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Introduction 

 

Oxidative stress is the major driving factor responsible for the initiation 

and progression of cancer, diabetes mellitus, cardiovascular diseases, 

neurodegenerative diseases, and inflammatory diseases among other 

syndromes (Severyn, et al 2009) The condition is brought by excessive 

generation of free oxygen and nitrogen species or their inefficient quenching 

in the cell. Free oxygen and nitrogen species are unstable molecules that are 

present in the environment (exogenous) and are also Oxygen is an essential 

element of the aerobic organisms for the production of energy. It is the key 

element in the human body, capable of combining with every other element 

leading to formation of essential components necessary for maintaining its 

regular metabolic activities. Oxygen regulates about 90% of the body 

function and plays a pivotal role in the respiration, gets absorbed by the blood 

stream in the lungs, transported to the cells and participates in complex 

processes of metabolic reactions involving enzymatic and non-enzymatic 

reactions with organic compounds catalyzed by ionizing radiations resulting 

in the formation of free radicals (Rajamani et al., 2010). Free radicals have 

surplus free-floating electrons rather than having harmonized pairs and 

therefore unstable, but are highly reactive, moves freely through blood stream 

and in order to attain stability attacks nearby molecules including proteins, 

carbohydrates and nucleic acids damaging them by stealing their electrons 
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through a process called oxidation. Types of free radicals include the 

hydroxyl radical OH.  the superoxide radical O. 2, the nitric oxide radical NO.  

and the lipid peroxyl radical LOO.  (Chaitanya, et al., 2010). External sources 

like air pollutants, industrial chemicals, cigarette smoke, alcohol, oxidized 

poly unsaturated fats and cooked food (Bagchi, et al., 1998) also contribute to 

the formation of free radicals leading to irreparable damage to the several 

organs, causing malfunctions. Diseases caused by free radical formation: The 

role of free radicals has been implicated in the development of at least 50 

diseases. A few of them include arthritis, inflammatory diseases, kidney 

diseases, cataracts, inflammatory bowel disease, colitis, lung dysfunction; 

pancreatitis; drug reactions, skin lesions, and aging. Free radicals are also 

associated with liver damage due to alcohol consumption and the 

development of emphysema due to cigarette smoking. Aging is the prime 

mechanism oriented with the free radical accumulation in the humans as 

suggested in the Free Radical Theory of Aging (Harman, et al., 1956). A 

symptom of aging such as atherosclerosis is considered to be due to oxidation 

by free radicals. The primary site of free radical damage is the mitochondrial 

DNA. Damage to the mitochondrial DNA cannot be readily repaired and 

leads to the shutting down of mitochondria causing cell death and ageing 

(Speakman et al., 2004). Bombardment of free radicals with atoms of metals 

like mercury, lead, cadmium and even pesticides amplifies the production of 

free radicals several million times resulting in mitochondrial damage. Severe 
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mitochondrial damage in the cells leads to apoptosis occurs due to a cascade 

initiated by Bcl-2 proteins on the surface of mitochondria. Destruction 

properties of free radicals will not limit only to the process of aging but also 

plethora of diseases via various metabolic activities Accumulation of free 

radicals forms cataracts in the human eye. Scavenging of free radicals takes 

place in the eye, which gets hampered due to age-related insufficient 

production of antioxidant scavenging systems leading to the formation of an 

opaque spot on the eye lens causing blindness. (José, et al., 1991). Myocytes 

are the source of free radical accumulation in the heart. Free radicals damage 

proteins and calcium pumps on the sarcoplasmic reticulum, resulting in the 

accumulation of calcium. High levels of calcium cause erratical contraction of 

the myocytes causing arrhythmia (Marczin et,al., 2003). Spread of arrhythmia 

to other cells disrupts heart beat, causing severe complications. Free radicals 

produced due to external sources especially radiation leads to cancer (Dreher, 

et al., 1996). Most of the radiation energy is taken by the cells, which is 

absorbed by the water causing one of its oxygenhydrogen covalent bonds to 

split and forms free radical. This free radical reacts with another molecule in 

microseconds of its generation attacks and injures the macro molecules of the 

cell such as DNA, disrupting its strands and causing mutations in its bases. 

(Curtis, et al., 2006). However, free radicals that are produced during 

combustion may last little longer in the lungs binding to other air pollutants 

leading to lung cancer (Lee, et al., 1999). Role of antioxidants in promoting 
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Human Health: Antioxidants are the molecules, capable of limiting the macro 

molecule oxidation of free radicals by terminating the chain reactions, which 

are the main source of free radical formation in the cell. The critical role of 

antioxidants in ameliorating the free radicals have been elaborately studied, 

still it is not clear whether the production of free radicals is the consequence 

or the cause of a disease. Broadly antioxidants are classified into two types. 

Enzymatic and non-enzymatic: The non-enzymatic antioxidants are again 

classified into hydrophilic and hydrophobic. Hydrophilic antioxidants can 

dissolve into blood and cytosol and react with free radicals. Hydrophobic 

antioxidants protect the cell membrane from lipid peroxidation, a mechanism 

by which free radicals degrade the membrane lipids (Muller et al., 2007). The 

role of antioxidants in scavenging the deleterious effects of free radicals is 

complex, which depend on the interactions of various metabolites and 

enzyme systems having synergistic and interdependent effects on one another 

(Chaudière et al., 1999). The performance level of antioxidants also depends 

on the concentration, reactive potentiality with the specific free radical, 

interaction and function with other antioxidant family members. (Vertuani et, 

al., 2004).  

The field of nanotechnology is one of the most active research areas in 

modern materials science. Nanoparticles exhibit new or improved properties 

based on specific characteristics such as size, distribution and morphology. It 

deals with the materials whose structures exhibit significantly novel and 
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improved physical, chemical, and biological properties, phenomena and 

functionality due to their nano scaled size. Because of their size, nanoparticles 

have a larger surface area than macro-sized materials. The intrinsic properties 

of metal nanoparticles are mainly determined by size, shape, composition, 

crystallinity and morphology. Nanoparticles, because of their small size, have 

distinct properties compared to the bulk form of the same material, thus 

offering many new developments in the fields of biosensors, biomedicine and 

bio nanotechnology. Nanotechnology is also being utilized in medicine for 

diagnosis, therapeutic drug delivery and the development of treatments for 

many diseases and disorders.  

  Silver is well known for possessing an inhibitory effect toward many 

bacterial strains and microorganisms commonly present in medical and 

industrial processes (Jiang et al., 2004). In medicines, silver and silver 

nanoparticles have an example application including skin ointments and 

creams containing silver to prevent infection of burns and open wounds 

(Duran et al., 2005), medical devices and implants prepared with silver-

impregnated polymers (RO, 1999). In textile industry, silver-embedded 

fabrics are now used in sporting equipment (Klaus et al., 1999). 

Nanoparticles can be synthesized using various approaches including 

chemical, physical, and biological. Although chemical method of synthesis 

requires short period of time for synthesis of large number of nanoparticles/ 
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this method requires capping agents for size stabilization of the nanoparticles.  

Chemicals used for nanoparticles synthesis and stabilization are toxic and 

lead to non-ecofriendly byproducts. The need for environmental non-toxic 

synthetic protocols for nanoparticles synthesis leads to the developing interest 

in biological approaches which are free from the use of toxic chemicals as 

byproducts.  

Plants provide a better platform for nanoparticles synthesis as they are 

free from toxic chemicals as well as provide natural capping agents. 

Moreover, use of plant extracts also reduces the cost of microorganisms 

isolation and culture media enhancing the cost competitive feasibility over 

nanoparticles synthesis by microorganisms (Garima Singhal et al., 2011).  

The smaller particles have higher antibacterial activities due to the 

equivalent silver mass content. With respect to the clinical applications of 

nanoparticle, microorganisms including diatoms, fungi, bacteria and yeast 

producing inorganic materials through biological synthesis either intra or 

extracellularly made nanoparticles more biocompatible (Guidelli et al., 2011). 

IMPORTANCE OF SILVER NANOPARTICLES  

o It is used for purification and quality management of air, biosensing, 

imaging, drug delivery system.  

o Biologically synthesized silver nanoparticles have many applications like 

coatings for solar energy absorption and intercalation material for 
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electrical batteries, as optical receptors, as catalysts in chemical reactions, 

for biolabelling, and as antimicrobials.  

o Though silver nanoparticles are cytotoxic but they have tremendous 

applications in the field of high sensitivity bimolecular detection and 

diagnostics, antimicrobials and therapeutics, catalysis and micro-

electronics.  

o It has some potential application like diagnostic biomedical optical 

imaging, biological implants (like heart valves) and medical application 

like wound dressings, contraceptive devices, surgical instruments and 

bone prostheses. 

o Many major consumer goods manufacturers already are producing 

household items that utilize the antibacterial properties of silver 

nanoparticles. These products include nano silver lined refrigerators, air 

conditioners and washing machines. 

APPLICATION OF NANOPARTICLES: Once materials are prepared in the 

form of very small particles, they change significantly their physical and 

chemical properties. In fact in nano-dimension, percentage of surface 

molecule compare to bulk molecule is high and this enhances the activity of 

the particle in nano dimension and therefore, the normal properties of the 

particle like heat treatment, mass transfer, catalytic activity, etc are all 

increases. But compare to non-metal nanoparticles, metal nanoparticles have 

more industrial application. Nanoparticles offer many new developments in 
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the field of biosensors, biomedicine and bio nanotechnology-specifically in 

the areas-  

• Drug delivery   

• As medical diagnostic tools,   

• As a cancer treatment agent (Gold nanoparticles). 

Ascidians are dominant organisms in many marine communities, 

having a wide geographic distribution. This ecological success is because of 

their ability to synthesize secondary metabolites, which possess an important 

defensive role against predation. They have increasingly become the target of 

natural products research. A natural product is a chemical compound or 

substance produced by a living organism - found in nature that usually has a 

pharmacological or biological activity for use in pharmaceutical drug 

discovery and drug designing. Research typically focuses on sessile 

organisms or slow moving animals because of their inherent need for 

chemical defences. 

Many marine sedentary organisms produce components with unique 

structural pattern, for their chemical defence which do not occur in terrestrial 

plants. Sponges, bryozoans and tunicates are important source of new active 

principles for drug development. 

Due to physical and chemical conditions of the marine environment, 

almost every class of marine organism exhibits variety of molecules with 

unique structural features, which are not found in terrestrial natural products. 

http://en.wikipedia.org/wiki/Chemical_compound
http://en.wikipedia.org/wiki/Drug_discovery
http://en.wikipedia.org/wiki/Drug_discovery
http://en.wikipedia.org/wiki/Drug_design
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Organisms with no apparent physical defence, like sessile organisms, are 

believed to have evolved chemical defences to protect themselves.   

Marine organisms have been reported to be a rich source of 

biologically active compounds, especially ascidians which are most 

prominent sources of new compounds. The majority of metabolites reported 

from ascidians are derived from amino acids and it is an important source in 

drug discovery. They are considered as a nuisance as they grow on all 

underwater marine structures and are usually thrown away. Such discards 

may have a wealth of natural products. Marine organisms, especially those 

that are a nuisance to the environment like biofoulers can be usede for 

synthesis of nanoparticles.  

 The marine environment is an excellent source of novel chemicals, not 

found in terrestrial sources. According to Davidson, 1993; Faulkner, 2002 and 

Blunt et al., 2006 marine organisms such as ascidians, sponges and soft corals 

containing symbiotic microorganisms are a rich source of bioactive 

compounds. Dhorajiya et al., 2012 expressed that some of the compounds 

derived from marine organisms have antioxidant properties and anti-cancer 

activities, but they are largely unexplored.  

Ismail et al., 2008 and Dellai et al., 2010 noted that since the few last 

decades, marine environment have been recognized to be a rich source of 

bioactive metabolites with varied biological and pharmacological activities. 

Chakraborty and Ghosh, 2010 suggested that bioactive peptides with novel 

http://en.wikipedia.org/wiki/Sessility_(zoology)
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structures have also been shown in ascidians. Synthesis of nanoparticles from 

is lacking. As ascidians are available along the Tuticorin coast an attempt has 

been made to synthesize nanoparticles.  
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Objectives 

 

The objectives of the present study were to 

 Collect the Phallusia nigra Savigny, 1816; and colonial ascidians 

Didemnum psammatode Sluiter, 1895 

 Collect the seaweeds Codium geppiorum O.C. Schmidt, 1923 and 

Dictyota ciliolata   

 Synthesize silver nanoparticles from Phallusia nigra, Didemnum 

psammatode, Codium geppiorum and Dictyota ciliolata   

 Determine characterization of nanoparticles By Uv-Vis 

Spectrophotometer 

 Study the chemical composition of the synthesized nanoparticles by 

using FTIR spectrometer 

 Evaluate the in-vitro antioxidant activity of silver nanoparticles of 

Phallusia nigra, Didemnum psammatode, Codium geppiorum and 

Dictyota ciliolata   
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Review of Literature 

 

Kumaran et al., 2007 observed a statistical correlation between the 

antioxidant properties and phenolic contents of methanolic extracts of stem 

barks, root bark, leaves and fruits from Morus alba. Sreelatha and Padma 

2009, studied that the extracts of Moringa oleifera both mature and tender 

leaves have potent antioxidant activity against free radicals, prevent oxidative 

damage to major biomolecules and afford significant protection against 

oxidative damage. According to Bhaskar and Balakrishnan, 2009 the extracts 

of the roots of Carissa carandas and Pergularia daemia possess antioxidant 

properties and could serve as free radical inhibitors or scavengers.  

Sharma and Kumar, 2011 observed in vitro antioxidant activity of 

petroleum ether, ethanolic, and aqueous extracts of fruits of Rubus ellipticus 

using DPPH radical scavenging and reducing power assay. Beta hydroxy acid 

was used as a standard antioxidant for DPPH radical scavenging activity 

extracts of Rubus ellipticus fruits possess significant free radical scavenging 

and reducing power properties at concentration-dependent manner. Mahdi-

Pour et al., 2012 observed the antioxidant activity of methanolic extracts of 

various parts of Lantana camara. According to Carbonera et al., 2014 

supplementation of tilapia diet with ethanolic extract of acerola fruit residue 

resulted, in an improvement of the antioxidant capacity of the fillets. Nahid et 

al., 2017, evaluated the antioxidant, antimicrobial and phytochemical 
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constituents of the methanol extract of Artemisia indica. The powerful 

antioxidant activity is attributed to the greater amount of total phenol and 

flavonoid compound in the ethanolic leaf extract of Memecylon umbellatum 

as stated by Anbukkarasi et al., 2017. 

Trad et al., 2018 observed the butanolic extract of Ephedra alte had 

high phenolic contents and exhibited high antioxidant activity both in-vitro 

and in-vivo. Quispe et al., 2018 investigated antioxidant activity of the 

ethanolic extracts of peel, flowers, gel and root of Aloe vera as the capturing 

of the DPPH• and ABTS•+ radicals, while the iron-reducing antioxidant 

power (FRAP) was measured by spectroscopic methods. Keerthana and 

Visweswaran 2018 observed that the drug Seeraga choornam has promising 

therapeutic antioxidant activity when compared with the standard drug. This 

research work can help for medical practitioners to use this poly herbal 

compound for the treatment of cancer. 

Yarnpakdeeet al., 2019 studied the extract of Cladophoraglomerata 

could be a source of alternative natural antioxidant in lipid based muscle 

food. Sharma et al., 2019 determined in-vitro antiradical activity and in-vivo 

metabolism of polyphenol. Tekin and Küçükbay, 2020 the extracts of flowers 

of Punica granatum L. had high content of flavonoids and other phenolics 

with antioxidant activity. Arshan et al., 2020 observed the phytochemical 

analysis of extracts Annona squamosa linn leaves had glycosides, saponins, 

tannins, flavonoids, phenols, etc. In-vitro antioxidant activities clearly suggest 
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that methanol extract has higher antioxidant activity than the other extract due 

to a higher presence of phenolic and flavonodal constituents in the methanol 

extract.  

Hamidinia et al., 2008 stated that ethanolic extract of Eudistoma viride 

showed a promising antioxidant potential against free radical induced 

oxidative damage. Zhang et al., 2010 observed antioxidant activity of five 

polysaccharides extracted from five algae including one brown alga 

Laminaria japonica, one red alga Porphyra haitanensis and three green algae 

Ulva pertusa, Enteromorpha linza and Bryopsis plumose. Revathi et al., 2015 

observed the maximum antioxidant activity in the methanol extract of Hypnea 

valentiae and antioxidants are vital substances which possess the ability to 

protect the body from damage caused by free radical induced oxidative stress. 

Priya et al., 2016 stated that the ethanolic extract of colonial ascidian, 

Eudistoma viride by DPPH method reveals a promising antioxidant potential 

against free radical induced oxidative damage. Elya et al., 2018 according to 

them the methanol extract of the ascidian Didemnum sp. exhibited antioxidant 

activity. Prabaet al., 2020 stated that the antioxidant activity of two colonial 

ascidians such as Eudistoma amplum and Polyclinum nudum, were tested by 

DPPH scavenging test with concentrations ranging from 5 to 150 μg/ml based 

on the reduction of the maximum absorption of the DPPH radicals in the 

presence of an antioxidant compound. 
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Ekanayake et al., 2004 stated that the flesh and skin of Eptatretus 

burgeri (hag fish) showed higher DPPH radical scavenging activities when 

compared with commercial antioxidants. Palakkal and Ganesan 2005 tested 

antioxidant activity of the extract of Macaranga peltata and the correlation 

between the total phenolic content and antioxidant activity. 
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Materials and Methods 

 

ANIMAL MATERIAL 

Samples of simple ascidian Phallusia nigra Savigny, 1816 were 

collected from the under surface of the barges of Tuticorin harbor.  The 

specimens of colonial ascidian Didemnum psammathodes were collected 

from the intertidal rocky shore area of Thoothukudi north break water 

Tamilnadu. The samples were washed with sea water to remove sand, mud 

and overgrowing organisms at the site collection, and then transported to 

laboratory. Identification up to the species level was carried out based on the 

key to identification of Indian ascidians by Meenakshi, 1997. 

SYSTEMATIC POSITION 

Phallusia nigra belongs to 

 

 

 

 

 

 

 

 

 

Phylum : Chordata 

Subphylum : Urochordata 

Class : Ascidiacea 

Order : Enterogona 

Suborder : Phlebobranchia 

Family : Ascidiidae 

Genus : Phallusia 

Species : nigra 
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Didemnum psammatode belongs to 

 

 

 

 

 

 

 

 

 

Dictyota ciliolata  belongs to  

 

 

 

 

Codium geppiorum O.C.Schmidt, 1923 belongs to 
 

 

 

 

 

EXTERNAL APPEARANCE 

Plate – 1 Individuals are oval or elongated, laterally compressed with 

the free edges thick and rounded. The size varies from 1.5 cm to 9.5 cm. 

Phylum : Chordata 

Subphylum : Urochordata 

Class : Ascidiaceae 

Order : Enterogona 

Suborder : Aplousobranchia 

Family : Didemnidae 

Genus : Didemnum 

Species : psammathodes 

Class : Phaeophyceae 

Order : Dictyotales 

Family : Dictyotaceae 

Class : Ulvophyceae  

Order : Bryopsidales  

Family : Codiaceae  

http://www.marinespecies.org/aphia.php?p=taxdetails&id=1821
http://www.marinespecies.org/aphia.php?p=taxdetails&id=103439
http://www.marinespecies.org/aphia.php?p=taxdetails&id=103456
http://www.marinespecies.org/aphia.php?p=taxdetails&id=212505
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Attachment is by the posterior end or by one third of the posterior left side. In 

a few specimens the posterior basal part had a long flat creeping process for 

attachment. The anterior end narrows to a terminal branchial siphon. Atrial 

siphon is one third from the anterior end on the dorsal surface directed 

anteriorly. There are 8-10 branchial and 6-8 atrial lobes with ocelli in between 

them. The lobes are rounded without any tentacular fringe. The whole 

anterior part of the body is curved dorsally which is characteritic of the 

species so that the two apertures are quite close together. Test is firm, smooth, 

shiny and jet black in colour.  

Plate -2 shows the colony of Didemnum psammatode. It is thin and 

soft. In the test spicules are few, but abundant ovoid faecal pellets are present. 

Live and preserved colonies are grey in colour. 

Plate – 3 depicts Codium geppiorum. Cylindrical and 

irregularly forked branches of this species creep on the substrates, and attach 

to each other at any point of contact. The utricles are club-shaped with 

rounded tips, approximately 0.1-0.2 mm in diameter and slightly constricted 

at the upper portions. The plants are spongy, dark green, and are found on 

rocks or dead coral in subtidal zones along moderately wave exposed 

shorelines. 

Dictyota ciliolata   is shown in Plate – 4. Thalli are erect, to 8 cm tall, 

attached by means of a single stupose holdfast. Stolonoidal fibres are absent. 

Straps, 2-3 mm wide, are slender and dichotomously branched. The margins 
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are dentate, rarely smooth, while the surface is always smooth. The apices are 

rounded. The medulla and cortex are uniformly one-layered. Sporangia are 

single, scattered on both surfaces, but absent in the apical dichotomies. 

Sporangia, 95-110 μm in diameter, are borne on a single stalk cell and are not 

surrounded by a conspicuous involucrum. Dictyota ciliolata is characterised 

by its stupose holdfast, dentate margins and the absence of stolonoidal fibres, 

although the margins of some specimens can be nearly smooth (De Clerck et 

al., 2002)  

Preparation of Powder 

The specimens were dried under shade. The dried animals were 

homogenized to get a coarse powder.  The dried powder of the tunicate 

Phallusia nigra and Didemnum psammatode, Codium geppiorum and 

Dictyota ciliolate was used.  

Synthesis of silver nanoparticles  

Weighing 25 g of dry powder of Phallusia nigra was mixed with 100 

ml sterile distilled water and filtered through Whatman No.1 filter paper (pore 

size 0.45 μm) and was further filtered through 0.22 μm sized filters. The 

extract was stored at 40° C for further experiments. The same procedure was 

followed for Didemnum psammatode, Codium geppiorum and Dictyota 

ciliolata   also. 

The aqueous solution of 1mM silver nitrate (AgNO3) was prepared and 

used for the synthesis of silver nanoparticles. 10 ml of Phallusia nigra extract 
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was added into 90 ml of aqueous solution of 1 mM silver nitrate for reduction 

into Ag+ ions and kept for incubation period of 15 hours at room temperature. 

Here the filtrate act as reducing and stabilizing agent for 1 mM of AgNO3.  

CHARACTERIZATION OF SILVER NANOPARTICLES:  

UV-Vis Analysis:  

The Ag nanoparticles were characterized in a Perkin-Elmer UV-VIS 

spectrophotometer, Lambda-19 to know the kinetic behavior of Ag 

nanoparticles. The scanning range for the samples was 200-800 nm at a scan 

speed of 480 nm/min. The spectrophotometer was equipped with 

“UVWinlab” software to record and analyze data. Base line correction of the 

spectrophotometer was carried out by using a blank reference. The UV-Vis 

absorption spectra of all the samples were recorded and numerical data were 

plotted in the “Origin 6.5”.  

FTIR analysis:  

The chemical composition of the synthesized silver nanoparticles was 

studied by using FTIR spectrometer (Perkin-Elmer LS-55- Luminescence 

spectrometer). The solutions were dried at 75o C and the dried powders were 

characterized in the range 4000–400 cm-1 using KBr pellet method. 

DPPH (2,2-diphenyl- 1-picrylhydrazyl) radical scavenging DPPH Assay 

The study of free radical in the antioxidant component is assayed by 

DPPH radical scavenging activity (Blois, 1958). This method is based on the 



 

21 
 

reduction of DPPH in methanol solution in presence of a hydrogen donating 

antioxidant resulting in the formation of the non-radical form DPPH-H. 

DPPH stable free radical method is an easy, rapid and sensitive way to survey 

the antioxidant activity of a specific compound or plant extracts (Koleva, 

2002). DPPH in methanol (0.1 mM) was prepared. To 3 ml of ethanolic 

extract of Phallusia nigra and Didemnum psammathodes at different 

concentrations (20, 40, 60, 80, 100 μg/ml), 1 ml of DPPH in methanol was 

added. After vigorous shaking the mixture was kept undisturbed at room 

temperature for 30 min. The absorbance was measured at 517 nm in a UVVis 

spectrophotometer. Ascorbic acid was used as the standard. A reagent blank 

was also run simultaneously. 

While DPPH can accept an electron or hydrogen radical to become a 

stable, diamagnetic molecule, it can be oxidized only with difficulty and then 

irreversibly. DPPH shows a strong absorption band at 517 nm due to its odd 

electron and solution appears a deep violet colour, the absorption vanishes as 

the electron pairs off. The resulting decolorization is stoichiometric with 

respect to the number of electrons taken up. The alcoholic solutions of 

0.5 mMare densely colored and at this concentration, the Lambert-Beer law is 

obeyed over the useful range of absorption (Blois 1958).DPPH assay is 

considered a valid accurate, easy and economic method to evaluate radical 

scavenging activity of antioxidants, since the radical compound is stable and 

need not be generated.  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3551182/#CR5
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The DPPH method is the most frequently used assay for the evaluation 

of the free radical-scavenging capacity of plant extracts. The reaction 

mechanism involves the H transfer from a phenolic compound to the DPPH 

radical. Interaction of the DPPH radical (purple-coloured) with a phenolic 

compound, which is able to neutralize its free radical character, leads to the 

formation of yellow colorless hydrazine and the resulting effect can be 

quantified spectrophotometrically at 515 nm. 

 

 

 

       The H-transfer from a phenolic compound (AR-OH) to DPPH 

 

The capabilityof scavenging DPPH radical was calculated using the 

following equation. 

Percentage of Inhibition =
(Control − Test)

Control
x 100 
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Results 

 

Characterization of Ag nanoparticles: 

UV-Vis Spectrophotometer Analysis:  

AgNPs from the extract of Phallusia nigra and Didemnum 

psammatode, Codium geppiorum and Dictyota ciliolata   were synthesized 

successfully. The UV-Vis absorption spectra of the Ag NP of Phallusia nigra 

was shown in Figure 1. Absorption spectra of Ag nanoparticles formed in the 

reaction media has absorbance maxima at 270 nm.  

The UV-Vis absorption spectra of the Ag NP of Didemnum 

psammatode was shown in Figure 2. Absorption spectra of Ag nanoparticles 

formed in the reaction mixture in the range of 200-300 nm. The absorption 

spectrum has shown two peaks at 250 and 270 nm indicate the formation of 

silver nanoparticles using Didemnum psammathodes. 

The UV-Vis absorption spectra of the Ag NP of Codium geppiorum 

was shown in Figure 3. Absorption spectra of Ag nanoparticles formed in the 

reaction media has absorbance maxima at 275 nm.  

The UV-Vis absorption spectra of the Ag NP of Dictyota ciliolata   

was shown in Figure 4. Absorption spectra of Ag nanoparticles formed in the 

reaction mixture in the range of 250-300 nm. The absorption spectrum has 
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shown two peaks at 250 and 280 nm indicate the formation of silver 

nanoparticles using Dictyota ciliolata. 

