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Objective: Preliminary aim of this research work focuses on testing the efficacy of silver nanoparticles
synthesised using water soluble polysaccharides extracted from seaweeds against pathogenic fish bacte-
ria. The emergence of various virulence pathogens during the culturing period leads to mass mortality
and influence the loss of aquaculture production.
Methods: The intervention of nanotechnology in the field of aquaculture improves the growth and immu-
nity of aquatic animals when the part of nanomaterials mixed with fish feed. Sometimes the green syn-
thesis of silver nanoparticles prepared from the seaweed polysaccharide play a vital role in the disease
controlling strategies in aquaculture farming. The nanoparticle formation and confirmation was
charecterized by Ultra Visible Spectroscopy (UV–Vis), Fourier Transform Infrared Spectroscopy (FTIR),
Scanning Electron Microscope (SEM), Dynamic Light Scattering (DLS).
Results and Conclusion: Biologically synthesized silver nanoparticles have been used as an alternative
method for commercial antibiotics to control such pathogenic infection with 70–80% of survival rate.
Polysaccharides of Caulerpa racemosa was used as a reducing agent in this present study. Particularly
the phytochemicals are involved in the silver salt reduction process. Total polyphenol, total flavonoids,
total antioxidant, hydroxyl radical scavenging assay and DPPH was found to be 12.32 mg/g, 18.44 mg/
g, 38.12 mg/g equivalence, 82.2% and 49.05% respectively. Biologically synthesised AgNps capable of pre-
venting the Pseudomonas aeruginosa infection in tilapia, it was proved by in vitro and in vivo antibacterial
activities. Present study provided the ample achievement and these findings found to be effective in con-
trolling the Pseudomonas infection in tilapia fishes.
� 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Algae are considered to be the potential source for various
medicinal properties and had been used for different biomedical
applications. The types of algae contain numerous polysaccharides
compounds and each have different reason to explore for specific
biological application (Wijesekara et al., 2011). The sulfated
polysaccharides especially are the most important compounds iso-
lated from brown, red and green seaweeds. Carrageenan from red
algae, fucoidon form brown algae, and ulvanz from green algae
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are the commonly existing groups which may potentially contain
bioactive metabolites exhibiting antimicrobial, antitumor, antimu-
tagenic, anticoagulant, anti-inflammatory, immunomodulatory,
antiviral and antithrombotic activities (Raposo et al., 2015).
Polysaccharides are essential macromolecules widely distributed
in the nature and most abundantly present in the marine environ-
ment (Wijesekara et al., 2011). Polysaccharides have been well
known by their incomparable use in food industries, biomedical
fields and also in biopharmaceutical applications. Polysaccharides
are reported to have excellent properties which include non-
toxic, hydrophilicity, bio compatibility, biodegradability and other
biological properties such as anticancer and antimicrobial activi-
ties were also reported against various pathogenic microorganism
(Raposo et al., 2015). Aquaculture is the fast-growing sector. The
production system has enlarged enormously because of the world-
wide importance of the protein resources from the aquaculture and
fisheries producing sectors (Zhang et al., 2021). Due to the over
exploitation of production and requirement this system has
attained greater importance (Austin and Austin, 2016). The
requirement of animal proteins, especially derived from fish
receive global interest and the need of protein requirement for
the human consumption depends on fisheries sector (Alghabshi
et al., 2018). Excessive requirement of fish proteins makes the
aquaculture industry is one of the fastest growing sector in the glo-
bal concern, over use and production of aquaculture negatively
influence in the physiological, biological factors in fish community
(Austin and Austin, 2016; Thanigaivel et al., 2019). The in vivo
model used in the study is Oreochromis mossambicus which com-
mercially known as Tilapia that is cultured worldwide throughout
the year for the proteinaceous flesh content and also for their
improved nutritional availability. Environmental factors such as
poor hygiene nutrient depletion and overcrowding which hamper
the fish production (Zhang and Zhu, 2017). The emergence of
opportunistic pathogens during the climatic changes affects the
fish production adversely. Pathogen Pseudomonas aeruginosa is
one the opportunistic bacteria which cause huge hindrance in
the commercial cultivation of fish (Thanigaivel et al., 2021).

