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ABSTRACT 

Biological synthesis of nanoparticles is a relatively new emerging field 

of nanotechnology which has economic and eco-friendly benefits over 

chemical and physical processes of synthesis. In the present work, for 

the first time, the brown marine algae Sargassum muticum (S. 

muticum) aqueous extract was used as a reducing agent for the 

synthesis of nanostructure silver doped zinc nanoparticles (Ag-ZnNPs). 

The surface plasmon resonance (SPR) of the formed AgNPs was 

recorded at 453 nm using UV-Visible spectrophotometer. The 

molecules involved in the formation of Ag-ZnNPs were identified by 

Fourier transform infrared spectroscopy (FT-IR) confirms the presence 

of aldehydes, alkyls, alkenes, surface morphology was studied by using 

scanning electron microscopy (SEM), SEM micrograph clearly 

revealed the size of the Ag-ZnNPs was in the range of 2mm with 

spherical, hexagonal in shape and poly-dispersed nature while in EDX confirms the 

composition of nanoparticles present in Sargassum muticum aqueous extract, and X-ray 

diffraction spectroscopy (XRD) was used to determine the crystalline structure. High positive 

Zeta potential (36.3mV) and particle size was (102nm) of formed Ag-ZnNPs indicates the 

stability and XRD pattern revealed the crystal structure of the AgNPs by showing the Bragg’s 

peaks corresponding to (111), (200), (220), (311) and (222) planes of face centered cubic 

crystal phase of silver doped zinc nanoparticles, The synthesized Ag-ZnNPs exhibited 
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effective antimicrobial activity at different concentrations (0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 

0.9 and 1.0). 

 

KEYWORDS: Sargassum Muticum; Silver Doped Zinc Nanoparticles; Antimicrobial 

Activity. 

   

1. INTRODUCTION  

Nano-biotechnology is an evolving field that has made its contribution to all domains of 

human life.
[1, 2]

 Several physico-chemical approaches have been illustrated for the synthesis 

of metal nanoparticles.
[3, 4, 5]

 A variety of green methods for synthesis of nanoparticles were 

needed because most of these means are inexpensive, non-toxic, eco-friendly and have 

easy production technology. The synthesis of new approaches for green nanoparticles from 

natural sources like plants
[6]

, and algae.
[7]

 For their easy availability, natural occurring, non-

toxicity, the macroalgae have several potentials in the biosynthesis of silver nanoparticles 

such as eco-friendly, easy production technology and low costs
[8]

 unexpensive, green easily 

amenable approach for biosynthesis of silver nanoparticles by reducing silver nitrate solution 

using marine macroalgae extract. Several macroalgae have been used for biosynthesis of Ag-

NPs, particularly different Sargassum spp.
[9]

 It appears to be exceptionally sensible to trust 

silver nanoparticles biosynthesis as environmentally and ecologically safe as well as to 

enhance their antibacterial properties. For metal nanoparticles, silver nanoparticles (Ag-NPs) 

have great efficacy as ideal antimicrobial agents. Because of their antiseptic properties, the 

silver nanoparticles are widely used in the health-care sector and industrial applications.
[10, 11]

 

The use of environmentally benign materials like plant extract
[12]

, bacteria
[13]

, fungi
[14]

 and 

marine algae
[15]

 for the synthesis of silver nanoparticles offers numerous benefits of eco-

friendliness and compatibility for pharmaceutical and other biomedical applications as they 

do not use toxic chemicals for the synthesis protocol. Green synthesis are found to be 

superior over physical and chemical method as it is economically feasible, environmental 

friendly, scaled up for mass-scale production without any complexity. 

 

Historically, seaweed is a readily available food source that has been consumed by coastal 

communities likely since the dawn of time. Seaweed is consumed habitually in many 

countries in South-East Asia. Marine algae refer to a wide variety of different species with 

different medicinal behaviour, which are divided into two groups, namely microalgae and 

macroalgae. Marine macroalgae or seaweed, are plant-like organisms classified according to 

their pigmentation into green (chlorophytes), red (rhodophytes) and brown (phaeophytes). 
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Seaweeds are well-known as functional food for their richness in lipids, minerals and certain 

vitamins, and also several bioactive substances like polysaccharides, proteins and 

polyphones, with potential medicinal uses against cancer. Green synthesis of nanoparticles is 

an emerging branch of nanotechnology.
[16]