FTIR Analysis:  

FTIR measurements were carried out to identify the biomolecules for 

capping and efficient stabilization of the metal nanoparticles synthesized. The 

FTIR spectrum of silver nanoparticles were shown in Figure 5 to 8.  

The FT-IR spectra for Ag nanoparticles of Phallusia nigra revealed the 

presence of prominent peaks at 3424, 2923, 2106, 1627, 1422, 1384, 1120, 

1021, 874, 675, 610, 513 and 466  cm−1 corresponding to different functional 

groups. The peak corresponds to 3424 cm−1 indicates N-H stretching 

(primary) functional group. The peak at 2923 cm−1 responds to C-H stretching 

of alkanes and alkyl groups and 1384 cm−1 indicates the C-H bending of 

alkanes. C-C multiple bond stretching of alkyne (mono-substituted) and 

aromatic functional groups were observed at 2106 and 1422 cm−1. The 

carbonyl stretching groups such as acids, ketones and amides were noted at 

the peak of 1623 cm−1. The plausible peaks at 1120and 1021 cm−1 at revealed 

the functional group of C-O stretching of esters and ethers. The following 

peaks at 874, 675 and 610 were indicated the C-X stretching halogen 

compounds. The peak at 468 cm−1 confirms the metal oxygen bond which 

evidenced the formation of Ag nanoparticles. 
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The spectra for Ag nanoparticles of Didemnum psammatode revealed 

the presence of prominent peaks at 3984, 3455, 2923, 1632, 1384, 1121, 

1050, 639, 609 and 467 cm−1 corresponding to different functional groups. O-

H stretching of alcohols and phenols were indicated from the peak at 3984 

cm−1. The peak corresponds to 3455 cm−1 indicates N-H stretching (primary) 

functional group. The peak at 2923 cm−1 responds to C-H stretching of 

alkanes and alkyl groups and 1384 cm−1 indicates the C-H bending of 

alkanes. C-C multiple bond stretching of alkyne (mono-substituted) and 

aromatic functional groups were observed at 2106 and 1422 cm−1. The 

carbonyl stretching groups such as acids, ketones and amides were noted at 

the peak of 1632 cm−1. The plausible peaks at 1121and 1050 cm−1 revealed 

the functional group of C-O stretching of esters and ethers. The following 

peaks at 639 and 609 were indicated the C-X stretching halogen compounds. 

The peak at 467 cm−1 confirms the metal oxygen bond which evidenced the 

formation of Ag nanoparticles. 

The FT-IR spectra for Ag nanoparticles of Codium geppiorum revealed 

the presence of prominent peaks at 3134, 2361, 1628, 1400 and 670 

 cm−1 corresponding to different functional groups. The FT-IR spectra for Ag 

nanoparticles of Dictyota ciliolata   revealed the presence of prominent peaks 

at 3133, 2362, 1627, 1384 and 839  cm−1 corresponding to different functional 

groups. 
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Screening of the in-vitro antioxidant activity of silver nano particles 

Phallusia nigra and Didemnum psammatode, Codium geppiorum and 

Dictyota ciliolate was assessed by DPPH radical scavenging activity. 

The results of DPPH radical scavenging activity of different 

concentrations of ethanolic extracts of Phallusia nigra and Didemnum 

psammatode and standard ascorbic acid is given in Table 1 & 2. The results 

of DPPH radical scavenging activity of different concentrations of ethanolic 

extracts of Codium geppiorum and Dictyota ciliolate and standard ascorbic 

acid is given in Table 3 & 4. The radical scavenging effect was found to 

increase with increasing concentrations. 

The antioxidant activity of silvernano particles of of Phallusia nigra, 

Didemnum psammatode, Codium geppiorum and Dictyota were assessed 

based on their ability to scavenge the DPPH free radicals. AgNPs of 

Phallusia nigra exhibited significant scavenging activity with 48.38%, 

56.45%, 69.35%, 75.64% and 84.51% at 20, 40, 60, 80 and 100 µg/ml 

concentration respectively. Percentage of scavenging activity of Didemnum 

psammatode was 30.48%, 39.83%, 50.80%, 64.03% and 67.74% at 20, 40, 

60, 80 and 100 µg/ml concentration respectively. Percentage of scavenging 

activity of Codium geppiorum was 35%, 41.61%, 49.67%, 59.35% and 

72.09% at 20, 40, 60, 80 and 100 µg/ml concentration respectively. 

Percentage of scavenging activity of Dictyota ciliolate was 50%, 62.74%, 
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68.54%, 76.93% and 85.48% at 20, 40, 60, 80 and 100 µg/ml concentration 

respectively. silvernano particles of Phallusia nigra  and silvernano particles 

of Dictyota ciliolate exhibited significant scavenging activity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

                                                                                     

Plate - 1. Phallusia nigra Savigny, 1816 

 

 

 

 

 

 

 

 

 

Plate - 2:  Didemnum psammatode 

 

 

 

 

 



 

            Figure 1: UV-vis spectra for Ag nanoparticles of Phallusia nigra 

 

 

 

 

 

 

 

 

 

 

Figure 2: UV-vis spectra for Ag nanoparticles of Didemnum psammatode 
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Figure 3: UV-vis spectra for Ag nanoparticles of Codium geppiorum 

 

 

Figure 4: UV-vis spectra for Ag nanoparticles of Dictyota ciliolata   

 

 

 

 

 

 

 

 

 

 

 

 

0

0.9

0.2

0.4

0.6

0.8

200 900400 600 800

Abs

Wavelength [nm]

-0.1

1.1

0

0.5

1

200 900400 600 800

Abs

Wavelength [nm]



 

        Figure 5: FTIR  result  for  silver  nanoparticles of Phallusia nigra 

 

 

 

 

 

 

 

 

 

 

Figure 6: FTIR  result  for  silver  nanoparticles of Didemnum psammatode 

 

 

 

 

 

 

 

 

 

 

 



         Figure 7: FTIR  result  for  silver  nanoparticles of Codium geppiorum 

 

 

 

 

 

 

 

 

 

 

       Figure 8: FTIR  result  for  silver  nanoparticles of Dictyota ciliolata    

 

  



 

 

 

Table:1 In-vitro Anti oxidant activity of silver nanoparticles of Phallusia 

nigra  

Concentration 

(µg/ml) 

Absorbance Percentage of 

Scavenging Activity 

20 0.32 48.38 

40 0.27 56.45 

60 0.19 69.35 

80 0.151 75.64 

100 0.096 84.51 

Ascorbic acid 0.044 92.90 

Blank 0.62 - 
 

 

 

 

 

Table:2 In-vitro Anti oxidant activity of silver nanoparticles of   

Didemnum psammatode 

Concentration 

(µg/ml) 

Absorbance Percentage of Scavenging 

Activity 

20 0.431 30.48 

40 0.381 39.83 

60 0.305 50.80 

80 0.203 64.03 

100 0.200 67.74 

Ascorbic acid 0.044 92.90 

Blank 0.62 - 

 

 

 

 

 

 



 

 

Table: 3 In-vitro Anti oxidant activity of silver nanoparticles of   Codium 

geppiorum  

Concentration 

(µg/ml) 

Absorbance Percentage of Scavenging 

Activity 

20 0.403 35 

40 0.362 41.61 

60 0.312 49.67 

80 0.252 59.35 

100 0.173 72.09 

Ascorbic acid 0.044 92.90 

Blank 0.62 - 

 

 

 

 

Table: 4 In-vitro Anti oxidant activity of silver nanoparticles of   Dictyota 

ciliolata 

Concentration 

(µg/ml) 

Absorbance Percentage of Scavenging 

Activity 

20 0.310 50 

40 0.231 62.74 

60 0.195 68.54 

80 0.143 76.93 

100 0.090 85.48 

Ascorbic acid 0.044 92.90 

Blank 0.62 - 

 

 

 

 

 

 



Figure:1 In-vitro Antioxidant activity of silver nanoparticles of Phallusia 

nigra  

 

 

 

Figure:2 In-vitro Antioxidant activity of silver nanoparticles of   Didemnum 

psammatode 
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Figure: 3 In-vitro Antioxidant activity of silver nanoparticles of   Codium 

geppiorum  

 

 

 

Figure: 4 In-vitro Antioxidant activity of silver nanoparticles of   Dictyota 

ciliolata 
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Discussion 
 

The secondary metabolites of animal origins are gaining immense 

consideration recently due to their wide range of biological activities. Thus 

intake of the functional foods for their benefits has markedly increased with 

the awareness of their safety and nil side-effects. In this study an in-vitro 

antioxidant assay has been performed to evaluate the free radical scavenging 

properties of extracts of Phallusia nigra, Didemnum psammathodes, Codium 

geppiorum and Dictyota. The in-vitro antioxidant activity was dependent on 

the concentration of the extract. 

According to Priya et al., 2016 the strongest antioxidant activity of 

ethanolic extract of Eudistoma viride may be due to the presence of 

flavonoids and phenolic compounds.High radical scavenging was observed in 

Eudistoma viride. The findings of the present study support the view of 

ascidians are promising sources of potential antioxidants and may be efficient 

in preventing agents in some other diseases. Roselin et al., 2018 suggested 

that the effectors include non enzymatic antioxidants like vitamin C, E, 

glutathione, thiol compounds, carotenoids and flavonoids.The present study 

clearly indicates that the different extracts of Didemnum psammathodes show 

strong antioxidant activity. 

According to Esmaeili etal., 2015 samples with high level of phenolic 

content also contain flavonoids in great amount. The rich-flavonoid plants 
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could be a good antioxidant source that would help increase the overall 

antioxidant capacity of an organism and guard it against lipid peroxidation. 

Arshan et al., 2020 reported that the increased radical scavenging activity of 

the leaf extract could be due to the high content of phenolic compounds 

which were the main antioxidant components and their total contents were 

directly proportional to their antioxidant activity. 

A preliminary chemical screening of the ethanolic extract of Phallusia 

nigra showed the presence of alkaloids, terpenoids, flavonoids, glycosides, 

phenolic compounds and tannins as stated by Priya et al.,2018. The reports of 

the current study are coincides with considerable DPPH scavenging activity 

which was better than the reports of earlier studies (Thakur and Singh 1965). 

Therefore, in this study, the presence of theflavonoids and phenols in all the 

tested extracts of Phallusia nigra might have contributed to the antioxidant 

activity. 

Kumaran and Bragadeeswaran 2017 reported that the ethyl acetate 

extracts of ascidian E. viride and D. psammathodes showed antioxidant 

activity. Fractionation of the Didemnum sp. extract showed thatthe ethyl 

acetate fraction had the highest antioxidant activity. Further, fractionation of 

the ethyl acetate fraction by accelerated column chromatographyshowed that 

fraction VI had the highest antioxidant activity. The most active fraction 

contained alkaloids, steroids/triterpenoids, saponins, andglycosides. 

Antioxidants are the substances which inhibit oxidation, which has the ability 
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to remove the potentially damaging oxidizing agents in a living organism. 

Many phytochemicals present in the plants are able to reduce or prevent the 

oxidative damage to the human cells which can cause even cancer in humans. 

DPPH radical was used for evaluation of free radical scavenging and the total 

phenolic content was determined by the folin-Ciocalteaureagen. Polyphenols 

are responsible for the antioxidant activity, the obtained amount of total 

polyphenols in the extract indicated the extract to possess a high antioxidant 

activity as stated by Ganesan and Palakkal, 2019. 

According to Sofna and Banjarnahor 2014 cardiovascular protective 

effect of flavonoids resembles in their antioxidant activity.Flavonoids as a 

strong antioxidant have also been used in certain study related to diabetes 

mellitus. The ability of flavonoids to interfere with cancer treatment has been 

tested in a series of flavonoids compound.The studies evaluating the 

antioxidant properties prompted by flavonoids have currently expanded to a 

wider range of therapeutic applications. Underlying the antioxidant properties 

of flavonoids have been concisely described.  

 According to literature survey, the antioxidant activity may be due to 

the presence of flavonoids. The simple ascidian Phallusia nigra and colonial 

ascidian Didemnum psammathodes contain flavonoids, which could be the 

reason for this significant antioxidant activity. The activity observed is in a 

very good correlation with the composition, where the most active extracts 

are those rich in polyphenol and flavonoids.  
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Conclusion 
 

From the results, it was concluded that the AgNPs of Phallusia nigra, 

Didemnum psammathodes, Codium geppiorum and Dictyota. have 

appreciable antioxidant activity. The radical scavenging effect was found to 

increase with increasing concentrations. 
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Suggestion 
 

 Antioxidant activity can be determined using other assays also.  

 A further study on isolation, purification, structure determination and 

subsequent recognition of the novel mechanism of action of the 

clinically effective agent is suggested.  

 Chemotherapeutic and spectroscopic techniques can lead to the 

development of new drugs. 

 As the extract of Phallusia nigra, Didemnum psammathodes, Codium 

geppiorum and Dictyota. showed antioxidant activity, other species of 

ascidians and seaweeds can also be tried. 
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Summary 
 

o The samples of the tunicate - Phallusia nigra, Didemnum psammatode 

and seaweed - Codium geppiorum and Dictyota ciliolata  were 

collected and identified. 

o The dried powder of the tunicates and seaweeds was used.  

o Silver nanoparticles were synthesized using Phallusia nigra, 

Didemnum psammatode Codium geppiorum and Dictyota ciliolata   

o The Ag nanoparticles were characterized in a Perkin-Elmer UV-VIS 

spectrophotometer.  

o The chemical composition of the synthesized silver nanoparticles were 

studied by using FTIR spectrometer.  

o Antioxidants are the molecules, capable of limiting the macro molecule 

oxidation of free radicals by terminating the chain reactions, which are 

the main source of free radical formation in the cell. 

o The role of free radicals has been implicated in the development of at 

least 50 diseases. A few of them include arthritis, inflammatory 

diseases, kidney diseases, cataracts, inflammatory bowel disease, 

colitis, lung dysfunction pancreatitis drug reactions, skin lesions and 

aging. 

o The marine environment is an excellent source of novel chemicals, not 

found in terrestrial sources. In the present study, in vitro antioxidant 



 

34 
 

activity of AgNPs of Phallusia nigra, Didemnum psammatode and 

seaweed - Codium geppiorum and Dictyota was assessed.  

o The study of free radical in the antioxidant component is assayed by 

DPPH radical scavenging activity (Blois, 1958). Percentage of 

inhibition was calculated. 
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1. INTRODUCTION  

Water is an indispensable component of human resource, which covers 

about 3/4th of the earth surface, among which the major part is contributed by 

Seas and Oceans (97%). (Malarvannan and Balamurugan, 2018). It is the culture 

environment for fish where they perform all their bodily functions. They are 

totally dependent upon water to breathe, feed and grow, excrete wastes, maintain 

a salt balance, and reproduce (Brönmark and Hansson, 2017). Water and water 

resources is very important for maintaining an adequate food supply and a 

productive environment for the all living organisms. As human populations and 

economies grow, global freshwater demand has been increasing rapidly. In 

addition to threatening the human food supply, water shortages severely reduce 

biodiversity in both aquatic and terrestrial ecosystems (Pimentel et al., 2004).   

Under the pretext of industrialization, though job opportunities abound and 

facilities and utilities become available, water is being polluted to a great extent. 

In contrast to natural sources, anthropogenic sources contribute heavily to water 

pollution. This calls for consistent monitoring of water quality. Untreated 

domestic sewage and industrial effluents being let out into the water bodies affect 

water utility for drinking, agricultural, recreational, and other purposes. 

Conversely, discharging toxic components into aquatic bodies cause harm to 

marine life, which in turn affects humans and the surrounding environment. Since 

water scarcity is on the rise, to make healthy drinking water available for 



7  
  

humankind in the present and future epochs, water quality assessment is 

indispensable (Navamuniyammal et al., 2021).  

Organic pollution of waterbodies by wastewater discharge from human 

activities (cities, farming, industry) affects humans and ecosystems worldwide 

through the global sanitation crisis. First, untreated urban sewage contains 

pathogens that cause a variety of diseases, including diarrhoea, globally the 

leading cause of illness and death (Pruss, A., et al., 2002). Second, accumulation 

of organic pollutants in rivers stimulates microbial growth, leading to oxygen 

depletion and disturbance of the entire river ecosystem (Sirota, J., et al., 2013).  

Fresh water ecosystems are the most endangered ecosystems in the world 

and human activities have accelerated the process of degradation of these systems 

(Dudgeon et al., 2006; Monroe et al., 2009). Contamination of surface and 

groundwater by natural and anthropogenic input has put the aquatic fauna and 

human health at risk throughout the world (Akhtar et al., 2021). In India the 

sources of drinking water include rivers, streams, lakes, ponds, wells, 

underground aquifers, reservoirs and springs (Shil et al., 2019). Most of these 

systems are moderately polluted by agricultural waste, sewage, industrial waste 

and by human intervention (Jindal and Sharma 2011; Singh et al., 2020). Natural 

factors like hydrological, climatic, atmospheric, lithological, topographical and 

anthropogenic factors like mining, livestock farming, sediment run-off, soil 
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erosion, heavy metal pollution etc. deteriorate the water quality badly (Uddin et 

al., 2021).  

The oxygen content of the open ocean and coastal waters has been 

declining for at least the past half-century, largely because of human activities that 

have increased global temperatures and nutrients discharged to coastal waters. 

These changes have accelerated consumption of oxygen by microbial respiration, 

reduced solubility of oxygen in water, and reduced the rate of oxygen resupply 

from the atmosphere to the ocean interior, with a wide range of biological and 

ecological consequences (Breitburg, D., et al., 2018). The loss of dissolved 

oxygen from coastal areas and the open ocean is one the most important issues 

affecting the global marine environment. The extent of oxygen deficient areas 

known as “dead zones” is increasing in coastal areas while in the open ocean 

oxygen minimum zones are also expanding. The increase in dead zones is linked 

to coastal pollution while oxygen minimum zones are increasing because of 

climate induced rises in ocean temperature and strengthening water column 

stratification. The effect is the same; lower than normal oxygen concentrations 

that harm marine organisms and damage entire marine ecosystems (Boyle, S. 

2020).  

Water quality is the general descriptor of water properties such as its 

physical, chemical and biological characteristics. Monitoring and assessing the 
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quality of surface waters are critical for managing and improving its quality 

(Malarvannan and Balamurugan, 2018).  

Biochemical oxygen demand (BOD) is a simple and practical indicator of 

the total organic content that is available to organisms plus any chemicals that 

spontaneously react with O2. The procedure is straightforward: Water is incubated 

in sealed bottles, and the decrease in O2 over time is monitored. If all the O2 is 

consumed over the time of the incubation, the original water sample must be 

diluted and analysed again. During the incubation, naturally present heterotrophic 

organisms use O2 to respire the organic carbon that is biologically available and 

any chemicals that spontaneously react with O2 (e.g., sulphide) will also do so, 

allowing analysts to assess total BOD in wastewaters (Eaton et al., 1995).   

BOD directly affects the amount of dissolved oxygen in rivers and streams. 

The greater the BOD, the more rapidly oxygen is depleted in the stream. This 

means less oxygen is available to higher forms of aquatic life. The consequences 

of high BOD are the same as those for low dissolved oxygen aquatic organisms 

which become stressed, suffocate and die. Sources of BOD include leaves and 

woody debris; dead plants and animals; animal manure; effluents from pulp and 

paper mills, wastewater treatment plants, feedlots and food-processing plants; 

failing septic systems; and urban storm water runoff. The discharge of wastes with 

high levels of BOD can cause water quality problems such as severe dissolved 

oxygen depletion and fish kills in the receiving water bodies (Penn et al., 2003).   
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Most pristine rivers will have a 5-day carbonaceous BOD below 1 mg/L. 

Moderately polluted rivers may have a BOD value in the range of 2 to 8 mg/L. 

Rivers may be considered severely polluted when BOD values exceed 8 mg/L 

(Connor and Richard, 2016). Municipal sewage that is efficiently treated by a 

three-stage process would have a value of about 20 mg/L or less. Untreated 

sewage varies but averages around 600 mg/L in Europe and as low as 200 mg/L 

in the US, or where there is severe groundwater or surface water infiltration 

(Verma, N., & Singh, A.K. 2013). The optimum BOD range for ocean water 

should be below 1-2 mg/L and for freshwater should be below 1 mg/L (Bhuyan  

et al., 2020).  

Hence in the present study we analysed seven water samples from different 

areas of Thoothukudi. The BOD values were expressed in milligrams of oxygen 

consumed per litre of sample during 5 days of incubation at 20°C, which is the 

degree of organic pollution of water.  
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2. OBJECTIVES  

The main objectives of the study are  

• To determine the degree of water pollution and to understand the harmful 

effects of discharging pollutants and industrial effluents into water 

ecosystems of economically and traditionally important areas of 

Thoothukudi based on BOD (Biological Oxygen Demand) Index.  

• To collect seven water samples from various stations of Thoothukudi and 

analyse the BOD values before and after 5 days of incubation.   

• To document and tabulate the data.  

• To provide suggestions to improve the water quality.  
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3. REVIEW OF LITERATURE  

Pollution load analysis of biological oxygen demand from household 

sources was studied by Parabang, Surono et al., (2021). Based on the research 

results, it was found that the waste water generation per person per day was 90.96 

litre with a BOD concentration of 45.63 mg/litre and a pollution load of 0.016 

kg/person/day.  The pollution load contained in household wastewater after being 

treated through the wastewater treatment plant has decreased to 0.007 

kg/person/day.  

The analysis of BOD (Biological Oxygen Demand) and COD (Chemical 

Oxygen Demand) contents in the water of around laying chicken farm was done 

by Abdullahi, A. B. et al., (2021). The method used in the water BOD content test 

is the Winkler method. The results show that the BOD contents of water around 

the laying chicken farm was 7.99 mg/L on average. This research concluded that 

the BOD content of water around the laying chicken farm exceeds the threshold 

set by the government. The threshold for water BOD content is 2 mg/L.  

Vigiak, Olga et al., (2019) predicted biochemical oxygen demand in 

European freshwater bodies. The study showed that high BOD loadings to 

freshwater systems are mainly coming from anthropogenic sources, comprising 

domestic and livestock waste, industrial emissions, and combined sewer 

overflows.   
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Water pollution levels in the Suwung Estuary, Bali based on Biological  

Oxygen Demand was analysed by Saraswati, N.L.G.R.A. et al., (2018). The 

BOD5 Samples were taken at all tide cycles, during ebb to high tide and high tide 

to ebb. The range of BOD5 values were: 0.84 mg/L - 9.47 mg/L during ebb to 

high tide and 0.96 mg/L - 8.75 mg/L during high tide to ebb. The result of BOD5 

analysis showed that the water pollution level in the Suwung estuary was slightly 

contaminated in both tide conditions. The spatial distribution of BOD5 value 

tended to be higher around the cage aquaculture area, near the river, landfill area 

and around Benoa harbour.  

Statistical evaluation of biochemical oxygen demand of river water was 

studied by Ghosh, Sourav et al., (2018) reported that, far water BOD value came 

less than near water BOD value as the experiment have been performed. So, it 

can be concluded that far water system is more compatible for aquatic life.  

Biological Oxygen Demand in Controlling Fish Production and Cost of 

Supplementary Feed towards better Sustainability of a Sewage-Fed Aquaculture 

System: A Case Study of East Kolkata Wetlands, West Bengal, India was done by 

Mukherjee, S., & Dutta, M. (2016). This study provides an insight about the effect 

of BOD on fish production towards better sustainability of this system.  

Trichodina Sp. as bioindicator for evaluation of Biochemical Oxygen 

Demand (BOD5) in aquaculture fish farms (ponds) was studied by Al-Marjan,  
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K., & Abdullah, S. (2015). The aim of this study is to know the prevalence of the 

fish infestation by Trichodina sp. as bioindicator for evolution of the Biological 

Oxygen Demand (BOD5) from Ainkawa fish hatchery. The prevalence of fish 

infestation in each pond increased (57.5, 40, 27.5, 45, 15, and 42.5% respectively) 

with the increase of the values of BOD5 (9.2, 8.0, 5.7, 8.1, 2.9 and 8.0 mg/L, 

respectively).   

Jouanneau, S., et al., (2014) studied methods for assessing biochemical 

oxygen demand (BOD). This review has identified the main  

technological strategies designed to measure or to estimate the BOD parameter, 

used as an indicator of the biodegradability of organic matter. It focuses on the 

technological aspect of the assessment methods, on the nature of the performed 

measurement (real measurement or prediction) and on the pros and cons of them.  

Pathologic effects of different biological oxygen demand levels on the 

juvenile catfish was studied by Mamacus, Ronan et al., (2013). A total of 40 

catfish (Clarias gariepinus) were exposed for 96 hours to natural BOD levels of 

the wastewater treatment lagoons of a swine farm. After exposure, the gills, liver, 

spleen and kidney were examined and scored for lesions. Results of the study 

revealed an increasing lesion score with the rise in the BOD level, which is 

suggestive of the deleterious effects of high BOD levels on these organs.  

Study of biochemical oxygen demand in Godawari river at Nanded city due 

to impact of industrial pollution was done by Deshmukh, J.U. et al., (2012). It 
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concluded that the river water shows more concentration of BOD in Godawari 

river. In the month of April and May the water from old bridge and Wadgaon i.e., 

at Station-B and Station-C were unfit for public supply, drinking bathing, fish 

culture and irrigation.  

Study on the changing law of dissolved oxygen and dissolved oxygen 

saturation in Baiyang Lake was done by Ma, Jianwei et al., (2012). Following the 

comprehensive analysis, dissolved oxygen in Baiyang Lake was mainly affected 

by temperature, organic matter concentration and water-plants. The 

characteristics of photosynthesis were obvious in spring and summer and the 

oxidation in autumn and winter were obvious.  

Ground water pollution calculated with the measurement of level of 

biological oxygen demand was investigated by Amit varale and Yashodhara 

varale (2012). The analysis indicated the level of BOD were generally higher in 

summer and winter than their levels in rainy season.    

Dissolved Oxygen and Biochemical Oxygen Demand in the waters close 

to the Quelimane sewage discharge was estimated Moccuba, Jeremias (2010). 

The values of biochemical oxygen demand obtained are characteristic of 

unpolluted waters which suggest that the municipal effluents discharged into the 

estuary are negligible or are flushed away by the tides.  
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A study on optimum BOD levels for fish culture in wastewater ponds was 

done by Chattopadhyay, G.N. et al., (1988). The results indicated 10–20 ppm to 

be the optimum BOD range for fish culture in wastewater ponds.  

