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Artemia nauplii

Abstract
Insect pest resistance challenge to existing classes of
insecticides is jeopardizing the currently attained

1. Introduction

achievements in pests control for the public health

Pest control is one of the most important concepts in

and economy worldwide. Alternative pesticides with

worldwide due to the public health and economic

different

paramount

impact caused[1, 2]. Different classes of chemical

importance. The pesticidal efficacy of Annona

insecticides commonly used in vector control

squamosa L. seed derived green copper nanoparticles

programs

(CuNPs) against Anopheles stephensi, Tenebrio

organophosphorus,

molitor and non-targeting organism Artemia nauplii

mainly used for control of medical and agricultural

at 24h post treatment at laboratory condition was

pest control have shown to lose the efficacy [3-11].

conducted. A. squamosa L., seed derived cupper

The continued usage different type of chemical

nanoparticles were characterized through, UV-vis

insecticides that shows significant drawbacks and

spectrophotometer, FT-IR, XRD, and EDaX, HR-

challenges, like, pollution, pesticide accumulation

SEM, TEM and AFM analysis. Insect larvae were

and development of insecticide resistance in insect

exposed to discriminating dosage of 170μg/ml deliver

pest [2], so researcher to find and alternative, cost–

significant mortality rate comparable to other

effective and green pesticide led to resurgences in

concentrations against An. stephensi and T. molitor.

pest populations.

mode

of

action

are

of

such

as
carbamates,

organochlorines,
and

pyrethroids

The synthesis CuNPs lower toxicity was observed on
non-targeting organism A. nauplii. The present study

Annona squamosa L., is also known as master-apple

suggests this bio-rational green copper nano-pesticide

or sweetsop is a species in the Annonaceae family

from A. squamosa L., seed displays a significant

plant that is native to the tropical region of the world

effect to reduce the larvae of insect pest and lower

and extensively cultivated for fragrant, juicy and its

toxicity to beneficial organism. These results suggest

fruits which contains huge amounts of vitamin C than

that, use of A. squamosa L., seed derived CuNPs is a

citrus fruits. A. squamosa L., seeds are toxic in

rapid, environmentally safer, and greener approach

natures, also seeds are used for insecticidal activities

for insect control. This could lead to a new avenue in

against insect pest. Seeds contain high oil content,

pest control strategy.

that can be used in several pharmacological industries
like, soap manufacture industries, drug industries and

Keywords: Annona squamosa L; Anopheles

pesticidal industries. The fresh leaves, unripe fruits,

stephensi; Tenebrio molitor; CuNPs; Green synthesis;

bark and root extracts have been used for treat fevers,
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rheumatism, diarrhea, dysentery, and other ailments.

problems like high temperature and pressure,

A. squamosa has been found to possess antidiabetic,

reducing agents and organic solvents and hazardous

abortificant, antimicrobial, antitumor, antioxidant,

chemicals

larvicidal properties [12-19].

nanoparticles may be applied as additives in health

they

obtained

rifampicin

copper

care products, like bandages, wound dress or powders
Nanoscience is one of the active research areas in

to improve antibiotics activity against human

modern material science. Based upon their specific

pathogens.

characteristics as size, distribution and morphology
of the nanoparticles have distinct properties with the

In the present study, the green synthesis copper

bulk form of the same material. Nanotechnology is a

nanoparticles (CuNPs) from Annona squamosa L.,

branch of science that embodies biological, chemical,

seed has been made to screen for the pesticidal

physical and electrical and electronics engineering.

activity against larvae of Anopheles stephensi,

The field offers a promising way to improve the

Tenebrio molitor and non-targeting organism.

properties of metals by transforming them into
nanoparticles within a size range of 1-99nm [20].

