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Fish disease is a major threat affecting the long-term development of aquaculture industry leading to great economic loss
annually. Aeromonas hydrophila bacterium may be a primary or secondary cause of ulcers, hemorrhagic septicemia, fin rot
and tail rot in fishes. Excess and abandoned usage of antibiotic substances caused a substantial growth of antibiotic resistant
pathogens. Now a days, enduring research has focused on improvement of nanomaterials for efficient antimicrobial
therapies. Comparing to the synthesis of other metallic nanoparticles, silver nanoparticles (AgNPs) has gained much
attention because of its unique antimicrobial properties. The present study was aimed to green synthesize AgNPs using the
Annona squamosa leaf extract which acts as a non-toxic reducing agent. The synthesized AgNPs were evaluated for
biocompatibility and antagonistic efficacy against A. hydrophila. The green synthesized AgNPs were bio-physically
characterized by UV-Visible spectroscopy, X-ray powder diffraction, High Resolution Transmission Electron Microscope,
Fourier-transform infrared spectroscopy and Zeta Potential analysis. The particles were almost spherical shaped and in the
range of 15-25 nm. Green synthesized AgNPs exhibited significant DPPH radical scavenging activity (64.62 %). Synthesis
of AgNPs using widely available plants can be promoted as a potential eco-friendly option to chemical methods used for
nanosynthesis. In-vivo studies confirmed that the AgNPs exhibited good antagonistic against A. hydrophila and also proved
its non-toxic effect to Artemia salina nauplii.
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Introduction
Currently, aquaculture production sector has the
highest growth in fisheries. Fishery creates
inexhaustible financial gain than any other farming
activities. This sector is prone to several challenges
together with overexploitation, pollution, climate
change leading to diseases with stunted growth causing
extensive financial losses. Among aquatic pathogens,
Aeromonas hydrophila causes outbreak of various fish
diseases like ulcers, hemorrhagic septicemia, fin-rot,
tail-rot, etc.1. To maintain sustainable production,
health management practices identify anticipated
disease and their cure. Stressful conditions and immune
suppression provide a favorable environment for
A. hydrophila2. To prevent disease outbreaks, antibiotics
are commonly used in aquaculture. Recent reports
revealed that A. hydrophila had developed resistance to

numerous antibiotics including amoxicillin, penicillin,
ampicillin, oxacillin, and tetracycline3. Therefore,
attempts to find alternatives antibiotic compounds are
increasing4.
In recent years, nanotechnology has gained much
interest in biology5. It is possible to produce variety of
NPs by controlling the shape and size6. Unique
properties of metal nanoparticles have attracted the
attention of researchers. Metal nanoparticles possess
applications in various fields such as medicine,
environment clean-up, electricals and in electronics.
Unusual properties of nanoparticles depend on their
small size, chemical composition, surface coating
etc.7. Different methods such as chemical, physical,
and biological methods are in practice for nanoparticle
production. However, the chemical methods of
nanoparticle synthesis are toxic to the environment
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due to the generation of hazardous byproducts8.
Hence, a safe and eco-friendly procedure is needed
for nanoparticle synthesis. The biological methods of
nanoparticle synthesis are relatively safer to the
environment and are inexpensive. In the biosynthesis
of nanoparticles, the reducing agent and the stabilizers
are been replaced by the biomolecules. Biological
synthesis using microorganisms, seaweeds9, marine
sponges10 etc. have been suggested for the
biosynthesis of AgNPs. However, biological synthesis
of AgNPs using microorganisms is not economical
and feasible for large scale production due to the
requirements of strict sterile environment, facilities
for their maintenance and possible bio-hazardous
nature. Recently, biosynthesis of nanoparticles using
plant extracts has gained much interest as these are
highly advantageous over other methods because of
the toxic free chemical constituents and due to
exclusion of need for cell culture11,12. A variety of
plants including Piper pedicellatum13, Myrmecodia
pendans14, Desmodium gangeticum15, Syzygium
cumini16, Boswellia serrata17 etc. were tested for the
synthesis of silver nanoparticles. The present study
was aimed to assess the antagonistic, antioxidant
activity of green synthesized AgNPs from Annona
squamosa leaf extract and evaluation of their
biocompatibility in Artemia nauplii.
Materials and Methods
Chemicals and materials