 Marine algae are well-known as functional food 

for their richness in lipids, minerals and certain vitamins, and also several bioactive 

substances like polysaccharides, proteins and polyphones, with potential medicinal uses 

against cancer, oxidative stress, inflammation, allergy, thrombosis, lipidemia, hypertensive 

and other degenerative diseases. Thus, their phyto-chemicals include hydroxyl, carboxyl, and 

amino functional groups, which can serve both as effective metal-reducing agents and as 

capping agents to provide a robust coating on the metal nanoparticles in a single step 

 

The current work describes a green and rapid method using brown seaweed (S. Muticum 

belongs to Sargassaceae family) aqueous extract solution for the biosynthesis of silver doped 

zinc nanoparticles in ambient conditions. The current simple synthetic green method using 

rapid precursors of S. muticum aqueous extract provides high-yield nano-sized materials with 

good anti microbial properties.  

 

2. Experimental Methods  

2.1 Materials 

Zinc nitrate (ZnNO3), Silver nitrate (AgNO3) were used as received without further 

purification and double distilled water (DDW) as solvent. Sargassum muticum was collected 

as mat from the sea shores of Nellore district, A.P., India.  

 

2.2 Preparation of Sargassum muticum aqueous extract  

Shade dried Sargassum muticum mat was ground to and 10g of fine algal powder and was 

mixed with 100 ml of distilled water (DW) and heated to 80
o
C for 30min. Then the solution 

was filtered using filter paper (whatman no.1) and aliquot (10%) was collected for further 

experimentation and the rest was stored at -4
o 
C. 

 

2.3 Preparation of Sargassum muticum extract mediated silver (Ag) doped Zinc (Zn) 

nanoparticles  

To prepare the silver doped zinc nanoparticles 1M concentration solutions of each element 

(AgNO3 & ZnNO3) was prepared in double distilled water and mixed at 10 % volume to 90 

ml of Sargassum muticum extract followed by AgNO3 solution in a series of concentrations 

(0.1 % to 1.0 % in the 10 % proportion of ZnNO3) and was thoroughly mixed. The mixture 
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was heated to 60
o
C and cooled to room temperature, further incubated at room temperature 

for 24 hrs. The precipitated Ag-ZnNPs were separated from the mixture through ultra 

filtration and dried. The Ag-ZnNPs as powder were further stabilized by sintering at 500
o
C 

for 1hr. The Ag-ZnNPs formed were stored for further characterization and bioactive assays. 

 

2.4 Characterization of the prepared nanoscale AgZnNPs 

2.4.1 UV - Visible spectrum for synthesized nanoparticles 

The nanoparticles were monitored by UV-visible spectrum at various time intervals. The UV 

-Visible spectra of this solution was recorded in spectra 50 ANALYTIKJENA 

Spectrophotometer, from 200 to 600 nm. 

 

2.4.2 Fourier transform infrared spectroscopy (FT-IR)  

The Ag-ZnNPs were investigated by Fourier transform infrared (FT-IR) spectroscopy 

(Perkin–Elmer) in the frequency range of 400–4000 cm
-1

 by pelletizing a homogenized 

powder of the synthesized particles and KBr. The spectra were corrected by subtracting the 

spectrum of a KBr blank pellet and were presented in the transmittance mode.  

 

2.4.3 X-ray diffraction (XRD) 

The XRD pattern of freshly prepared sample was taken using a (Rigaku,) X-ray 

diffractometer operating in the reflection mode with CuKα radiation (k=0.1542nm). The 

scanning range was between 2h = 20–80 with a step size of 0.04 and a dwell time of 6s.  

 

2.4.4 Dynamic light scattering spectroscopy (DLS for size and zeta potential 

measurements) 

Dynamic light scattering (DLS) was performed using a particle sizing system, Horiba 

Nanopartica at a wavelength of 633nm from a 4.0mW, solid-state He-Ne laser at a scattering 

angle of 170°. Intensity average, volume average, and number average diameters were 

calculated from the autocorrelation function using Malvern’s Zetasizer Nano 4.2 software 

utilizing a version of the CONTIN algorithm. 

