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Abstract: In the present study, silver nanoparticles (SNPs) were synthesized using broth of red algae Hypnea
musciformis as reductant by a simple and eco-friendly route. The synthesized SNPs have been well
characterized by using various analytical techniques, Zeta potential, Transmission Electron microscopic (TEM),
X-ray diffraction (XRD), FTIR and further confirmed by X-ray photoelectron spectrum (XPS). H. musciformis
mediated AgNPs showed excellent antibacterial activity with varying degrees against Xanthomonas campestris
and Ralstonia solanacearum. It was found that AgNPs synthesized by greener route have a greater
antibacterial activity and may be a good alternative approach to control agriculture pests in future.

Key words: Hypnea musciformis. Zeta potential. Antibacterial activity. Xanthomonas campestris. Ralstonia
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INTRODUCTION potential [4, 5]. All the major investigations are restricted

In the 21st century, nanotechnology is the newly for synthesis of nanoparticles using marine algae [6-8]. 
emerging multidisciplinary research area with biogenic The genus Xanthomonas (Proteobacteria) is a diverse
synthesis of nanosized materials including silver, gold, and economically important group of Gram-negative
palladium, zinc and iron. There are many methods adopted bacteria [9]. Due to the limitations of existed control
for synthesis of nanoparticles like chemical (reduction in measures, bacterial wilt caused by Ralstonia
solutions) and physical (thermal decomposition, solanacearum affects a large number of important
microwave assisted, laser mediated). Recently various agricultural crops during the growing season and
biological procedures have been developed for the throughout the post-harvest storage [10].
production of metal nanoparticles due to their imperative Pathogenic bacteria are playing an important role in
advantages over chemical and physical methods. the creation of unknown diseases and the development of
However these methods cannot avoid the use of toxic antibiotic resistance which are the major problems in the
chemicals. Biosynthetic method has emerged as a simple current scenario. Nanoparticles of metals are the most
and viable alternative to procedures to obtain potential agents as they show excellent antibacterial
nanomaterials. Consequently, researchers working in the activities due to their large surface area-to-volume ratio.
field of NPs preparation turned their attention towards There is an urgent need to develop new nanobased
biological systems [1-3]. antimicrobicidal agents against disease causing

Marine algae are renewable and rich source of novel pathogens with great interest for agriculture
and biologically important metabolites. They have shown biotechnology.
immense potential for the synthesis of nanoparticles, as Microbial pests are very important antagonist against
they can synthesize inorganic materials either intracellular agricultural production systems and there is an urgency
or extracellular. Marine macroalgae produce a great variety to develop green and safer alternative methods of
of secondary metabolites that showed therapeutic controlling  them.  NPs are  showing  promise  in  different

to terrestrial plants, but only limited reports are available
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fields of agricultural biotechnology and helping in Synthesis and Purification of AgNPs: H. musciformis was
production of newer antibacterial agents. Very few studies washed thoroughly with double distilled water and
are available for the applicability of AgNPs to control incised into small pieces. Finely cut plant materials were
plant diseases [11]. Therefore, extensive studies are being weighted (5g) and transferred to 250 ml Erlenmeyer flasks
carried out to screen biogenic nanoparticles for containing 100 ml of double distilled water. After mixing it
antimicrobial property. A recent major development in thoroughly it was boiled for 5 minutes and later filtered
nanotechnology is the green synthesis and application of through Whatman No.1 filter paper. Fig. 1 shows the
nanoparticles (NPs) in bacterial pest control. Silver ions synthesis of Ag nanoparticles, 10 mL of leaf broth was
and silver based compounds are highly toxic to mixed with 190 mL of 1 mM A NO  aqueous solution and
microorganisms but safe to humans. It is generally further exposing the reaction mixture directly to sunlight
recognized that silver nanoparticles may adhere to the cell irradiation from the time period between 11 a.m. to 2 p.m.
wall and damage the permeability and destroy cellular under clear sky condition. Reduction occurs slowly and
DNA and proteins. colour changes to brown [14, 15]. The Ag NPs obtained

Hypnea musciformis belongs to family Hypneaceae. by centrifuging at 10, 000 rpm for 10 min were washed
Seaweeds with their diverse bioactive compounds have three times with deionized water to remove any water
opened up potential opportunities in agri-food processing soluble material and sonicated to prevent aggregation and
industries. H. musciformis has been evaluated for immune further placed in hot air over to remove water content. 
suppressants and antibiotic activity [12, 13]. It is a
carrageenan yielding seaweed used in the preparation of Characterization: To determine the time point of
salad. The present study aimed to synthesize and maximum production of AgNPs, the absorption spectra of
characterize silver nanoparticles (SNPs) from H. the  samples  were taken between the wavelength range
musciformis aqueous extract and evaluate antibacterial 350 to 800 nm using a UV–Vis spectrophotometer
activity of these nanoparticles. (Spectramax M3 molecular devices) operating at the

