting different biological processes and 
therefore, reducing the likelihood of resistance development in their targets. 
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Few studies were conducted using bilberry and red currant 

wastes as a source of reducing and stabilizing agents for 

producing Ag-NPs as they were rich in phenolic compounds 

and other substances [6, 7, 8]. Recently Soto et al. [9] synthesized 

silver nanoparticles from fruit peels waste against pathogens. 

These studies were the motivation for the present study, 

where green silver nanoparticles were synthesized using 

biowaste from Musa acuminate (Banana) peels rich in 

phenolic compounds and tested for their bioactivity in 

controlling mosquito vector of dengue. 

 

2. Materials and methods 

2.1 Aedes aegypti 

Aedes is a genus of mosquitoes originally found in tropical 

and subtropical zones. The Aedes aegypti can transmit the 

viruses that cause dengue fever. Aedes aegypti is a dark 

mosquito with white lyre shaped markings and banded legs. It 

is considered to be a primary vector of viral diseases such as 

chikungunya, dengue fever and yellow fever. III instar larvae 

were selected for evaluating the larvicidal potential of silver 

nanoparticles. 

 

2.2 Musa acuminate L.  

Musa acuminate L. is commonly known as Banana, belong to 

the genus Musa. They are mostly found in the tropical regions 

of Southeast Asia. Banana peel has now been realized as a 

resource for a number of purposes including organic 

fertilizer, Banana charcoal, in the treatment of pimples, warts 

and skin related products, repellent properties, etc. In the 

present study, it was used as a bioreducing agent for 

nanoparticle synthesis. 

 

2.3 Preparation of aqueous peel extract 

25% aqueous extract was prepared from Banana peels after 

being washed with purified water. Finely chopped peels were 

mixed with MilliQ water (100 ml) and gently heated. The 

extract was filtered through Whatman filter No. 1 and stored 

in refrigerator for further study.   

 

2.4 Green synthesis of silver nanoparticles 

For green synthesis, a microwave assisted protocol was used 
[10] where 1 mM aqueous silver nitrate (AgNO3) was prepared 

in a 250ml of dark bottle in order to prevent degradation from 

light. This solution was mixed with aqueous peel extract in 

9:1 ratio and kept for overnight till the color changes to dark 

brown indicating the formation of silver nanoparticles which 

were harvested after centrifuging the solution and re-

dispersing the precipitate in milli Q water to get purified 

particles. They were oven dried and used for further 

characterization and bioactivity study. 

 

2.5 Characterization of silver nanoparticles 

Firstly, UV-VIS Spectrophotometric analysis was done to 

confirm AgNPs fabrication which was monitored at different 

time interval by diluting a small aliquot of the sample with 

milli Q water. Silver nanoparticle solution was prepared and 

used for making a thin film on a glass slide for 

characterization through Scanning electron microscopy 

(SEM) and transmission electron microscopy (TEM) for 

studying their size, shape and surface morphology. Dynamic 

Light Scattering (DLS) analysis was done to measure the size 

distribution in a colloidal solution.  

 

2.6 Collection and Rearing of mosquito larvae 
Third instar A. aegypti larvae were collected from various 
breeding localities of Agra through standard dipping 
procedures and brought to the laboratory. These larvae were 
maintained in dechlorinated tap water and provided with 
standard fish food under laboratory conditions. 
 

2.7 Mosquito Larvicidal Bioassay 
Larvicidal bioassay was carried out according to the standard 
procedure of World Health Organization [11] to check the 
effectiveness of synthesized AgNPs. Bioassay was tested on 
20 mosquito larvae with 200ml of distilled water in beakers 
for III instar larvae at different concentrations of AgNPs. 
Besides this, permethrin was run in parallel with an 
experimental setup as a positive while dechlorinated tap water 
as a negative control. Five replicates for each concentration 
were tested. Mortality was observed after the exposure of test 
concentrations and expressed as median lethal concentrations 
at which 50% (LC50) and 90% (LC90) mortality occur, which 
was calculated by Probit analysis [12]. 
 