Tidal fluctuations in biological oxygen demand in exposed sandy beaches 

was analysed by Dye, A.H., (1980). Fluctuations in BOD of over two orders of 

magnitude were found with the highest occurring at or just after high tide and the 

lowest at low tide. Greatest fluctuations occurred at the higher tidal levels as well 

as near the surface of the substratum. Significant correlations between BOD and 

the degree of water saturation of the sand were found.  
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4. STUDY AREA  

 In this study seven water samples were collected from different stations of 

Thoothukudi town and the BOD values were determined by comparing the 

dissolved oxygen levels of water samples before and after 5 days of incubation in 

the dark by using Winkler’s Method. The difference between the two DO levels 

represents the amount of oxygen required for the decomposition of any organic 

material in the sample and is a good approximation of the BOD level.  

The pond water samples were collected from Teppakulam, Palyakayal and  

Authoor whereas the Sea water samples were collected from Therespuram beach, 

Harbor beach, Muthunagar beach and Tharuvaikulam beach.  

Teppakula Mariamman Temple is located on the Heart of Thoothukudi  

City. Since the Presiding Deity is facing the Teppam or Pond hence the Name  

Teppakula Mari Amman. Teppakulam is a huge Sacred Tank in front of this  

Temple. Teppakulam is considered as the 'Place of cultural interest'. The Maha 

Kumbabishekam was performed in the year 1973. Thousands of Devotees visit 

this Temple during Aadi month. They prepare Kozhu in order to show their 

respect to the Presiding Deity.   

Palayakayal is a Village in Srivaikundam Block in Tuticorin District of 

Tamil Nadu State, India. It is located 17 KM towards South from District 

headquarters Thoothukudi. People of this village are living in a peaceful manner. 
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The village has a very proud history with agriculture being the main profession 

of this village. This village also has many fisheries industries like V.V. Marine 

Products, Asvini Fisheries, etc.   

Authoor is a panchayat town in Thoothukudi district. Many of the people 

of Authoor are farmers of betel leaf, banana and rice. The betel leaf from Authoor 

is famous for its quality in Tamil Nadu. The Thamirabarani river surrounds the 

town. The river flows through the area, forming a big pond on one end.   

Muthunagar beach is located 5 kms towards south from Thoothukudi town. 

It is a local recreational beach and is one of the important fish-landing sites of 

Thoothukudi.  

Tharuvaikulam Beach is located in Tharuvaikulam Village in Thoothukudi 

District. It is calm and sandy beach. Fishers from Tharuvaikulam have been 

quietly practising sustainable fishing for years and reaping profits - economical, 

social and environmental. According to marine researchers, Tharuvaikulam is the 

only village in the state that relies purely on gill nets to fish.  

Therespuram is situated on the north of Thoothukudi, which is an important 

centre among the seven sea ports of South East coast in the bay of Mannar. Now 

it is fishing for sea shells and the central place for pearl fishing.  

Harbour Beach is a well-maintained sandy beach in Thoothukudi. It is 

located close to the Harbour Guest House. There is also a park near it where 

people can stroll in the evenings amidst the refreshing sea breeze. The park is a 
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popular tourist spot today. The major industries like Power plant, Heavy water 

plant and Thoothukudi Thermal power station are located around this beach. Salt 

pans are also present near this beach.  
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Figure 1: Map showing stations were water samples were collected  
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Figure 2: Teppakulam Pond 

 

 

Figure 3: Palayakayal Pond 
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Figure 4: Authoor Pond 

 

 

                                               Figure 5: Harbour Beach 
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Figure 6: Therespuram Sea 

 

 

Figure 7: Muthunagar Beach 
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Figure 8: Tharuvaikulam Sea 
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5. MATERIALS AND METHODS  

In this study Winkler’s method is used to measure the dissolved oxygen 

content in the samples.   

Glass wares used:  

Burette, pipette, conical flask, measuring jar, burette stand, beaker, funnel, 

reagent bottle.  

Chemicals used:  

• Manganous Sulphate: 48g of Manganous sulphate dissolved in 100 mL of 

water.   

• Alkali Mixture: 70g of Potassium hydroxide and 15g Potassium iodide are 

dissolved in distilled water and diluted to 100 mL   

• Starch indicator: 1g of starch in 100 mL of boiled distilled water.   

• Conc. H2SO4   

• Sodium thiosulphate (0.025N): 3.102g of Sodium thiosulphate is dissolved 

in previously boiled distilled water and made up to 500ml and stored in 

brown bottle.   
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BOD measurement:   

In a BOD bottle, 250 ml of sample water is taken and two samples are 

prepared. A sample is kept for DO analysis for day 1 and another sample is kept 

in a BOD incubator for 5 days at 20°C.  

One mL of Alkali iodide is added to each sample bottle, followed by 1 mL 

of Manganous sulphate solution. The bottle is shaken well and allowed to sit for 

five minutes in order to settle the precipitate. Afterwards, 2 mL of concentrated 

H2SO4 is added, and the cap is placed on the bottle. The bottle is shaken until the 

precipitate is completely dissolved.  

In a conical flask, 100 ml of sample is placed and titrated with standard 

sodium thiosulphate solution (0.025N) until the colour changes from dark yellow 

to light yellow. Next, a few drops of starch are added as an indicator. The titration 

is repeated until the colour of the solution becomes colourless or changes back to 

the original sample colour.   

Volume of 0.025N Sodium thiosulphate consumed is recorded. The 

dissolved oxygen (DO) (in mg/L) is equal to the Sodium thiosulphate (0.025N) 

consumed.  

After 5 days the water sample that is incubated at 20°C is taken out and 

then same procedure is repeated and the final DO value is obtained. The final 



31  
  

value obtained is less when compared to the initial DO value because the 

microorganisms present in the water sample consume the oxygen present.   

In this way all the other water samples are titrated and the initial and the 

final DO values are tabulated. The results of each water samples are tabulated 

separately.   

Amount of dissolved oxygen in the water sample can be calculated by the 

formula given below,  

Dissolved oxygen content (mg/L) = Titrant volume × 0.025 × 8 × 1000  

 

                                    Volume of the sample   

0.025 = Normality of sodium thiosulphate   

8 = Molecular weight of oxygen  

From the dissolved oxygen content present in the sample calculated on the  

1st day and 5th day, BOD value can be obtained by applying the following formula.  

           BOD in water sample (mg/L) = DOI – DOF
 × 100  

 

                                                                      V  

      Where, DOI = DO of the sample at the 1st day  

                  DOF = DO of the sample at the 5th
 day                                 

                   V    = Volume of the sample  
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6. RESULTS 

Water samples from seven study areas were collected in and around 

Thoothukudi and BOD values were computed.  

6.1 Pond Water Stations of Thoothukudi  

Table 1: Estimation of Dissolved Oxygen content in pond water samples 

(2022)  

S. No  Water sample  Volume of Sodium  

thiosulphate utilized  

(ml)  

Day 1  Day 5  

  

1.  

 

Teppakulam pond water 

  

3.5  

  

0.6  

2.  Palayakayal pond water 3.5  1.3  

3.        Authoor pond water  2.05  1.45  
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6.1.1 Dissolved Oxygen and BOD levels of pond water samples in 

Thoothukudi:  

1. Teppakulam Pond Water:  

Dissolved oxygen in the sample in Day 1 (mg/L)          = 3.5 × 0.025 × 8 × 1000  

 

                                                                                                          100  

                                                                                        = 7 mg/L  

 Dissolved oxygen in the sample in Day 5 (mg/L)         = 0.6 × 0.025 × 8 × 1000  

 

                                                                                                          100  

                                                                                        = 1.2 mg/L  

          BOD of Teppakulam pond water (mg/L)             = 7 – 1.2 × 100  

 

                                                                                  100 

                                                                            = 5.8 mg/L  

2. Palayakayal Pond Water:   

Dissolved oxygen in the sample in Day 1 (mg/L)         = 3.5 × 0.025 × 8 × 1000  

 

                                                                                                         100  

                                                                                       = 7 mg/L  

Dissolved oxygen in the sample in Day 5 (mg/L)         = 1.3 × 0.025 × 8 × 1000  

 

                                                                                                         100  

                                                                                     = 2.6 mg/L  
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 BOD of Palayakayal pond water (mg/L)           = 7 – 2.6 × 100  

 

                                                                       100 

                                                                           = 4.4 mg/L  

3.Authoor Pond Water:  

Dissolved oxygen in the sample in Day 1 (mg/L)       = 2.05 × 0.025 × 8 × 1000  

 

                                                                                                       100  

                                                                                     = 4.1 mg/L  

Dissolved oxygen in the sample in Day 5 (mg/L)       = 1.45 × 0.025 × 8 × 1000  

 

                                                                                                     100  

                                                                                     = 2.9 mg/L  

          BOD of Authoor pond water (mg/L)                 = 4.1 – 2.9 × 100  

 

                                                                                           100  

                                                                                     = 1.2 mg/L  
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Table 2: DO levels of Pond water samples in mg/L (2022)  

  

        Study Area  Dissolved Oxygen Level 

in Day 1 (mg/L)  

Dissolved Oxygen Level 

in Day 5 (mg/L)  

Teppakulam pond water  7.0  1.2  

Palayakayal pond water  7.0  2.6  

Authoor pond water  4.1  2.9  
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            Chart 1: DO levels of Pond water stations in mg/L (2022)  
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            Table 3: BOD levels of Pond water stations in mg/L (2022)  

Stations      BOD (mg/L)  

              Teppakulam pond water  5.8  

              Palayakayal pond water  4.4  

              Authoor pond water   1.2    
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Chart 2: BOD Level of Pond water stations in mg/L (2022) 
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6.2 Marine water stations of Thoothukudi  

Table 4: Estimation of Dissolved Oxygen content in Marine water samples 

(2022)  

S. No  Water sample  Volume of Sodium  

thiosulphate utilized  

(ml)  

Day 1  Day 5  

1.            Harbour Beach   5  1.5  

2.  Therespuram Sea  4.1  0.9  

3.  Muthunagar Beach   4  1.35  

       4.  Tharuvaikulam Sea  4.05  1.9  
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6.2.1 Dissolved Oxygen and BOD levels of various Marine water samples in 

Thoothukudi:  

1. Harbour Beach Water:  

 Dissolved oxygen in the sample in Day 1 (mg/L)    = 5 × 0.025 × 8 × 1000  

 

                                                                                                    100 

                                                                                     = 10 mg/L  

     Dissolved oxygen in the sample in Day 5 (mg/L)  = 1.5 × 0.025 × 8 × 1000  

 

                                                                                                   100 

                                                                                     = 3 mg/L  

          BOD of  Harbour Beach water (mg/L)                  = 10 – 3 × 100  

                                                                                            100                                                                                      
 

                                                                                   = 7 mg/L  
 

2.Therespuram Sea Water:  

 Dissolved oxygen in the sample in Day 1 (mg/L)    = 4.1 × 0.025 × 8 × 1000            
 

                                                                                                   100 

                                                                                   = 8.2 mg/L 
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Dissolved oxygen in the sample in Day 5 (mg/L)    = 0.9 × 0.025 × 8 × 1000            
 

                                                                                                   100 

                                                                                   = 1.8 mg/L 

             BOD of  Harbour Beach water (mg/L)         = 8.2 – 1.8× 100  

                                                                                       100                                                                                                                   
 

                                                                                   = 6.4 mg/L  

3. Muthunagar Sea Water:  

 Dissolved oxygen in the sample in Day 1 (mg/L)    = 4 × 0.025 × 8 × 1000  

 

                                                                                                   100  

                                                                                     = 8 mg/L  

   Dissolved oxygen in the sample in Day 5 (mg/L)    = 1.35 × 0.025 × 8 × 1000  

 

                                                                                                   100  

                                                                                     = 2.7 mg/L  

          BOD of Muthunagar beach water (mg/L)         = 8 – 2.7 × 100  

 

                                                                                          100      

                                                                                    = 5.3 mg/L        
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4. Tharuvaikulam Sea Water:  

    Dissolved oxygen in the sample in Day 1 (mg/L)    = 4.05 × 0.025 × 8 × 1000  

 

                                                                                                   100  

                                                                                     = 8.1 mg/L  

   Dissolved oxygen in the sample in Day 5 (mg/L)    = 1.9 × 0.025 × 8 × 1000  

 

                                                                                                   100  

                                                                                     = 3.8 mg/L  

          BOD of Tharuvaikulam water (mg/L)         = 8.1 – 3.8 × 100  

 

                                                                                          100      

                                                                                    = 4.3 mg/L    
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Table 5: DO levels of Marine water samples in mg/L (2022) 

Study area  Dissolved oxygen level in  

Day 1 (mg/L)  

Dissolved Oxygen level 

in Day 5 (mg/L)  

Harbour Beach   10  3  

Therespuram Sea  8.2  1.8  

Muthunagar Beach   8.0  2.7  

Tharuvaikulam Sea  8.1  3.8  
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Chart 3: DO levels of Marine water stations in mg/L (2022) 
  

 

  
 

 

 

  

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Harbour Beach Therespuram Sea Muthunagar Beach Tharuvaikulam Sea 

10 
  mg/L 

8.2   mg/L 8   mg/L 8.1   mg/L 

3   mg/L 

1.8   mg/L 

2.7   mg/L 

3.8   mg/L 

Dissolved Oxygen Levels of Marine Water Samples (mg/L)  

Day 1 Day 5 



46  
  

Table 6: BOD levels of Marine water stations in mg/L (2022) 

  

       Stations      BOD (mg/L)  

 Harbour Beach  7.0  

     Therespuram Sea           6.4  

       Muthunagar Beach  5.3  

      Tharuvaikulam Sea  4.3  
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Chart 4: BOD levels of  Marine water stations in mg/L (2022) 
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7. DISCUSSION  

     Water is essential for life. From the time that primeval species ventured from 

the oceans to live on land, a major key to survival has been prevention of 

dehydration. The critical adaptations cross an array of species, including man. 

Without water, humans can survive only for days.  

    The oxygen in water which is available for species’ use is called “dissolved 

oxygen,” (DO). When organic matter from sewers, algal blooms, and other 

sources enters water, it is immediately broken down by bacteria, which requires 

some of the dissolved oxygen. When DO levels fall below a certain level, it 

adversely impacts aquatic life, sometimes causing mass fish kills. This, in turn, 

causes further problems because of the sheer number of decaying organisms 

requiring oxygen.  

     The biochemical oxygen demand (BOD) is a crucial environmental index for 

determining the relative oxygen requirements of wastewater, effluents, and 

polluted water. It refers to the quantity of oxygen required by bacteria and other 

microorganisms in the biochemical degradation and transformation of organic 

matter under aerobic conditions. The BOD is also interpreted as a measure of the 

concentration of organic material that can serve as a substrate to support the 

growth of microorganisms.  

     A BOD level of 1-2 ppm is considered very good. There will not be much 

organic waste present in the water supply. A water supply with a BOD level of  3-
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5 ppm is considered moderately clean. In water with a BOD level of 6-9 ppm, the 

water is considered somewhat polluted because there is usually organic matter 

present and bacteria are decomposing this waste. At BOD levels of 100 ppm or 

greater, the water supply is considered very polluted with organic waste.  

     Higher BOD indicates more oxygen is required, which is less for oxygen 

demanding species to feed on, and signifies lower water quality. Inversely, low  

BOD means less oxygen is being removed from water, so water is generally purer. 

Cold water retains oxygen better than warmer water, so in summer months, 

dissolved oxygen is usually lower from the start. Unpolluted rivers usually have 

BOD levels below 1 part per million (equivalent to 1 mg/L), while untreated 

sewage has between 200 and 600 ppm.  

    Water pollution is a global challenge that has increased in both developed and 

developing countries, undermining economic growth as well as the physical and 

environmental health of billions of people.  

     Aquatic ecosystems have been affected by various types of contaminations 

around the globe in the recent few years. Heavy metals are one of the most 

common pollutants which have severely deteriorated the aquatic ecosystems due 

to their toxicity, abundance, persistence, and subsequent bio-accumulation. Their 

release in aquatic ecosystem is triggered by both natural and anthropogenic 

processes. Contamination of aquatic ecosystems with toxic heavy metals is an 

environmental problem of public health concern. Being persistent pollutants, 
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heavy metals accumulate in the environment and consequently contaminate the 

food chains. Accumulation of potentially toxic heavy metals in biota causes a 

potential health threat to their consumers including humans.  

Tuticorin is the main coastal and industrial city present in the Gulf of Mannar 

region. Nowadays there is an abundant rise in the rate of industries and factories. 

This leads to the land pollution and the waste products released out from the 

factories are directed towards the seawater, pond and other water sources  

    We have collected three pond water samples and four sea water samples. 

Their BOD values are calculated and the results indicate the biological oxygen 

demand of the chosen samples.  

    The problem of pollution in the freshwater system in Thoothukudi is mainly 

due to industrialization and population expansion. Water quality is often 

overlooked in pond management, and poor water quality can lead to common 

problems, such as excessive algal blooms, overgrowth of plants, noxious smells, 

or dead and dying fish. In order to prevent these problems, an understanding of 

basic water chemistry and other physical parameters is necessary.  

    Teppakula Mariamman Temple is located in the heart of Thoothukudi. The 

Teppakulam pond belonging to this temple is also on the lower road. This pond 

was last dredged in the year 2017. Now the pond is littered with garbage without 

adequate maintenance. Thus, the pond is posing a major threat creating a health 
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disorder to the fishes living in them. The BOD value recorded here is 5.8 mg/L 

which is the highest value recorded among the pond water samples.  

    Palayakayal pond water is the second most polluted water among the pond 

water samples with the BOD value of 4.4 mg/L. The Thamirabarani river flows 

roughly east and enters the Gulf of Mannar of the Bay of Bengal near Palayakayal. 

This is pond water gets continuously polluted by the untreated sewage and organic 

waste from the villages on its banks.  

     Authoor is a green town, surrounded by rice paddies and banana trees. 

Authoor is famous for the Thamirabarani river surrounding the town. The river 

provides a majority of the water used for irrigation in and around the area. Authoor 

pond water shows the least amount of BOD of value 1.2 mg/L.  

    The coast of Tuticorin is sheltered by Srilanka and the coastal stretch extends 

upto 164 kms. The population of Tuticorin is 0.4 million which generates waste 

water of about 18 MLD. Tuticorin is becoming a hot spot polluted area owing to 

rapid industrialization and urbanization. Import of raw materials for the industries 

and exporting the products happens at harbour and is one of the busiest harbours 

of India. Such activities contribute lot of pollution load to the coastal area and 

almost entire basin. Due to the accelerated development activities the coastal area 

experience significant changes.   

    The present study shows that the highly polluted water sample among the sea 

water samples is from Harbour Beach with a value of 7.0mg/L. Near the Tuticorin 
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Harbour area major port activities take place. The main cause for the pollution of 

sea water in Harbour Beach is by industrial effluents that are directed towards the 

sea; that mainly includes dirt and gravel, masonry and concrete, scrap metal, oil 

and scrap lumber, chemical waste disposals and waste disposals from the nearby 

port.  

    The main cause for the pollution of sea water in Therespuram (BOD Value of 

6.4 mg/L) is mainly due to the Buckle canal that bisects the town runs for 7.28 

kilometres starting near the FCI godown area and drains into the sea at 

Therespuram. The Buckle Canal was constructed only to drain stagnant water 

from low-lying areas during rainy season. The letting of waste water into the shore 

of Therespuram through the Buckle Canal is causing serious health hazards to 

people. Residents of Therespuram feel the need for an immediate alternative to 

this problem, which has been prevailing for several years. The sewage outlet 

contains untreated domestic wastewater and solid wastes that are dumped into the 

sea. Fishing activities are also intensive.  

     Muthunagar beach is a commercial and recreational centre which attracts a 

lot of tourist and industrialists. This leads to the development of numerous 

recreational spots and resorts which automatically discharges plastic and other 

wastes near the coast. Shipping activities is also high near the coast and they 

contribute a considerable pollution load to the coast. The BOD value of 

Muthunagar beach was found to be 5.3 mg/L through our study.  
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    In case of Tharuvaikulam sea water sample BOD showed lesser or minimum 

value (4.3 mg/L) compared to the other sea water samples. As per Census 2011, 

Tharuvaikulam has 1,743 households. In Tharuvaikulam, 88 percent of the people 

are dependent solely on fishing for livelihood and the remaining 12 percent 

depend partially on it. This area 13 km from Tuticorin town with major fishing 

activities has multi-day fishing gillnetters which needs 295 litres of diesel to catch 

one tonne of fish while multi-day trawlers consumes 513 litres to accomplish the 

same job. Fishing and pollution from fishing are the largest contributors to the 

decline in water quality in Tharuvaikulam.  

   Higher BOD indicates more oxygen is required, which is less for 

oxygendemanding species to feed on, and signifies lower water quality. The 

reason for high BOD in wastewater is due to the presence of dissolved organic 

solids. When the wastewater with high organic solids enters a fresh water body, 

the microorganism present in pure water will try to consume it as its primary food 

source. If the dissolved organic solids are minimal, they degrade it and convert 

into simple molecules with the help of dissolved oxygen present in water. If the 

BOD is much higher in wastewater the bacteria try to degrade it completely and 

they consume all dissolved oxygen for this process. Once the DO is completely 

exhausted, the other living organisms like protozoa, fishes, algae etc. will not get 

oxygen for breathing and they die immediately. In the absence of oxygen, no life 

is possible in water. Ultimately, the water body is not fit for any living organisms. 

Many industrial effluents have high BOD & its continuous discharge into any 
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water sources will make the water unfit for living things. This is the major reason 

for mass fish killings in water bodies. The pollution effect due to heavy metals 

will also cause damage to living organisms but the process is slow. Death due to 

devoid of DO is instant. Every wastewater with high BOD should be properly 

treated in biological treatment plant to completely eliminate the dissolved 

organics which causes serious adverse impacts on fresh water body.   

     From this study, it was inferred that in the pond water samples collected,  

Teppakulam and Palayakayal has the maximum level of BOD compared to 

Authoor pond water. In Sea water samples Harbour Beach and Therespuram has 

the highest levels of BOD compared to Muthunagar beach water sample and 

Tharuvaikulam sample.  

     Hence the study concluded that water pollution is mainly caused in a number 

of ways, the most common reason being city sewage, intense fishing and 

industrial waste discharge. So regular monitoring of the BOD is essential to 

protect the water sources against contamination in near future. Monitoring water 

quality is very important for maintaining ecosystem health and the livelihood of 

the population. It reflects the health of water. Therefore, best practices and efforts 

are needed to monitor and improve water quality.  
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9. SUMMARY  

 In the present study, three pond water samples and four sea water samples 

were collected in and around Thoothukudi and BOD levels were 

observed.   

 The BOD values are calculated and tabulated.   

 Seawater samples collected from Harbour Beach, Therespuram Sea, and 

Muthunagar Beach had predominantly high BOD values and the sample 

from Tharuvaikulam Sea had comparatively less BOD value.  

 Among the pond water samples collected Teppakulam water and  

Palayakayal water had higher BOD values than Authoor pond water.   

 It interpreted high levels of pollution and contamination.  

 The higher BOD values indicate the growing threat to the species living 

in that particular environment and thereby affecting the people depending 

on these species for their livelihood.  

 

 
 
 

 
 

 
 
 

 
 

 
 



58  
  

                      

 

 

 
 

 

 

 

 

CONCLUSION 

                             AND     

SUGGESTIONS 



59  
  

10. CONCLUSION AND SUGGESTIONS  

As for the conclusion, the objective of this study was successfully achieved as 

the concentration of the BOD in water samples were measured. The result of 

this BOD experiment was interpreted and the data was also analysed. By 

referring to Table 3, Teppakulam and Palayakayal pond water samples had 

maximum BOD values. In Table 6, Harbour beach and Therespuram Sea water 

samples had maximum BOD values compared to Muthunagar beach sample and 

Tharvaikulam Sea water sample. This amount indicates that the area these water 

samples were taken are highly exposed to water pollution.   

Some of the suggestions to improve the water quality in the pond water areas are 

given as follows:  

 Pond water should be periodically tested to determine bacteria levels and 

to monitor the presence of any other non-visible problems.  

 Overabundant growth of aquatic plants and algae should be prevented.  

 Polluting activities should be strictly limited near the pond or in areas that 

drain into the pond.  

 Ditches and grading should be used to divert polluted surface water away 

from the pond.  
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Some of the suggestions to improve the water quality of Sea water are given as 

follows:  

 Treatment of sewage water should be carried out regularly. The three main 

stages of the wastewater treatment process, aptly known as primary, 

secondary and tertiary water treatment should be performed before letting 

them drain into the Sea.  

 Excess chemical fertilizer eventually makes its way into the sea. Therefore, 

organic fertilizers which have moderate nutrient content should be used.    

 Dumping of wastes and sewage by maritime and cruise ships in coastal 

waters should be banned. Ocean dumping of sludge and hazardous dredged 

material should be banned.  

 Sensitive areas should be protected from development, oil drilling, and oil 

shipping and coastal development should be regulated.  
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Introduction 

 

Corrosion is one of the most common phenomena that we observe in 

our daily lives.  Corrosion is a natural process that causes the transformation 

of pure metals into undesirable substances when they react with substances 

like water or air. This reaction causes damage and disintegration of the metal 

starting from the portion of the metal exposed to the environment and 

spreading to the entire bulk of the metal. It is a spontaneous, irreversible 

process wherein the metals turn into a much more stable chemical compounds 

like oxides, sulphides, hydroxides, etc.  

Corrosion is usually an undesirable phenomenon since it negatively 

affects the desirable properties of the metal. For example, iron is known to 

have good tensile strength and rigidity. However, when subjected to rusting, 

iron objects become brittle, flaky, and structurally unsound. On the other 

hand, corrosion is a diffusion-controlled process, and it mostly occurs on 

exposed surfaces.  

Corrosion can be classified as an electrochemical process since it 

usually involves redox reactions between the metal and certain atmospheric 

agents such as water, oxygen, sulphur dioxide etc. 

Metals placed higher in the reactivity series such as iron, zinc, etc. get 

corroded very easily than the metals placed lower in the reactivity series like 

gold, platinum and palladium do not corrode. The explanation lies in the fact 
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that corrosion involves the oxidation of metals. As we go down the reactivity 

series tendency to get oxidized is very low. Interestingly, aluminium doesn’t 

corrode unlike other metals even though it is reactive. This is because 

aluminium is covered by a layer of aluminium oxide already. This layer of 

aluminium oxide protects it from further corrosion. 

Factors Affecting Corrosion 

• Exposure of the metals to air containing gases like CO2, SO2, SO3 etc. 

• Exposure of metals to moisture especially salt water 

• Presence of impurities like salt (eg. NaCl). 

• An increase in temperature increases corrosion. 

• Nature of the first layer of oxide formed: some oxides like Al2O3 form 

an insoluble protecting layer that can prevent further corrosion. Others 

like rust easily crumble and expose the rest of the metal. 

• Presence of acid in the atmosphere: acids can easily accelerate the 

process of corrosion. 

Types of Corrosion 

Some of the corrosion types include; 

(i) Crevice Corrosion 

Whenever there is a difference in ionic concentration between any two 

local areas of a metal, a localized form of corrosion known as crevice 

corrosion can occur. In a simple instance, this form of corrosion mostly 

occurs in confined spaces (crevices). Examples of areas where crevice 
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corrosion can occur are gaskets, the under surface of washers, and bolt heads. 