MATERIALS AND METHODS synthesized AgNPs were determined by using

Collection of Algal Material: The red algae H. UK). Transmission electron microscope (TEM) was
musciformis was collected along the southeast of India. performed on FEI Tecnai F12 (Philips Electron Optics,
Collected sample was immediately brought to the Holland) instrument operated at 100 kV. X-ray diffraction
laboratory in new plastic bags containing pond water to (XRD)  and  Fourier  transform  infrared  spectroscopy
prevent evaporation. Algal material was washed (FT-IR) were recorded on Bruker D-8 Advance power
thoroughly with tap water and Milli Q water to remove XRD and Fourier Thermo Nicolet Nexus 670 spectrometer
extraneous materials and shade-dried for 5 days until in the diffuse reflectance mode at a resolution of 4 cm  in
constant weight was obtained, then ground into fine KBr pellets, respectively. X-ray Phototelectron
powder using electric mixer and stored at 4°C for future Spectroscopic (XPS) studies were carried out on
use. KRATOS AXIS 165 (Shimadzu, UK).

Microbial Strains: Two Gram negative bacteria Antimicrobial Assay by Agar Well Diffusion Method:
Xanthomonas campestris (B-001239) and Ralstonia AgNPs synthesized using H. musciformis was tested for
solanacearum (B-00418) were procured from the National antibacterial activity by agar well diffusion method
Bureau of Agriculturally Important Microorganisms according to [9] with minute modifications against X.
Culture Collection (NAIMCC), Mau Nathbhanjan, U.P campestris and R. solanacearum. A single colony of test
(India) and maintained in the laboratory. strain was grown overnight in nutrient broth on a rotary

Chemicals: The solvents and other chemicals used were were  swapped  homogeneously  onto  the individual
purchased from Himedia Laboratories Limited, Mumbai. plates using sterile cotton swabs on Muller- Hinton agar
The chemically synthesized nanosilver was obtained from (MHA) medium  (SRL  Laboratories  Limited,  Mumbai).
Nanolabs. Silver nitrate (AgNO ) used for the synthesis Wells of 6 mm diameter were made using gel puncture.3

of Ag nanoparticles was purchased from Sigma-Aldrich, Different  concentrations  of AgNPs (25, 50, 75, 100 and
USA. 150 µg/ml)  was  impregnated  in  each  well  and  antibiotic

3

resolution of 1 nm. Size and zeta potential of the

nanoparticle analyzer (Nano ZS90 instrument, Malvern,

1

shaker (200 rpm) at 35°C. After 24 hours bacterial strains
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Fig. 1: Schematic diagram of biosynthesis and purification of AgNPs

chloramphenicol (0.1 %) (Himedia Laboratories Limited, surface plasmon resonance (SPR) absorption band of
Mumbai) and deionized water were used as positive and AgNPs were observed with earlier reports [16-18]. The
negative control, respectively [9]. After 24 hours biosynthetic nanotechnology is an environmental friendly
incubation at 37°C, zone of inhibition was measured in technology for the synthesis of nanoparticles. In this
millimetres and recorded as mean ± SD of the triplicates aspect, H. musciformis has proved to be an important
experiments. biological material for the extracellular biosynthesis of

Statistical Analysis: The results of presented data was
analyzed by using analysis of variance (ANOVA) and the Zeta Potential Measurement and Dynamic Light
means  were  statistically compared by Tukey’s test, Scattering (DLS) Analysis: Zeta potential determines
where p values less than 0.001 were considered to be particle sized distribution and the stability of colloidal
significantly different. nanoparticles where as DLS measures hydrodynamic

RESULTS AND DISCUSSION potential and DLS graph of AgNPs of H. musciformis with

UV–Visible Absorption Spectrometry: UV–visible 60 nm respectively. Zeta potential is the physical property
spectroscopy is one of the most widely used techniques of the particles in colloidal solution. Magnitude of zeta
for structural characterization of SNPs. The absorption potential gives an indication of potential stability of
spectra of the as-prepared nanosized silver samples were colloidal system. If the particles have high negative or
characterized by UV–visible spectroscopy (Fig. 2). It was high positive potential they tend to repel and there will be
observed that the colour of the solution turned from no tendency  of the particles to be together in a system.
yellow to bright yellow and then to dark brown after 3 h of If the particles have low zeta potential values there will be
the reaction, which indicated the formation of silver no force to prevent them to come together and flocculate.
nanoparticles. The formation and stability of the reduced The dispersion of the AgNPs in water was very clear and
SNPs in the colloidal solution was monitored by UV–vis stable for more than two months days without settling
spectrophotometer analysis. The position of SPR band in down this is due to zeta potential.
UV–Vis spectra was sensitive to particle shape, size, its
interaction with the medium, local refractive index and the XRD Analysis: The sample of SNPs could be also
extent of charge transfer between medium and the characterized by X-ray diffraction analysis of dry
particles. This colour difference was due to the reduction powders. X-ray diffraction is used to assess the
of silver ions. It was observed that the nanosilver SPR crystalline  structure  and  preferred  orientation in
band was centered at about 420 nm. The same results of powder  solid  samples  of  the  AgNPs. Fig. 3 shows XRD