 

2.4.5 Scanning Electron Microscopy (SEM) and Energy Dispersion Spectroscopy (EDS)  

Sample preparation for the SEM was as follows. The ribbon samples were hand grinded 

using a mortar and pestle to produce fresh fracture surfaces and were placed on CU-tape and 

loaded into the SEM. The powder samples were also placed on CU-tape but the excess 

powder was removed with an air duster before analysis. 
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2.5 Antimicrobial activity 

The antibacterial activity of Ag-ZnNPs was evaluated against the following pathogenic 

strains Escherichia coli, Staphylococcus aureus, Pseudomonas fluorescence, Bacillus subtilis, 

these cultures were grown on appropriate medium at 37°C for overnight incubation and 

maintained at 4°C in a refrigerator. Disc diffusion method disc of 5 Mm was made for 

nutrient agar medium and each disc was dipped at different concentration (0.1, 0.2, 0.3, 0.4, 

0.5, 0.6, 0.7, 0.8, 0.9 and 1.0) efficiency of prepared Ag-ZnNPs. The pure cultures of 

bacterial pathogens were sub-cultured on an appropriate medium. After incubation at 37°C 

for 24h the zones of bacterial inhibition were measured. The assays were performed 

triplicate. 

 

The antifungal activity of Ag-ZnNPs was evaluated against the following pathogenic strains 

fungal species viz., Aspergillus flavus, Aspergillus niger, Rhizopus oligosporus, and 

Fusarium oxysporium and these cultures were grown on appropriate medium at 25-28°C for 

overnight incubation and maintained at 4°C in a refrigerator.
[17]

 Disc diffusion method disc of 

5 Mm was made on nutrient agar medium and each disc was dipped at different concentration 

(0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0) efficiency of prepared Ag-ZnNPs. The pure 

cultures of fungal pathogens were sub-cultured on an appropriate medium. After incubation 

at 37°C for 48 h the zones of fungal inhibition were measured. The assays were performed 

triplicate. 

 

3. RESULTS AND DISCUSSION 

3.1 UV-Visible spectral analysis 

UV–Vis spectrometer is spectral techniques are widely used to confirm the formation and 

structural characterization of nanoparticles in colloidal solution. The UV–Vis spec-troscopy 

was used for the confirmation of silver doped zinc ions reduction by aqueous extracts to form 

Ag-ZnNPs the colour of the composition has been changed colorless to pale brown colour. 

The maximum absorbance peak is observed at 453 nm for S. Muticum Fig. 1. 

 

3.2 Fourier transform infrared spectrophotometry analysis 

FT-IR spectrum of the biosynthesized silver nanoparticles using S. muticum. Fig. 2 shows the 

absorption peaks at 3408, 3400, 1624, 1361, 1151, 1122, 1087, 666, 613, and 599cm-1. The 

peak at 3408 and 3400cm-1 reveals the presence of N-H stretching vibration, indicating the 

primary and secondary amines, 1624cm-1 reveals the presence of N-H bend stretching 

vibration, indicating the presence of primary amines groups, 1361cm-1 reveals the presence 
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of N-O symmetric stretching vibration, indicating the presence of nitro compounds, 1151 and 

1122cm-1 reveals the presence of C-H wag stretching vibration, indicating the presence of 

alkyl halides This is further confirmed with a reduction in PH of solution during the reaction. 

The sulfated polysaccharides peaks pointed out the involvement of sulfate groups in the 

biosynthesis of silver nanoparticles, 1087cm-1 reveals indicating the presence of C-N group 

that is characteristic of proteins shifted from after the synthesis of Ag-ZnNPs, 666, 613 and 

599cm-1 reveals the C-Br stretching vibration of alkyl halides either may be poly phenols 

associated with synthesized silver doped zinc nanoparticles which is segregated by S. 

muticum extract. 

 

3.3 X-ray diffraction analysis 

The sample of Ag-ZnNPs could be also characterized by X-Ray Diffraction analysis of dry 

powder. The diffraction intensities were recorded from 10°-90° at 2θ angles. Four different 

and important characteristic peaks were observed at the 2θ of 22.8°, 37.2º, 38.6º, 40.2º, 41.9º, 

43.5º, 44.7º, 63.3º, 63.6º, 64.8º, 69.1º, 75.7º, 77.7º, and 81.9° that correspond to (100), (002), 

(101), (111), (200), (102), (110), (103), (311), (112), (201), (004), (202) and (222) planes, 

respectively. All the peaks in XRD pattern can be readily indexed to a face centered cubic 

structure of silver doped zinc as per available literature (JCPDS, File No. 4-0783). The XRD 

pattern of these peaks indicates the Ag-ZnNPs is crystalline in nature and some of the 

unassigned peaks were observed it may be due to the fewer bio-molecules of stabilizing 

agents are enzymes or proteins in the S. muticum extract [16] Fig. 3. 