Silver nitrate (AgNO3) and DPPH (2, 2-diphenyl-1picrylhydrazyl) were procured from Sisco Research
Laboratory, India. Bacterial media was purchased
from Himedia Pvt. Ltd, Mumbai, India. Fresh leaves
of A. squamosa were collected in the locality of
Karaikudi, Tamil Nadu, India and the specimen
was authenticated by Dr. Ramalingam Kottaimuthu,
Department of Botany, Alagappa University,
Karaikudi, India.
Green synthesis of silver nanoparticles

Fresh leaves of A. squamosa (10 g) were washed
with distilled water to remove dust. Small pieces of
leaves were boiled in 100 ml distilled water for 5 min.
Thereafter, the extract was filtered through Whatman
No.1 filter paper. Aqueous leaf extract was mixed
with 10 parts of AgNO3 (1 mM) and kept stirred at
room temperature. The bio-reduction of AgNO3 was
monitored by UV–Visible spectra at different time
intervals.

Characterization of nanoparticles

UV-Visible spectroscopic analysis of AgNPs
was measured at 300 to 700 nm. XRD analysis of
AgNPs was determined using Philips PW1830
X-Ray Diffractometer. The particle morphology was
observed using JEOL JEM 2100 High Resolution
Transmission Electron Microscope (HRTEM). The
surface charge of nanoparticles was identified by
using Zetasizer Nano S90-Malvern Instrument. FTIR
spectrum was also recorded to identify the biofunctional group on the surface of nanoparticles using
Thermo Scientific Nicolet iS5 FTIR Spectrometer.
In vitro antioxidant assay

In vitro antioxidant activities of AgNPs such as
DPPH radical scavenging activity was evaluated
using L-ascorbic acid as standard. Briefly, 4.0 ml of
different concentrations of the AgNPs were mixed
with 1.0 ml of DPPH solution to get 0.2 mM of
DPPH. The solution was mixed thoroughly and
allowed to stand for 30 min. The absorbance of the
resultant solution was measured at 517 nm and the
percentage of inhibition in DPPH radical scavenging
activity was calculated as follows:
DPPH scavenging activity (%) = [(Abscontrol - Abs sample) /
(Abscontrol) x 100
In vitro antibacterial assessment

The aquatic bacterial pathogen A. hydrophila was
obtained from the Microbial Type Culture Collection,
Indian Institute of Microbial Technology, Chandigarh,
India. Antibacterial activity of synthesized AgNPs
was evaluated by agar well diffusion method. Pure
cultures of A. hydrophila with a cell density of 1 х 105
cells/ml were swabbed onto Mueller Hinton agar.
Wells of 6 mm diameter were prepared with the help
of a sterile cork borer. Various concentrations of
AgNPs (0, 25, 50, 75 and 100 μg/ml) were added into
the respective pre-labeled wells and the plates were
incubated at 35 °C for 24 h.
In vivo study using Artemia as model

In vivo experiments were performed with Artemia
salina cysts (San Francisco Bay Brand, San
Francisco, CA, USA). Artemia nauplii were hatched
by addition of 100 mg of de-capsulated cysts in
100 ml of sterile seawater (salinity of 30 ppt) and
were aerated for 24 h18,19. Healthy nauplii were
allocated into 4 groups with each group containing
30 numbers of nauplii. The experiment was carried
out in triplicate and the setup used is described as
follows:
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Group 1 – Control
Group 2 - Infected with pathogenic A. hydrophila (105
CFU/ml) alone
Group 3 - Treated with AgNPs alone (25 µg/ml)
Group 4 – Infected with A. hydrophila (105 CFU/ml)
and treated with AgNPs (25 µg/ml)
The experiment was performed in 24 well plates
with 5 ml of seawater (30 ppt salinity) for 48 h to
evaluate the biocompatibility and antibacterial
efficacy of AgNPs. A. hydrophila (105 CFU/ml) and
AgNPs with concentration of 25 μg/ml were used in
this experiment. The survival rate of Artemia nauplii
was noted over the period of 48 h at 6 h interval and
the survival rate was calculated using the below
mentioned formula:

At the end of experiment, the morphological
variation of Artemia nauplii in different groups were
observed under 10X magnification using inverted
phase contrast microscope.
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Maximum absorption peak of colloidal AgNPs were
recorded at 425 nm due to surface plasma resonance
caused by the free electrons of the silver nanoparticle
(Fig. 1a). The results of the present study corroborates
with AgNPs synthesized using A. squamosa peel
extract which recorded the absorbance peak at
420 nm22. The XRD data recorded four intense peaks
corresponding to 111, 200, 222 and 311 planes of
face-centered cubic phase silver (Fig. 1b). The XRD
spectrum matches with the standard JCPDS File No.
04-0783. The HR-TEM images show spherical
particles in the range of 15-25 nm (Figs. 1c-e). The
selected area electron diffraction (SAED) pattern of
AgNPs is shown in Figure 1f. Synthesis and
properties of AgNPs largely depend on the reducing
agent as well as on the physical parameters such as
temperature, pH and precursor concentration22.
AgNPs of different size and shapes were obtained
earlier under ambient temperature with different leaf
extracts viz., Mangifera indica (50–65 nm; ovular),
Eucalyptus tereticornis (60–150 nm; oval), Carica

Results and Discussion
Synthesis of silver nanoparticles

The plant, A. squamosa, commonly called as
“sugar apple or custard apple” is a semi deciduous
small tree belonging to the family Annonaceae,
comprising of roughly 135 genera and 2300 species. It
is mostly cultivated in America, Asia, and Brazil for
its edible fruits. It possesses a wide variety of
biological and pharmaceutical properties and is
widely used in traditional systems of medicine20,21.
Different parts of A. squamosa were used to produce
different metallic nanoparticles having biological
activities such as anti-cancer, anti-oxidant and
insecticidal activity22-24. The solution containing silver
nitrate and leaf extract gradually changes to dark
brown color within 12 h indicating the nanoparticle
formation. Reduction and stabilization of silver ions
can be accomplished with the biomolecules such as
proteins, enzymes, amino acids, alkaloids, saponins,
tannins, polysaccharides, phenolics, flavonoids,
terpenoids and vitamins25. Thus the green synthesis of
AgNPs reduce the negative effect of the toxic
chemicals on the environment and organisms.
Characterization of silver nanoparticles

UV–Vis spectroscopy is an important and simplest
technique to confirm the synthesis of nanoparticles.

Fig. 1 — (a) UV–Visible spectrum of green synthesized silver
nanoparticles using A. squamosa. Colour change of the silver
nitrate solution indicating the synthesis of silver nanoparticle is
shown inside; (b) XRD pattern of AgNPs; (c-e) HRTEM and (f)
SAED pattern of green synthesized AgNPs
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papaya (25–40 nm) and Musa paradisiaca (10–50 nm;
round and irregular)26.
The Energy Dispersive Spectroscopy (EDS)
spectrum of AgNPs shows peaks of silver and copper
(Fig. 2a). Copper peaks are due to the copper grid
used for TEM analysis. Dynamic light scattering
(DLS) analysis showed the particles in the range of
5-50 nm (Fig. 2b). Zeta potential determines the
surface charge indicating the stability of AgNPs.
It was stated that the particles with zeta values greater
than ±25 mV are considered stable27,28. The
zeta potential of AgNPs in the present study was
−12.7 mV (Fig. 2c). This suggested that the particles

are negatively charged and are moderately stable NPs.
The FT-IR spectrum of biosynthesized AgNPs
(Fig. 3a) showed strong absorption peak at 3420 cm-1
representing the O-H stretching of alcohols and
phenols. The peak at 2916 cm-1 corresponds to the
C-H stretching vibrations of alkenes. The peak at
2848 cm-1 and 2360 cm-1 are due to O-H stretch of
carboxylic acids while the peak at 1615 cm-1 is due to
C꞊C of the stretching alkenes. The peak at 1384 cm-1,
represents the N-O stretching of nitro compounds.
The minor peak at 1042 cm-1 is assigned to C-N
stretching of aliphatic amines. The alkenes and
phenolic compounds in plant extract have been

Fig. 2 — (a) EDS spectrum, (b) DLS spectrum, and (c) Zeta Potential analysis of AgNPs

Fig. 3 — (a) FTIR spectrum of AgNPs, and (b) Antioxidant (DPPH) assay of AgNPs
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suggested to play a role in the reduction and
stabilization of AgNPs. Moreover, phenols (flavonoids)
and proteins present in the A. squamosa leaf extract
are involved in the reduction process. FT-IR revealed
that the different functional groups of compounds
present in the leaf extract coat the surface of AgNPs23.
In vitro antioxidant activity