2.8 Nitric Oxide scavenging assay  
NO scavenging assay was performed by using Kang et al.[13] 
protocol. For this assay, 1.0 ml of 5.0 mM sodium 
nitroprusside mixed with 1.0 ml of different concentration of 
Banana (10-100ppm) AgNPs. This solution mixture was 
incubated for 60 min at room temperature and an equal 
amount of Griess reagent (1% sulphanilamide, 2% phosphoric 
acid, and 0.1% napthylethylene diamine dihydrochloride) was 
added to it. Absorbance was measured at 546 nm with the 
help of UV-VIS spectrophotometer. 

 

2.9 Statistical analysis 
Probit analysis is expressed in terms of percent inhibition with 
respect to control at the median lethal concentration (LC50) 
and LC90 for all instar larvae. All the tests were performed in 
five replicates and data expressed are as mean ± SD. The 
mortality below 20% was corrected by Abott’s formula as 
follows: 
 
Abott’s formula = T-C/100 – C x 100 
 
T =% Mortality of test organism,  
C =% Mortality of control 

 

3. Results and Discussion 
Today, societies greatly rely on a sustainable model for food 
and water which can only be derived from natural resources. 
This model can only be made effective with the inclusion of 
waste management of all types such as bio-waste, mineral 
waste and day to day household waste. The sustainable model 
includes the cost of collection, transport and recycling of all 
these wastes to prevent mistreatment which may lead to 
hazardous diseases.  
In the present study, we synthesized of stable silver 
nanoparticles with the bioreduction method using biowaste 
from Banana peel. UV-VIS spectral scanning was done in the 
wavelength range from 200-700nm to validate the fabrication 
of silver nanoparticles. The color change of silver nitrate 
solution was observed after different time intervals viz. 1 hr, 2 
hr, 4 hr and 24 hr and spectra were recorded with a sharp peak 
observed at 426 nm wavelength (Figure 1). It is evident from 
the color change that Ag (I) has been converted into Ag (0) as 
the color intensity increased with reaction time. 
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Fig 1: UV-VIS spectral analysis in the wavelength range from 300-

700nm after various time intervals with sharp peak after 24 hrs at 

426 nm 

 

Scanning electron microscopy was done to observe the 

surface morphology of silver nanoparticles. These 

nanoparticles are spherical in shape (Figure 2a). Transmission 

electron microscopy (TEM) was done to calculate the size of 

silver nanoparticles synthesized from Banana peel extract i.e. 

31nm. Figure 2b clearly demonstrate nearly spherical shape of 

AgNPs and slightly aggregated may be due to biomolecules of 

banana peel extract. Further, their size ranged between 20-50 

nm which is comparable with the results of other researchers 

who synthesized AgNPs using plant extract by Salunkhe et al. 
[14] and Veerakumar et al. [15]. Dynamic Light Scattering 

(DLS) analysis was conducted to calculate average particle 

size as 81.74nm in a colloidal solution (Fig. 3). 

 

 
 

Fig 2:a) Scanning electron micrograph depicting surface topography 

of AgNPs; b) Transmission electron micrograph was depicting size 

and shape of AgNPs. 

 

 
 

Fig 3: Size Distribution of Banana AgNPs through DLS. 

 

After a successful synthesis of AgNPs from biowaste, its 

utility was tested for managing the mosquito population as a 

control measure to suppress disease transmission. Hence, 

laboratory experiments were conducted using standard WHO 

[11] protocols that depicted promising control bioactivity 

against III instar larval stages. Nearly 5- 15% mortality was 

observed in various control groups over the course of the 

experiment. The size of larvae strongly influenced the pattern 

of mortality and it increased as the test concentrations 

increased.  