In order to ensure the health conditions of fishes during all sea-
sons, commercial formulations of natural products have been to
stimulate the immune responses against the predatory pathogens
(Wang et al., 2016). To combat such pathogenic infections various
other commercial drugs were used such as veterinary medicines
and antibiotics formulations which in turn cause resistance to
the specific pathogen. In addition the use of such chemicals and
its residuals cause side effects to the fish consumers (Reverter
et al., 2014). Regular use of antimicrobial drugs led to a serious
problem in the aquatic environment because of the rapid spread
of antibiotics and drug resistant in aquatic environment. Therefore,
the present study investigates the use of biologically synthesized
silver nanoparticles from C. racemosa would act as an effective
alternative to the commercial antimicrobial drugs for controlling
and preventing the bacterial infection. There are plenty of studies
which focus on the use and mediation of natural plants and plant
derived compounds for the immunostimulation and disease resis-
tance properties in aquaculture operations. The count and number
of literatures in the field aquaculture and greenery approaches
with herbal, plant leaves and seaweeds have been increased in last
few decades (El-Boshy et al., 2014).

The silver nanoparticles synthesized using polysaccharides
obtained from marine algae are capable of exhibiting various func-
tions and biological activities due to the presence of components
such as alginate, fucoidan, laminarin etc. and these were demon-
strated in various marine mammalians study to control the bacte-
rial infection though the biological assessments (EBSCOhost, 2021).
Similarly the use of metallic silver as an antibacterial agent against
various pathogenic organisms have also been discussed in various
2

studies (Yudiati et al., 2016). This type of treatment in this study
using sliver nanoparticles mediated approach to aquatic animals
will also improve the immunity and enhance the growth, health
of aquaculture animals (Sundaram et al., 2020).

This present research delineating the disease resistance efficacy
of silver nanoparticles synthesized from seaweed polysaccharides
fractions of Caulerpa racemosa against opportunistic Pseudomonas
infection in tilapia fish.

This AgNPs will enhance the immunostimulatory behavior of
fishes against the bacterial pathogen upon the immersion method
of bacterial infections and nanoparticle challenge study to deter-
mine the percentage of survival rate of fish for the commercial
and large scale cultivation of Oreochromis mossambicus.
2. Materials and methods

2.1. Collection and maintenance of fish

Healthy fingerlings of tilapia (Oreochromis mossambicus) were
procured from a local fish farm in Walajapet, Tamil Nadu the local
fish farm. The average weight of the fishes were about 8–10 g, they
were maintained under lab condition with proper aeration and
maintained with necessarily feeding conditions, transported fishes
initially acclimatized with treated water lab water. Fishes were
starved before starting the experiment.
2.2. Seaweed collection and processing

The seaweed C. racemosa was collected from Gulf of Mannar,
Coastal region Mandapam (Latitude 9�170 N; Longitude 79�080 E),
Tamil Nadu, India. Impurities and debris present in the sea weeds
were removed by washing in water. Then the seaweed was pow-
dered and processed by maceration method (Thanigaivel et al.,
2015).
2.3. Antioxidant and radical scavenging activity

Determination of antioxidant and radical scavenging activities
of polysaccharides extracted from seaweeds is presented. It was
performed according to the protocol described by (Thanigaivel
et al., 2015) have been used for this study in different types of
macro algae.
2.4. Extraction of polysaccharide from seaweeds