All grades of aluminium alloys and stainless steels also undergo crevice 

corrosion.  

(ii) Stress Corrosion Cracking 

Stress Corrosion Cracking can be abbreviated to ‘SCC’ and refers to 

the cracking of the metal as a result of the corrosive environment and the 

tensile stress placed on the metal. It often occurs at high temperatures. 

Example: Stress corrosion cracking of austenitic stainless steel in 

chloride solution. 

(iii) Intergranular Corrosion 

Intergranular corrosion occurs due to the presence of impurities in the 

grain boundaries that separate the grain formed during the solidification of the 

metal alloy. It can also occur via the depletion or enrichment of the alloy at 

these grain boundaries. 

Example: Aluminum-base alloys are affected by IGC. 

(iv) Galvanic Corrosion 

When there exists an electric contact between two metals that are 

electrochemically dissimilar and are in an electrolytic environment, galvanic 

corrosion can arise. It refers to the degradation of one of these metals at a 

joint or at a junction. A good example of this type of corrosion would be the 

degradation that occurs when copper, in a salt-water environment, comes in 

contact with steel. 
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Example: When aluminium and carbon steel are connected and 

immersed in seawater, aluminium corrodes faster and steel is protected. 

(iv) Pitting Corrosion 

Pitting Corrosion is very unpredictable and therefore is difficult to 

detect. It is considered one of the most dangerous types of corrosion. It occurs 

at a local point and proceeds with the formation of a corrosion cell 

surrounded by the normal metallic surface. Once this ‘Pit’ is formed, it 

continues to grow and can take various shapes. The pit slowly penetrates 

metal from the surface in a vertical direction, eventually leading to structural 

failure if left unchecked. 

Example: Consider a droplet of water on a steel surface, pitting will 

initiate at the centre of the water droplet (anodic site). 

(v) Uniform Corrosion 

This is considered the most common form of corrosion wherein an 

attack on the surface of the metal is executed by the atmosphere. The extent 

of the corrosion is easily discernible. This type of corrosion has a relatively 

low impact on the performance of the material. 

Example:  A piece of zinc and steel immersed in diluted sulphuric acid 

would usually dissolve over its entire surface at a constant rate. 

(vi) Hydrogen Grooving 

This is a corrosion of the piping by grooves that are formed due to the 

interaction of a corrosive agent, corroded pipe constituents and hydrogen gas 
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bubbles. The bubbles usually remove the protective coating once it comes in 

contact with the material. 

(vii) Metal Dusting 

Metal dusting is a damaging form of corrosion that occurs when 

vulnerable materials are exposed to certain environments with high carbon 

activities including synthesis gas. The corrosion results in the break-up of 

bulk metal to metal powder. Corrosion occurs as a graphite layer is deposited 

on the surface of the metals from carbon monoxide (CO) in the vapour phase. 

This graphite layer then goes on to form meta-stable M3C species (where M is 

the metal) that usually moves away from the metal surface. In some cases, no 

M3C species may be observed. This means that the metal atoms have been 

directly transferred into the graphite layer. 

(viii) Microbial Corrosion 

Microbial corrosion which is also known as microbiologically 

influenced corrosion is a type of corrosion that is caused by microorganisms. 

The most common one is chemoautotrophs. Both metallic and non-metallic 

materials either in the presence or absence of oxygen can be affected by this 

corrosion. 

(viii) High-temperature Corrosion 

High-temperature corrosion as the name suggests is a type of corrosion 

of materials (mostly metals) due to heating. Chemical deterioration of metal 

can occur due to a hot atmosphere that contains gases such as oxygen, sulfur, 
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or other compounds. These compounds are capable of oxidizing the materials 

(metals in this case) easily. For example, materials used in car engines have to 

resist sustained periods at high temperatures during which they can be 

affected by an atmosphere containing corrosive products of combustion. 

Some of the typical examples of corrosion as seen mostly in metals are 

given below. 

1. Copper Corrosion 

When copper metal is exposed to the environment it reacts with the 

oxygen in the atmosphere to form copper (I) oxide which is red in colour. 

2Cu(s) + ½ O2(g) → Cu2O(s) 

Cu2O further gets oxidised to form CuO which is black in colour. 

Cu2O(s) + ½ O2(g) → 2CuO(s) 

This CuO reacts with CO2, SO3 and H2O (present in the atmosphere to 

form Cu2(OH)2(s) (Malachite) which is blue in colour and 

Cu4SO4(OH)6(s) (Brochantite) which is green in colour. 

This is why we observe copper turning bluish-green in colour. A 

typical example of this is the colour of the statue of liberty which has the 

copper coating on it turning blue-green in colour. 

2. Silver Tarnishing 

Silver reacts with sulphur and sulphur compounds in the air give silver 

sulphide (Ag2S) which is black in colour. Exposed silver forms Ag2S as it 
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reacts with the H2S(g) in the atmosphere which is present due to certain 

industrial processes. 

2Ag(s) + H2S(g) → Ag2S(s) + H+
2+(g) 

3. Corrosion of Iron (Rusting) 

Rusting of iron which is the most commonly seen example happens 

when iron comes in contact with air or water. The reaction could be seen as a 

typical electrochemical cell reaction. Consider the diagram given below. 

Metals are widely used in human activities due to their excellent 

mechanical and electrical properties. In order to preserve the desired state of 

these metals, their preventive maintenance is a priority. Corrosion is probably 

the most common undesired phenomenon that leads metals to become 

weaker. This natural process originates from the electrochemical interaction 

of metals with the corrosive environment. Sulfides, oxides, and others are 

generated through reactions between the metal surface and the corrosive 

medium. 

In the last few decades, the concept of “Green” has immensely influenced all 

the areas of science and technology, where the fascination for plant extracts 

as a metallic corrosion inhibitor has gotten significant attention. From 1960’s 

onward, a large number of synthetic organic compounds have been studied as 

anticorrosive materials in which heteroatoms such as C, N, O, and S were 

identified to be the prime reason for their corrosion inhibition ability. The 

selective adsorption of heteroatoms on the metal surface developed a 
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metal−electrolyte interface barrier and prevented corrosion. However, most of 

these inhibitors were expensive, harmful to humankind, and 

nonbiodegradable. Therefore, more attention was given to the development of 

naturally derived environmentally benign organic corrosion inhibitors. 

Apparently, every plant contains several active phytochemicals, and they are 

the ideal candidates to replace traditional toxic inhibitors. Reduced 

environmental hazards, easy availability, renewability, and simple extraction 

procedures made it the suitable one, and the intensity of works on different 

plant parts, such as seed, root, fruit, leaf, and so forth, and on various metals 

in different electrolytic media reveals the significance of the go green policy 

in scientific endeavor. Literature reports suggest that plant extracts have 

excellent corrosion inhibition efficiency, especially leaf extract, because of 

the presence of an abundant source of phytochemicals compared to other 

parts. Biofouling/biocorrosion comprises adsorption, colonization, and 

undesirable accumulation of molecules and organisms on the immersed 

substrate which may have a wide range of destructive effects on man-made 

structures in the aquatic environment. Biofouling is of serious concern 

globally in marine systems, causing considerable economic losses due to 

necessary maintenance and replacement operations of subsurface installations 

in marine technology. Among the several methods of corrosion control and 

prevention, the use of corrosion inhibitors is very popular. Corrosion 

inhibitors are substances that when added in small concentrations to corrosive 
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media decrease or prevent the reaction of the metal with the media. Inhibitors 

are added to many systems, namely, cooling systems, refinery units, 

chemicals, oil and gas production units, boiler, and so forth. Most of the 

effective inhibitors are used to contain heteroatom such as O, N, and S and 

multiple bonds in their molecules through which they are adsorbed on the 

metal surface. Industries depend heavily on the use of metals and alloys. One 

of the most challenging and difficult tasks for industries are the protection of 

metals from corrosion.  

Corrosion is a ubiquitous problem that continues to be of great 

relevance in a wide range of industrial applications and products; it results in 

the degradation and eventual failure of components and systems both in the 

processing and manufacturing industries and in the service life of many 

components. Nevertheless, the popularity and use of synthetic compounds as 

a corrosion inhibitor is diminishing due to the strict environmental regulations 

and toxic effects of synthetic compounds on human and animal life. 

Consequently, there exists the need to develop a new class of corrosion 

inhibitors with low toxicity, eco-friendliness and good efficiency. Throughout 

the ages, plants have been used by human beings for their basic needs such as 

production of food-stuffs, shelters, clothing, fertilizers, flavors and 

fragrances, medicines and last but not least, as corrosion inhibitors. The use 

of natural products as corrosion inhibitors can be traced back to the 1930’s 

when plant extracts of Chelidonium majus and other plants were used for the 
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first time in H2SO4 pickling baths (Sanyal, 1981). Corrosion can cause 

disastrous damage to metal and alloy structures causing economic 

consequences in terms of repair, replacement, product losses, safety, and 

environmental pollution. Due to these harmful effects, corrosion is an 

undesirable phenomenon that ought to be prevented. There are several ways 

of preventing corrosion and the rates at which it can propagate with a view of 

improving the lifetime of metallic and alloy materials. The use of inhibitors 

for the control of corrosion of metals and alloys which are in contact with 

aggressive environment is one among the acceptable practices used to reduce 

and/or prevent corrosion. Plants are sources of naturally occurring 

compounds, some with complex molecular structures and having different 

chemical, biological, and physical properties. The naturally occurring 

compounds are mostly used because they are environmentally acceptable, 

cost effective, and have abundant availability. These advantages are the 

reason for use of extracts of plants and their products as corrosion inhibitors 

for metals and alloys under different environment. Different plant extracts can 

be used as corrosion inhibitors commonly known as green corrosion 

inhibitors. 

Nanoparticles, because of their small size, have distinct properties 

compared to the bulk form of the same material, thus offering many new 

developments in the fields of biosensors, biomedicine and 

bionanotechnology. Nanotechnology is also being utilized in medicine for 
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diagnosis, therapeutic drug delivery and the development of treatments for 

many diseases and disorders. Silver nanoparticles are one of the promising 

products in the nanotechnology industry. Silver nanoparticles can be 

synthesized by several physical, chemical and biological methods. 

o It is used for purification and quality management of air, biosensing, 

imaging, drug delivery system.  

o Biologically synthesized silver nanoparticles have many applications like 

coatings for solar energy absorption and intercalation material for 

electrical batteries, as optical receptors, as catalysts in chemical reactions, 

for biolabelling, and as antimicrobials.  

o Though silver nanoparticles are cytotoxic but they have tremendous 

applications in the field of high sensitivity bimolecular detection and 

diagnostics, antimicrobials and therapeutics, catalysis and micro-

electronics.  

o It has some potential application like diagnostic biomedical optical 

imaging, biological implants (like heart valves) and medical application 

like wound dressings, contraceptive devices, surgical instruments and 

bone prostheses. 

o Many major consumer goods manufacturers already are producing 

household items that utilize the antibacterial properties of silver 

nanoparticles. These products include nano silver lined refrigerators, air 

conditioners and washing machines. 
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Even though bioactive compounds with corrosion-inhibiting properties 

have been isolated from plants, they are exploited for various reasons. The 

marine environment is an excellent source of novel chemicals, not found in 

terrestrial sources. Marine organisms, especially those that are a nuisance to 

the environment like biofoulers can be screened for anticancer activity. Many 

marine sedentary organisms produce components with a unique structural 

pattern, for their chemical defense which does not occur in terrestrial plants. 

Literature survey shows that anticorrosion work on ascidians is very 

few. In the present study, an attempt has been made to reduce the corrosion 

activity of the exposed surface and increase a material’s corrosion resistance 

simple ascidian Phallusia nigra Savigny 1816; colonial ascidian Didemnum 

psammatode (Sluiter 1895) and seaweeds - Codium geppiorum O.C. Schmidt, 

1923 and Dictyota ciliolate. 
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Objectives 

 

The objectives of the present study were to 

 Collect the Phallusia nigra Savigny, 1816; and colonial ascidians 

Didemnum psammatode Sluiter, 1895 

 Collect the seaweeds Codium geppiorum O.C. Schmidt, 1923 and 

Dictyota ciliolata   

 Synthesize silver nanoparticles from Phallusia nigra, Didemnum 

psammatode, Codium geppiorum and Dictyota ciliolata   

 Determine characterization of nanoparticles By Uv-Vis 

Spectrophotometer 

 Study the chemical composition of the synthesized nanoparticles by 

using FTIR spectrometer 

 Evaluate the corrosion inhibition activity of silver nanoparticles of 

Phallusia nigra, Didemnum psammatode, Codium geppiorum and 

Dictyota ciliolata   
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Review of Literature 

 

A review of literature is a comprehensive summary of previous 

research on a topic. The review of literature surveys scholarly articles, books, 

and other sources relevant to a particular area of research. 

Thakur et al., 2020 observed that Ag-doped ZnO shows a lower limit 

of detection as compared to pure ZnO for p-nitrophenol sensing. Bhuyar et 

al., 2020 observed that marine alga Padina species could be an alternative 

source for the production of Ag nanoparticles and are efficient antimicrobial 

compounds against both gram-negative and gram-positive bacteria which can 

be a promising material against infectious bacteria. Bhattacharya et al., 2020 

observed that the antimicrobial activity of synthesized nanoparticles against 

gram positive as well as gram negative, pathogenic bacteria i.e. Pseudomonas 

aeruginosa and Staphylococcus aureus species respectively. Zone of 

inhibition (ZOI) exhibited by Pseudomonas aeruginosa and Staphylococcus 

aureus for disc diffusion and well diffusion assay was around 10-22 mm and 

9-12mm respectively. Sharma et al., 2020 observed that zinc salts have been 

used as precursor and phytochemicals in the plant extract reduce the metal 

salt to lower oxidation state as well as stabilize the ZnO NPs. The 

morphological and physico-chemical properties of obtained NPs analyzed by 

various characterization techniques have been discoursed. Further, 

antimicrobial activity and potential photocatalytic application in terms of the 
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degradation of dyes have also been reviewed in addition to the toxicity 

aspects of these NPs on human beings and animals.  

Rauvolfia tetraphylla (L.) seed extract was used to synthesize dark 

brown colored silver (Ag) and white colored zinc oxide nanoparticles. 

Synthesized nanoparticles were characterized by different spectroscopic 

analysis (XRD, XPS, and SEM with EDAX). Characterization results 

confirmed the particle morphology and structure. The synthesized Ag and 

ZnO NPs were analyzed against two gram positive and three gram negative 

bacteria (Vinay et al., 2021). 

Corrosion inhibition performance of the three new thiazole based 

pyridine derivatives on mild steel in 0.5 M HCl was studied using 

gravimetric, potentiodynamic polarisation, and electrochemical impedance 

techniques. Inhibition efficiency has direct relation with concentration and 

inverse relation with temperature (Singh, et.al., 1995).  Turbinaria ornata 

extract was tested as green corrosion inhibitor on mild steel coupons in conc. 

HCl medium with an efficiency of 100% at 25gl−1 during 5min exposure. 

(Kuda, et.al., 2005). The effectiveness of two new pyridine derivatives 

namely N-(2-hydroxy benzylidene) pyridine-4-amine (HBPA) and N-(5-

bromo-2-hydroxy benzylidene) pyridine-4-amine (B-HBPA) as corrosion 

inhibitors for X70 steel in 2 M HCl solution was examined using weight loss, 

electrochemical and quantum chemical calculations (Quraishi, et.al.,2007).  
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The efficiency of polyacrylamide on corrosion inhibition of C-steel in 

1.0 M HCl solution was evaluated by means of electrochemical impedance 

spectroscopy, potentiodynamic polarization and mass-loss measurements and 

a very good concordance was obtained from the three techniques (Kowalski, 

et.al., 2007).  The inhibition of the corrosion of mild steel by ethanol extract 

of Musa sapientum peels in H2SO4 has been studied using gasometric and 

thermometric methods (Eddy and Ebenso, 2008). 

Two new organic compounds were tested experimentally as inhibitors 

for mild steel in NaOH in presence of NaCl by electrochemical and hydrogen 

evolution techniques. Results demonstrated that the two inhibitors show an 

adsorption on steel surface according to Langmuir adsorption isotherm. The 

inhibition efficiency increases with increasing inhibitor concentrations to 

attain a maximum value at 1.0 mM for compound I and at 6.0 mM for 

compound II, respectively. (Ameer et.al., 2010). The corrosion inhibition of 

mild steel in 1.0 M Hcl solution by four Schiff bases was investigated using 

weight loss and electrochemical measurements and quantum chemical 

calculations (Ahamada, et.al.,2010).  

A new phenanthroline derivative, 2-mesityl-1H-imidazo[4,5-f]  [1,10] 

phenanthroline was synthesized and characterized by elemental analysis, FT-

IR, 1HNMR, and 13CNMR spectra. MEIP was evaluated as corrosion 

inhibitor for carbon steel in 0.5 M H2SO4 solution using gravimetric and 

UV−visible spectrophotometric methods at 303−333 K. Results obtained 
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show that MEIP is a good inhibitor for mild steel in H2SO4 solution. The 

inhibition efficiency was found to increase with increase in MEIP 

concentration but decreased with temperature, which is suggestive of physical 

adsorption mechanism (Obot., et.al.,2011). A new inhibitor, 6-bromo-(2,4-

dimethoxyphenyl) methylidene] imidazo [1,2-a] pyridine-2-carbohydrazide 

(DMPIP) was evaluated as a corrosion inhibitor for Mild Steel in 0.5 M HCl 

solution at 303–323 K using potentiodynamic polarization and 

electrochemical impedance spectroscopic techniques. Both the techniques 

confirmed an increase in inhibition efficiency with the concentration of 

DMPIP but decrease with temperature (Obot et.al.,2011). 

Extract of Andrographis paniculata showed better inhibition 

performance on Carbon Steel in HCl Solution (Singh et al., 2012). Anti-

corrosion activities of Origanum compactum on carbon steel in 0.5 M sulfuric 

acid were studied using weight loss and electrochemical methods (Fadel, et 

al., 2013). The corrosion inhibition behavior of carbon steel in 0.5 M sulfuric 

acid in the presence Origanum compactum extracts have been studied using 

the weight loss and electrochemical methods (Fadel et.al., 2013).  

The alcoholic extracts of eight plants namely Lycium shawii, Teucrium 

oliverianum, Och-radenus baccatus, Anvillea garcinii, Cassia italica, 

Artemisia sieberi, Carthamus tinctorius and Tripl-eurospermum auriculatum 

grown in Saudi Arabia were studied for their corrosion inhibitive effect on 

mild steel in 0.5 M HCl media using the open circuit potential, Tafel plots 
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and A.C.impedance methods (Al - otaibi et al., 2014). Ketosulfone has been 

evaluated as a green corrosion inhibitor for mild steel in 1 M HCl medium by 

chemical and electrochemical methods at various concentrations and 

temperature. The adsorption of the inhibitor on the mild steel surface in acid 

solution was found to obey the Langmuir adsorption isotherm (Prasanna, 

et.al., 2014). The inhibition properties of phytic acid on Q235 mild steel 

corrosion in 0.5 M H2SO4 was estimated using electrochemical techniques 

(Maduabuchi, et.al., 2014). Adsorption and inhibition mechanism and the 

efficiencies of natural products which are used as eco-friendly corrosion 

inhibitors for various metals and alloys in different acid media (Khan et al., 

2015). Inhibition of carbon steel corrosion in 0.5 M hydrochloric acid 

solutions at 298 K by β-cyclodextrin modified natural chitosan was 

investigated by weight loss measurement, potentiodynamic polarization, 

electrochemical impedance spectroscopy scanning electron microscopy and 

energy dispersive spectroscopy (Liu, et al., 2015).  

AgNPs/chitosan was characterized using Fourier transformed infrared 

(FTIR), EDS, and SEM. The results obtained show that AgNPs/chitosan is an 

effective cathodic type inhibitor particularly at higher temperature and 

protects the metal surface by formation of a protective film. (Moses, et.al., 

2016).  The inhibition effect of animal glue towards the corrosion of 

aluminum and two aluminum-silicon alloys in 0.1 M NaOH solution was 

investigated using potentiostatic polarization, electrochemical impedance 
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spectroscopy, cyclic voltammetry and potentiodynamic anodic polarization 

techniques (Abdallah et al., 2016). The corrosion inhibition performance of 

the synthesized chitosan Schiff bases inhibitors for mild steel in 1 M HCl 

solution was studied by electrochemical impedance spectroscopy and 

potentiodynamic polarization (Khan et al., 2017).  

Polysaccharides made by microorganisms show anti-corrosive 

properties, Lactobacillus fermentum Ts produce EPS (exopolysaccharides) 

,which serves as corrosion inhibitor for mild steel. (Ibryamova, et al., 2018). 

Effect of Fungal Glycolipids produced by a mixture of sunflower oil cake and 

pineapple waste as green corrosion inhibitors was studied by Rashad et.al., 

2018. The corrosive inhibitory efficiency of Algerian Lactobacillus stoechas 

oil on C38 carbon steel in 1 M HCl medium by hydrodistillation and 

characterized by GC and GC/MS was studied using gravimetric and 

electrochemical methods (Belarbi et al., 2018). Plant materials are ideal green 

candidatures to replace traditional toxic corrosion inhibitors (Verma et al., 

2018). The heterogeneous ring compounds bearing larger electronegativity 

atoms (i.e., N, O, S, and P), polar functional groups and conjugated double 

bonds are the most effective inhibitors (Li et.al.,2018). Seed extracts of Piper 

guineense were assessed for anticorrosion on aluminum coupon with weight 

percentage composition of Al>95% and 3x1.5x0.1cm in size. Anticorrosion 

effects of the extracts was studied using gravimetric and potentio dynamic 

polarization techniques, while the antifungal potency of ethanol, methanol, 



20 
 

cold water and hot water extracts respectively against the corrosion-

associated (Koch et.al., 2018). 

The adsorption and anti-corrosion effects of butanolic extract of the 

aerial parts of Veronica rosea were investigated towards the corrosion of 

copper in 1 M HNO3 aqueous by the weight loss technique and 

potentiodynamic polarization (Ouache et al., 2019). Ceriops tagal extract 

showed 95% corrosion inhibition against 1 M HCl attack on mild steel at 303 

± 1 K, which declined over other concentrations and temperatures, where 

AAS (atomic adsorption spectrometric) produced 82% inhibition at 600 ppm. 

UV-visible spectroscopy analysis revealed the formation of an inhibitor metal 

complex.  

The influence of three newly synthesized oxadiazole derivatives on the 

corrosion inhibition of mild steel in 0.5 M HCl solution was studied using 

mass loss and electrochemical techniques. The corrosion rate decreased with 

increasing concentration of inhibitors and increased with an increase in 

temperature of the medium. Adsorption of all the three inhibitors obeyed the 

Langmuir isotherm model (Du, et.al., 2020).  

The concentration of Cr2O3 nanoparticles increases with a decrease in 

the rate of corrosion, which confirmed an increase in the efficiency of 

inhibition (Sharma, 2021). The anticorrosion behavior of the synthesized 

polymers on pure aluminium in 0.7 M HCl was studied by potentiodynamic 

polarization electrochemical impedance spectroscopy and weight loss 
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methods. (Devakumarab., et.al., 2021). The synergistic inhibition effect of 

Tween-80 and 1,2,3,4-tetrahydroacridines, including 9-(4-chlorophenyl)-2-

methyl-1,2,3,4-tetrahydroacridine and ethyl 9-(4-chlorophenyl)-1,2,3,4-

tetrahydroacridine-2-carboxylate on mild steel corrosion in 1 M HCl was 

investigated by using weight loss tests, electrochemical techniques, and 

surface morphology. (Tang, et.al., 2021). A new inhibitor, 6-bromo-(2,4-

dimethoxyphenyl) methylidene] imidazo [1,2-a] pyridine-2-carbohydrazide 

was evaluated as a corrosion inhibitor for Mild Steel in 0.5 M HCl solution at 

303–323 K using potentiodynamic polarization and electrochemical 

impedance spectroscopic techniques (Vranda, 2021).  

The effect of Ceratonia siliqua L. pulp corrosion inhibition on carbon 

steel has been studied by gravimetric testing and electrochemical methods. 

The inhibition results achieved revealed that the aqueous extract with gallic 

acid had a good anticorrosion activity with an inhibition rate of 91.32% at 3 

g/l for a temperature of 323 K. Potentiodynamic polarization was performed 

in 1 M HCl without and with different concentrations of Ceratonia siliqua 

extracts clearly proves that inhibitor extracts behave as mixed type. (Ghazi 

et.al., 2022). 
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Materials and Methods 

 

ANIMAL MATERIAL 

Samples of simple ascidian Phallusia nigra Savigny, 1816 were 

collected from the under surface of the barges of Tuticorin harbor.  The 

specimens of colonial ascidian Didemnum psammathodes were collected 

from the intertidal rocky shore area of Thoothukudi north break water 

Tamilnadu. The samples were washed with sea water to remove sand, mud 

and overgrowing organisms at the site collection, and then transported to 

laboratory. Identification up to the species level was carried out based on the 

key to identification of Indian ascidians by Meenakshi, 1997. 

SYSTEMATIC POSITION 

Phallusia nigra belongs to 

 

 

 

 

 

 

 

 

Phylum : Chordata 

Subphylum : Urochordata 

Class : Ascidiacea 

Order : Enterogona 

Suborder : Phlebobranchia 

Family : Ascidiidae 

Genus : Phallusia 

Species : nigra 
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Didemnum psammatode belongs to 

 

 

 

 

 

 

 

 

 

Dictyota ciliolata  belongs to  

 

 

 

 

Codium geppiorum O.C.Schmidt, 1923 belongs to 

 

 

 

 

 

 

Phylum : Chordata 

Subphylum : Urochordata 

Class : Ascidiaceae 

Order : Enterogona 

Suborder : Aplousobranchia 

Family : Didemnidae 

Genus : Didemnum 

Species : psammathodes 

Class : Phaeophyceae 

Order : Dictyotales 

Family : Dictyotaceae 

Class : Ulvophyceae  

Order : Bryopsidales  

Family : Codiaceae  

http://www.marinespecies.org/aphia.php?p=taxdetails&id=1821
http://www.marinespecies.org/aphia.php?p=taxdetails&id=103439
http://www.marinespecies.org/aphia.php?p=taxdetails&id=103456
http://www.marinespecies.org/aphia.php?p=taxdetails&id=212505
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EXTERNAL APPEARANCE 

Plate – 1 Individuals are oval or elongated, laterally compressed with 

the free edges thick and rounded. The size varies from 1.5 cm to 9.5 cm. 

Attachment is by the posterior end or by one third of the posterior left side. In 

a few specimens the posterior basal part had a long flat creeping process for 

attachment. The anterior end narrows to a terminal branchial siphon. Atrial 

siphon is one third from the anterior end on the dorsal surface directed 

anteriorly. There are 8-10 branchial and 6-8 atrial lobes with ocelli in between 

them. The lobes are rounded without any tentacular fringe. The whole 

anterior part of the body is curved dorsally which is characteritic of the 

species so that the two apertures are quite close together. Test is firm, smooth, 

shiny and jet black in colour.  