Figure 4 demonstrates a relationship between probit of kill 

and log concentration for III instar larvae as depicted through 

probit regression line. These were used to calculate median 

lethal concentrations as LC50 and LC90 values for III instar 

larval stages along with lower fiducial limits (LFL) and upper 

fiducial limits (UFL) and presented in (Table 1). LC50 was 

calculated as 25.15, 12.01 and 10.69 ppm for III instar larvae 

after 24, 48 and 72 hours. Similarly, LC90 values are also 

presented in Table 1 proving these nanoparticles effective in 

suppression of mosquito population in water bodies. Recently, 

many researches have been conducted on the larvicidal 

potential of AgNPs synthesized using plant parts with major 

focus on the leaves and it was observed that biosynthesized 

AgNPs were effective in controlling mosquito population [16-

20]. 

 

 
 

Fig 4: Relationship between probit of kill and log concentration of 

silver nanoparticles synthesized using Banana peel extract against III 

instar larvae of Aedes aegypti following 24h, 48h and 72h exposure 

 
Table 1: Bioactivity of silver nanoparticles synthesized using 

Banana peel extract against Aedes aegypti III instar larvae 
 

Hours 
LC50 (ppm) 

(LFL-UFL) 

LC90 (ppm) 

(LFL-UFL) 
Equation Chi square 

24h 
25.15 

(21.69-30.05) 

88.83 

(61.99-173.33) 
Y=2.338X+1.725 5.01 

48h 
12.01 

(10.2-13.78) 

63.8 

(47.2-101.8) 
Y=1.766X+3.09 5.54 

72h 
10.69 

(8.96-12.25) 

29.5 

(22.54-35.77) 
Y=2.908X+2.007 8.93 

LFL- Lower fiducial limit; UFL- Upper fiducial limit 

 

Nitric oxide (NO) considered as a free radical and reacts with 

reactive oxygen species which generate free radical in the 

form of reactive nitrogen species. NO was effective enough to 

fight against oxidative stress in a physiological system. NO 

scavenging assay was conducted to evaluate the antioxidant 

activity of Banana AgNPs as 71.73±1.26 maximum free 

radical scavenging activity was obtained at 1 ppm 

concentration. The lowest free radical scavenging activity was 

calculated as 56.99±7.48 at 100 ppm concentration as 
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compared to standard Ascorbic acid. Figure 5 depicted the 

percent free radical scavenging activity against the 

concentration of Banana AgNPs. The standard Ascorbic acid 

scavenging activity was calculated as 80.21%. Detailed NO 

scavenging activity is listed in Table 2. Few researchers 

reported that NO scavenging activity of silver nanoparticles 

was less than the standard ascorbic acid and this was due to 

the phytopotentials of plant extract that stabilized the AgNPs 

and enhanced the bioactivity of green synthesized silver 

nanoparticles [21, 22].  

 
Table 2: Nitric oxide (NO) scavenging activity of silver 

nanoparticles synthesized using Banana peel extract against Aedes 

aegypti 
 

Concentration (PPM) Nitric oxide (NO) Activity (%) 

1 71.732 

10 70.516 

25 65.252 

50 65.64 

100 56.992 

Standard 80.213 

  

 
 

Fig 5: Nitric oxide (NO) scavenging activity of silver nanoparticles 

synthesized using Banana peel extract against Aedes aegypti (Red 

peaks indicate standard deviation) 

 

Nowadays, garbage or solid waste has been an issue and we 

have fabricated silver nanoparticles for managing one such 

biowaste i.e. Banana peels which are extensively created. 

These peels are a potential source of natural antioxidants, 

which stabilize and reduce oxidative stress in cells. Green 

synthesized silver nanoparticles were considered safe due to 

their biodegradable nature as they were stabilized by the 

phytopotentials of Banana peel extract. Moreover, 

antioxidative properties of green synthesized AgNPs were 

helpful in enhancing their bioactivity thus killing the disease 

vectors. This green nanobiotechnology approach holds 

tremendous potential for not only managing rich biowaste but 

also their applications in managing the disease vectors. 