 

3.4 Dynamic Light Scattering Analysis  

Particle size and zeta potential values were measured using Nanopartica SZ-100. The particle 

size distribution spectra for the Ag doped zinc nanoparticles were recorded as diameter (nm) 

verses frequency (%/nm) spectra with diameter (nm) on x-axis and frequency (%/nm) on y-

axis. The zeta potential spectra for the Ag doped zinc nanoparticles were recorded zeta 

potential verses intensity spectra with zeta potential (mV) on x-axis and intensity (a.u) on y-

axis. Particle size of 102.0nm with zeta potential of 36.3mV was recorded for the Ag doped 

zinc nanoparticles synthesized from S. Muticum aqueous extract (Fig. 4a & 4b). The zeta 

potential indicates the degree of repulsion between adjacent and similarly charged particles in 

dispersion.  
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3.5 Scanning electron microscopy and EDX analysis 

The surface morphology, size and shape of S. muticum silver doped zinc nanoparticles were 

characterized from the SEM micrograph, it is evident that AgNPs were spherical in shape and 

were polydispersed Fig. 5. The measured average size of AgNPs was 55 nm and the 

nanoparticles ranges from 40.4 nm to 57.6 nm occasional agglomeration of the AgNPs has 

been observed. The electrostatic interactions and hydrogen bond between the bioorganic 

capping molecules bond are responsible for the synthesis of silver nanoparticles using S. 

muticum extract.
[16]

 

 

3.6 Antimicrobial potential assay of formed Ag-ZnNPs tested bacterial and fungal species 

The antimicrobial activity of the synthesized Ag-ZnNPs was carried out using the method 

proposed by Kirby-Bauer.
[18]

 Ag-ZnNPs obtained from Sargassum muticum have very strong 

inhibitory action against Gram-positive-negative bacteria and fungi Fig. 6 & 7. These isolates 

were collected from Acharya N G Ranga Agricultural University, Tirupathi. Ten 

concentrations of Ag-ZnNPs were prepared and were applied against an array of bacterial 

species viz, S. aureus (Gram positive), E.coli, Bacillus and P. aeruginosa (Gram negative). 

The higher concentration (1.0) of Ag-ZnNPs showed significant antimicrobial effect 

compared with other concentrations (0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8 and 0.9). But when 

compared to E. coli and S. aureus (Gram positive) P. aeruginosa (Gram negative) and 

Bacillus (Gram positive) shown effective zone of inhibition in all concentrations. While 

coming to fungal species when compared to Aspergillus niger and Aspergillus flavus, 

Fusarium and Rhizopus shown very good inhibition activity at higher concentrations (0.6, 

0.7, 0.8, 0.9 and 1.0). The inhibitory action of the microbes may be attributed to the loss of 

replication ability of DNA upon treatment with the silver and zinc ion, besides the fact that 

expression of ribosomal sub-unit proteins as well as some other cellular proteins and enzymes 

essential to ATP production becomes inactivated because it is due to the release of ROS 

(Reactive oxygen species). When ppm concentration decreases the diameter of zone of 

inhibition was also decreased. The results indicated that antimicrobial effect was done by 

dose dependent. The mechanism of inhibition of Ag-ZnNPs on microorganisms is not well 

known. AgZnNPs binds with cytoplasmic membrane and killed the bacterial and fungal cells. 

This is because the electrostatic interaction between positively charged Ag-ZnNPs and 

negatively charged cell membrane of microorganisms.
[19]

 The observed results of the 

antimicrobial assay of Ag-ZnNPs are given in Table.1. 
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Fig. 1. UV/Visible absorption spectrum of synthesized silver doped zinc nanoparticles 

from Sargassum muticum. 
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Fig. 2: FT-IR spectrum of synthesized silver doped zinc nanoparticles from S. muticum. 

 

 

Fig. 3: XRD analysis of synthesized silver doped zinc nanoparticles from S. muticum. 

Sargassum muticum  

(Brown algae) 
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Fig. 4: DLS analysis of synthesized silver doped zinc nanoparticles from S. Muticum a) 

Particle size b) Zeta potential.  
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Fig. 5: Showing SEM and EDX of synthesized silver doped zinc nanoparticles from S. 

muticum. 
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4. CONCLUSION 

In the present study, we have used economically important brown seaweed Sargassum 

muticum which is a rich marine source available in abundance. The biomolecules present in 

the algae must be responsible for the reduction of Silver and zinc ions to Ag doped zinc 

nanoparticles. Biosynthesis of AgNPs using algal resources is a simple, environmentally 

friendly, pollutant-free and low-cost approach. This green method of synthesizing AgNPs 

could also be extended to Medical and industrial applications. This method is inexpensive 

and highly recommended for large-scale production of Silver doped zinc nanoparticles 
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