Plate -2 shows the colony of Didemnum psammatode. It is thin and 

soft. In the test spicules are few, but abundant ovoid faecal pellets are present. 

Live and preserved colonies are grey in colour. 

Plate – 3 depicts Codium geppiorum. Cylindrical and 

irregularly forked branches of this species creep on the substrates, and attach 

to each other at any point of contact. The utricles are club-shaped with 

rounded tips, approximately 0.1-0.2 mm in diameter and slightly constricted 

at the upper portions. The plants are spongy, dark green, and are found on 

rocks or dead coral in subtidal zones along moderately wave exposed 

shorelines. 
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Dictyota ciliolata   is shown in Plate – 4. Thalli are erect, to 8 cm tall, 

attached by means of a single stupose holdfast. Stolonoidal fibres are absent. 

Straps, 2-3 mm wide, are slender and dichotomously branched. The margins 

are dentate, rarely smooth, while the surface is always smooth. The apices are 

rounded. The medulla and cortex are uniformly one-layered. Sporangia are 

single, scattered on both surfaces, but absent in the apical dichotomies. 

Sporangia, 95-110 μm in diameter, are borne on a single stalk cell and are not 

surrounded by a conspicuous involucrum. Dictyota ciliolata is characterised 

by its stupose holdfast, dentate margins and the absence of stolonoidal fibres, 

although the margins of some specimens can be nearly smooth (De Clerck et 

al., 2002)  

Preparation of Powder 

The specimens were dried under shade. The dried animals were 

homogenized to get a coarse powder.  The dried powder of the tunicate 

Phallusia nigra and Didemnum psammatode, Codium geppiorum and 

Dictyota ciliolate was used.  

Synthesis of silver nanoparticles  

Weighing 25 g of dry powder of Phallusia nigra was mixed with 100 

ml sterile distilled water and filtered through Whatman No.1 filter paper (pore 

size 0.45 μm) and was further filtered through 0.22 μm sized filters. The 

extract was stored at 40° C for further experiments. The same procedure was 
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followed for Didemnum psammatode, Codium geppiorum and Dictyota 

ciliolata   also. 

The aqueous solution of 1mM silver nitrate (AgNO3) was prepared and 

used for the synthesis of silver nanoparticles. 10 ml of Phallusia nigra extract 

was added into 90 ml of aqueous solution of 1 mM silver nitrate for reduction 

into Ag+ ions and kept for incubation period of 15 hours at room temperature. 

Here the filtrate act as reducing and stabilizing agent for 1 mM of AgNO3.  

CHARACTERIZATION OF SILVER NANOPARTICLES:  

UV-Vis Analysis:  

The Ag nanoparticles were characterized in a Perkin-Elmer UV-VIS 

spectrophotometer, Lambda-19 to know the kinetic behavior of Ag 

nanoparticles. The scanning range for the samples was 200-800 nm at a scan 

speed of 480 nm/min. The spectrophotometer was equipped with 

“UVWinlab” software to record and analyze data. Base line correction of the 

spectrophotometer was carried out by using a blank reference. The UV-Vis 

absorption spectra of all the samples were recorded and numerical data were 

plotted in the “Origin 6.5”.  

FTIR analysis:  

The chemical composition of the synthesized silver nanoparticles was 

studied by using FTIR spectrometer (Perkin-Elmer LS-55- Luminescence 
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spectrometer). The solutions were dried at 75o C and the dried powders were 

characterized in the range 4000–400 cm-1 using KBr pellet method. 

AgNPs of ascidians used for the corrosion tests were taken. Small 

plates of carbon steel (10 × 15 mm) were used for corrosion tests, polished 

using silicon carbide grinding paper with grit P400, degreased with sodium 

carbonate, rinsed in distilled water, and dried with ethanol. After that, the 

samples were weighed accurately using an analytical balance (Kern KB, 

KERN & SOHN GmbH, Balingen, Germany). They were then suspended 

entirely in glass vessels that contained 25 mL of seawater, without and with 

AgNPs of ascidians. The corrosion experiments were examined by the 

gravimetric method for 3 days at room temperature (22 ± 2 °C). After the 

corrosion time ended, samples were taken out, washed with distilled water, 

dried at room temperature, and weighed accurately. The surface morphology 

of the carbon steel, before and after corrosion tests, was examined using a 

digital optical microscope (MT4096, USB, Media-Tech, Bratislava, Slovakia, 

magnification 300×). 

Ascidians – Phallusia nigra, Didemnum psammatode and seaweeds - 

Dictyota ciliolate, Codium geppiorum and seawater used for the corrosion 

tests were taken. Small plates of carbon steel (10 × 15 mm) were used for 

corrosion tests, polished using silicon carbide grinding paper with grit P400, 

degreased with sodium carbonate, rinsed in distilled water, and dried with 
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ethanol. After that, the samples were weighed accurately using an analytical 

balance (Kern KB, KERN & SOHN GmbH, Balingen, Germany). They were 

then suspended entirely in glass vessels that contained 25 mL of seawater, 

without and with natural seaweeds (10 g) (Figure 1). The corrosion 

experiments were examined by the gravimetric method for 7 days at room 

temperature (22 ± 2 °C) using one sample for each test. After the corrosion 

time ended, samples were taken out, washed with distilled water, dried at 

room temperature, and weighed accurately. The surface morphology of the 

carbon steel, before and after corrosion tests, was examined using a digital 

optical microscope (MT4096, USB, Media-Tech, Bratislava, Slovakia, 

magnification 300×). 
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Results 

 

Characterization of Ag nanoparticles: 

UV-Vis Spectrophotometer Analysis:  

AgNPs from the extract of Phallusia nigra and Didemnum 

psammatode, Codium geppiorum and Dictyota ciliolata   were synthesized 

successfully. The UV-Vis absorption spectra of the Ag NP of Phallusia nigra 

was shown in Figure 1. Absorption spectra of Ag nanoparticles formed in the 

reaction media has absorbance maxima at 270 nm.  

The UV-Vis absorption spectra of the Ag NP of Didemnum 

psammatode was shown in Figure 2. Absorption spectra of Ag nanoparticles 

formed in the reaction mixture in the range of 200-300 nm. The absorption 

spectrum has shown two peaks at 250 and 270 nm indicate the formation of 

silver nanoparticles using Didemnum psammathodes. 

The UV-Vis absorption spectra of the Ag NP of Codium geppiorum 

was shown in Figure 3. Absorption spectra of Ag nanoparticles formed in the 

reaction media has absorbance maxima at 275 nm.  

The UV-Vis absorption spectra of the Ag NP of Dictyota ciliolata   

was shown in Figure 4. Absorption spectra of Ag nanoparticles formed in the 

reaction mixture in the range of 250-300 nm. The absorption spectrum has 
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shown two peaks at 250 and 280 nm indicate the formation of silver 

nanoparticles using Dictyota ciliolata. 

FTIR Analysis:  

FTIR measurements were carried out to identify the biomolecules for 

capping and efficient stabilization of the metal nanoparticles synthesized. The 

FTIR spectrum of silver nanoparticles were shown in Figure 5 to 8.  

The FT-IR spectra for Ag nanoparticles of Phallusia nigra revealed the 

presence of prominent peaks at 3424, 2923, 2106, 1627, 1422, 1384, 1120, 

1021, 874, 675, 610, 513 and 466  cm−1 corresponding to different functional 

groups. The peak corresponds to 3424 cm−1 indicates N-H stretching 

(primary) functional group. The peak at 2923 cm−1 responds to C-H stretching 

of alkanes and alkyl groups and 1384 cm−1 indicates the C-H bending of 

alkanes. C-C multiple bond stretching of alkyne (mono-substituted) and 

aromatic functional groups were observed at 2106 and 1422 cm−1. The 

carbonyl stretching groups such as acids, ketones and amides were noted at 

the peak of 1623 cm−1. The plausible peaks at 1120and 1021 cm−1 at revealed 

the functional group of C-O stretching of esters and ethers. The following 

peaks at 874, 675 and 610 were indicated the C-X stretching halogen 

compounds. The peak at 468 cm−1 confirms the metal oxygen bond which 

evidenced the formation of Ag nanoparticles. 
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The spectra for Ag nanoparticles of Didemnum psammatode revealed 

the presence of prominent peaks at 3984, 3455, 2923, 1632, 1384, 1121, 

1050, 639, 609 and 467 cm−1 corresponding to different functional groups. O-

H stretching of alcohols and phenols were indicated from the peak at 3984 

cm−1. The peak corresponds to 3455 cm−1 indicates N-H stretching (primary) 

functional group. The peak at 2923 cm−1 responds to C-H stretching of 

alkanes and alkyl groups and 1384 cm−1 indicates the C-H bending of 

alkanes. C-C multiple bond stretching of alkyne (mono-substituted) and 

aromatic functional groups were observed at 2106 and 1422 cm−1. The 

carbonyl stretching groups such as acids, ketones and amides were noted at 

the peak of 1632 cm−1. The plausible peaks at 1121and 1050 cm−1 revealed 

the functional group of C-O stretching of esters and ethers. The following 

peaks at 639 and 609 were indicated the C-X stretching halogen compounds. 

The peak at 467 cm−1 confirms the metal oxygen bond which evidenced the 

formation of Ag nanoparticles. 

The FT-IR spectra for Ag nanoparticles of Codium geppiorum revealed 

the presence of prominent peaks at 3134, 2361, 1628, 1400 and 670 

 cm−1 corresponding to different functional groups. The FT-IR spectra for Ag 

nanoparticles of Dictyota ciliolata   revealed the presence of prominent peaks 

at 3133, 2362, 1627, 1384 and 839  cm−1 corresponding to different functional 

groups. 
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Anticorrosion activity is shown in Table 1 and Figure 1 – 4. Weight 

loss and Rate of corrosion is calculated by using the following formulae. 

Weight loss = Initial weight  - Final weight 

Rate of Corrosion = Weight Loss    X 100 

                                  Initial weight 

 

The results presented in Table 1 indicate anticorrosion property in the 

medium of seawater with ascidians and seaweeds. The surface morphology 

images show that the corrosion reaction does not take place homogeneously 

over the surface of carbon steel in the absence of ascidians and seaweeds in 

seawater.  

Weight loss in 24 hours was calculated. It was higher 1.0155 g for Didemnum 

psammatode and the rate of corrosion was 5.05 %. Minimum weight loss was 

noted as 0.4306 for Phallusia nigra and the rate of corrosion was 2.23 %.  



 

 

 

 

 

 

 

                                                                                     

Plate - 1. Phallusia nigra Savigny, 1816 

 

 

 

 

 

 

 

 

 

Plate - 2:  Didemnum psammatode 

 

 

 

 

 



 

            Figure 1: UV-vis spectra for Ag nanoparticles of Phallusia nigra 

 

 

 

 

 

 

 

 

 

 

Figure 2: UV-vis spectra for Ag nanoparticles of Didemnum psammatode 
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Figure 3: UV-vis spectra for Ag nanoparticles of Codium geppiorum 

 

 

Figure 4: UV-vis spectra for Ag nanoparticles of Dictyota ciliolata   
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        Figure 5: FTIR  result  for  silver  nanoparticles of Phallusia nigra 

 

 

 

 

 

 

 

 

 

 

Figure 6: FTIR  result  for  silver  nanoparticles of Didemnum psammatode 

 

 

 

 

 

 

 

 

 

 

 



         Figure 7: FTIR  result  for  silver  nanoparticles of Codium geppiorum 

 

 

 

 

 

 

 

 

 

 

       Figure 8: FTIR  result  for  silver  nanoparticles of Dictyota ciliolata    

 

  



 

 

 

Table 1: Anti-corrosion activity of silver nanoparticles of Phallusia nigra, Didemnum psammatode, Codium geppiorum     

and Dictyota ciliolate 

S. 

No. 
Samples 

Weight of 

inhibitor 

(g) 

Weight of 

plate 

before 

immersion 

(g) 

Weight of 

plate after 

immersion 

for 24 hours 

(g) 

Weight 

loss in 

24 hrs 

(g) 

Rate of 

Corrosion 

in 24 hrs 

(%) 

Weight of 

plate after 

immersion for 

72 hours (g) 

Weight 

loss in 72 

hrs (g) 

Rate of 

Corrosion in 

72 hrs 

(%) 

1 Phallusia nigra  0.06 19.2626 18.8320 0.4306 2.23 18.2767 0.9859 5.11 

2 Didemnum psammatode 0.06 20.0995 19.0840 1.0155 5.05 17.7027 2.3968 11.92 

3 Codium geppiorum  0.06 19.0820 18.2072 0.8748 4.58 17.0469 2.0351 10.66 

4 Dictyota ciliolata   0.06 19.8026 19.1905 0.6121 3.09 18.4269 1.3757 6.94 

5 Blank 0.06 19.5526 18.8446 0.708 3.62 18.1209 1.4317 7.22 

 



 

Figure 1: Effect of  silver nanoparticles of Phallusia nigra, Didemnum 

psammatode, Codium geppiorum  and Dictyota ciliolate in Weight 

Loss in 24 Hours 

 

 

 

 

 

 

Figure 2: Effect of  silver nanoparticles of Phallusia nigra, Didemnum 

psammatode, Codium geppiorum  and Dictyota ciliolate in Rate of 

Corrosion in 24 Hours 
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Figure 3: Effect of  silver nanoparticles of Phallusia nigra, Didemnum 

psammatode, Codium geppiorum  and Dictyota ciliolate in Weight 

Loss in 72 Hours 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Effect of  silver nanoparticles of Phallusia nigra, Didemnum 

psammatode, Codium geppiorum  and Dictyota ciliolate in Rate of 

Corrosion in 72 Hours 

psammatode, Codium geppiorum  and Dictyota ciliolate in Rate of 

Corrosion in 24 Hours 
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Discussion 

 

Tannins, organic amino acids, alkaloids, and organic dyes of plant 

origin have good corrosion-inhibiting abilities. Plant extracts contain many 

organic compounds, having polar atoms such as O, P, S, and N. These are 

adsorbed on the metal surface by these polar atoms, and protective films are 

formed and various adsorption isotherms are obeyed. 

The corrosion inhibition of mild steel through the studied plants may 

be attributed to the adsorption of the phytochemicals containing O, N or p-

electrons in their molecules as these atoms are regarded as centers of 

adsorption onto the metal surface. 

Extract of plant inhibit the corrosion of carbon steel in 0.5 H2SO4 and 

the inhibiting effect of this latter increases with increase of inhibitor 

concentration. The inhibition is due to adsorption of the inhibitor molecules 

on the steel surface and blocking its active sites (Verma et al., 2018).   

It can be seen that seaweeds protected the surface of carbon steel remarkably 

well in comparison to the solution without seaweeds (Caprarescu et al., 2020; 

Dancila, and Fierascu, 2019).  

Having confirmed the corrosion inhibition effectiveness of these plants 

extracts, further detailed investigation for each plant extract through 

inhibitive assay guided isolation using surface analytical techniques will 
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enable the characterization of the active compounds in the adsorbed layer and 

assist in identifying the most active compounds. 
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Conclusion 

 

The AgNPs of tunicates - Phallusia nigra and Didemnum psammatode, 

seaweeds - Codium geppiorum and Dictyota ciliolata   have showed 

promising corrosion inhibition properties for mild steel in seawater. On 

comparing the percentage inhibition efficiencies of these four extracts could 

serve as effective corrosion inhibitors for mild steel.  
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Suggestion 

 

Further investigations to assess the corrosion morphology and to isolate 

and confirm the active compounds responsible for the inhibition of mild steel 

corrosion are required. Corrosion inhibitory property can be assessed using 

various media. 

Anti-fungal, anti-bacterial, anti-viral and anti-cancerous activity of the  

Ag nanoparticles may be investigated in details.  

 Various ascidian species can be used to synthesize Ag nanoparticles to 

find a more non-toxic and economical method of synthesis.  

Nanoparticles conjugate may be applied in various cancer cells to 

observe any anti-cancerous potential of the protein-NP conjugate.  
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Summary 

 

o The samples of the tunicate - Phallusia nigra, Didemnum 

psammatode and seaweed - Codium geppiorum and Dictyota 

ciliolata  were collected and identified. 

o The dried powder of the tunicates and seaweeds was used.  

o Silver nanoparticles were synthesized using Phallusia nigra, 

Didemnum psammatode Codium geppiorum and Dictyota 

ciliolata   

o The Ag nanoparticles were characterized in a Perkin-Elmer UV-

VIS spectrophotometer.  

o The chemical composition of the synthesized silver nanoparticles 

were studied by using FTIR spectrometer.   

o To evaluate the corrosion efficiency of carbon steel in the 

absence and the presence of natural seaweeds in seawater, 

corrosion rate and protection degree were calculated. Corrosion 

rate (CR, g/m2 h) for the samples was calculated 
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1. INTRODUCTION 

 

                The oceans cover more than 70% of the world surface housing 34 living 

phyla out of 36 and more than 30,000 known species of flora and fauna. The 

marine environment is known to contain over 80% of world’s plant and animal 

species. In recent years, many bioactive compounds have been extracted from 

various marine plants, animals and micro organisms. With the terrestrial resources 

being greatly explored and exploited,  researchers turn to the oceans for numerous 

reasons (Bhimba et al., 2010). 

                Marine organisms have been a rich source of novel chemical compounds 

which have boosted the development of marine natural products chemistry for 

about three decades. The phylum Mollusca is one of the most diverse in the animal 

kingdom, second only to the arthropods in number of species, but with much 

greater diversity of body plan. There are seven living classes of molluscs and they 

range from the bivalves (oysters, mussels etc) which are generally immobile with 

very little central nervous system, to the biggest and most intelligent of 

invertebrates, the fast moving hunting squids and octopus.  The phylum appeared 

at some time in the early to middle Cambrian period, about 540 million years ago, 

and because most molluscs have hard calcareous shells they are common and 

important fossils. There are as many fossil species known as extant ones.  Most 

 



 
 

molluscs are marine, but two groups, the gastropoda and bivalvia make it into 

freshwater, and the gastropods are important on land, as snails and slugs (Brooks, 

2013). 

     Molluscs are characterized by the presence of a calcareous shell (in 

various forms), a sheet of tissue called a mantle, which secretes the shell and 

encloses a mantle cavity with gills or lungs, division of the body into a ventral 

muscular foot used for locomotion, and a visceral mass protected by the shell, a 

special toothed structure called a radula used in feeding. This is a pretty clear set of 

features, and one could imagine an ancestor of all classes looking a bit like a 

limpet, living on the sea floor and grazing algae.  All of these features are either 

lost or very substantially changed in one or more of the classes (Dunsten and 

Hodgson, 2014). 

      With about 10,000 living and 12,000 fossil species, bivalvia is the 

second largest group of molluscs.  In total contrast to the cephalopods, they have 

gone in for a quiet, sessile life, burrowed into sediment, or glued onto rocks.  Their 

shell is divided into two plates, left and right over the body, and their very large 

mantle cavity houses complex gills, used for capturing small particulate food by 

filter feeding.  The foot can be pushed out from the shell allowing burrowing as in 

cockles, and production of threads to attach the bivalve to the rock as in mussels.  

They have completely lost the radula, and have done their best to rid themselves of  



 
 

a central nervous system, although they can react to predators by rapidly closing 

the shell. In the present study, marine bivalve Cucullaea petita have been selected 

to synthesize the tellurium nanoparticles (Souji et al., 2013). 

               Nanotechnology is significant on account of its pre-eminence upon the 

comprehension, use, and control of matter at magnitudes of a minute scale, akin to 

approaching atomic levels, with which to manufacture new substances, 

instruments, and frameworks. The synthesis of nanocrystals is in the limelight in 

modern nanotechnology. Biosynthesis of nanoparticles by plant extracts is 

currently under exploitation. Nanotechnology is currently employed as a tool to 

explore the darkest avenues of medical sciences in several ways like imaging, 

sensing, targeted drug delivery, gene delivery systems, and artificial implants 

(Huang. J., 2007). 

     Preparation of nanoparticles using green technologies is advantageous 

over chemical agents due to their environmental consequences. Green synthetic 

procedures include mixed valence polyoxometallates, polysaccharides, tollens, 

irradiation and biological methods. In the biological method, extracts from living 

organisms may act as both reducing and capping agents in synthesis of 

nanoparticles. The reduction of metal ions by combination of biomolecules found 

in these extracts such as enzymes, proteins, amino acids ,polysaccharides and 

vitamins is environmentally benign, yet chemically complex. Living organisms 



 
 

have a huge potential for the production of nanoparticles having wide applications. 

By using the organisms from simple bacteria to highly complex eukaryotes in the 

reaction mixture, the production of nanoparticles with desired shape and size can 

be obtained. Rapid and green synthetic methods using biological extracts have 

shown a great potential in nanoparticle synthesis (Sharma. V., et al., 2008). 

     Tellurium  is a chemical element with the symbol  Te  and atomic 

number 52. It is a brittle, mildly toxic, rare, silver-white metalloid. Tellurium is 

chemically related to selenium and sulfur, all three of which are chalcogens. It is 

occasionally found in native form as elemental crystals. Tellurium is far more 

common in the Universe as a whole than on Earth. Its extreme rarity in the Earth's 

crust, comparable to that of platinum, is due partly to its formation of a 

volatile hydride that caused tellurium to be lost to space as a gas during the hot 

nebular formation of Earth (Anderson and Don,1983). 

               Tellurium (Te) Nanoparticles, nanodots or nanopowder are black 

spherical high surface area particles. Nanoscale tellurium particles are typically 10 

- 45 nanometers (nm) with specific surface area (SSA) in the 30 - 50 m2/g range. 

Nano tellurium particles are also available in passivated and ultra high purity and 

high purity and coated and dispersed forms. They are also available as a dispersion 

through the AE nanofluid production group. Nanofluids are generally defined as 

suspended nanoparticles in solution either using surfactant or surface charge 

https://en.wikipedia.org/wiki/Symbol_(chemistry)
https://en.wikipedia.org/wiki/Atomic_number
https://en.wikipedia.org/wiki/Atomic_number
https://en.wikipedia.org/wiki/Metalloid
https://en.wikipedia.org/wiki/Selenium
https://en.wikipedia.org/wiki/Sulfur
https://en.wikipedia.org/wiki/Chalcogen
https://en.wikipedia.org/wiki/Abundance_of_the_chemical_elements
https://en.wikipedia.org/wiki/Platinum
https://en.wikipedia.org/wiki/Hydride
https://www.americanelements.com/nanomaterials-nanoparticles-nanotechnology.html
https://www.americanelements.com/Ultra_high_purity_metals_powders.htm


 
 

technology. Nanofluid dispersion and coating selection technical guidance is also 

available. Other nanostructures include nanorods, nanowhiskers, nanohorns, 

nanopyramids, and other nanocomposites. Surface 

functionalized nanoparticles allow for the particles to be preferentially adsorbed at 

the surface interface using chemically bound polymers. Green synthesized 

nanoparticles have been characterized by UV-Vis spectroscopy, FTIR, AFM and 

SEM(Anderson and Don,1983). 

        UV-Visible spectroscopy (UV-Vis) measures the extinction (scatter + 

absorption) of light passing through a sample. Nanoparticles have unique optical 

properties that are sensitive to the size, shape, concentration, agglomeration state, 

and refractive index near the nanoparticle surface, which makes UV-Vis a valuable 

tool for identifying, characterizing, and studying nanomaterials. In its simplest  

form, a sample is placed between the light source and a photodetector, and the 

intensity of a beam of light is measured before and after passing through the 

sample. The measurements are compared at each wavelength to quantify the 

sample’s wavelength dependent extinction spectrum. The data is typically plotted 

as extinction as a function of wavelength. Each spectrum is background corrected 

using a “blank”- a cuvette filled with only the dispersing medium- to guarantee that 

spectral features from the solvent are not included in the sample extinction 

spectrum (Moudikoudis. S., et al.,2018). 

https://www.americanelements.com/nanomaterials-nanoparticles-nanotechnology.html
https://nanocomposix.com/kb/general/characterization-techniques#spectroscopic-analysis


 
 

      Fourier Transform Infra Red Spectroscopy  has been developed as a tool 

for the simultaneous determination of organic components, including chemical 

bond,as well as organic content (e.g., protein, carbohydrate, and lipid). Fourier 

Transform Infra Red(FTIR) is one of the important analytical techniques for 

researchers. This type of analysis can be used for characterizing samples in the 

forms of liquids , solutions,  pastes,  powders,  films,  fibers and gases. Compared 

to the other types of characterization analysis, FTIR is quite popular. This 

characterization analysis is quite rapid, good in accuracy and relatively sensitive. 

In the FTIR analysis procedure,samples are subjected to contact with infrared(IR) 

radiation. The IR radiations then have the impacts on the atomic vibrations of a 

moleculein the sample,resulting the specific absorption and transmission of energy. 

This makes the FTIR useful for determining specific molecular vibrations 

contained in the sample (Kirk and Othmer, 1953). 

      The Atomic Force Microscope (AFM) is widely used in materials 

science and has found many applications in biological sciences but has been 

limited in use in vision science. The AFM can be used to image the topography of 

soft biological materials in their native environments. It can also be used to probe 

the mechanical properties of cells and extracellular matrices, including their 

intrinsic elastic modulus and receptor-ligand interactions. In this review, the 

operation of the AFM is described along with a review of how it has been thus far 



 
 

used in vision science. It is hoped that this review will serve to stimulate vision 

scientists to consider incorporating AFM as part of their research toolkit ( Last. J. 

A., et al., 2010). 

     Scanning Electron Microscopy(SEM) is responsible for some of the most 

detailed nano and microscopic images ever produced. Beyond their aesthetic 

appeal, this advanced particulate insight has helped researchers to accelerate 

development in areas as diverse as cement composition to forensic sciences. 

Numerous microscopy techniques are available, however Scanning Electron 

Microscopy (SEM) are arguably the most popular for nanoparticles analysis. 

Scanning Electron Microscopy works by bombarding a sample with a stream of 

electrons and monitoring the scattering effects. SEM produces an accurate 3D 

image of particles in the dispersion and SEM  enables a large amount of sample to 

be measured at one time, which can improve both the statistical reliability and 

efficiency of nanoparticles size and shape distribution measurements. SEM may 

offer a better performances for surface and shape analysis, particularly in 

applications such as quality control of colloidal nanoprecipitates or for measuring 

surfaces and microstructures of nanosized powdered materials. For many 

nanotechnology developers looking at fundamental size and shape properties, SEM 

may offer a more productive path to high quality analysis (Jaggi and Vij,2006). 