2. Materials and Methods

Nanotechnology has gained massive applications in

2.1 Collection of plant material

the field of pesticides [21]. The metal and metal

Annona squamosa L., seed, were collected from

oxide derived nanoparticles is effective promising

Sanarappatti village, Dharmapuri, District, Tamil

pesticidal candidates in recent years in the pesticide

Nadu, India (12.1211° N, 78.1582° E). Collected A.

industries. The green synthesis of nanoparticles is

squamosa L., seed were washed with running tap

nontoxic,

in

water for removing unwanted dust particles. The

environmental conditions for few months [22].

seeds were cut into small pieces with help of knife

Recent studies have been reported that silver, gold, or

and then fruits were dried at room temperature (28 ±

Zinc oxide nanoparticles raved good antimicrobial

2oC) for 20 days in laboratory condition. The

and larvicidal activity against human pathogens and

dehydrated seed was crushed by electronically

medical and agricultural pest [23]. The development

stainless blender [1, 26].

economical

and

more

stable

of copper and copper oxide nanopesticides has
received considerable attention in recent years in

2.2 Preparation of aqueous fruits extract

pharmacological and pesticidal industries [24].

The 15gm of A. squamosa L., seed powder was

Moreover, copper nanoparticles may be incorporated

boiled it at 65°C for 25 min. The seed extract was

into the polymer matrix and used as medical

filtered through Whatman no. 1 filter paper and

equipment, such as anti-inflammatory devices [25].

filtered seed extract was stored at 4°C and then used

Several physical, chemical methods used in the

for nanoparticles preparation.

synthesis of copper nanoparticles raise several
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2.3 Synthesis of CuNPs

(FT-IR) using a Shimadzu infrared spectrometer

Copper nanoparticles were synthesized by treating

(Model- 400) with KBr as a background over the

75ml of 1mM copper oxide metal solution with 25 ml

range is 400-4000 cm_1.

of seed extract and the mixture of solution were
incubated at room temperature at dark condition (28
o

2.5 Mosquito Rearing

± 2 C) for 24h and after 24h incubation time solution

An. stephensi mosquito larvae were obtained from

colour was changed into brown colour indicating the

IVCZ, Hosur, Tamil Nadu, India, which have been

synthesized of CuNPs (Figure. 1).

successfully maintaining in laboratory condition. All
the experiments were carried out at (28 ± 2 °C; 70-

2.4 Characterization of CuNPs

80%) relative humidity and 14:10 light and dark

The aromatic plant-mediated reduction of CuNPs was

photoperiod. Larvae were fed with millet powder

monitored by sampling the reaction mixture at

[27].

normal intervals times and the CuNPs absorption
were analysed using, UV-Vis spectram wavelength

2.6 Stored product pest

range is 200-700nm. The CuNPs solution mixture

Tenebrio molitor culture was held in the laboratory at

was subjected to centrifugation at 25, 000 rpm for

(28 ± 2°C, 70-80% RH) with a 14:10 light-dark

13min, the centrifuged final pellet was stored for

photoperiod. The larvae were reared in a plastic

further

(XRD)

container (55cm long × 38cm wide × 10cm) and fed

analysis was carried out in PAN analytical q X-Pert

with wheat bran containing a rich source of macro

PRO. Diffractometer operating range at 40kV with a

and micro nutrition. The healthy 3 rd instar was used

current of 30A using Cu Ka for the purpose of purity

for bioassays in the laboratory.

experiments.

X-ray

diffraction

and crystalline size of the CuNPs. Transmission
electron microscopy (TEM) used for evaluation of

2.7 Artemia nauplii culturing

CuNPs nature using JEM-1200 with operating range

A.nauplii larvae were incubated in 500 mL of

at 80-90 kV.

seawater with a salinity of 30 parts per thousand in a
conical flask under laboratory condition (pH 8.4;

The size and surface morphology feature of CuNPs

light 16:8 h; temperature 26 ± 2 °C) were maintained.

was evaluated by (Scanning Electron Microscope-

Aeration was maintain using a fish tank oxygen air

JEOL

pump.

JSM-6390), operated

at

15kV.

Energy

Dispersive X-ray (EDaX) analysis, the particles were
dried on a carbon coated copper grid and performed

2.8 CuNPs larval toxicity

on SEM instrument with thermo EDaX attachment.