Antioxidants offer defense against oxidative
damage and protects organism from stress. Now
different methods are available to measure the total
antioxidant activity; wherein, DPPH is commonly
used to measure the free radical scavenging activity.
The DPPH radical scavenging activity of AgNPs was
determined in comparison with standard L-ascorbic
acid (Fig. 3b). DPPH radical scavenging activity was
comparatively lower than that of L-ascorbic
acid (standard). However, among the different
concentrations tested, the highest scavenging activity
(64.62 ± 3.4 %) was obtained at 100 µg/ml and
the lowest scavenging effect (29.35 ± 1.5 %) was
observed at 5 µg/ml. A dose dependent antioxidant
activity of AgNPs was observed.
In vitro antibacterial assessment

Silver nanoparticles have been used in the various
fields due to their antimicrobial properties29. The
synthesized AgNPs showed excellent antibacterial
activity against A. hydrophila (28 mm zone of
inhibition) (Fig. 4). Nanoparticles were reported to
interact with building elements of the bacterial
membrane causing structural changes, degradation of
cell wall and finally leading to cell death30.

Fig. 4 — Agar well diffusion method showing the antibacterial
efficacy of AgNPs against A. hydrophila
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The AgNPs synthesized using A. squamosa leaf
extract showed highest inhibition activity against the
A. hydrophila at 100 μg/ml. The A. hydrophila
colonies were reduced with increasing concentration
of AgNPs (Fig. 5). The antibacterial activity of
AgNPs depends on particle size and composition29.
AgNPs tend to disrupt the outer membrane permeability
and shatter the respiratory cycle.
AgNPs has also been reported to exhibit various
potent
pharmacological
activities
including
antimicrobial activity against Staphylococcus aureus,
Salmonella typhi, Bacillus subtilis, Escherichia coli31,
and Mycobacterium smegmatis32; larvicidal activity
against larvae of A. aegypti33, and Culex
quinquefasciatus34; anticancer activity against human
breast cancer cells (MCF-7)35, HeLa cancer cell
lines36, A375 skin melanoma cells37, and in wound
healing activity38.
In vivo challenge of Artemia nauplii

Artemia nauplii is recommended as one of the
trial organism for acute toxicity testing by US
Environmental Protection Agency. The genus Artemia
has numerous advantages over other model organisms
for toxicity assays including easy availability,
wide distribution, economic, adaptability to diverse
conditions and cysts remain viable for years in dry
storage39. Artemia nauplii assay is rapid (24-48 h),
economical, can be maintained easily and simple.
Studies based on the toxicity effect of nanomaterials
on A. salina is limited40,41. AgNPs treated group did
not show any mortality of Artemia nauplii, whereas a
higher rate of mortality was observed in control
group which was exposed to the pathogen only
(A. hydrophila). Hence, the present study clearly

Fig. 5 — Agar bioassay showing the effect of concentration of
AgNPs: (a) 0 μg/ml, (b) 25 μg/ml, (c) 50 μg/ml, (d) 75 μg/ml, and
(e) 100 μg/ml; on A. hydrophila growth
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Fig. 6 — In vivo study: (a) Group 1 – Control (no treatment);
(b) Group 2 – Infected with A. hydrophila alone; (c) Group 3 –
Treated with 25 µg/ml AgNPs, and (d) Group 4 – infected with
A. hydrophila and treated with AgNPs

demonstrates the biocompatibility of AgNPs in
napulii (Ist instar). Silver nanoparticles didn’t cause
any significant toxicity in Artemia nauplii within 48 h
compared to A. hydrophila (control) (Fig. 6). The
microscopic images confirmed the accumulation of
AgNPs inside the gut of Artemia. In Group II,
Artemia treated with A. hydrophila alone exhibited
complete mortality within 24 hrs. Whereas no mortal
effect was observed in Artemia treated with AgNPs
alone in Group III. Interestingly, Group IV infected
with A. hydrophila and treated with AgNPs showed
less mortality than Group-II. Thus, the synthesized
AgNPs confirmed the antibacterial effect against A.
hydrophila (Fig. 6) and also proved to be non-toxic to
Artemia nauplii.
Conclusion
The present study demonstrates green synthesis of
AgNPs using the aqueous A. squamosa leaf extract.
The synthesized AgNPs are crystalline and are more
stable in size range of 15-25 nm. The synthesized
AgNPs showed a better antioxidant activity. The
results of the in-vivo studies confirmed the reduction
in the virulence of A. hydrophila and enhancement in
the survival rate of Artemia. The present study proved
that the green synthesized AgNPs using A. squamosa
plant extract are cost effective, non-toxic, eco-friendly
and can be applied to tackle the pathogens in
aquaculture industry.
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