The detailed method of polysaccharide extraction is followed by
the modified protocol of (Phillipson, 2001). Collected macro algae
was processed based on the prescribed protocol to remove the
unwanted debris attached to plant and then dried. Initially dried
leaves were powdered for 100 g then suspended in 1000 ml of
ethanol and distilled water in the proportion of 8:2. Sample mix-
ture was then mixed vigorously and filtered using nylon cloth.
These filtrates were extracted with 1000 ml of ethyl acetate and
then filtered. Further collected residues from ethyl acetate soaked
in 500 ml of hot ethanol which is heated up to 60 �C till the extract
becomes transparent. Colorless extract was centrifuged and super-
natant was discarded, residue was dissolved with boiling sodium
chloride (1% w/v). Crude polysaccharides were obtained by precip-
itating with ethanol solvent, the sediments were washed with ace-
tone and ether by sequential process at 60 �C. Finally, water soluble
polysaccharides were obtained through rotary vacuum evaporator,
collected dried polysaccharide were further stored in �20 �C.
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Fig. 1. Antioxidant and free radical scavenging activities of seaweed
polysaccharides.
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2.5. Biosynthesis of silver nanoparticles

Polysaccharides of C. racemosa was used for the biosynthesis of
AgNps. The samples mixture of 10 mg/ml of polysaccharide frac-
tion was added in 100 ml of double distiled water and kept under
stirring condition for 30 mins at 50 �C. 1 mM of silver nitrate solu-
tion was added to the reaction mixture. After the period of interac-
tion and 15 min of incuation the change in the dark brown colour
of sample was observed and visually confirmed the presence of sil-
ver nanoparticles, further the yield was centirfuged to remove the
aggregates and silver ions were purified and utilized for the study
(Thanigaivel et al., 2021).

2.6. Characterization of AgNPs

The reductions of Ag + ions were observed biometrically
through UV visible spectroscopy. The optical density of the reac-
tion mixture containing silver nanoparticles was determined by
the absorption peak. The absorption peak was recorded at the
wavelength between 300 and 700 nm (UV-1800, Shimadzu,
Singapore).

Dynamic light scattering technique was used for the particle
size anlaysis using the colloidal suspension. The density or size
of the nanoparticles was measured on Brookhaven Instrument
(model 90 Plus) particle size analyzer. This was used to determine
the particle size distribution.

Scanning Electron Microscope (SEM) analysis was employed to
determine the external morphology and approximate size of the
synthesized nanoparticles using (Hitachi S-4500) instrument
(Sathiyanarayanan et al., 2013).

FTIR Spectra was obtained for the polysaccharide compounds
which was used as a reducing agent to synthesis AgNPs. This tech-
niques was operated from the range of 400 to 4000 cm�1. There-
after freeze dried purified suspension was used in the form of
powder and resuslts were obtained using Schimadzu FT-IR using
standard KBr pellet method (El-Rafie et al., 2013).

2.7. Bacterial culture

Bacterial pathogen of Pseudomonas aeruginosa purchased from
Microbial type culture collection (MTCC-424) was used in the pre-
sent study, strain was procured from IMTECH, Chandigarh, India.
The culture was tested microbiologically to re confirm the charac-
teristics through biochemical analysis as described in Bergy’s man-
ual of systemic bacteriology to avoid the cross contaminations
during handling or culturing processes (Nariya et al., 2011).

2.7.1. In vitro antibacterial activity
Antibacterial activity of AgNPs was determined by antimicro-

bial assays. Well diffusion and disc diffusion were performed
according to the modified method of (Thanigaivel et al., 2014).
25 micro liter of the AgNPs was loaded onto the agar well.
Miliqwater was kept as a control. In disc diffusion, ciprofloxacin
was used disc which found to be effective against the study patho-
gen, and it is kept as a standard. Nanoparticles loaded disc was
used as test to determine the zone of inhibition (Baueraw, 1966).

2.7.2. Pathogenicity experiment
Pathogenicity of P. aeruginosa in tilapia was carried out by bath

exposure for the experimental pathogenicity by dispersing differ-
ent dilution of bacterial culture in the glass tank containing 50 L
of treated water, after post incubation period from 0th the 15 days
the mortality rates were calculated to determine the percentage of
mortality of the healthy fishes exposed for bacterial pathogenicity.
The detailed methodology was already reported in our earlier
study (Thanigaivel et al., 2019).
3

2.7.3. Confirmation of pathogenicity
Confirmation of the pathogenicity was carried out by re-

isolating the specific bacterial disease-causing pathogen from the
moribund fish to satisfy Koch’s postulates. The infected parts of
fish were cut and homogenized. The samples were inoculated on
to nutrient agar culture medium by spread plate technique for
the confirmation of the bacterial pathogen.