Target toxicity bioassay was carried out according to

The powder sample of green synthesis CuNPs was

WHO protocol [28]. Twenty-five (25) third instar

analyzed by Fourier transform infrared spectroscopy

larvae of An. stephensi were taken to the larval
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bioassay container containing 249 ml tap water, we

at 95% of confidential limits of upper confidence

select different testing concentration (50, 75, 100,150

limit (UCL) and 50% of lower confidence limit

and 175 μg/ml), each concentration has three

(LCL) values and chi-square tests were calculated

replicates, and each replicate has 25 larvae. Control

through SPSS- 26.0.

was set up with dechlorinated tap water. After 24 h of
exposure, the numbers of dead larvae were counted

3. Results

for probit analysis.

3.1 Formation and conformation of CuNPs
The synthesized copper nanoparticles show dark

A. squamosa L., seed- derived CuNPs were

brown colour, which represented the reduction of 1

determined by calculating the larval mortality and

Mm of the copper nanoparticles (CuNPs) (Figure 1).

lethal concentrations (LC50 and LC90) were evaluated
with five different concentrations (50, 75, 100, 150

3.2 UV-Visible Spectrophotometer

and 175 μg/ml). Each concentration had three

Copper nanoparticles (CuNPs) were characterized via

rd

replicates and each replicate had 25, 3 instar larvae

UV-visible spectrophotometer analysis, and it is most

of T. molitor. Five concentrations of A. squamosa L.,

widely used as an initial confirmation technique of

seed- derived CuNPs were applied in a 1µl solution

nanoparticles synthesis. A strong absorption peak

in the diet of the larva. The dead T. molitor larvae

range is 350nm (Figure. 2).

were counted 24h post-treatment.
3.3 EDaX (Energy dispersive X-Ray) Analysis
2.9 CuNPs toxicity on Artemia nauplii

Energy-dispersive microanalysis to gain further

Newly hatched A. nauplii were collected with

insight into the CuNPs analysis of the sample was

micropipette and used for toxicity assays under

performed using EDaX techniques. It is giving an

different test concentrations (50, 75, 100, 150 and

exact detail, about the metal elements with an

175 μg/ml), of A. squamosa L., seed- derived CuNPs.

appropriate composition in a dry powder of CuNPs.

Sterile seawater was used as a control. The

The peaks around range from 22.0. The result

experiment was investigated. A. nauplii probit

indicates that the reaction product presenting in the

analysis LC50 and LC90 values were observed after 24

CuNPs (Figure. 3; Table 3). CuNPs present in

h post-treatment and the experiment was replicated 3

elements following such as, OK, SIK, CLK, KK and

times for each concentration.

CUK indicate that the extracellular organic moieties
are absorbed on the surface of the metallic

2.10 Statistical analysis

nanoparticles.

The mosquito, stored grain pest larvae and adult A.
nauplii mortality were calculated by the probity

3.4 HR-SEM (Scanning Electron Microscope)

analysis. To predict LC50 and LC90 and other statistics

The SEM analysis result clearly shows an external

International Journal of Plant, Animal and Environmental Sciences

Vol. 11 No. 3 – September 2021

460

Int J Plant Anim Environ Sci 2021; 11 (3): 456-473

morphology of CuNPs and also reveals an exact size

DOI: 10.26502/ijpaes.202115

indicates the formation of nanoparticles.

ranging from 10.47nm to 25.58nm (Figure. 4).
The XRD clearly determined and evaluated that, the
3.5 TEM (Transmission Electron Microscopy)

crystalline structure of CuNPs, it also reveals that, the

TEM analysis results showed the poly-dispersed

CuNPs have high purity. It has showed 3 strongest

roughly spherical shape of CuNPs. The size ranges

peak value at 5.73202, 4.84293 and 3.14685 which is

from 5.99nm to 24.48nm (Figure. 5).

corresponding to the intense counts (IC) as 500,
1250,750 in its values multiply of peak (Figure. 8).