AgNps.

diameter of the hydrosol (particle suspension). Zeta

particles  carry  a  charge of -29.2 mV and average size of
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Fig. 2: Shows the UV-VIS absorption spectra of colloidal AgNPs synthesized using algae H. musciformis

Fig. 3: XRD pattern of the silver nanoparticles 

analysis clearly showed three distinct diffraction high polydisperse with irregular in shape. Fig. 4 shows the size
peaks at 2 , values of (38.02°, 44.16°, 64.34° and 77.44°) of  nanoparticles  synthesized  in  the  present   study by
with H. musciformis algae mediated AgNPs which can be H. musciformis biomass varied from 16 to 42 nm The DLS
indexed (111), (200), (222) and (311) reflection plates of and TEM studies have given further inputs on the
face centered cubic (fcc) structure of silver. The XRD morphology and size of biosynthesized SNPs. In the TEM
pattern of synthesized AgNPs was observed and analysis we found different shapes (triangles, pentagons
compared with the standard powder diffraction card of and hexagons and spheres) of AgNPs but mainly
Joint  Committee  on  Powder Diffraction Standards spherical shapes were predominant.
(JCPDS card No 04-0783), indicating that the synthesized
nanoparticles were of pure crystalline nature. The FTIR Analysis: It was carried out to identify the possible
broadening of the Bragg peaks indicates the reduction in biomolecules responsible for the stabilization of the newly
grain size. Crystalline nature of the nanoparticles is synthesized AgNPs. H. musciformis algal extract mediated
evidenced by the selected area electron diffraction AgNPs. The peak IR band of H. musciformis extract
patterns with bright circular spots. No reflection peaks observed at 3417.56 cm-1 stretch corresponds to O-H of
related to nitrate ions and other impurities were observed phenols. Other peaks at 2926.07cm  and 2855.68 cm
in this pattern, which indicating the high purity of the end represent C-H stretch of alkanes. The peaks at 1727.60
product. In addition, the acquired reflections are sharp cm ,1661.61 cm ,1391.31 and 1217.73 cm  assigned to
with good intensity which confirms that the structures of C=O stretch of carboxylic acids, -C=C- of alkenes. Peak at
synthesized nanoparticles are well crystalline in XRD. 1217.73 cm and 1022.34 cm  assigned to C-N stretch of

TEM: It was employed to analyse the structure of the are very weak bands. In the case of nanoparticles, a large
nanoparticles that were formed. The obtained morphology shift in the absorbance peak with decreased band
revealed the fact that the synthesized AgNPs are intensity  was  observed at 3323.59 cm  and 2921.07 cm

1 1

1 1 1

1 1

aliphatic amines. The band at 762.46 cm  and 563.16 cm1 1

1 1
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Fig. 4: Transmission electron micrographs of AgNPs the scale bar corresponds to 50 nm (SAED pattern)

Fig. 5: High resolution XPS spectra of Ag NPs synthesized by using H. valentiae extract (a) Survey scan (b) Ag 3d(c)
C 1s (d) O1s (e) N1s

represents O-H of phenols and C-H stretch of alkanes 1023.24 assigned C-N stretch of aliphatic amines. The
Absorbance peak at 1634.30 cm corresponding to N-H band at 529.85 cm ,463.21 cm  and 406.48 cm  are very1

bend  of 1° amines. 1521.15 cm  and 1451.76 cm weak bands. The dual role of the plant extract as a1 1

corresponding to N-O asymmetric stretch of nitro reducing and capping agent and presence of some
compounds, C-H bend of alkanes. 1228.49 cm  and functional groups was confirmed by FTIR analysis of1

1 1 1
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AgNPs. Capping agents play very important in the have been reported to have many biological applications
stabilization of nanoparticles and capped AgNPs exhibit as well as in controlling the pathogenic microbes.
better antibacterial activity compared to uncapped AgNPs In  our  present   study   we   found
[19, 20]. FT-IR reveals that amine groups may be involved phytopathogen X. campestis is sensitive than R.
in the reduction and stabilizing mechanism. solanacearum towards AgNPs, this variation may be due