 
 

               The presence of multidrug resistance pathogens have increased the 

number of infectious disease and became the main cause of death in the world 

(WHO, 2000; Tanwar et al., 2014). Widely misuse and abuse of antibiotics are the 

leading cause of antibiotic resistance in the bacteria (Bryan et al., 2018). Multidrug 

resistant bacteria infection may lead to several impacts including increase of 

mortality and morbidity rates, prolong of hospitalization period, and economic loss 

(Patel et al., 2008). Woh et al., (2017) detected multi-drug resistant non-typhoidal 

Salmonella among migrant food handlers, which may cause cross-contamination to 

the food products. Thus, the development of a new and natural antimicrobial agent 

is needed as there is a growing concern in multidrug resistant pathogens. The 

development of antibiotic resistance of bacteria is one of the most pressing 

problems in world health care. One of the promising ways to overcome microbial 

resistance to antibiotics is the use of metal nanoparticles and their oxides. 

               Antioxidant properties are currently extensively studied for various 

materials, including the natural ones, in order to identify new compounds from 

natural sources. Antioxidants control oxidative reactions by inhibiting, delaying or 

hindering the oxidation of the biomolecules (Sies et al.,1997; Kumar et al., 2011) 

The key antioxidant enzymes possess certain elements that shield and protect 

proteins (Harris. R. C., et al., 1992). Non enzymatic antioxidants can also 

neutralize radicals for example water soluble substances such as Vitamin C, 

https://www.frontiersin.org/articles/10.3389/fmicb.2018.01555/full#B48
https://www.frontiersin.org/articles/10.3389/fmicb.2018.01555/full#B46
https://www.frontiersin.org/articles/10.3389/fmicb.2018.01555/full#B36
https://www.frontiersin.org/articles/10.3389/fmicb.2018.01555/full#B40
https://www.frontiersin.org/articles/10.3389/fmicb.2018.01555/full#B50


 
 

glutathione or fat-soluble substances such as Vitamin E, β-carotene (Sies et al., 

1997; Harris. R. C., et al., 1992; Trombino. S.,  et al.,2004). Synthetic antioxidants 

such as butylated  hydroxyl toluene(BHT) and butylated hydroxyl anisole (BHA) 

have newly been reported to be harmful for human health (Abramovie et al., 2006; 

Kowalski et al.,2007). Thus, the search for effective, non-toxic, natural compounds 

with antioxidative activity has been increased in recent years. 

                Recently nanomaterials have started playing a fundamental role in 

human life and health owing to their substantial benefits of biomedical applications 

(Zolnik and Sadrieh, 2009) like medical imaging, drug delivery, diseases diagnosis 

(Miyazaki and Islam, 2007),cancer treatment (Garde,2012; Peiris. J., et al., 2012), 

treatment of infectious diseases (Banoee et al., 2010; Radovic-Moreno et al.,2012), 

treatment of neurodegenerative disorder including Parkinson disease (Wong.H ., 

and Bendayan. R., ,2012)  and so on.Moreover, the strong antioxidant property 

exhibited by some nanomaterials is opening exciting potential to develop new 

regimens with enhanced and targeted actions. For example,gold, silver and 

selenium nanoparticles have been shown to possess ability to reduce 

oxidative stress due to their efficient redox-active radical-scavenging properties 

(Saad et al., 2017, Sood and Chopia ,2017; Bhakya. S., et al.,2016 and 

Thilagavathi et al., 2016). 



 
 

               Although the synthesis of nanoparticles using biological methodologies 

has received increasing attention in the last decade, only a few studies reported 

reliable data on the biological activities of the obtained green-synthesized 

nanomaterials, highlighting the differences of nanoparticle action in various 

biological host systems. The resulted green-synthesized nanoparticles were 

examined by Ultraviolet-Visible spectroscopy (UV-Vis), Fourier Transform 

InfraRed (FTIR) spectroscopy, Atomic Force Microscopy (AFM) and Scanning 

Electron microscopy (SEM) to determine their size and charge. In the present 

study, tellurium nanoparticles were synthesized from the marine bivalve shell 

Cucullaea petita and analyzed for antimicrobial and antioxidant activity. 

 

 

 

 

  

 

                                  

 



 
 

2.REVIEW OF LITERATURE 

Nanoparticle synthesis using biological organisms by green synthesis 

technology is biologically safe, cost-effective, and environment-friendly. Plants 

and microorganisms have established the power to devour and accumulate 

inorganic metal ions from their neighboring niche. The biological entities are 

known to synthesize nanoparticles both extra and intracellularly. The capability of 

a living system to utilize its intrinsic organic chemistry processes in remodeling 

inorganic metal ions into nanoparticles has opened up an undiscovered area of 

biochemical analysis (Dan Zhang et al., 2020). 

Inbakandan et al., (2010) studied the biosynthesis of gold nanoparticles 

utilizing marine sponge Acanthella elongate (Dendy,1905).  James Cookson 

(2012) has prepared palladium nanomaterials. Preetha Devaraj et al., (2013) 

synthesized and studied the characterization of silver nanoparticles using 

cannonball leaves and their cytotoxic activity against MCF-7 Cell line. Sri 

Ramkumar Vijayan et al., (2014) studied the synthesis and characterization of 

silver and gold nanoparticles using aqueous extract of seaweed, Turbinaria 

conoides and their anti microfouling activity. Monaliben Shah et al., (2015) 

synthesized metallic nanoparticles via biological entities. 



 
 

Safaa Ali et al.,(2015) investigated the applications of biosynthesized silver 

nanoparticles for the control of land snail Eobania vermiculata and some plant 

pathogenic fungi. Suresh Sagadevan and Koteeswari (2015) analysed the structure, 

surface morphology, optical and electrical properties of copper nanoparticles. 

Maria Benelmekki (2015) gave an introduction to nanoparticles and 

nanotechnology. 

Hamed Barbadi et al., (2015) synthesized and characterized the biogenic 

tellurium nanoparticles by using Penicillium chrysogenum. Aruna Jyothi Kora and 

Lora Rashtogi (2015) synthesized palladium nanoparticles using gum ghatti 

(Anogeissus latifolia) and studied their applications as an antioxidant and catalyst. 

Yu Ioniet al., (2016) synthesized graphene with noble metals nanoparticles on its 

surface.  

Khwaja Salahuddin Siddiqui and AzamalHusen (2016) studied the green 

synthesis and investigated the characterization and uses of palladium and platinum 

nanoparticles. Dmitri Talapin and Elena Shevchenko (2016) gave an introduction 

to nanoparticle chemistry. Kashinath et al., (2017) synthesized and studied the 

structure of graphene nanoparticles.  

Rakhi Majumdar et al., (2017) synthesized palladium nanoparticles with 

green leaf extract of Chrysophyllum caimito (star apple) and studied their 



 
 

applications as efficient catalyst for C-C coupling and reduction reactions. 

Alpaslan et al., (2017) studied the synthesis and characterization of selenium 

nanoparticles lysozyme nanohybrid system with synergistic antibacterial 

properties. Results of this efforts highlighted the nanohybrid systems with 

synergistic antibacterial properties to overcome the emerging antibiotic resistance 

as well as to define fruitful applications in biomedicine. 

Stefanos Mourdikondis et al.,(2018) studied the characterization techniques 

for nanoparticles and compared the complemented the properties of nanoparticles. 

Mostafa Abo Elsoud et al., (2018) synthesized and investigated tellurium 

nanoparticles. Andras Vladar and Vasile-Dan Hodoroaba (2019) investigated the 

characterization of nanoparticles by Scanning Electron Microscopy. David Medina 

Cruz et al., (2019) synthesized citric juice mediated tellurium nanoparticles with 

antimicrobial and anticancer properties. 

Williams and Oliver (2018) compared the antimicrobial activity of selenium 

nanoparticles with different surface chemistry and structure, the microbial 

screening of the selected systems was determined by the broth microdilution 

method and inhibitory influence on the production of monomicrobial and dual 

species biofilm was evaluated.  



 
 

Andrew Smith et al., (2019) investigated the synthesis, properties and 

applications of graphene oxide or reduced graphene oxide and their 

nanocomposites. AsepBayu Dani Nandiyanto et al., (2019) interpreted the FTIR 

spectroscopy of organic material. Qaisar Abbas (2019) discussed the UV-Vis 

spectroscopy technique for nanoparticles. 

 Sujata Kumari et al., (2020) investigated the synthesis of graphene oxide-

silver nanocomposite for unique physiochemical applications. KabaliVijai Anand 

et al., (2020) investigated the preparation and characterization of calcium oxide 

nanoparticles from marine molluscan shell waste as nutrient source for plant 

growth. Joanna  Jagiello et al., (2020) studied the synthesis and characterization of 

graphene oxide and reduced graphene oxide composites with inorganic 

nanoparticles for biomedical applications. 

 Tannia Velazquez-Urbina et al., (2021) synthesized and characterized the 

silver nanoparticles supported on bivalve mollusc shell for catalytic degradation of 

commercial dyes. The green synthesis, physicochemical characterization, and 

catalytic application of silver nanoparticles (AgNPs) bivalve mollusc shell (MS) 

composites (AgNPs/ExLG-MS) using a natural aqueous extract of Gardenia 

jasminoides fresh leaves (ExLG) as a reducing-stabilizing agent (RSa) was studied.  

https://www.sciencedirect.com/topics/chemistry/silver-nanoparticle


 
 

 Vijai Anand et al., (2021) prepared and characterized the calcium oxide 

nanoparticles from marine molluscan shell waste as nutrient source for plant 

growth. Somayeh Safat et al., (2021) enhanced the sunlight photo catalytic activity 

and biosafety of marine driven synthesized Cerium oxide nanoparticles. HojatVeisi 

et al., (2021) synthesized palladium nanoparticles fabricated magnetic Fe3O4 

nanocomposites over Fritillaria imperialis flower extract as an efficient recyclable 

catalyst for the reduction of nitroarenes. Koduru Mallikarjuna et al., (2021) 

synthesized the reduced graphene oxide supported palladium nanoparticles by 

Coleus amboinicus and its enhanced catalytic efficiency and antibacterial activity. 

 Considering the above importance of nanoparticles in the field of biology, 

the present study has been carried out with a view to synthesize, characterize and 

analyze the biological activities of tellurium mediated nanoparticles from the  shell 

of  marine bivalve Cucullaea petita.  

 

 

                                                    

 

 

 

 

 



 
 

                                                              3.OBJECTIVES 

          Nanotechnology possess a wide range of biological applications in different 

fields of science. Production of nanoparticles has attained attraction by biological 

based fabrications as an alternative to physical and chemical approaches due to 

exceeding need to develop safe, reliable, clean and ecofriendly methods for the 

preparation of nanoparticles for pharmaceutical and biomedical applications. A 

number of microorganisms containing bacteria, fungi, yeast, plant extracts and 

even algae have been reported for bio fabrication of nanoparticles with different 

shapes and sizes as possible eco friendly alternatives to conventional chemical and 

physical methods. Eco-friendliness, energy efficiency, cost effectiveness, 

simplicity and compatibility for biomedical applications are the superiorities of 

biological approach for the production of nanoparticles over conventional 

synthesis. So, the present study has been carried out with the following objectives: 

• To synthesize the tellurium nanoparticles from the shell of marine bivalve 

Cucullaea petita 

• To record the wavelength using UV-Visible spectrophotometer. 

•  To characterize the nanoparticles using FTIR, AFM and SEM. 

• To analyze the antibacterial, antifungal and antioxidant activities of 

tellurium mediated nanoparticles from the marine bivalve Cucullaea petita. 
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                              5. MATERIALS AND METHODS 

5.1 Description of the Study Area 

Kayalpatnam is a coastal town in eastern Tamilnadu, India. It is the seat of the 

Southern Thoothukudi district and a settlement with the population exceeding 

40,000 people. It is believed that in the 13th century BC the town was visited by 

Marco Polo while he was cruising near the shores of India. The latitude of 

Kayalpatnam, is 8.568315, and the longitude is 78.123833 with gps coordinates of 

8o34’5.9340 N and 78o7’25.7988 E. Kayalpatnam is enriched with rich biota such 

as corals, seaweeds, sea grasses, sandy, rocky and muddy shore organisms. It is 

also well pronounced with reference to different molluscan groups(Figure 1). 

5.2 Collection of Experimental Animal 

In the present study the marine bivalve Cucullaea petita was collected from 

the Kayalpatnam coastal region (Plate 1). The bivalve was collected from the 

landed by-catch from fishing trawlers operated for crabs and prawns along the 

Kayalpatnam coastal region. The bivalve was collected during the month of 

January 2022. The freshly collected samples were brought to the laboratory, 

cleaned and washed with fresh sea water to remove all impurities. The shells were 

broken, tissues were removed and the broken shells were dried in hot air oven at 

56oC for 48 hours and used for further studies. 



 
 

5.3 Description of Experimental Organism 

5.3.1 Systematic Position of Cucullaea petita( Iredale, 1939) 

                                     Kingdom   : Animalia 

                                     Phylum     : Mollusca 

                                     Class         : Bivalvia 

                                     Order        : Arcoida 

                                     Family      : Cucullaeidae 

                                    Genus        : Cucullaea 

                                    Species      :  petita 

Cucullaea petita is a marine bivalve commonly known as False Ark Shell. 

The shape of the shell is roughly quadrate.The shell is 3.5 to 4.0cm in length and 

2.8 to 3.4 cm in height.The body volume is upto 23.9 cm3. Individuals can grow 

upto 73.2 mm. Myophoric flanges are narrower. Periostracum is whitish with 

brown scattered zig zag lines.They have prominent and dorsally lower umbones. 

The inner part of the valve is glossy white. Radially arranged hinge teeth are thin. 

5.4 Synthesis of Tellurium Nanoparticles 

Synthesis of Tellurium nanoparticles is carried out using 0.01M Tellurium chloride 

in double-distilled water using Cucullaea petita. Tellurium  chloride and the shell 

extract of Cucullaea petita were mixed together in a ratio of (9:1, 8:2, 7:3, 6:4, and 

5:5). In this different ratio concentration,a 5:5 ratio concentration was selected for 

the bulk preparation because it shows a higher production than other ratios stirred 



 
 

at 800 rpm using a magnetic stirrer. The mixture turned into milk-white color 

within 1 hr. The whole reaction was carried out in the dark. The obtained 

suspension was centrifuged at 15,000 rpm for 15 min. The pellet containing 

tellurium nanoparticles was washed 3–4 times with deionized water to remove 

impurities. The precipitated nanoparticles were lyophilized. Lyophilized 

nanoparticles were stored in a cool, dry and dark place and further characterization 

was carried out. 

5.5 UV – Vis  Spectral Analysis 

Ultraviolet–visible spectroscopy (UV) refers to absorption 

spectroscopy or reflectance spectroscopy in part of the ultraviolet and 

the full, adjacent visible spectral regions. Molecules containing bonding 

and non-bonding electrons (n-electrons) can absorb energy in the form 

of ultraviolet or visible light to excite these electrons to higher 

antibonding molecular orbitals. UV-absorption spectra of synthesized 

tellurium nanoparticles by using Cucullaea petita were measured using 

UV- Visible spectrometer (Shimadzu UV-2700). 

5.6 Fourier Transform InfraRed Spectroscopy (FTIR) 

An infrared spectrophotometer is an instrument that passes infrared light through 

an organic molecule and produces a spectrum that contains a plot of the amount of 

light transmitted on the vertical axis against the wavelength of infrared radiation on 



 
 

the horizontal axis. The functional group present in the synthesized tellurium 

nanoparticles was determined using FTIR spectroscopy (Bio-read FTIR 8400S 

models, USA). 

5.7 Atomic Force Microscopy (AFM) 

The AFM works much the same way a profilometer works only on a much, smaller 

scale: a very sharp tip is dragged across a sample surface and the change in the 

vertical position (denoted the "z" axis) reflects the topography of the surface. By 

collecting the height data for a succession of lines it is possible to form a three 

dimensional map of the surface features. 

The AFM has three major abilities force measurement, imaging, 

and manipulation. The Atomic force microscopy analysis using the 

Nanosurf  easy2 scan BT02218 is profilometer. 

5.8 Scanning Electron Microscopy (SEM) 

A typical SEM instrument, showing the electron column, sample chamber, 

EDS detector, electronics console, and visual display monitors. The scanning 

electron microscope (SEM) uses a focused beam of high-energy electrons to 

generate a variety of signals at the surface of solid specimens. Scanning Electron 

Microscopy (SEM) analaysis of synthesized tellurium nanoparticles was done 

using a Hitachi S-4500 SEM machine. 



 
 

5.9 Antibacterial Activity 

5.9.1 Agar Well Diffusion Method 

Principle 

The antimicrobials present in the given sample was allowed to diffuse out 

into the medium and interact in a plate freshly seeded with the test organisms. The 

resulting zones of inhibition will be uniformly circular as there will be a confluent 

lawn of growth. The diameter of zone of inhibition can be measured in millimeters. 

Materials Required 

Propionibacterium acnes and Streptococcus oraliswere purchased from 

MTCC, Chandigarh, India. Nutrient Agar medium, Nutrient broth, Gentamicin 

antibiotic solution was purchased from Himedia, India. Test samples, petri-plates, 

test tubes, beakers conical flasks were from Borosil, India. Spirit lamp, double 

distilled water. 

Nutrient Agar Medium 

The medium was prepared by dissolving 2.8 g of the commercially available 

Nutrient Agar Medium (HiMedia) in 100ml of distilled water. The dissolved 

medium was autoclaved at 15 lbs pressure at 121°C for 15 minutes. The autoclaved 

medium was mixed well and poured onto 100mm petriplates (25-30ml/plate) while 

still molten. 



 
 

Nutrient broth 

Nutrient broth was prepared by dissolving 2.8 g of commercially available 

nutrient medium (HiMedia) in 100ml distilled water and boiled to dissolve the 

medium completely. The medium was dispensed as desired and sterilized by 

autoclaving at 15 lbs pressure (121ºC) for 15 minutes. 

Procedure 

Petri plates containing 20 ml nutrient agar medium were seeded with 24hr 

culture of bacterial strains (P. acnes and S. oralis). Wells were cut and different 

concentration of sample (500µg/ml, 250µg/ml, 100µg/ml and 50µg/ml) were 

added. The plates were then incubated at 37°C for 24 hours. The antibacterial 

activity was assayed by measuring the diameter of the inhibition zone formed 

around the wells. Gentamicin antibiotic was used as a positive control. The values 

were calculated using Graph Pad Prism 6.0 software (USA) (De Magaldi et al., 

1997). 

5.10Anti Fungal Activity 

5.10.1 Agar Well Diffusion Method 

Principle 

The anti- fungal agent present in the given sample was allowed to diffuse out 

into the medium and interact in a plate freshly seeded with the test organisms. The 



 
 

resulting zones of inhibition will be uniformly circular as there will be a confluent 

lawn of growth. The diameter of zone of inhibition can be measured in millimeters. 

Materials Required 

Potato dextrose agar medium,  Amphotericin B antimycotic solution,  test samples, 

test tubes, beakers, conical flask, spirit lamp, double distilled water and petri-

plates. 

Potato Dextrose Agar Medium 

The potato dextrose agar medium was prepared by dissolving 20 gm of 

potato influsion, 2 gm of dextrose and 1.5 gm of agar in 100ml of distilled water. 

The dissolved medium was autoclaved at 15 lbs pressure at 121°C for 15 minutes. 

The autoclaved medium was mixed well and poured onto 100 mm petri plates (25-

30 ml/plate) while still molten. 

Procedure 

Petri plates containing 20 ml potato dextrose agar medium was seeded with 

72 hr culture of fungal strain(Cryptococcus neoformans and Aspergillus fumigatus) 

wells were cut and different concentration of tellurium nanoparticle (500, 250, 100 

and 50 μg/ml) was added. The plates were then incubated at 28°C for 72 hours. 

The anti-fungal activity was assayed by measuring the diameter of the inhibition 

zone formed around the wells. Amphotericin B was used as a positive control. The 



 
 

values were calculated using Graph Pad Prism 6.0 software (USA) (De Magaldi et 

al., 1997). 

5.11 Antioxidant Activity 

5.11.1 DPPH Radical Scavenging Activity 

The DPPH assay is popular in natural product antioxidant studies. One of the 

reasons is that this method is simple and sensitive. This assay is based on the 

theory that a hydrogen donor is an antioxidant. It measures compounds that are 

radical scavengers. The figure shows the mechanism by which DPPH accepts 

hydrogen from an antioxidant. DPPH is one of the few stable and commercially 

available organic nitrogen radicals. The antioxidant effect is proportional to the 

disappearance of DPPH in test sample. Monitoring DPPH with a UV spectrometer 

has become the most commonly used method because of its simplicity and 

accuracy. DPPH shows a strong absorption maximum at 517 nm (purple). The 

color turns from purple to yellow followed by the formation of DPPH upon 

absorption of hydrogen from an antioxidant. This reaction is stoichiometric with 

respect to the number of hydrogen atoms absorbed. Therefore, the antioxidant 

effect can be easily evaluated by following the decrease of UV absorption at 517 

nm.. 



 
 

 

 

Materials Required 

0.1mM DPPH solution, Ascorbic acid, Methanol 

0.1 mM DPPH Solution 

Dissolve 39 mg of DPPH in 100 ml of methanol and store at -20o C until needed. 

Ascorbic acid (Standard) 

1mg/ ml of Ascorbic acid 

Procedure 

1 Prepare 0.1 mM of DPPH solution in methanol and add 100 μl of this solution 

to 300 μl of the solution of sample at different concentration (500, 250, 100, 50 

and 10 μg/mL). 

2 The mixtures have to be shaken vigorously and allowed to stand at room 

temperature for 30 minutes. 



 
 

3 Then the absorbance has to be measured at 517 nm using a UV-VIS 

spectrophotometer (Ascorbic acid was used as the reference). 

4 Lower absorbance values of reaction mixture indicate higher free radical 

scavenging activity. 

5 The capability of scavenging the DPPH radical can be calculated by using the 

following formula. 

DPPH scavenging effect=absorbance of control- absorbance of reaction mixture 

 

5.12 Hydrogen Peroxide Scavenging Assay 

Hydrogen peroxide is a weak oxidizing agent and can inactivate a few 

enzymes directly, usually by oxidation of essential thiol (-SH) groups. Hydrogen 

peroxide can cross cell membranes rapidly, once inside the cell, H2O2 can probably 

react with Fe2+, and possibly Cu2+ ions to form hydroxyl radical and this may be 

the origin of many of its toxic effects. It is therefore biologically advantageous for 

cells to control the amount of hydrogen peroxide that is allowed to accumulate. 

Material Required 

Hydrogen Peroxide solution and Sodium Phosphate buffer. 

 

×100 

Absorbance of control (% inhibition) 



 
 

Procedure 

Ability of extracts to scavenge hydrogen peroxide was estimated according 

to the method reported by Ruch et al(1989) with minor modification. A solution of 

hydrogen peroxide (43 mM) is prepared in phosphate buffer (1 M pH 7.4). 

Different concentration of tellurium nanoparticles (500, 250, 100, 50 and 10 

µg/ml) was added to hydrogen peroxide solution (0.6 ml, 43 mM). Absorbance of 

hydrogen peroxide at 230 nm was determined after 10 minutes against a blank 

solution containing phosphate buffer without hydrogen peroxide. Ascorbic acid 

was used as standard. The free radical scavenging activity was determined by 

evaluating percentage inhibition (Ruch et al., 1989). 

Percentage inhibition = [(Control- Test)/Control] ×100. 

 

 

 

 

 

 



 
 

 

 

 

 

 

Figure 1: Map showing the study area Gulf of Mannar –  

Thoothukudi Kayalpatnam Coastal region 

 

 

 



 
 

 

 

 

 

 

 

Plate 1 Dorsal view of the shell Cucullaea petita  

 

 

 

                                                



 
 

                                       6. RESULTS 

6.1 Synthesis characterization of Tellurium Nanoparticles 

6.1.1 UV-Visible Spectroscopic Analysis 

 UV-Visible spectroscopic analysis confirmed the formation of the 

biosynthesized tellurium nanoparticles using the marine molluscan shell extract 

Cucullaea petita. The above solutions were subjected to optical measurements by 

UV-Visible spectrophotometer. In C.petita, the wavelength obtained around 300 

nm suggested the presence of tellurium nanoparticles in the solution (Figure 2,3 

and 4). This is the specific wavelength which indicates synthesized tellurium 

nanoparticles. The maximum absorption was obtained around 300 nm. The 

occurrence peak at absorption intensity between 300 to 1100 nm indicated the 

presence of surface plasmon resonance.  

6.1.2 Fourier Transform InfraRed Spectroscopic Analysis 

The IR spectra provided information about the local molecular environment of the 

organic molecules on the surface of nanoparticle. In the present work, FTIR 

spectral measurements were carried out to identify the potential biomolecules in 

C.petita shell extract which is responsible for reducing and capping the bioreduced 

tellurium nanoparticles. FTIR measurements were carried out to identify the 



 
 

possible biomolecules responsible for capping and efficient stabilization of the 

metal nanoparticles synthesized by marine molluscan shell extract. 

The results of FTIR analysis of this study show different stretches of bonds 

shown at different peaks; 3354.98, 2899.20, 1653.45, 1427.79, 1367.64, 1314.72, 

1203.81, 1160.33, 1107.07, 1031.65, 896.80, 661.06, 609.00, 559.18, 436.60. The 

image shows a strong absorption peak around 3354.98cm-1 to 1427.79cm-1 which 

shows the presence of C-H stretching vibration.  A peak around 800cm-1 to 1100 

cm-1 shows the presence of C-O stretching frequency. A peak around finger print 

region confirms the presence of tellurium nanoparticles (Figure 5 ). 

6.1.3 Atomic Force Microscopy 

 AFM technique is the one of the best tools for measuring nano sized 

materials. This method analysis the particle surface using tip, it is so high-pitched 

that as it is moved across something, the tip can feel the shape by measuring the 

forces between the atoms on the tip and the atoms on the object. An AFM 

topographical image of tellurium nanoparticles is shown in figure 6 which shows 

the flower like structure. The average length of the rock structure is in 32 nm. It 

may be due to the metal bindings. 

 



 
 

6.1.4 SEM Analysis 

Scanning Electron Microscopy is one of the best technique to characterize the 

nanostructures. Electron–sample interactions reveal surface morphology of the 

synthesized nanoparticle images of tellurium nanoparticles. SEM analysis shows 

high-density tellurium nanoparticles synthesized by C. petita shell extract (Figure 

7). It was shown that relatively spherical and uniform tellurium nanoparticles were 

formed with diameter of 278.7 nm to 328.8 nm. The SEM image of tellurium 

nanoparticles was due to interactions of hydrogen bond and electrostatic 

interactions between the bioorganic capping molecules bound to the tellurium 

nanopaticles. The nanoparticles were not in direct contact even within the 

aggregates, indicating stabilization of the nanoparticles by a capping agent. The 

larger tellurium particles may be due to the aggregation of the smaller ones, due to 

the SEM measurements. 

6.2 Antibacterial Activity of Tellurium Nanoparticles 

 The antibacterial efficacy of synthesized tellurium nanoparticles of C. 

petita was investigated against some selected bacterial species Propionibacterium 

acnes and Streptococcus oralis by agar well diffusion method. The tellurium 

nanoparticles synthesized by the shell extract of C. petita developed maximum 



 
 

inhibition zone against all pathogens tested. It has been reported that antibacterial 

activity was dose dependent.  