 

4. Conclusions 

In the current study, biowaste management strategies have 

been adopted for reducing environmental impacts and offers 

economic opportunities using a nanotechnology approach for 

biofabrication of silver nanoparticles using Banana peel 

extract. Firstly, biofabricated AgNPs was confirmed through 

UV-VIS spectrophotometer ranges from 300-700nm, after 

that SEM, TEM and DLS analysis was conducted for 

depicting their size and shape i.e. stable, spherical and 

crystalline ranges from 20-50nm. Banana peel extract showed 

remarkable toxic effects on III instar larvae after 24 hrs, 48 

hrs and 72 hrs of exposure. NO scavenging assay showed that 

biofaricated Banana AgNPs were effective enough to fight 

against the oxidative stress in a system. This study highlights 

the potential biowaste management strategy by employing a 

nanotechnology approach for the enhancement of larvicidal 

activity of AgNPs that serve as a better alternative for dengue 

vector management.  

 

5. Acknowledgments 

We gratefully acknowledge the Prof. P.K. Kalra, Director, 

Dayalbagh Educational Institute, Dayalbagh, Agra for 

providing necessary facilities to carry out this research. We 

also thank Head, MNIT, Jaipur for rendering facility for 

characterization of nanoparticles. 

 

6. References 

1. WHO Chikungunya and Dengue in South West Indian 

Ocean. Epidemic and Pandemic Alert and Response 

(EPR) 2006.  

2. Kaviya S, Santhanalakshmi J, Viswanathan B, 

Muthumary J, Srinivasan K. Biosynthesis of silver 

nanoparticles using Citrus sinensis peel extract and its 

antibacterial activity. Spectrochimica Acta Part A. 

2011;79(3):594-598.  

3. Bastos-Arrieta J, Florido A, Pérez-Ràfols C, Serrano N, 

Fiol N, Poch J et al. Green synthesis of Ag nanoparticles 

using grape stalk waste extract for the modification of 

screen-printed electrodes. Nanomaterials 2018;8:946. 

4. Annu, Ahmed S, Kaur G, Sharma P, Singh S, Ikram S. 

Fruit waste (peel) as bio-reductant to synthesize silver 

nanoparticles with antimicrobial, antioxidant and 

cytotoxic activities. Journal of Applied Biomedicine. 

2018;16(3):221-231.  

5. Bhagat M, Anand R, Datt R, Gupta V, Arya S. Green 

synthesis of silver nanoparticles using aqueous extract 

of Rosa brunonii Lindl and their morphological, 

biological and photocatalytic characterizations. Journal of 

Inorganic and Organometallic Polymers and Materials. 

2019;29:1039-1047. 

6. Fidaleo M, Lavecchia R, Zuorro A. Extraction of 

bioactive polyphenols with high antioxidant activity from 

bilberry (Vaccinium myrtillus L.) processing waste. 

Oriental Journal of Chemistry 2016;32:759-767. 

7. Tian Y, Liimatainen J, Alanne AL, Lindstedt A, Liu P, 

Sinkkonen J et al. Phenolic compounds extracted by 

acidic aqueous ethanol from berries and leaves of 

different berry plants. Food Chemistry 2017;220:266-

281. 

8. Jara-Palacios MJ, Santisteban A, Gordillo B, Hernanz D, 

Heredia FJ, Escudero-Gilete ML. Comparative study of 

red berry pomaces (blueberry, red raspberry, red currant 

and blackberry) as source of antioxidants and pigments. 

European Food Research and Technology 2019;245:1-9. 

9. Soto KM, Quezada-Cervantes CT, Hernández-Iturriaga 

M, Luna-Bárcenas G, Vazquez-Duhalt R, Mendoza S. 

Fruit peels waste for the green synthesis of silver 

nanoparticles with antimicrobial activity against 

foodborne pathogens. LWT 2019;103:293-300. 

