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Abstract We present the synthesis and antibacterial

activity of silver nanoparticles using Caulerpa racemosa, a

marine algae. Fresh C. racemosa was collected from the

Gulf of Mannar, Southeast coast of India. The seaweed

extract was used for the synthesis of AgNO3 at room

temperature. UV–visible spectrometry study revealed sur-

face plasmon resonance at 413 nm. The characterization of

silver nanoparticle was carried out using Fourier transform

infrared spectroscopy (FT-IR), X-ray diffraction (XRD)

and transmission electron microscope (TEM). FT-IR

measurements revealed the possible functional groups

responsible for reduction and stabilization of the nanopar-

ticles. X-ray diffraction analysis showed that the particles

were crystalline in nature with face-centered cubic geom-

etry.TEM micrograph has shown the formation of silver

nanoparticles with the size in the range of 5–25 nm. The

synthesized AgNPs have shown the best antibacterial

activity against human pathogens such as Staphylococcus

aureus and Proteus mirabilis. The above eco-friendly

synthesis procedure of AgNPs could be easily scaled up in

future for the industrial and therapeutic needs.
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Introduction

Pathogenic bacteria are playing an important role in the

creation of unknown diseases and the development of

antibiotic resistance which are the major problems in the

current scenario. The applications of nanoparticles are

gaining an important function in the current scenario as

they possess well-defined chemical, visual and mechanical

attributes. Nanoparticles of metals are the most potential

agents as they show excellent antibacterial activities due to

their large surface area-to-volume ratio, which is getting up

as the current interest in the researchers due to the growing

microbial resistance against metal ions, antibiotics and the

growth of resistant strains (Gong et al. 2007).

Antimicrobial nanoparticles offer various distinctive

advantages in reducing acute toxicity, overcoming resis-

tance, and lowering cost, when compared to conventional

antibiotics (Pal et al. 2007; Weir et al. 2008). Antibiotics in

the NPs form may sustain for long run than in tiny molecules

(Nisizawa 1988). Physical and chemical synthesis methods,

aimed at controlling the physical properties of the particles

are mostly employed for the production of metal nanopar-

ticles. Most of the methods are yet in the developmental

phase and various troubles are often experienced with the

stableness of the nanoparticles preparations, control of the

crystals growth and aggregation of the particles (Brust 2002;

Kowshik et al. 2003). Consequently, researchers working in

the field of nanoparticles preparation turned their attention

towards biological systems (Shiv Shankar et al. 2004). In the

biosynthesis of nanoparticles, biological organisms like

bacteria, fungi, actinomycetes, yeast, algae and plants were

utilized as reducing agent or protective agents (Kaushik et al.

2010; Huh 2011). Biosynthetic method of nanoparticles has

emerged as a simple and viable alternative to more complex

chemical synthetic procedures to obtain nanomaterials. The
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rate of reduction of metal ions using biological agents is

observed to be much quicker with an ambient temperature

and pressure conditions (Kaushik et al. 2010).

Of all the different types of metal nanoparticles, the silver

nanoparticles are playing a major role in the field of nano-

technology and nanomedicine. A number of living organ-

isms are already well known to elaborate silver

nanostructured compound such as cyanobacteria, bacteria,

fungi, actinomycetes and plants such as Cinnamomum

camphora (Huh and Kwon 2011), Medicago sativa (To-

laymat et al. 2010; Retchkiman-Schabesy et al. 2006), Pel-

argonium graveolens (Lukman et al. 2011), Avena sativa

(Shankar et al. 2003), Azardirachta indica (Armendariz

et al. 2004), Tamarindus indica (Shanker et al. 2004),

Emblica offcinalis (Ankamwar et al. 2005), Aloe vera

(Chandran et al. 2006), Coriandrum sativum (Badrinaraya-

nan 2008), Carica papaya (Mude et al. 2009), Parthenium

hysterophorus (Parashar et al. 2009), Tritium vulgare

(Armendariz et al. 2009), Acanthella elongata (Inbakandan

et al. 2010) and Sesuvivm potulacastrum (Nabikhan et al.

2010). Biosynthesis of silver NPs using the marine seaweed

Sargassum wightii was carried out by Shanmugam et al., and

they have shown that the sizes of the particles are in the

range of 20 nm (Shanmugam et al. 2013). In our present

study, we report the synthesis of AgNPs with sizes in the

range of 10 nm using (Green algae) Caulerpa racemosa

extract and also assessed their antagonistic effect against

gram-positive and gram-negative bacteria.

Materials and methods

Sample collection

Green seaweed (C. racemosa) was collected from the Gulf

of Mannar, Southeast coast of India. To maintain the

freshness, the seaweed samples were instantly kept in a

polythene bag with natural seawater.

Preparation of seaweeds extract

The samples were thoroughly washed with Milli Q water,

chopped into fine pieces and then it was shade dried. Dried

seaweed was ground well and made into fine powder. 1 g

of biomass was kept in a 250-ml conical flask with 100 ml

of Milli Q water for 24 h. Finally, the extract was filtered

with Whatman No. 1 filter paper and stored it in a refrig-

erated temperature for further analysis.