In C. petita the antibacterial activity of tellurium nanoparticles showed 

maximum zone of inhibition against Propionibacterium acnes at the level of 11.5 

mm at 500 µg/ml concentration followed by 7.5 mm at 250 µg/ml concentration. In 

Streptococcus oralis at the level of 14.5 mm at 500 µg/ml concentration followed 

by 13 mm at 250 µg/ml concentration respectively(Table 1) (Figure 8 and 9 ). 

6.3 Antifungal Activity of Tellurium Nanoparticles 

The antifungal efficacy of synthesized tellurium nanoparticles of C. petita 

was investigated against some selected fungal species Aspergillus fumigatus and 

Cryptococcus neoformans by agar well diffusion method. The tellurium 

nanoparticles synthesized by the shell extract of C. petita developed maximum 

inhibition zone against all pathogens tested. It has been reported that antifungal 

effect was dose dependent.  

In C.petita the antifungal activity of tellurium nanoparticles showed 

maximum zone of inhibition against Aspergillus fumigatus at the level of 16.5 mm 

at 500 µg/ml concentration followed by 15.25 mm at 250 µg/ml concentration. 

Cryptococcus neoformans at the level of 13.5 mm at 500 µg/ml concentration 



 
 

followed by 9.25 mm at 250 µg/ml concentration respectively(Table 2) (Figure10 

and 11). 

6.4 Antioxidant Activity 

6.4.1 DPPH Radical Scavenging Activity 

 The DPPH radical scavenging activity of marine molluscan shell extract of 

C. petita was observed at various concentrations of 500 µg/ml, 250 µg/ml, 100 

µg/ml, 50 µg/ml and 10 µg/ml respectively. The highest percentage inhibition of 

75.65% was observed at 500 µg/ml followed by 66.95% at 250 µg/ml, 63.1% at 

100 µg/ml, 57.26% at 50 µg/ml and 54.98% at 10 µg/ml respectively. The 

percentage inhibition of 87.73% was found for the standard ascorbic acid. The IC50 

value of 31.61 µg/ml was noted which shows the good antioxidant activity. It has 

been found that antioxidant activity was dose dependent and the percentage 

inhibition was found to increase with increase in the concentration 

respectively(Figure 12 and 13). 

6.4.2 Hydrogen Peroxide Scavenging Assay 

 The hydrogen peroxide scavenging assay of marine molluscan shell extract 

of C. petita was observed at various concentrations of 500 µg/ml, 250 µg/ml, 100 

µg/ml, 50 µg/ml and 10 µg/ml respectively. The highest percentage inhibition of 

90.28% was observed at 500 µg/ml followed by 88.63% at 250 µg/ml, 87.14% at 



 
 

100 µg/ml, 81.96% at 50 µg/ml and 70.31% at 10 µg/ml respectively. The 

percentage inhibition of 89.95% was found for the standard ascorbic acid. The IC50 

value of 43.97µg/ml was noted which shows the good antioxidant activity. It has 

been found that antioxidant activity was dose dependent and the percentage 

inhibition was found to increase with increase in the concentration respectively 

(Figure 14 and 15). 

 

 

 

 

 

 

 

 

 

 

 



 
 

                                                                

 

 

 

Figure 2. Synthesis of Tellurium Nanoparticles 

 

 

                

 

Figure 3 : Synthesized Tellurium Nanoparticles using the Shell Extract of C.petita 
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Figure 4 : UV-Visible Spectra of Tellurium Nanoparticles using Cucullaea petita 

 

 

           Figure 5: InfraRed Spectra of Tellurium Nanoparticles using Cucullaea petita 

 

 



 
 

 

 

 

 

 

                        

  

               Figure 6:AFM Images of Tellurium Nanoparticles using Cucullaea petita 

 

 

 



 
 

 

 

 

 

 

 

 

           Figure 7: SEM Spectra of Tellurium Nanoparticles using Cucullaea petita 

 

 

 



 
 

Table 1: SD± Means of zone of inhibition obtained by Tellurium nanoparticles against  

Propionibacterium acnes and Streptococcus oralis 

 

S.No. 

NAME OF THE 

TEST 

ORGANISM 

ZONE OF INHIBITION (mm) SD ± MEAN 

PC 500 µg/µl 250 µg/µl 100 µg/µl 50 µg/µl 

1. 

Propionibacterium 

acnes 
24±0 11.5±0.7 7.5±0.7 0 0 

2. 

Streptococcus 

oralis 

12.5±0.7 14.5±0.7 13±0 11±1.4 11.5±0.7 

 

 

 

 

Table 2. SD± Means of zone of inhibition obtained by Tellurium nanoparticles against  

Aspergillus fumigatus and Cryptococcus neoformans 

 

 

 

S.No. NAME OF 

THE TEST 

ORGANISM 

ZONE OF INHIBITION (mm)SD ± MEAN 

 

PC 500 µg/ml 250 µg/ml 100 

µg/ml 

50 

µg/ml 

 

1. Cryptococcus 

neoformans 

15.25±

0.35 

13.5±0.7 9.25±0.3

5 

0 0  

2. Aspergillus 

fumigatus 

11.5±0.

7 

16.5±0.7 15.25±0.

35 

10.25±0

.35 

0  



 
 

 

 

Figure 8: Antibacterial activity of Tellurium Nanoparticles using C.petita against   

Propionibacterium acnes 

 

 

Figure 9:Antibacterial activity of Tellurium Nanoparticles using C.petita against  

Streptococcus oralis 

 



 
 

 

 

Figure 10: Antifungal activity of Tellurium Nanoparticles using C.petita against   

Cryptococcus neoformans 

 

 

Figure 11.:Antifungal activity of Tellurium Nanoparticles using C.petita against   

Aspergillus fumigatus 



 
 

 

 

Figure 12:DPPH scavenging assay of Tellurium nanoparticles using C. petita 

 

                      

Figure 13:DPPH Scavenging Assay of Tellurium nanoparticles using C. petita 

 

Concentration μg/ml 

 



 
 

 

 

                        

          Figure 14: H2O2 Scavenging Activity Of Tellurium Nanoparticles using C. petita 

 

 

Figure 15:H2O2 Scavenging Assay Tellurium nanoparticles using C. petita 

Concentrationμg/ml 



 
 

                                            7.DISCUSSION 

          Nanotechnology represents a crucial turning point in the history of the 

universe. The endless desire and intelligence of humans have paved the way for 

groundbreaking inventions such as the internet, smartphones, rocket science, 

artificial intelligence and in vitro-fertilization techniques, which also carry many 

moral issues; for this reason, nanotechnology is a field of science that was 

previously considered to be controversial. Overcoming these drawbacks, 

nanotechnology has emerged as an important tool in material science, which 

involves the fabrication, synthesis and manipulation ofbulk molecules/particles 

in nanoscale dimensions. The exploitation of metal nanoparticles is beneficial due 

to their aberrant properties, such as their physical properties, reactivity and 

probable applications in diagnostics, drug delivery and antioxidant and 

antimicrobial studies (Deepak Bamal et al., 2021).  

 

The formation of tellurium nanoparticles was confirmed by the UV–Vis 

spectrophotometer (300–600 nm). The absorbance band around 300 nm was 

recorded due to localized surface plasmon resonance (LSPR) and confirmed the 

formation of tellurium nanoparticles. Surface plasmon resonance (SPR) is the basis 

of this observation. Based on this phenomenon (SPR), the free electrons of 

colloidal metal nanoparticles begin to oscillate with specific energy. Hence, any 

https://www.sciencedirect.com/topics/medicine-and-dentistry/surface-plasmon-resonance


 
 

wavelength of light are absorbed at that energy resulting in color change compared 

to the original metal color and/or metallic salt solution (Barabadi et al., 2014; 

Honary, 2013). In C.petita the wavelength obtained around 300 nm suggested the 

presence of tellurium nanoparticles in the solution (Figure 2,3 and 4). 

          Fourier Transform InfraRed Spectroscopy (FTIR) is a technique which is 

used to analyze the chemical composition of many organic chemicals, polymers, 

paints, coatings, adhesives, lubricants, semiconductor materials, coolants, gases, 

biological samples, inorganics, and minerals. FTIR can be used to analyze a wide 

range of materials in bulk or thin films, liquids, solids, pastes, powders, fibres, and 

other forms. FTIR analysis can give not only qualitative (identification) analysis of 

materials, but, with relevant standards, can be used for quantitative (amount) 

analysis. FTIR can be used to analyze samples up to ~11 millimetres in diameter 

and either measure in bulk or the top ~1 micrometer layer. The results of FTIR 

analysis of this study show different stretches of bonds shown at different peaks; 

3354.98, 2899.20, 1653.45, 1427.79, 1367.64, 1314.72, 1203.81, 1160.33, 

1107.07, 1031.65, 896.80, 661.06, 609.00, 559.18, 436.60. The image shows a 

strong absorption peak around 3354.98 cm-1 to 1427.79 cm-1 which shows the 

presence of C-H stretching vibration.  A peak around  800 cm-1 to 1100 cm-1 shows 

the presence of C-O stretching frequency. A peak around finger print region 

confirms the presence of tellurium nanoparticles (Figure 5). 



 
 

Atomic Force Microscopy is used to investigate the dispersion and 

aggregation of nanomaterials, in addition to their size, shape, absorption, and 

structure; three different scanning modes are available, including contact mode, 

non-contact mode, and intermittent sample contact mode (Lin et al., 2014). AFM 

can also be used to characterize the interaction of nanomaterials with supported 

lipid bilayers in real time, which is not achievable with current electron 

microscopy (EM) techniques (Stephan et al., 2006). In the present study, an AFM 

topographical image of tellurium nanoparticles is shown in figure 6 which shows 

the flower like structure. The average length of the rock structure is in 32 nm. It 

may be due to the metal bindings. 

Recently, the field of nanoscience and nanotechnology has provided a 

driving force in the development of various high-resolution microscopy techniques 

in order to learn more about nanomaterials using a beam of highly energetic 

electrons to probe objects on a very fine scale (Yao and Kimura, 2007). Among 

various electron microscopy techniques, SEM is a surface imaging method, fully 

capable of resolving different particle sizes, size distributions, nanomaterial 

shapes, and the surface morphology of the synthesized particles at the micro and 

nanoscales. Using SEM, we can probe the morphology of particles and derive a 

histogram from the images by either by measuring and counting the particles 

manually, or by using specific software (Fissan et al., 2014). In the current study, it 



 
 

was shown that relatively spherical and uniform tellurium nanopaticles were 

formed with diameter of 278.7 nm to 328.8 nm( Figure 7). 

The selection of biological methods for synthesis and engineering of 

nanoparticles is dependent upon several variables. The form of the metal 

nanoparticle to be synthesized is the most important variable. Resistance developed 

against a small number of metals by the organisms limit the choice of organisms. 

Following are a number of the microbial resources (algae, fungi, bacteria, viruses, 

and yeast) used for most of the frequently studied metal and metal salts 

nanoparticles consisting of copper, silver, gold, cadmium, platinum, palladium, 

cadmium sulfide, titanium dioxide, and zinc oxide (Mousavi et al., 2018; Gahlawat 

and Roy Choudhury, 2019). 

The biosynthesis of Ag and AuNPs has been a focal point of research 

because of their antimicrobial attributes. The extensive studies were conducted to 

synthesize the metallic nanoparticles using Bacillus species due to their metal 

accumulating abilities (Pugazhenthiran et al., 2009). The antibacterial activity of 

AgNPs was determined against four species of Gram-negative foodborne 

pathogens: E. coli ATCC 25922, K. pneumoniae ATCC 13773, S. Typhimurium 

ATCC 14028, and S. Enteritidis ATCC 13076. For the disk diffusion test, the 

presence of clear zone around the AgNPs disk suggesting that the AgNPs 

possessed antibacterial activity which is able to inhibit the growth of the Gram-

https://www.frontiersin.org/articles/10.3389/fchem.2020.00799/full#B116
https://www.frontiersin.org/articles/10.3389/fchem.2020.00799/full#B43
https://www.frontiersin.org/articles/10.3389/fchem.2020.00799/full#B43
https://www.frontiersin.org/articles/10.3389/fchem.2020.00799/full#B138


 
 

negative foodborne pathogens (Yuet Ying Loo et al., 2018). Guzman et al., (2012) 

reported that AgNPs employed antibacterial activity on Gram-negative bacteria.  

The inhibition of bacteria growth was reported affected by the concentration 

of AgNPs and bacteria used in the experiments (Sondi and Salopek-Sondi, 2004). 

The green synthesized AgNPs in this study are able to inhibit the high 

concentration of bacteria (approximately 106 CFU/mL). This indicated that AgNPs 

showed an excellent antimicrobial effect as the high CFU concentration of bacteria 

used in this study are rarely appeared in real-life systems. The antibacterial activity 

of AgNPs has been reported by many researchers. However, the MIC values from 

the previous studies showed the range through a large extent of variation. 

Therefore, the comparison of the results is difficult as there is no standard method 

for determination of antibacterial activity of AgNPs and different methods have 

been applied by the researchers (Zareiet al., 2014). 

In C. petita the antibacterial activity of tellurium nanoparticles showed 

maximum zone of inhibition against Propionibacterium acnes at the level of 11.5 

mm at 500 µg/ml concentration followed by 7.5 mm at 250 µg/ml concentration. In 

Streptococcus oralis at the level of 14.5 mm at 500 µg/ml concentration followed 

by 13 mm at 250 µg/ml concentration respectively (Figure 8 and 9). 

However, the chemical antimicrobial agents are limited to use especially in 

medical field as various microorganisms have developed multiple resistance traits 

https://www.frontiersin.org/articles/10.3389/fmicb.2018.01555/full#B17
https://www.frontiersin.org/articles/10.3389/fmicb.2018.01555/full#B44
https://www.frontiersin.org/articles/10.3389/fmicb.2018.01555/full#B53


 
 

over a period of generations. Thus, the development of tellurium nanoparticles 

could be an alternative way to overcome the multidrug resistance microorganisms 

as bacteria are less likely to develop resistance to metal nanoparticles compared to 

the conventional antibiotics. 

        There is a trend to perform antifungal tests for different types of silver 

nanoparticles obtained either by engineering or biological synthesis. The effects 

observed by different authors depend on the size of the nanoparticles, the stabilizer 

used, the tested concentrations, and on the species of fungi that was assessed. 

Different types of silver nanoparticles are known to have antifungal activity against 

the clinical isolates of human pathogens, for example, against Candida spp. and 

dermatophytes (Panacek et al., 2009). Such activity is manifested by both 

engineering  nanoparticles and Bio-AgNPs. For example, chitosan-conjugated Bio-

AgNPs at concentrations of 50 mg/L have an antifungal effect against most clinical 

Candida isolates tested. The morphological study demonstrates the significant, 

harmful effects that pathogen cells suffer under the action of these nanoparticles 

(Vijayan et al., 2020). Another type of silver nanoparticles obtained by 

biosynthesis and stabilized with starch tested on the Candida albicans BWP17 

isolate was proven to have significant antifungal activity, with a minimum 

inhibitory concentration (at 80% inhibition,MIC80) of 280 μg/mL (Prasher et al., 

2018). 



 
 

In the present study, C. petita the antifungal activity of tellurium 

nanoparticles showed maximum zone of inhibition against Aspergillus fumigatus at 

the level of 16.5 mm at 500 µg/ml concentration followed by 15.25 mm at 250 

µg/ml concentration. Cryptococcus neoformans at the level of 13.5 mm at 500 

µg/ml concentration followed by 9.25 mm at 250 µg/ml concentration respectively 

(Figure 10and 11 ). 

Kharat and Mendhulkar (2016) studied the antioxidant activity of 

synthesized nanoparticles using DPPH assay and observed the antioxidant 

potentials of photosynthesized nanoparticles. Priya et al., (2016) studied in vitro 

antioxidant activity of biosynthesized nanoparticles from P. pinnata extract and 

found significant free radical scavenging potential. Patra and Baek (2016) 

demonstrated presence of strong antioxidant activity in terms of DPPH radical 

scavenging (IC50 385.87 μg/mL). The results strongly recommend the application 

of AgNPs as useful natural antioxidants for health preservation against different 

oxidative stress associated with degenerative diseases. In fact, antioxidant 

evaluation is essential for AgNPs before its use in vivo models and also human 

applications. 

The DPPH radical scavenging activity of marine molluscan shell extract of 

C. petita was observed at various concentrations of 500 µg/ml, 250 µg/ml, 100 

µg/ml, 50 µg/ml and 10 µg/ml respectively. The highest percentage of inhibition of 

https://www.frontiersin.org/articles/10.3389/fmolb.2017.00014/full#B14
https://www.frontiersin.org/articles/10.3389/fmolb.2017.00014/full#B32
https://www.frontiersin.org/articles/10.3389/fmolb.2017.00014/full#B28


 
 

75.65% was observed at 500 µg/ml followed by 66.95% at 250 µg/ml, 63.1% at 

100 µg/ml, 57.26% at 50 µg/ml and 54.98% at 10 µg/ml respectively. The 

percentage of inhibition of 87.73% was found for the standard ascorbic acid. The 

IC50 value of 31.61 µg/ml was noted which shows the good antioxidant activity 

(Figure 12 and 13 ). 

The hydrogen peroxide scavenging assay of marine molluscan shell extract 

of C. petita was observed at various concentrations of 500 µg/ml, 250 µg/ml, 100 

µg/ml, 50 µg/ml and 10 µg/ml respectively. The highest percentage of inhibition of  

90.28% was observed at 500 µg/ml followed by 88.63% at 250 µg/ml, 87.14% at 

100 µg/ml, 81.96% at 50 µg/ml and 70.31% at 10 µg/ml respectively. The 

percentage of inhibition of 89.95% was found for the standard ascorbic acid. The 

IC50 value of 43.97 µg/ml was noted which shows the good antioxidant activity 

(Figure 14 and 15). 

 

 

 

 

 

 

 

                                                        

 



 
 

                                                             8.SUMMARY 

• In the present study,C.petita showed the wavelength around 300 nm 

suggested the presence of tellurium nanoparticles in the solution. 

• The results of FTIR analysis of this study show different stretches of bonds 

shown at different peaks; 3354.98, 2899.20, 1653.45, 1427.79, 1367.64, 

1314.72, 1203.81, 1160.33, 1107.07, 1031.65, 896.80, 661.06, 609.00, 

559.18, 436.60 respectively. 

• An AFM topographical image of tellurium nanoparticles shows the flower 

like structure. The average length of the flower structure is in 32 nm. It may 

be due to the metal bindings. 

• SEM analysis shows high-density tellurium nanoparticles synthesized by C. 

petita shell extract. It was shown that relatively spherical and uniform 

tellurium nanoparticles were formed with diameter of 278.7 nm to 328.8 

nm. 

• In C. petita the antibacterial activity of tellurium nanoparticles showed 

maximum zone of inhibition against Propionibacterium acnes at the level of 

11.5 mm at 500 µg/ml concentration followed by 7.5 mm at 250 µg/ml 

concentration. In Streptococcus oralis at the level of 14.5 mm at 500 µg/ml 

concentration followed by 13 mm at 250 µg/ml concentration respectively. 



 
 

• In C. petita the antifungal activity of tellurium nanoparticles showed 

maximum zone of inhibition against Aspergillus fumigatus at the level of 

16.5 mm at 500 µg/ml concentration followed by 15.25 mm at 250 µg/ml 

concentration. Cryptococcus neoformans at the level of 13.5 mm at 500 

µg/ml concentration followed by 9.25 mm at 250 µg/ml concentration 

respectively. 

• The DPPH radical scavenging activity of marine molluscan shell extract of 

C. petita was observed at various concentrations of 500 µg/ml, 250 µg/ml, 

100 µg/ml, 50 µg/ml and 10 µg/ml respectively. The highest percentage of 

inhibition of 75.65% was observed at 500 µg/ml followed by 66.95% at 250 

µg/ml, 63.1% at 100 µg/ml, 57.26% at 50 µg/ml and 54.98% at 10 µg/ml 

respectively. The percentage of inhibition of 87.73% was found for the 

standard ascorbic acid. The IC50 value of 31.61 µg/ml was noted which 

shows the good antioxidant activity. 

• The hydrogen peroxide scavenging assay of marine molluscan shell extract 

of C. petita was observed at various concentrations of 500 µg/ml, 250 

µg/ml, 100 µg/ml, 50 µg/ml and 10 µg/ml respectively. The highest 

percentage of inhibition of90.28% was observed at 500 µg/ml followed by 

88.63% at 250 µg/ml, 87.14% at 100 µg/ml, 81.96% at 50 µg/ml and 

70.31% at 10 µg/ml respectively. The percentage of inhibition of 89.95% 



 
 

was found for the standard ascorbic acid. The IC50 value of 43.97 µg/ml was 

noted which shows the good antioxidant activity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

                       9.CONCLUSION AND SUGGESTIONS 

                             Green nanotechnology presented as a feasible solution that is 

able to produce materials with significant antimicrobial and antioxidant 

activity, while overcoming the main limitations of traditional synthesis. 

Nanoparticle synthesis using microorganisms, plants and animals by green 

synthesis technology is biologically safe, cost-effective, and environment-

friendly. 

                      In the present study tellurium nanoparticles have been 

synthesized from the marine bivalve Cucullaea petita. The synthesized 

tellurium nanoparticles were synthesized and characterized using UV-Vis, 

FTIR, AFM and SEM. The nanoparticles were also analyzed for biological 

applications viz., antibacterial, antifungal and antioxidant activities. 

                          Studying the antimicrobial effort of tellurium nanoparticles on 

bacterial and fungal strains revealed a good activity against Propionibacterium 

acnes, Streptococcus oralis, Aspergillus fumigatus and Cryptococcus 

neoformans. The synthesized nanoparticles showed good antioxidant activity. 

It has been found that antioxidant activity was dose dependent and the 

percentage inhibition was found to increase with increase in the concentration 

respectively. 



 
 

These biosynthesized metallic nanoparticles have a range of unlimited 

pharmaceutical applications including delivery of drugs or genes, detection of 

pathogens or proteins, and tissue engineering.Improvement of reliable and eco-

friendly processes for the synthesis of metallic nanoparticles is a significant 

step in the field of applied nanotechnology. Further, most of these strategies are 

still under the developmental stage and challenges need to be taken care of. 

The separation and purification of nanoparticles is another vital parameter 

which needs to be explored further. 
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                                                                                                                  INTRODUCTION 

 

The rhizospheric microbes are a group of organisms associated to plants that are 

essential to their metabolism. They are found in synergism with plant roots. 

Rhizosphere bacteria play vital roles in plant nutrition, growth promotion, and 

disease interactions. Several studies have indicated that bacteria are the most 

numerous inhabitants of the rhizosphere, although they account for only a small 

portion of the total biomass due to their small size. 

Rhizosphere bacteria have high potential to produce various classes of well-

known phytohormones, including auxins, gibberellins, cytokinins, ethylene, 

and abscisic acid. Plants respond well to these phytohormones in 

the rhizosphere which can mediate various processes, including plant cell 

enlargement, division, and extension in roots. A potential tool for growers to 

increase plant tolerance to abiotic stress is the application of plant growth 

promoting rhizobacteria (PGPR), a class of microorganisms that can colonize plant 

roots and produce enzymes and secondary metabolites that positively influence 

plant stress tolerance. Noteable PGPR include many genera such 

as Acinetobacter, Agrobacterium, Arthobacter, Azospirillum, Bacillus, Bradyrhizo

bium, Burkholderia, Pseudomonas, Rhizobium, and Serratia(Goswami et al., 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/plant-nutrition
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/rhizosphere
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/gibberellin
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/cytokinin
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/abscisic-acid
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/rhizosphere
https://www.frontiersin.org/articles/10.3389/fpls.2020.00826/full#B28
https://www.frontiersin.org/articles/10.3389/fpls.2020.00826/full#B28
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2016). The endophytic actinomycetes which are associated with plants also play 

important role in protection of their host from phytopathogenic invasion (Crawford 

etal., 1993). Several endophytic actinomycetes act as plant growth promotor by 

producing of phytohormone indole-3-acetic acid, iron chelating moleculed and 

siderophores (Indananda etal., 2011).  

Actinomycetes are the most widely distributed group of microorganisms in 

nature which primarily inhabit in soil (Oskey et.al 2004).  Actinomycetes 

are Gram-positive mycelial bacteria, known to produce a wide variety of 

industrially and medically relevant compounds (antibiotics, chemotherapeutics, 

fungicides, herbicides and immunosuppressants). Actinomycetes are filamentous 

chemoorganotrophic bacteria that form asexual spores. Populations of these 

bacteria are usually higher in rhizosphere than in non rhizosphere soil.  There are 

indications that actinomycetesmay comprise higher percentages of the total 

bacterial numbers than fluorescent pseudomonads in the root zone of some plants. 

Although some actinomycetes may cause plant diseases, many species have the 

potential to produce antibiotics that could impact plant–microbe interactions, such 

as nodulation in legumes or biocontrol efforts against plantpathogens.  

Two third of naturally occurring antibiotics, including many of medical 

importance, have been isolated from actinomycetes.  Successful commercialization 

of enzymes is an important step towards revolutioning “green technology”. 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/actinomycete
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/nodulation
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/plant-pathogens
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Actinomycetes are good sources of these enzymes . They produce a number of 

industrially important enzymes like amylase, protease etc. (Divya. et.al, 2013).   

The rapid development of resistance to multiple chemotherapeutic drugs and 

their undesirable side effects with untreatable tumours, and with the greater 

therapeutic efficiency. Presumably this resemblance result partly from adaptation 

to the same habitat. The bioactive secondary metabolites produced by 

microorganisms is reported to be around 23,000 of which 10,000 are produced by 

actinomycetes, thus representing 45% of all bioactive microbial metabolites. 

Antibiotics are majorly isolated from the actinomycetes.  The first antibiotic, 

actinomycin for treatment of tuberculosis was isolated from the actinomycete and 

later the antibiotic Streptomycin was isolated from Streptomyces  by biochemists 

Selman Waksman, Albert Schatz, and Elizabeth Bugie in 1943.  Selman 

Wasksoman got the Nobel prize in physiology and medicine for his discovery of 

Streptomycin from Streptomyces. 

The bioactive secondary metabolites produced by microorganisms is 

reported to be around 23,000 of which 10,000 are produced by actinomycetes, thus 

representing 45% of all bioactive microbial metabolites discovered. Among 

actinomycetes, approximately 7600 compounds are produced by Streptomyces 

species. As a result of which Streptomyceteshave become the primary antibiotic 

producing organisms exploited by the pharmaceutical industry. The rapid 



 

4 
 

development of resistance to multiple chemotherapeutic drugs and their 

undesirable side effect has increased demand for novel antitumor drugs that are 

active against fewer side effects with untreatable tumours, and with the greater 

therapeutic efficiency. Actinomycetes are good source for such new antitunour 

agents.   