10. Tomar RS, Preet S. Evaluation of anthelmintic activity of 

http://www.dipterajournal.com/


International Journal of Mosquito Research http://www.dipterajournal.com 
 

5 

biologically synthesized silver nanoparticles against the 

gastrointestinal nematode, Haemonchus contortus. 

Journal of Helminthology 2017;91:454-461. 

11. WHO. Guidelines for laboratory and field testing of 

mosquito larvicides World Health Organization 

document: WHO. 2005. 

https://apps.who.int/iris/handle/10665/69101 

12. Finney DJ. Probit analysis, 3rd ed. Cambridge University 

Press, Cambridge 1971. 

13. Kang KS, Yokozawa T, Kim HY, Park JH. Study on the 

Nitric Oxide Scavenging Effects of Ginseng and Its 

Compounds. Journal of Agricultural and Food Chemistry. 

2006;54(7):2558-2562. 

14. Salunkhe RB, Patil SV, Patil CD, Salunke BK. Larvicidal 

potential of silver nanoparticles synthesized using fungus 

Cochliobolus lunatus against Aedes aegypti (Linnaeus, 

1762) and Anopheles stephensi Liston (Diptera; 

Culicidae). Parasitology Research 2011;109(3):823-831. 

15. Veerakumar K, Govindarajan M, Rajeswary M, 

Muthukumaran U. Low-cost and eco-friendly green 

synthesis of silver nanoparticles using Feronia 

elephantum (Rutaceae) against Culex quinquefasciatus, 

Anopheles stephensi, and Aedes aegypti (Diptera: 

Culicidae). Parasitology Research 2014;113(5):1775-85. 

16. Banumathi B, Vaseeharan B, Chinnasamy T, 

Vijayakumar S, Govindarajan M, Alharbi NS et 

al. Euphorbia rothiana-fabricated Ag nanoparticles 

showed high toxicity on Aedes aegypti larvae and growth 

inhibition on microbial pathogens: a focus on 

morphological changes in mosquitoes and antibiofilm 

potential against Bacteria. Journal of Cluster Science 

2017;28:2857-2872.  

17. Preet S, Satsangi N. Size controlled green synthesis of 

biocompatible silver nanoparticles with enhanced 

mosquito larvicidal activity. Journal of Cluster Science. 

2019;30(6):1611-1621. 

18. Ahmad S, Munir S, Zeb N, Ullah A, Khan B, Ali J et al. 

Green nanotechnology: a review on green synthesis of 

silver nanoparticles-an ecofriendly approach. 

International Journal of Nanomedicine 2019;14:5087-

5107.  

19. Barnawi AAB, Sharawi SE, Mahyoub JA, Al-Ghamdi 

KM. Larvicidal studies of Avicennia marina extracts 

against the dengue fever mosquito Aedes aegypti 

(Culicidae: Diptera). International Journal of Mosquito 

Research. 2019;6:55-60.  

20. Satsangi N, Preet S. Phyto-synthesis and characterization 

of potent larvicidal silver nanoparticles using Nyctathes 

arbortristis leaf extract. Journal of Plant Biochemistry 

and Biotechnology 2021; DOI: 

https://doi.org/10.1007/s13562-020-00639-9 

21. Govindappa M, Hemashekhar B, Arthikala MK, Rai VR, 

Ramachandra YL. Characterization, antibacterial, 

antioxidant, antidiabetic, anti-inflammatory and 

antityrosinase activity of green synthesized silver 

nanoparticles using Calophyllum tomentosum leaves 

extract. Results in Physics 2018;9:400-408. 

22. Das G, Patra JK, Debnath T, Ansari A, Shin 

AS. Investigation of antioxidant, antibacterial, 

antidiabetic, and cytotoxicity potential of silver 

nanoparticles synthesized using the outer peel extract 

of Ananas comosus (L.).PLOS ONE 2019; 

https://doi.org/10.1371/journal.pone.0220950. 

 

http://www.dipterajournal.com/