3.6 AFM (Atomic Force Microscope Analysis)
AFM was performed to know the topological map of

3.9 Larval bioassay

the surface of the synthesis nanoparticles. Our results

The (A. squamosa L., seed) extract derived CuNPs as

deal with the exact values AFM image of A.

evaluated for larvicidal activity against A. stephensi

squamosa L., seed extract derived CuNPs. AFM

larvae. Result shows that CuNPs have strong

imaging technique that reveals X value 3.0µm and Y

insecticidal activity of An. stephensi mosquito larvae.

value is 0.49nm and Z value is in the golden image

The 170µg/ml produced 93% mortality on A.

was 0.49nm (Figure. 6).

stephensi mosquito larvae at 24h post treatment. The
LC50 and LC90 values were in An. stephensi, 97.301111.758μg/ml. (Table. 1).

3.7 FT-IR analysis
FT-IR characterizations were done for identification
of major functional groups present in the CuNPs

A. squamosa L., seed derived CuNPs have strong

synthesized from A. squamosa L., seed extract. The

insecticidal activity against T.molitor larvae. The

3455.51cm

-1

assigned to ArO-H H bonded, the

170µg/ml concentration produced 93% mortality on

1750.72cm-1

T.molitor larvae at 24h post treatment. The LC50 and

assigned to Ar-CH=CHR. The weaker band at

LC90 values were in T.molitor larvae, 239.430-

2834.13

assigned

with

-CH2-and

-1

556.03cm corresponds to C-Br stretching in Misc

338.680μg/ml. (Table. 1).

group (Figure. 7; Table. 2).
3.10 CuNPs toxicity on Artemia nauplii
3.8 XRD (X-Ray different meter)

A. squamosa L., seed derived CuNPs as evaluated for

The CuNPs crystalline nature of the CuNPS were

compare the toxicity with aquatic bio indicator A.

confirmed

botanical

nauplii. Our results clearly show that CuNPs

synthesized CuNPs by employing A. squamosa L.,

produced less amount of toxicity was observed than

seed extract was further demonstrated and confirmed

insect pest. The mortality rate range is 36%. LC50 and

by the characteristic peaks observed in the XRD

LC90

image (Figure. 8). The broadening of Bragg’s peaks

342.241μg/ml (Table 1).

by

XRD

analysis.

The

values
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Figure. 1: Copper nanoparticles synthesized by using Annona squamosa L., seed aqueous extract.

Figure. 2: UV-Visible spectrophotometer shows an intense and strongest peak ranges at 350 nm.
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Figure. 3: EDaX image give an exact elementary composition. It shows prensent elements such as OK, SIK, CLK,
KK and CUK

Figure. 4: SEM analysis of green synthesis CuNPs that show sizes ranging from 10.47nm to 25.58nm.
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Figure. 5: TEM analysis of green synthesis CuNPs that show exact sizes ranging from 5.99nm to 24.48nm.

Figure. 6 A, B: is Atomic Force Microscope topography of green synthesized copper nanoparticles by using
An.squamosa L., seed aqueous extract.
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Figure. 7: FTIR shows an brod value from 3455.51 to the lowest peak value at 458.11 and also deals with an
vibrational assignment with appropriate observed wavelength with functional group.

Figure 8: XRD shows 3 strongest peak value at 5.73202, 4.84293 and 3.14685 which is corresponding to the intense
counts (IC) as 500, 1250,750 in its multiply peak values. These strongest peak values tell about the XRD
analytical image.
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Larvae(N=450)

Treatments
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%

(LCL-

(LCL-

χ2 df

(µg/ml)

Mortality

UCL)

UCL)

(3)

(μg/ml)

(μg/ml)