XPS Analysis: XPS is a surface-sensitive analytical tool membrane permeability between two organisms [3].
that is used to investigate the chemical environment of Interesting, AgNPs exhibited excellent antibacterial
the outermost surface layer of NPs up to few nanometers activity at low concentration. However, Irrespective of the
and also to know their oxidation states. Fig. 5 shows the microbes tested, zone of inhibition increased with
presence of C1s, N1s, O1 s and Ag3d core levels was increased concentration of Ag NPs. Literature  suggests
confirmed by XPS survey spectrum. The C1s core level that  there  are several mechanisms by  which  SNPs could
could be resolved into three chemically distinct be  killing  the microorganisms. The nanoparticles
components that are present in the proteins. In addition preferably attack the respiratory chain cell division and
to the C 1s peak at 284.6 eV (large peak), which finally cause cell death.The diameter of the inhibition zone
corresponds to the carbon atoms within the phenyl rings depends on the species of bacteria [25]. Based on the
of tyrosine, tryptophan and/or phenylalanine residues of varying sizes (in mm) of zone of inhibitions, we could
the protein. Whereas other peaks at 285.8 eV, 287.4 eV and confirm the bactericidal efficiency against individual
288.9 eV were observed that correspond to C=O/ C-N and bacterial strains [26, 27] varies due to the  difference  in
C-OH / C=O, O-C?=?O [21] respectively. In the O1s the  bacterial  cell  wall  composition. The biogenic AgNPs
spectrum (Fig.7c) Peaks at 532eV and 533eV represent showed excellent antibacterial activity on all
C=O components of protein moiety and C-OH and/or C-O- phytopathogens at even low concentration these results
C [22].The N 1s (Fig. 7d) peak located at 400.1 eV could be are in support of developing an efficient biocompatible
assigned to neutral amino group –NH2 or N-H bond of antibacterial molecule utilizing metal nanoparticles [28].
amide bond present in the protein moiety [23, 24] . High
resolution narrow scans (Ag 3d) of synthesized Ag NPs,
showed BEs peaks at 368.1 eV and 374.2 eV
corresponding to the spin–orbit splitting components Ag
3d5/2 and Ag 3d3/2, respectively, which is characteristic
of Ag in the zero-oxidation state. XPS spectrum shows
characteristic silver peaks on the surface of nanoparticles,
suggesting that SNPs are successfully synthesized using
H. musciformis broth in this study.

Antibacterial Assays: In this study, the antibacterial
activity of H. musciformis mediated AgNPs were
investigated against X. campestris and R. solanacearum
with various concentrations (25, 50, 75, 100 and 150 µg/ml)
and the results obtained are shown in Table 1. The results
of antimicrobial activity with a zone of maximum inhibition
was found for X. campestris (24.8 ± 0.1mm), followed by
R. solanacearum (20.3 ± 0.6 mm) at 150 µg/ml
concentration of AgNPs. The lowest zone of inhibition
was  observed  for  X. campestris  (12.2   ±   0.1 mm)  and
R. solanacearum (9.2 ± 0.6 mm) at 25 µg/ml concentration.
Chloramphenicol (0.1%) was used as reference antibiotic
that showed variable inhibitory activity on tested bacteria.
There are numerous techniques to perform antibacterial
and susceptibility tests but we followed agar well
diffusion because of reliability, low cost and simplicity.
Silver nanoparticles synthesized through green method phytopathogenic bacteria.

to the difference in the cell wall composition and

Table 1: In vitro  antibacterial  potential  of  biosynthesized AgNPs using
H. musciformis algal extract

Zone of inhibition in (mm)
--------------------------------------------------

Ag NPs conc. (µg/ml) X. campestris R. solanacearum
25 12.2 ± 0.1 9.2 ± 0.6
50 13.9 ± 0.2 10.5 ± 0.2
75 16.6 ± 0.5 12.8 ± 0.3
100 18.2 ± 0.1 15.5 ± 0.2
150 24.8 ± 0.1 20.3 ± 0.6
Positive control
(Chloramphenicol-0.1 %) 26.7 ± 0.8 23.5 ± 0.3

CONCLUSIONS

In this study, we have demonstrated that use of fresh
water algae H. musciformis extract as a reducing agent can
effectively produce the SNPs by the green chemistry
approach. Characterization of synthesized SNPs was
carried out by UV–Vis spectroscopy, FTIR, DLS, XRD,
XPS and TEM. The synthesized SNPs exhibited a strong
antibacterial against both X. campestis and R.
solanacearum and insecticidal activities. The present
research work showed that the synthesized nanoparticles
using such algal extract are ready for the application in the
field of agricultural biotechnology against resistant
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