2.7.4. In vivo treatment of bacterial disease using AgNPs
In vivo treatment study using the synthesized silver nanoparti-

cles was carried out against the pathogenic bacteria P. aeruginosa
to study its potential antibacterial activity against the disease caus-
ing pathogen, immersion route was followed to treat the bacterial
infection. The method of (Thomas et al., 2014) was followed. Fishes
in the size range of 12 ± 0.5 g measured per tank/ bacterial dosage
were arranged in the glass tanks. Fresh water was used throughout
the experiment with the proper biochemical and physiochemical
parameters. The bacterial culture was diluted serially with differ-
ent dilutions ranging from 10�1 to 10�7 ml and the bacterial culture
was added to the tank containing 1L of water. 30 ml of the synthe-
sised AgNps solution with 12 nM concentration was added to the
experimental tanks to check the efficacy of the nanoparticles
against the pathogenic microorganism.

2.8. Statistical analysis

Data obtained for the study is made with mean of ±SE of 10
fishes. Percentage mortality value is the mean ± SE of 10 fishes,
in triplicates (30 fishes in total). All pairwise comparisons of means
at particular day post treatment were done by one-way analysis of
variance (one-way ANOVA) with Tukey’s aposteriori test.

2.9. Results and discussion

The seaweeds collected from the coastal region were processed
and polysaccharides were extracted and they have been tested for
the antioxidant capacity to fight against the free radicals. Free rad-
ical formations are initiated in the cells of human and animal sys-
tems during extensive stress or cell damages caused by internal or
external factors. The radical scavenging properties of C. recemosa
were tested. The assays such as total polyphenol, total flavonoids,
Total antioxidant assay with the Folin–Ciocalteu, quercitin, ascor-
bic acid were used respectively as a standard for the determination
of the activity, free radical scavenging assays such as hydroxyl rad-
ical scavenging assay and DPPH assays were also performed. Total
polyphenol, total flavonoids, total antioxidant, hydroxyl radical
scavenging assay and DPPH was found to be 12.32 mg/g,
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18.44 mg/g, 38.12 mg/g equivalence, 82.2% and 49.05% respec-
tively. The results are shown in the (Fig. 1).

These results were supported by (Ramasubburayan et al., 2015)
who reported that the potential antioxidant activity of Caulerpa
scalpelliformi showed the maximum of 21.34 ± 0.05 mg/ml. Further
described that the antioxidant activity of methanolic extract of C.
antennina was significantly lower when compared to the antioxi-
dant activity of C. scalpelliformis

The present study utilized the silver nanoparticles synthesized
form C. racemosa was found to be one of the effective in controlling
the P. aeruginosa bacterial infection in Oreochromis mossambicus
fish with notable percentage of survival which was obtained
through lab scale challenge method it was found to be above 70–
80%. This survival data gives the clear idea about the nanoparticles
exactly works against the test organism. It also suggested as pro-
phylactic methods for controlling the emergence of microorgan-
isms. Similarly (Cui et al., 2016; Rafi et al., 2020) had conducted
silver nanoparticles synthesis using polysaccharides extracted
from marine macro algae they proved the different combinations
of AgNPs showed good antibacterial activity against gram –ve
and gram + ve bacteria such as E-coli, S. aureus (Wijesekara et al.,
2011, Raposo et al., 2015; Ummat et al., 2020).