Plant growth-promoting rhizobacteria are the rhizosphere bacteria, which 

can ameliorate plant growth. These microorganisms are able to enhance the 

recycling of plant nutrients and decrease the use of chemical fertilization 

(Cakmakci et al., 2007). Rhizosphere microbiome, known as the second genome of 

plants, collectively containing bacteria, fungi, and oomycetes, are closely related to 

plant growth and health (Berendsen et al., 2012). They play an important role in 

phytostimulation, phytoremediation, and biofertilization. Important characteristics 

of  PGPR include production of exopolysaccharides, planthormones, 

and siderophores; solubilization of P and Ca; and resistance to antibiotics. The PSB 

facilitate the growth of plants by stimulating the efficiency of nitrogenfixation; 

accelerating the accessibility of other trace elements; synthesizing important 

growth-promoting phytohormones like indoleacetic acid (IAA), gibberellic acid 

(GA), siderophores, and antibiotics; and providing protection to plants against soil 

borne pathogens. 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/phytoremediation
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/plant-hormones
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/siderophores
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/solubilization
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/nitrogen-fixation
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The rhizosphere accommodate a number of Actinomycete species that are 

known to play PGPR activity (Sathya et al., 2017).  As like other PGPR, 

actinobacteria also employ both direct and in-direct mechanisms to influence the 

plant growth and protection. The direct mechanisms involve the production of vital 

factors for crop growth such as growth hormones and the assistive actions on 

nitrogen fixation, phosphate solubilization, and iron acquisition. PGP 

actinobacteria indirectly influence the plant growth by controlling and minimizing 

the deleterious effects of external stresses of either biotic or abiotic sources 

through the following modes: competition for nutrients, production of low 

molecular inhibitory substances such as ammonia, cyanogens, alcohols, aldehydes, 

sulfides, and ketones, cell-wall degrading enzymes, and secondary metabolites 

with biocidal properties, in which the latter, two are the key phenomenon deployed 

by the actinobacterial community (El-Tarabily and Sivasithamparam 2006; Glick 

2012; Bouizgarne 2013; Dey et al., 2014). 

Hence the current study is focused on isolating Actinomycetes from the 

rhizosphere of plants and characterize them for PGPR activity.   
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OBJECTIVES 

 

 To isolate Actinomycetes from the rhizosphere. 

 Morphological characterization of the isolated actinomycte strains. 

 Biochemical characterization of the isolated actinomycete strains. 

 To test their salt tolerance capacity and plant growth promoting activity. 
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REVIEW OF LITERATURE 

 

The rhizosphere is the zone of soil surrounding the plant root where the 

biology and chemistry of the soil are influenced by the root. This zone is about 1 

mm wide, but has no distinct edge. Rather, it is an area of Intense biological and 

chemical captivity influenced by compounds exuded by the root, and by 

Microorganisms feeding on the compounds (Hinsinger et al., 2009; Raaijmakers et 

al., 2009). The rhizosphere is a centre of intense biological activity due to the food 

supply provided by the root exudates. Bacteria, actinomycetes, fungi, protozoa, 

slime moulds, algae, nematodes, enchytraeid worms, earthworms, millipedes, 

centipedes, insects, mites, snails, small animals and soil viruses compete for water, 

food and space (Mendes et al., 2013). Soil chemistry and pH can influence the 

species mix and functions of microbes in the rhizosphere. The soil zone strongly 

influenced by plant roots, the rhizosphere, plays an important role in regulating soil 

organic matter decomposition and nutrient cycling. Processes that are largely 

controlled or directly influenced by roots are often referred to as rhizosphere 

processes.   

A major characteristic feature of the rhizosphere is the release of organic 

compounds into the soil by plant roots. These compounds, called exudates, make 

the environment of the rhizosphere very different from the environment in the bulk 
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soil. The exudes can be used to increase the availability of nutrients in the 

rhizosphere and they also provide a food source for microorganisms. This causes 

the number of microorganisms to be far larger in the rhizosphere than in the bulk 

soil. Their presence attracts larger soil organisms that feed on microorganisms and 

the concentration of organisms in the rhizosphere can be up to 500 times higher 

than in the bulk soil. 

Another characteristic feature of the rhizosphere is the uptake of water and 

nutrients by plants. Plants take up water and nutrients into their roots. This draws 

water from the surrounding soil towards the roots and rhizosphere. The balance 

between the movement of water and nutrients towards the roots and their removal 

from the soil by roots means that their concentration in the rhizosphere is usually 

very different from what it is in the bulk soil. 

Numerous life forms inhabit the rhizosphere. Bacteria, 

including actinomycetes, are the most numerous inhabitants of the rhizosphere, 

typically numbering 10
6
–10

9 
organisms g

–1
 of rhizosphere soil, although they 

account for only a smaller portion of the total biomass because of their small size. 

The dominant bacterial phyla found in the rhizosphere include Proteobacteria, 

Actinobacteria, Acidobacteria, Bacteroidetes, and Firmicutes, as well as 

Chloroflexi, Gemmatimonadetes, and Planctomycetes. In general, 
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nonsporulatingrods are abundant in the rhizosphere. Pseudomonads and other 

Gram-negative Proteobacteria are especially competitive in the rhizosphere and 

typically occupy a large portion of the total bacterial population on the root. 

Actinobacteria can account for approximately 10%–30% of the total microflora in 

the rhizosphere, depending on the season or when the nutrients are added. These 

modifying factors cause difficulty in characterizing populations in the rhizosphere. 

The rhizosphere microorganisms stimulate the growth of plants during 

drought stress by inducing various mechanisms such as production of plant growth 

regulators (IAA, cytokinins and ABA), production of bacterial exopolysaccha- 

rides (EPS), and synthesis of ACC deaminase (Farooq et al., 2009, Porcel et al., 

2014).    Beneficial or harmful relationships exist between rhizosphere organisms 

and plants, which ultimately affect root function and plant growth. In addition, the 

rhizosphere may include organisms that do not directly benefit or harm plants but 

clearly influence plant growth and productivity. 

 

The bacterial communities play a major roles in the cycling of organic 

matter; inhibit the growth of several plant pathogens in the rhizosphere and 

decompose complex mixtures of polymer in dead plant, animal and fungal material 
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which results in production of many extracellular enzymes which are helpful to the 

crop t plant growth and yield of commercially important crops.  

 

Actinomycetes are prokaryotic organisms that are classified as bacteria, but 

are unique enough to be discussed as an individual group.Actinobacteria 

are typically Gram-positive or Gram-variable and are considered to have a high G 

and C DNA base ratio. Actinobacteria are often found in soil and water. They are 

able to change their shape to adapt to their environment by extending out branches, 

or filaments. 

Actinomycete numbers are generally one to two orders of magnitude smaller 

than the total bacterial population. They are an important component of the 

bacterial community, especially under conditions of high pH, high temperature or 

water stress. Morphologically, actinomycetes resemble fungi because of their 

elongated cells that branch into filaments or hyphae. These hyphae can be 

distinguished from fungal hyphae on the basis of size with actinomycete hyphae 

much smaller than fungal hyphae. One distinguishing feature of this group of 

bacteria is that they are able to utilize a great variety of substrates found in soil, 

especially some of the less degradable insect and plant polymers such as chitin, 

cellulose and hemicellulose. Although originally recognized as soil 
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microorganisms, it is now being recognized that marine actinomycetes are also 

important. Specifically, marine actinomycetes have been shown to possess novel 

secondary metabolites that add a new dimension to microbial natural products 

(Jensen et al., 2005) that have been discovered within soil actinomycetes. The cell 

walls of the actinomycetes were made up of sugars, amino sugars and amino 

acids (the latter few in number). The general pattern of components was thus 

identical with that previously found for Gram-positive bacteria. In the fungi, 

however, the mycelial walls were composed entirely of carbohydrate. 

The Actinomycetes, forming soil micro-flora have gained the greatest 

importance in recent years as producers of therapeutic substances. Many of the 

Actinomycetes have the ability to synthesize metabolites which hinder the growth 

of bacteria; these are called antibiotics, and, although harmful to bacteria are more 

or less harmless when introduced into the human or animal body. Antibiotics have 

in modern times great therapeutical and industrial value. The past decade has seen 

considerable interest in the Actinomycetes as producers of antibiotic substances. 

The successful use in chemotherapy of streptomycin, chloromphenicol 

(Chloromycetin is the trade name of this substance), aureomycin and terramycin all 

metabolites of the Actinomycetes, has stimulated the search for new 

Actinomycetes and new antibiotics among the Actinomycetes. The genus 

Streptomyces is the largest and the most important one, antibiotically speaking. 



 

12 
 

 Actinomycetes are the economically important organisms that play a fundamental 

role in many areas like: 

Use in Bioremediation : 

Actinomycetes digest complex carbohydrates like chitin, cellulose, 

hemicellulose etc. It also helps in the degradation of toxic compounds from the 

environment. Thus, it plays an essential role in the bioremediation of organic 

compounds. Actinomycetes can survive in a harsh environment like high 

temperature up to 50 degrees Celsius that is crucial for the composting process. 

Biomedical Use: 

Members of actinomycetes can produce many of the best-known antibiotics 

like amphotericin, neomycin, novobiocin, chloramphenicol, tetracycline etc. 

Tetracycline and erythromycin etc. target bacterial ribosomes and cures respiratory 

infections. Vancomycin mainly attacks the bacterial cell wall of pathogenic 

bacteria (Streptococcus aureus). Rifampicin targets bacterial RNAP (RNA-

Polymerase) and cures tuberculosis and leprosy. Adriamycin treats cancer. 

Amphotericin attacks fungal membranes and shows a few side effects. 

Rapamycin enables organ transplant. 

Use in Regulating Plant growth: 
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Actinomycetes inhabit the soil and produce phytohormones, extracellular 

enzymes and bioactive compounds. These compounds promote direct plant growth 

and protect against phytopathogens and pests by producing indole 3-acetic acid, 

siderophore and solubilize phosphate. 

Industrial Use: 

Actinomycetes produce several enzymes, which show a wide range of 

applications in different fields like industry, agriculture etc. They produce a 

number of industrially important enzymes.  Lipase in detergent and 

pharmaceuticals industries.Cellulases in the animal feed industry. Catalase in the 

detergent industry.Amylase in food, textile and paper industries.Chitinase in 

biochemical industries. In agro based industries Actinomycetes have numerous 

applications.  They produce agro active compounds as they are extensively present 

in the rhizospheric zone of the plant. Thus, they can actively colonize themselves 

with the plant roots and protect the plant from pathogenic fungi and other  

phytopathogens.  Frankia is an example of actinomycetes, which acts as a 

“Symbiont” that promote root nodule formation and thereby in nitrogen fixation. 

In attempts to develop commercial Biocontrol and plant growth promoting 

Products using rhizobacteria, it is Important to recognize the specific Challenges 

they present. The Interaction between PGPR species and plant symbionts appears 
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to be Specific, even within a crop or cultivar (Chanway et al., 1988, Glick 

1995,KIoepper 1996, Lazarovits and Nowak1997). While a rhizobacterium 

screened for growth promotion may reveal the Positive effects on one crop, it may 

have No effect, or even retard growth of another Crop (Gardner et al., 1984, 

O‟Neill et al., 1992).  

Actinomycetes are also used as effective biocontrol agents.  A prime 

example of Streptomyces biocontrol agent is Streptomyces griseoviridis (Andersen 

et al., 2007)strain K61. This strain, originally isolated from light Coloured 

Sphagnum peat (TahvonenAlternari,1982), has been reported to be antagonistic to 

a variety of plant pathogens together with Alternariabrassicola (Schw.) Wiltsh., 

Botrytis Cinereapers.:Fr., Fusariumavenaceum  . Streptomyces griseoviridis strain 

K61 was used in root dipping or growth nutrient treatment of flowers, potted 

plants, Greenhouse cucumbers, and varied Alternative vegetables (Mohammadi 

and Lahdenpera 1992).  Mycostop™ (developed by KemiraOy) is a Biofungicide 

that contains S. griseoviridis as the active ingredient.  

As the environmental contamination by toxic chemicals increases, different 

approaches for controlling pest populations have become the need of the hour.  

These include biological or ecological management strategies for limiting the 

harmful impacts of pest populations, particularly in agriculture (Nakas and 

Hagedorn, 1990; Canaday, 1995, Hokkanen and Lynch 1995). Several sorts of 
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microorganisms including Fungi, bacteria, nematodes and viruses that are 

antagonistic to insects are reported as methods to biologically control them. 

Actinomycetes play a significant role in the biological control of insects through 

the production of insecticidally active compounds against the house fly 

Muscadomestica(Hussain et al., 2002). The mortality of larval and pupal stages, 

were terribly high reaching up to 90% ). Actinomycetes were effectively used 

against Culexquinquefasciatus (Sundarapandian et al., 2002). 

Actinomycetes have an extended tradition in the analysis of bioactive 

compounds. Several species manufacture a large form of secondary metabolites, 

including anti-Helminthic compounds, anti-tumor agents and majority of identified 

antibiotics. Free-living actinomycetes have additionally been concerned in the 

Improvement of plant growth by Production of plant growth-producing Substances 

like auxins and gibberellin-like Compounds (Persello-Cartieaux et al., 2003, 

Bloemberg et al., 2001).In recent years the tactic of immobilizing Living cells has 

gained a large variety of Applications (D‟Souza et al. 1999, Baianu Et al. 2004). 

Encapsulation of microbial Cells for soil application provides a variety Of benefits 

like application to the soil, Reduced off-site drifting, and protection of Cells from 

environmental stress (Leung et al., 1997; Bashan 1986)actinomycetes are known to 

be durable organisms and thus appropriate for soil Applications. The spores of 

most actinomycetes endure desiccation and show slightly higher resistance to dry 
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or wet heat than vegetative cells. Actinomycetes will colonize dry soil owing to 

their filamentous nature and exist in soil for extended periods as resting 

arthrospore that germinate in the occasional presence of exogenous substrates.  

Biocorrosion: 

Corrosion is a principal reason of pipe failure and high preservation costs in 

gas pipelines (Zhu et al., 2003).  Biocorrosion is defined as a caustic harm initiated 

or aggravated by the direct or indirect activities of microorganisms (Zuo et al., 

2007). A broad range of bacteria is present in most if not all areas of oil production 

and have been described from water injection plants, drilling mud, and live 

reservoir Cores (Feio et al. 2000, Magot et al. 2000,Korenblum et al. 2005, Von 

Der Weid et al. 2008) . Antimicrobial substance (AMS) formed by A 

Streptomycetes strain having its activity against an aerobic bacterium B. pumilus 

LF-4, and sulfate-reducing bacterium D. alaskensis NCIMB 13491 known to be 

Involved in biofilm formation and Biocorrosion. Strain 235 was identified as 

belonging to S. lunalinharesii species Cluster, was initially isolated from a 

Brazilian soil.  The AMS is a promising anticorrosion molecule that can be widely 

used in oil making plants, because of its to chemicals and solvents, and over a 

broad range of Temperature and pH values. 
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 Actinomycetes are organisms which produce a number of useful molecules 

and hence identifying and characterization of new Actinomycetes species can add 

value to the current research.  
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MATERIALS AND METHOD 
 

Collection of sample: 

Samples for the experiments were collected from in sterile plastic bags from 

the rhizospheric of mangroove trees near Punnaikayal beach in Punnaikayal, 

Thoothukudi district. Soil and root sample were collected from the rhizosphere of 

mangroove trees. Approximately 35 cm below the surface. 

Characterization of culture: 

Isolation of rhizospheric bacteria by serial dilution: 

 1 gram Rhizospheric soil  was taken into a test tube  and mixed with 10 ml 

of distilled water. The plant sample was serially diluted till 10
-6 

dilutions and the 

200 µl of the sample from each dilution was spread plated to obtain single colony 

isolates.  .  

Plating of culture: 

 The actinomycete isolation agar was prepared and was autoclaved at 121°C 

for 15 minutes. The medium was poured into petridish and allowed to solidify. The 

samples were plated on the medium by spread plating.   100 µl of the samples from 

each dilution (10¹־ and 10⁶־) was plated spreading the technique.  Plates were 
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incubated at  37°C  till the growth of the colonies.  Nalidixic acid was added before 

pouring the medium into the petri plats. 

 Selective Isolation of Actinomycete strains: 

 From the plant samples , microorganism were isolated by serial dilution 

followed by spreading and restreaking.  Actinomycete isolates were obtained by 

adding 10 mg/l of Nalidixic acid to the medium to inhibit the growth of other 

bacterial strains.  The plates were incubated at 37°C till visible colonies appeared.    

 Isolation of pure bacterial colonies: 

 Single colonies were picked and streaked to obtain single pure colonies. 

Pure colonies were incubated at 37°C for 24 hours and stored at 4
0
C for further 

studies. 

Characterization of isolates: 

Morphological characteristics of colonies such as shape, size, colour, pigmentation, 

gram staining were recorded 

Gram staining:             

 Gram staining was performed for isolated colonies according to standard 

procedure. A smear of bacterial cells was prepared on a clean glass slide by gentle 

heat fixation. Heat fixed smear filled with crystal violet solution for one minute. 
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The smear was washed with distilled water and then gram iodine was added. 

Smears were washed with 95% decolourisation and cleaned with water. Finally 

safranin was used as counter stains for 60-80 seconds and washed with water. Then 

observed under a microscope. 

Biochemical characterization: 

Catalase test: 

 Slants of bacterial culture in nutrient agar were made and the catalase test 

was performed.  Two drops of  hydrogen peroxide was added to the 24 hours 

bacterial culture. The immediate evolution of the gas bubbles indicates the 

production of catalase enzyme by the isolates and hence considered catalase 

positive (Hadioetomo 1990).  

Phosphate solubilization: 

Bacterial isolates was screened invitro for their phosphate solubilizing 

activity using potato dextrose rose Bengal agar. The cultures were streaked on the 

agar. Plates are incubated at  37°C for 24  hours. The growth of the bacterial 

colony indicates a positive result for phosphate solubilization (Martin, 1950). 

Screening for Hydrolytic enzyme production: 
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 Bacterial isolates were screened for their hydrolytic enzyme production like 

protease and amylase. 

Protease production activity: 

 Bacterial isolates were screened for the ability to produce proteolytic 

enzymes in skim milk agar (SM medium).The medium was poured into a sterilized 

petridish and the isolated bacterial strain was streaked on the surface of the 

medium. Formation of a clear zone around the colonies is indicative of protease 

production. 

Starch hydrolysis activity: 

 About 20 ml of starch medium was poured into the sterilized petridish. The 

isolate was streaked and incubated for 24 hours. At the end of the incubation 

period, two or three drops of Iugol‟s iodine solution were added on the surface of 

the medium. A clear zone around the area of growth indicates starch hydrolysis 

activity of the isolates. 
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RESULT 

 

ISOLATION OF BACTERIA: 

                  Bacterial strains were isolated from the rizhosphere of the Avicenia 

marina plants growing in the backwaters of Punnaikayal village in Thoothukudi 

District (Figure 1). The bacterial cultures were isolated by serial dilution. In order 

to obtain actinomycetes  species Actinomycete isolation agar was used. The 

actinomycete isolation agar was supplemented with Nalidixic acid to inhibit the 

growth of other bacterial strains and incubated at 37
0
C for 7 days. The colonies 

were named as R1, R2, R3, R4, R5 and R6. Pure culture of the bacterial isolates 

were maintained as patches and shown in Fig. 3. 

MORPHOLOGICAL CHARACTERIZATION: 

                            The bacterial isolates were characterized for the colony 

morphology such as shape, colour, margin, elevation and opacity and also 

characterized for cellular morphology using student microscope. 

                       The morphology of the bacterial colonies and their colours were 

observed and tabulated in Table 1. The colonies had varied morphology. The 

strains R1, R2, R3, R5, R6 were dull white, R4  was a white colonies. The strains 

R1, R2, R3, R4, R5, and R6 were circular. The margins of the colony were entire 
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in R1, R2, R3, R4, R5, R6. The elevations of the colony were raised in R1, R2, R5 

and flat in R3, R4, R6. The colonies R1, R2, R3, R4, R5, R6 were opaque (Table -

1). 

GRAM STAINING: 

                               Gram staining was done on all the isolates. All the colonies 

(R1, R2, R3, R4  and R6) were Gram positive except R5 (Fig. 4) (Table 2).  

BIOCHEMICAL ANALYSIS OF ISOLATED BACTERIA: 

                            Biochemical tests were performed on the bacterial isolates. Tests 

like Catalase test, Phosphate Solubilization test, Protease production and Starch 

hydrolysis tests were performed. 

CATALASE TEST: 

                           Catalase test was done to identify strains that produced the 

catalase enzyme. The isolates R1, R2, R3, R4, R5 and R6 were used for catalase 

test. To the overnight grown bacterial slants few drops of hydrogen peroxide was 

added. A brisk effervescence was observed in all the test cultures, showing that all 

the strains produced catalase enzymes (Fig. 5) (Table  3).  

PHOSPHATE SOLUBILIZATION TEST: 
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                                Phosphate solubilization ability of bacteria can be detected by 

culturing the isolates on Potato Dextrose Rose Bengal agar plate method. Growth 

on this medium confirms their phosphate solubilization activity. The isolates R1, 

R2, R3, R4, R5 and R6 were checked for phosphate solubilization. The strains R1, 

R2, R3, R4, R5 and R6 grew well on the Potato Dextrose Rose Bengal agar 

medium, implicating that these colonies could solubilize phosphate (Fig. 6) (Table 

4). 

HYDROLYTIC ENZYME PRODUCTION: 

PROTEASE PRODUCTION TEST: 

                            To check the ability of the actinobacterial strains to produce 

protease enzyme, the colonies were patched on Skimmed milk (SM) agar medium. 

The colonies R1, R2, R3, R4, R5 and R6 were used for analysis. All the colonies 

grew on the SM agar medium (Fig. 7) (Table 5). This showed that the isolates 

produce the protease enzyme. 

STARCH HYDROLYSIS TEST: 

                                  The starch hydrolysis test is performed to confirm the 

production of the enzyme amylase by the bacterial isolates. The isolates that 

produced amylase enzyme can hydrolyse the starch present in the Starch agar and 

show a zone of clearance around their colony when iodine is added. The test was 
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performed on 6 colonies R1, R2, R3, R4, R5 and R6 (Fig. 8) (Table 6). A zone of 

clearance was observed around the colonies R1, R2, R3, R4, R5 and R6, indicating 

these are produce the amylase enzyme.  
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DISCUSSION 

 

Actinomycetes, which occur in both terrestrial and aquatic habitats, are among 

the most common groups of gram-positive microorganisms in nature. 

Actinomycetes decompose organic matter and display antagonism 

against other bacteria and fungi, with which they compete for nutrients. 

Actinomycetes have incredible abilities to survive under extreme 

conditions in their natural environment and have long been the focus of 

scholarly attention and have been harnessed as valuable sources of 

natural compounds, such as antibiotics, enzymes, and vitamins. More 

than 90 percent of chemotherapeutic antibiotics have been isolated from 

actinomycetes (Newman et al., 2007; Demain, 1999).  
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 PGPR are free living soil bacteria that aggressively colonize the plant roots 

and when applied to the seeds they enhance  the growth and yield of the plants. 

The use of novel PGP bacteria as biofertilizers, biopesticides and phytostimulator 

inn agricultural sectors to improve crop  yield, quality and maintaining the soil 

fertility is advisable. The present study is carried out to identify and their activities 

from Punnakayal, soil and root environment. 

Generally, most of the studies that focus on the screening of antibiotic producing 

actinomyctes are done in a neutral medium (pH 7).  In those studies Actinomycetes 

that are halophilic were not selected and hence, these extremophiles could have 

been missed out (Trenozhnikova and Azizan, 2018)  

 The objective of the current study was to isolate Rhizospheric 

actinobacterial strains. Hence soil and root sample were used to isolate the 

organisms. Initially the colonies were isolated on Actinomycete selection Agar.    

On the Actinomycete selection medium, many rhizospheric bacterial strains were 

identified.   For the analysis a few of the colonies which grew on   

actinomycetes isolation Agar and a few colonies from the medium containing 

Actinomycetes agar.  Morphological and biochemical characterization of the 

colonies were done.  The bacterial colonies showed diverse morphological 

characteristics as indicated from variation in shape, colour, margin, elevation  and 

opacity. On the basis of their gram reaction R1,R2, R3, R4, R6 were gram positive.  
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Some of the colonies also produced a wide range of bioactive compounds such as 

enzymes protease, amylase, catalase etc., 

  The exact mechanism by which PGPR stimulate plant growth is not clearly 

known, although several mechanisms such as production of phytohormones, 

activation of phosphate solubilization and promotion of the mineral nutrient uptake 

are usually believed to be involved in plant growth promotion. There are many 

papaers related to the advantages and screening of PGPR from crop plants but few 

on Avicenia marina. In this study, about 6 rhizobacterial strains were isolated  

fromAvicenia marina  (Mangrove Plant) rhizosphere samples and screened for 

different plant growth promoting traits and Biocontrol properties.  

In this present study, the isolated bacterial strains  solubilised phosphate, 

produced catalase and showed starch hydrolytic activity. These strains have to the 

further characterized by 16s rRNA to identify their genus and species. Analyse of 

more colonies have to be done to identify a strains that could be used efficiently for 

bioprospecting. Antimicrobial activity of the characterized strains have to be 

performed. 
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SUMMARY 

 

 Six putative actinomycete bacterial strains were isolated from 

rhizosphere soil by selection on actinomycete isolation agar. 

 All the isolates were found to be gram positive. 

 Morphological characterization of the colonies was done. 

 Biochemical characterization of the isolates was done. 

 The isolates were found to produce catalase enzyme. 

 They produced hydrolytic enzymes, protease and amylase. 

 They were able to solubilize phosphate. 
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CONCULSION 

 

Rhizospheric is an abode of beneficial and economically important 

microorganisms. Among all the microbes that inhabit the rhizosphere, 

actinomycetes are a versatile group of economically important bacteria.  It is well 

known that actinomycetes are the most economically and biotechnologically 

valuable prokaryotes. It is believed that the actinobacteria hold a prominent 

position due to their biodiversity and potentiality to produce novel compounds. 

The current study was focused on isolating actinomycetes from the rhizosphere. 2 

colonies of putative actinobacterial colonies were isolated. The aim of the study 

was to identify plant growth promoting actinobacteria from the rhizosphere. 

Among the different isolates that were screened 6 colonies were found to solubilize 

phosphate and hence can be considered for their PGP activity. The ability of the 

isolated colonies were checked for the production of hydrolytic enzymes like 

protease and amylase. 6 colonies were found to produce protease and 6 colonies 

were found to produce amylase. 1 Hence these isolates can be further characterized 

and utilized as biofertilizers or can be used for production of industrially important 

enzymes. 
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SUGGESIONS FOR FUTURE 

 The identification of the bacterial genera has to be done by 16s rDNA 

sequencing. In future the strain can be taken for future analysis. The identified 

strains can be made as bioformulation and taken for field application which would 

be beneficial from crop improvement and crop production. They can be fruitfully 

used for production of hydrolytic enzymes. 
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