Aqueous

1.33
50

6.66

75

13.33

100

24

150

33.33

175

44

Control

CuNPs

Aqueous

50

46.66

75

58.66

100

74.66

150

80

175

93.33

A. nauplii

1.33
50

1.33

75

1.33

100

5.33

150

13.33

175

18.66

Control

CuNPs

Aqueous

189.13

1.33
50

26.66

75

48

100

57.33

150

69.33

175

80

Control
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1.33

321.01

(167.74-

(269.72-

227.16)

421.31)
1.61

1.33

Control

T. molitor

LC90

Concentration

Control

An. stephensi

LC50

53.97

170.18

(29.83-

(150.40-

69.48)

203.49)
3.44

239.43

338.68

(207.74-

(279.32-

311.95)

480.33)
1.44

92.88

216.38

(77.59-

(189.59-

105.96)

262.49)
3.09

292.632

417.19

Vol. 11 No. 3 – September 2021
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50

1.33

75

2.33

100

4

150

5.33

175

12

Control

CuNPs

(233.75-

(313.94-

505.56)

800.34)

1.33
50

4

75

13.33

100

20

150

32

175

36

204.54

342.24

(178.88-

(282.84-

254.14)

465.86)
2.65

Table. 1: A. squamosa L., seed extract derived copper nanoparticles against larvae of A. stephensi, T.
molitor and non-targeting species A. nauplii at 24h post treatment.
Note: na = total number of larvae used per each organism, 25 per replicate, three replicates were carried out, five
concentrations were tested, LC50 = Lethal concentration killing 50% of exposed organisms, LC 90 = Lethal
concentration killing 90% of exposed organisms, LCL = 95% lower confidence limits, UCL = 95% upper
confidence limits, χ2 = chi square (n.s.=not significant, p > 0.05); df = degrees of freedom.
S. no

Vibrational

Observed wavenumber

Functional group

Visible intensity peak

-1

assignment

(cm )

1

ArO-H H bonded

3455.51

Phenols

Broad

2

-CH2-

2834.13

Alkanes

Medium sharp

3

Ar-CH=CHR

1750.72

Alkenes

Medium

4

S-O Sulfone 2

1133.24

Misc

Small broad

5

S-OR ester

880.13

Misc

Medium

6

=CH out of plane

700.45

Alkenes

Medium

7

C-Br stretch

556.03

Misc

Medium sharp

8

S-S disulfide asym

458.11

Misc

Medium sharp

Table 2: FT-IRanalysis of A. squamosa L., seed extract derived copper nanoparticles.
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Element

Weight%

Atomic%

K

48

70.65

SI

2.47

3.44

CL

14

6.41

K

13.53

9

CU

22

8

Total

100

Table. 3: EDaX image give an exact elementary composition of CuNPs. It shows major elements such as, OK, SIK,
CLK and KK.

4. Discussion

reported

This study has shown that, the green nanoparticles

nanoparticles absorption range at 350nm [26]. The

synthesis has high response impact on mortality of

FT-IR results show strong functional groups such as,

targeted and less impact on non-targeted insects. The

Phenols, Alkanes and Alkenes these functional

synthetic pesticides have caused remarkable toxic

groups may be involved in insecticidal activities.

effect against medical and agricultural pests on

Similarly, Pseudomonas fluorescence derived silver

previous time which have led to the development of

nanoparticles contains functional groups such as

insecticides resistance among disease pests but the

Alkanes and Alkenes in previous reports [30].

current days insect pest can got chemical insecticide

Similarly, flavonoids, triterpenoids and polyphenols

resistance capability [2, 29]. In this present time the

functional groups were reported in entomopathogenic

green nanoparticles synthesis is defeat by aromatic

fungi derived silver nanoparticles against three major

plant derived chemical constituents for biological

mosquito species [31]. Therefore, the aromatic plants

activities and these nanoparticles attract attention as

contain a huge amount of terpenoids that shows

alternative pesticides due to its biological efficacy in

amazing activity to convert the aldehydes groups to

small concentrations [25].

carboxylic acids in the metal ions.