The sulfated polysaccharides especially are the most important
compounds isolated from brown, red and green seaweeds. Car-
rageenan from red algae, fucoidon form brown algae, and ulvan
from green algae are the commonly groups which may potentially
contain bioactive compounds exhibiting antimicrobial, antitumor,
antimutagenic, anticoagulant, anti-inflammatory, immunomodula-
tory, antiviral and antithrombotic activities(Déléris et al., 2016).
Instance case the carrageenan extracted red algae are used as effec-
tive immunomodulatory compounds and sodium alginated known
to be the good proteinaceous compound extracted from brown
both were excreted the disease resistance activity against grouper
fish Epinephelus fuscoguttatus. Similar studies were also conducted
by synthesizing AgNPs from the plant extract Boerhavia diffusa
against fish bacterial pathogen Flavobacterium branchiophilum
and the study was found to be very effective in controlling infec-
tions (Saranya and Sudhakaran, 2020).

Biosynthesis of silver nanoparticles using polysaccharides were
prepared and confirmed by the color change from brownish yellow
to dark brown. The intensity of this brown color is well developed
during incubation period and is responsible for the excitation of
the surface plasmon resonance (SPR). The reduction of Ag+ ion
was characterized by the presence of polysaccharides in the sea-
weed extract. The solution mixture showed the characteristic
absorbance peak of AgNPs at 420 to 430 nm. The absorbance of sil-
ver nanoparticles is shown in the (Fig. 2).
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Fig. 2. Peak at 422 nm confirms the presence of AgNPs through ultra-violet visible
spectroscopy.
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This supports the published data of (Kannan et al., 2013; Das
et al., 2020) who reported the absorbance of silver nanoparticle
at 420 nm. The size characterization of biosynthesized silver
nanoparticles was achieved primarily with Dynamic light scatter-
ing technique, which exhibited the size distribution of 148 nm.
The results are shown in (Fig. 3). This indicates that the incidence
of light on the particles initiated in the Brownian motion. This
method partially confirms the particle size range at nanoscale. This
result supports the report of (Islam, 2019) who determined the
structure and size of the nanoparticle synthesized from sophoro
lipids by varying the effects of physiological parameters.

Further the SEM analysis of the nanoparticle was studied to
determine the structure and accurate size of the nanoparticle,
our present study had the average mean size of AgNPs was found
to be 88 ± 0.5 nm as shown in the (Fig. 4). This micrograph revealed
the particles present in the colloidal suspension of the silver
nanoparticle which exhibited spherical shape. The similar seaweed
of Caulerpa racemosa medicated synthesis have exhibited the
10 nm sized; spherical shape of silver nanoparticles against Staphy-
lococcus aureus and Pseudomonas mirabilis as per the conducted by
the (Roy et al., 2019). The average mean diameter of the particle
size was found to be around 125 ± 0.2 nm. These results support
the result of (Islam, 2019; Kasture et al., 2008). The detailed reports
of morphology and size of the nanoparticles are essential for vari-
ous biomedical applications like targeted drug delivery and nano
drug formulations. Present study results also agreed with the pub-
lished report of (Sakhare et al., 2022) who studied the synthesis of
silver nanoparticles by Aeromonas paniculata. The results revealed
an average particle size of 55 nm with a spherical shape.

FTIR spectrum of polysaccharide extracted from C. racemosa
was shown in the (Fig. 5). Theses measurement was performed
to identify the functional groups involved in the reduction of
Ag + ions for the yield of interacted AgNPs made out of polysaccha-
ride compounds. It denotes the presence of functional groups in
the interacted and un-interacted form of polysaccharides with sil-
ver and without silver upon reduction process. The extracted
polysaccharides showed nearly 10 peaks which contains 864,
1034, 1049, 1078 1184, 1487, 1683, 2926, 2925, 3334 cm�1. These
absorption frequencies are denoted for the representation of OH
group of the algal polysaccharides the bands between the ranges
of 2926, 2925, can be assigned to the alkane C H stretching and sec-
ondary amines. The bands near the ranges of 1487, 1683 cm�1 are
assigned to the C O O group.

The absorption bands observed at 1654 and 1683 cm�1 can be
assigned to the amide groups of protein or to the carbonyl stretch-
ing groups of the algal polysaccharides. This characterization tech-
niques is one of the ample tool for the better identification of
different functional groups present in the sample mixture based
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Fig. 3. Dynamic light scattering image for the identification of average particle size
distribution of AgNPs synthesized using polysaccharides.