Biosynthesis of AgNPs

For the biosynthesis of Ag nanoparticles 10 ml seaweed

filtrate was added in 90 ml of 10-3 M aqueous AgNO3

solutions at room temperature (Govindaraju et al. 2009).

The bio-reduction of silver nitrate into silver nanoparticles

can be confirmed by visual observation.

Source of microorganisms

The bacterial strains Staphylococcus aureus (ATCC 29123)

and Proteus mirabilis (ATCC 25933) were obtained from

American Type of Culture Collection Centre (ATCC) and

were maintained in nutrient agar and LB agar medium

procured from Himedia, Mumbai.

Characterization of silver nanoparticles

The reduction of metal ions was periodically monitored by

visual inspection as well as by measuring the UV–Vis

spectra of the solution by periodic sampling of aliquots of

the aqueous component in 10 mm optical-path length

quartz cuvette and periodically measured by Perkin Elmer

double-beam spectrometer (Model LAMDA 25) operated

between 200 and 800 nm. XRD analysis was conducted

with Rigaku DMAX 2200 diffractometer using mono-

chromatic CuKa radiation (k = 0.154056 Å) running at

30 kV and 30 mA. The scanning was done in the region of

2h from 30� to 80� at 0.02�min-1. The crystalline size of

the nanoparticles was calculated through the Scherrer’s

equation. The Fourier transform infrared (FT-IR) mea-

surements were carried out to identify the existence of the

functional groups in the synthesized silver nanoparticles.

Dry powders of the biomass and Ag nanoparticles solutions

were centrifuged at 10,000 rpm for 15 min and the

resulting suspensions were redispersed in sterile distilled

water. The purified pellets were dried and ground with KBr

and analyzed on an avatar 330 FT-IR instrument mode at a

resolution of 4 cm-1. The morphology of the synthesized

AgNPs was determined by high-resolution transmission

electron microscopy (TEM). For TEM studies, the solution

containing the nanoparticles was placed on copper grid and

allowed to dry in a vacuum. The transmission electron

micrographs were taken using TEM operated at an accel-

erating voltage of 90 keV.

Antibacterial assays (well diffusion method)

Antibacterial activity was assayed by using the agar well

diffusion test technique. Muller Hinton agar medium

(MHA) was prepared, the pH of the medium was main-

tained at 7.4 and then it was sterilized by autoclaving at

121 �C and 15 lbs pressure for 15 min. 20 ml of the ster-

ilized media was poured into sterilized petri dishes and

allowed to solidify at room temperature. A sterile cotton

swab is used for spreading each test microorganism from

the 24 h inoculated broth evenly on the MHA plates and
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left for a few minutes to allow complete absorption of the

inoculums. In each of these plates 5-mm diameter wells

were made at the centre using an appropriate size sterilized

cork borer. Different concentrations of each algal extract

were added to the respective wells on the MH agar plates.

Concentration ranges from 5, 10 and 15 ll, respectively,

were placed in the wells and allowed to diffuse at room

temperature for 30 min. No AgNPs was added in the

control plate. The AgNPs loaded plates were kept in

incubation at 37 �C for 24 h. After incubation, a clear

inhibition zone around the wells indicated the presence of

antimicrobial activity. All data on antimicrobial activity are

the average of triplicate analyses (Nathan 1978).

Results and discussion

UV–visible absorption spectrometer

The absorption spectra of the as-prepared nanosized silver

samples were characterized by UV–visible spectroscopy.

The biosynthetic nanotechnology is an environmental

friendly technology for the synthesis of nanoparticles. In

this aspect, C. racemosa has proved to be an important

biological component for the extracellular biosynthesis of

stable AgNps. It is well known that Ag nanoparticles

exhibit light yellowish to brown color. The biosynthesis of

silver nanoparticles was measured by UV–Vis spectros-

copy. UV–Vis spectra of the silver nitrate solutions incu-

bated with marine green algae as a function of time of

reaction.

The surface plasmon resonance (SPR) band of nanosil-

ver occurs initially at 440 nm (3 h). This increases in

intensity as a function of time of reaction. It is observed

that the nanosilver SPR band is centered at about 413 nm

(Fig. 1). From the spectra, it is clear that when the function

of reaction time increased, the SPR band is shifted towards

shorter wavelength region which shows a decrease in

particle size as a result of increased band gap from the

formula E = hc/k. At lower concentrations, the SPR band

is broad and it is due to large anisotropic particles. A

smooth and narrow absorption band at 413 nm is observed

which is characteristic of almost spherical nanoparticles.

The position of SPR band in UV–Vis spectra is sensitive to

particle shape, size, its interaction with the medium, local

refractive index and the extent of charge transfer between

medium and the particles (Figs. 1, 2).

Meanwhile similar studies were carried out with marine

alga S. wightii (Govindaraju 2009) and plant extracts were

previously obtained (Krishnaraj et al. 2010; Shrivastava

2009).