The current result shows that copper nanoparticles

The findings of this study shows that EDaX peak

synthesized from A. squamosa L., seed extract and

range around 22.0% to the binding energies of

nanoparticles

preliminarily

synthesized copper ions (Figure. 3). The EDaX

confirmed by using spectrophotometer in absorption

record for CuNPs synthesized extracts showed signal

ranges from 200-700nm. A. squamosa L., seed extract

of copper from 2keV. The x-ray emission from the

derived nanoparticles absorption peak range at

macro or microchemical constituents presents within

350nm, that indicating the synthesized of copper

the seeds of A. squamosa L. Ramyadevi and

nanoparticles. Similarly, Vivekanandhan and others

colleagues reported that botanical derived copper

synthesized

were

International Journal of Plant, Animal and Environmental Sciences
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fungi
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nanoparticles binding energy maximum range is

33]. The bioreductor cofactor involved a significant

21.23% [24]. The XRD results shows the occurrence

function

of sharp bands this might be due to the stabilization

nanoparticles. The plant containing phenols plays an

of the synthesized nanoparticles by the seed extract

important part in the reduction of metal-ions to

of A. squamosa L., seed, that can be involved for

CuNPs. So, in the arrangement with mosquito nets

reduction

with other mosquito control tools like, plant

properties,

and

thus

confirm

the

in

the

reduction

process

of

metal

Crystallization of the biological mediated organic

synthesized CuNPs produced a significant impact on

phase occurs on the surface of the CuNPs.

adult

of

An.

stephensi,

A.

aegypti

and

C.

quinquefasciatus mosquitoes. The aromatic plant
The HR-SEM investigation of green synthesized

mediated synthesized of CuNPs, being readily

CuNPs was discernible due to their size difference.

obtainable and their application way is simple and

HR-SEM image of CuNPs observed from the

effective against disease causing mosquito species.

electron microscopic view, that shows majority is
spherical with a tiny amount of stretched out of

The results show that A. squamosa L., seed derived

particles

The

green pesticides (CuNPs) has good larvicidal

uniformly distributed copper nanoparticles on the

activities with low LC50 and LC90 values were An.

surface of the slides are viewed. The identical range

stephensi,

of CuNPs suggests that tiny particles are observed.

entomopathogenic fungi F. oxysporum mediated

HR-SEM analysis of CuNPs was discernible due to

silver nanoparticles produced remarkable toxic

their

efficacy against larvae of three major mosquito

range

size

from

difference

10.47nm-25.58nm.

of

synthesized

CuNPs.

Similarly,

189.128-321.004μg/ml.

Transmission Electron Microscopy (TEM) analysis

species

under

CuNPs shows that the particles are poly-dispersed

Kalaimurugan and others reported that Pseudomonas

more or less spherical in shape range is 5.99-

fluorescence derived silver nanoparticles cause

24.48nm. The AFM analysis results deal with the

remarkable mortality rate on three major mosquito

exact values of A. squamosa L., seed extract derived

species larvae [30]. Nasrollahzadeh and colleagues

CuNPs reveals that X value 3.0µm and Y value is

reported

0.49nm and Z value 0.49nm.

nanoparticles using H. rhamnoides L., plant extract

that

laboratory

green

condition

synthesis

of

[31],

also

palladium

produced remarkable catalytic activity [34]. The A.
The plant contains huge amounts of secondary

squamosa L., seed-derived CuNPs have strong

metabolites

from

insecticidal activity against T.molitor larvae which

environmental condition, insects, plant pathogens etc.

showed that, at the 170µg/ml concentration produced

The

like

93% mortality at 24h post-treatment. The synthesis

and

CuNPs had lower toxicity in non-targeting aquatic

that

macro/micro

phenolics,

serve

as

chemical

terpenoids,

protection

constituents

alkaloids,

steroids

essential oils shows remarkable insecticidal activities

beneficial aquatic shrimp, A. nauplii. Similarly,

against medical and agricultural insect pest [26, 32,

Suganya and others reported that the plant-mediated
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synthesis NPs from L. aspera showed strong
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