Fig. 4. Scanning electron microscopic image of AgNPs.
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on these observations our study Carbonyl, amino acids, alkyl and
proteins and vitamins groups containing various phytocompounds
such as polyphenol, flavanoids, alkaloids, terpenoids have strong
ability to bind with metal ions which is reduced through the bio-
logical synthesis could facilitate the bio layer covering metal
nanoparticles (AgNPs), found to be responsible for the reduction
of Ag+ ions and our FT-IR spectrum resembles the polyols, hetero-
fucans and sulfated polysaccharides extracted from C. racemosa.
Many of the polysaccharides obtained from our study are matched
with (El-Rafie et al., 2013; Gómez-Ordóñez and Rupérez, 2011;
Huang et al., 2011).

Antibacterial activity of the nanoparticle was studied against
the fish pathogen P. aeruginosa. The activity of nanoparticles in
both well diffusion and disc diffusion was found to be effective
against the tested pathogen. The zone of inhibition for the synthe-
sized silver nanoparticle was found to be 15 mm. The commercial
antibiotic ciprofloxacin showed comparatively 18 mm zone of inhi-
bition. Disease controlling efficacy of this nanoparticle was further
confirmed through the in vivo activity and the obtained percentage
of mortality through experimental pathogenicity achieved about
5

100% at the end of week in the bacterial dilutions whose bacterial
concentration is high, and wisely the percentage of mortality was
maintained less when compared to higher dilutions shown in the
(Fig. 6). The results of the present study showed that there was
about 80% of cumulative survival rate was observed in the fish
which was treated with synthesized silver nanoparticle as shown
in (Fig. 7). The inhibitory effect of the silver nanoparticles against
fish pathogen was reported in the studies carried out by (Raju
et al., 2021) using Aeromonas hydrophilia. This coroborates with
the present study. Use of such novel antimicrobial agents promotes
the health and disease management in the aquaculture production.

Controlling bacterial infection in fishes using the silver
nanoparticles with different concentrations of formulated
nanoparticles was reported for optimum exposure in in vivo treat-
ment of bacterial infection of fish. Prepared nanoparticles were dis-
persed through immersion of nanoparticles in water containing
disease-causing pathogen and experimental fishes which were
challenged with these nanoparticles. Disease controlling efficacy
of the silver nanoparticles synthesized from the seaweed was opti-
mized for the effective challenge against the fish pathogen. The use
of antimicrobial drugs and chemical in aquaculture is banned due
to the development of resistance by pathogens. In order to over-
come such a situation this kind of biologically synthesized antimi-
crobial formulation has been preferred. Our study reported that the
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percentage of survival during the successive treatment was found
to be nearly 80%. These results corroborated with the report of
(Vaseeharan et al., 2010). Similarly such nanoparticles based treat-
ment studies against fish pathogens have been reported by
(Vaseeharan et al., 2010) who studied the disease controlling effi-
cacy of biologically synthesized nanoparticles to control the
pathogenicity of Vibio harveyii in Feneropenaeus indicus. The protec-
tive efficacy of AgNps was found to be effective in controlling bac-
terial infection during the in vivo treatment with the survival rate
of 71% and mortality of 29%.

2.10. Conclusion

In conclusion the use of such biologically synthesized nanopar-
ticle delivery systems needs to be optimized for use in aquaculture
disease management system in various commercial forms. The
results of the present study will suggest many alternative methods
for treating the bacterial infection in fishes by incorporating the
bioavailable and bioactive ingredients against various pathogenic
organisms. Further studies need to be carried out on how to deliver
this biosynthesized nanoparticle in the aquatic environment with
suitable carrier. The use of such novel nano antimicrobial drugs
with natural bioprotectant methods and their disease targetting
efficacy approaches are found to be one of the effective alternative
methods of treatment to commercial chemical drugs used in aqua-
culture and fisheries industries.
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