Fourier transform infrared spectroscopy (FT-IR)

measurements

FT-IR spectra were recorded for C. racemosa extract and

synthesized silver nanoparticles to identify the possible

biomolecules responsible for the reduction of AgNO3 into

AgNPs. FT-IR spectrum of C. racemosa shows different

major peaks positioned at 3416, 2924, 2854, 1631, 1389,

1061, 1019 and 660 cm-1 (Fig. 3). The presence of peak at

3416 cm-1 could be ascribed to O–H group in polyphenols

or proteins/enzymes or polysaccharide (Song et al. 2009;

Susanto et al. 2009). A small peak positioned at 2924 cm-1

may be due to CH-stretching of alkanes. A sharp intense

band observed at 1631 cm-1 can be due to the stretching

vibration of the (NH)=O group. The observed band at

660 cm-1 is due to a-glucopyranose rings deformation of

carbohydrates (Feng 2000). The bands positioned at 1061

Fig. 1 Shows the UV–Vis spectra of the silver nitrate solutions

incubated with marine green algae as a function of time of reaction

Fig. 2 Tube (A) having seaweed extract and Ag? ions at the initial

time (B) reaction mixture after 3 h
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and 1019 cm-1 are due to C–N stretching vibration of

aliphatic amines. On the other hand, FT-IR spectrum of the

synthesized AgNPs shows the presence of major peaks at

3440 and 1639 cm-1 which are associated with OH–

stretching vibrations and stretching vibration of the

(NH)=O group, respectively. The shifting of the band from

1631 to 1639 cm-1 may be due to the binding of (NH)C=O

group with the nanoparticles. The (NH)C=O groups within

the case of cyclic peptides are involved in stabilizing the

nanoparticles. Thus, the peptides may play an important

role in the reduction of AgNO3 into Ag nanoparticles.

XRD analysis

The development of single-phase compound was confirmed

by X-ray diffraction (XRD) method. The XRD pattern of

synthesized AgNPs was observed and compared with the

standard powder diffraction card of Joint Committee on

Powder Diffraction Standards (JCPDS). Intense diffraction

peaks due to AgNPs are clearly observed at 38.24�, and

44.42�, 64.44� and 77.40� are pertaining to the (111) (200),

(220) and (311) planes of Bragg’s reflection based on the

FCC (JCPDS, file No. 04-0783) structure of silver nano-

particles. No reflection peaks related to nitrate ions and

other impurities were observed in this pattern, which

indicating the high purity of the end product. In addition,

the acquired reflections are sharp with good intensity which

confirms that the structures of synthesized nanoparticles

are well crystalline (Fig. 4). Our findings match with the

reports suggest by Govindaraju et al. (2009).

Morphology and size

Transmission electron microscopy (TEM) has been used to

identify the size, shape and morphology of nanoparticles.

Fig. 3 Shows FT-IR spectra of (S1) C. racemosa extract (S2)

biologically synthesized silver nanoparticles using Caulerpa

racemosa

Fig. 4 Shows XRD pattern analysis of silver nanoparticles synthe-

sized by treating C. racemosa extract with silver nitrate aqueous

solution

Fig. 5 TEM image silver nanoparticles (10 mL of seaweed solution

in 10-3 M of AgNO3 in 90 mL of water)
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Fig. 6 Paticle size histogram of AgNPs
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From the image (Fig. 5), it is clear that the morphology of

silver nanoparticles is almost spherical with few triangular

nanoparticles. From the histogram analysis, it is noted that

the particles with the size of 10 nm was more pronounced

(Fig. 6).

Antibacterial studies

In the present study, the antibacterial activity of green

synthesized silver nanoparticles were tested against P.

mirabilis and S. aureus with various concentrations (5, 10

and 15 ll) and the results are shown in Table 1 and Fig. 7.

The results of antibacterial activity with a zone of inhibi-

tion maximum was found in P. mirabilis (14 mm for 15 ll)

and minimum level antibacterial activity present in S.

aureus (7 mm for 5 ll). This enormous difference may be

due to the susceptibility of the organism used in the current

study. The nanoparticles get attached to the cell membrane

and also penetrate inside the bacteria. When silver nano-

particles enter the bacterial cell, it forms a low molecular

weight region in the center of the bacteria to which the

bacteria conglomerates thus protecting the DNA from the

silver ions. The nanoparticles preferably attack the respi-

ratory chain cell division finally leading to cell death. The

nanoparticles release silver ions in the bacterial cells,

which enhance their bactericidal activity (Morones et al.

2005; Kvitek et al. 2008). Several studies propose that

AgNPs may attach to the surface of the cell membrane

disturbing permeability and respiration functions of the cell

(Morones et al. 2005). It is also possible that AgNPs not

only interact with the surface of membrane, but can also

penetrate inside the bacteria (Sondi 2007).

Conclusion

It has been concluded that the extract of marine seaweed C.

racemosa is capable of producing Ag nanoparticles extra-

cellularly and these nanoparticles are quite stable in solu-

tion due to capping likely by the proteins present in the

extract. This is an efficient, eco-friendly and simple pro-

cess. The AgNPs showed potential antibacterial activity

against human pathogens like P. mirabilis and S. aureus.

Therefore, nanoparticles of silver in combination with

commercially available antibiotics could be used as an

antimicrobial agent after further trials on experimental

animals.
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