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Gracilaria corticata for its antifungal activity against Candida spp.
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Abstract The present study was demonstrated with simple

and rapid synthesis of silver (Ag) nanoparticles using marine

seaweed, Gracilaria corticata. The visibility of prominent

color change at 60 �C within 20 min indicates the formation of

Ag nanoparticles. The synthesized Ag nanoparticles were well

characterized by UV–vis spectrum, Fourier infrared spec-

troscopy (FTIR), transmission electron microscopy (TEM)

and dynamic light scattering measurements (DLS). Prominent

FTIR peaks were obtained corresponding to phenolic com-

pounds, amide I group and aromatic rings which involved in

the stabilization of Ag nanoparticles. G. corticata resulted in

spherical shaped nanospheres of 18–46 nm as revealed by

TEM. The average size distributions of Ag nanoparticles were

51.82 nm and are fairly stable with a zeta potential value of

-26.2 mV. The result showed that, biosynthesized Ag nano-

particles from G. corticata have an effective antifungal

activity against Candida albicans and C. glabrata.
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Introduction

Candida spp. are ubiquitous fungi and are most arguable

opportunistic pathogen of immunocompromised hosts.

They produce a wide spectrum of diseases, ranging from

superficial mucocutaneous disease to invasive illnesses,

such as hepatosplenic candidiasis, peritonitis and systemic

candidiasis (Singhi and Deep 2009). Treating infection

caused by Candida spp. have become a hectic problem due

to serious side effects like renal and liver dysfunction

associated with the polyenes (i.e., amphotericin B, nysta-

tin) (Hoeharner et al. 2010). In addition, a significant

increase in resistance to the less toxic azole drugs (i.e.,

fluconoazole) has occurred (White et al. 2002). Consider-

ing all these possibilities, there remains a pressing need for

progress in the development of reliable diagnostic tech-

nology with improved antifungal activity.

The metallic nanoparticles are most promising and

remarkable biomedical agents. Due to their large surface

volume ratio, they govern interest of researchers on

microbial resistance. Among the developed nanoparticles,

silver (Ag) nanoparticles are pertaining to have a wide

range of application in the fields of physical, chemical and

biological science. In the past decade, several kinds of the

biological organisms like microbes, plants and seaweeds

have been employed and well studied for the synthesis of

Ag nanoparticles (Ramanathan et al. 2011; Ahmad et al.

2003; Shankar et al. 2003; Mohanpuria et al. 2008; Kumar

et al. 2012a). Of them, utilization of plants for the synthesis

of Ag nanoparticle is advantageous over other biological

methods. The rate of biosynthesis of Ag nanoparticles from

plants is cost effective and does not use toxic chemicals,

temperature and high pressure (Parashar et al. 2009).

During the past three decades, seaweed research has

been increased considerably for the search of new and

effective medicines of natural origin. Several compounds

include primary and secondary metabolites synthesized by

seaweeds are promising source for both industrial and

biotechnological applications (Renn 1997). Keeping the
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above information in mind, we report on the seaweed-

mediated reduction of silver into Ag nanoparticles using

Gracilaria corticata for its antifungal activity against

Candida spp. G. corticata is a predominant red seaweed

species found in coastal regions of Indian subcontinent,

belonging to the family Gracilariacea. It possess several

biomedical properties such as antibacterial, antiviral, anti-

fungal, antiprotozoal, anti-inflammatory, anti-oxidant,

cytotoxic, contraception, gastrointestinal, cardiovascular,

hypoglycemia, anti-enzymes, spasmolytic and allelophatic

effects (Almeida et al. 2011).

Materials and methods

Preparation of seaweed extract

Seaweed (G. corticata) was collected from mandapam,

southeast coast of India and its aqueous seaweed extract

was prepared by the methodology previously reported with

minor modifications (Kumar et al. 2012a). In brief,

G. corticata were repeatedly surface sterilized with sterile

seawater followed by distilled water to remove extraneous

materials and salt content. The materials were shade dried

for a period of 2 weeks and powdered with mixer grinder.

0.25 % of extract was prepared using deionized water by

heating at 60 �C for 20 min. The extract was filtered using

Whatmann No. 1 filter paper and refrigerated at -4 �C
until further analysis.

Synthesis of silver (Ag) nanoparticles

In a critical experiment, 100 ll of 1-M silver nitrate

(AgNO3, Sigma Aldrich) solution was prepared and added

to 99.9 ml of seaweed extract in a conical flask. The extract

was gradually heated to 60 �C for 20 min in a heating

mantle for the reduction of metal ions to occur. Then,

mixture was cooled to room temperature, centrifuged at

8,000 rpm and then redispersed with same aliquot of

deionised water.

Characterization of Ag nanoparticles

The bioreduction of Ag nanoparticles were monitored by an

UV–visible spectrophotometer (Shimadzu, 2450). The

presence of bioactive functional groups responsible for the

reduction of silver ions were recorded by Perkin-Elmer

FTIR spectrum—RX-1 spectrophotometer at a resolution of

2 cm-1 ranging from 4,000 to 400 cm-1 in KBr pellet using

diffuse reflectance mode. Dynamic light scattering (DLS)

studies of Ag nanoparticles on dilution with deionized water

were measured with Malvern—Zetasizer (Nano-Z590)

instrument. Transmission electron microscopic (TEM)

images were acquired on Philips Tecnai 10 instrument

operated at an accelerating voltage of 80 kV.

Antifungal activity

Pure culture of Candida albicans (NCIM 3074) and C.

glabrata (NCIM 3226) were procured from National Col-

lection of Industrial Microorganisms (NCIM), Pune, India.

Stock cultures were prepared and maintained in Sabouraud

Dextrose Agar (SDA) slants at 4 �C. Prior to experiment,

SDA broth was prepared, inoculated and incubated with

pure culture at 25 �C for 3 days. A disc diffusion method

was adopted to evaluate the antifungal activity of Ag

nanoparticles (Perez et al. 1990). About 150 CFU/ml of

innoculum was swabbed onto SDA plates uniformly and

allowed it to dry in a sterile environment. Sterile disc of

6 mm (HIMEDIA) were loaded with 30 ll of test solution

(Seaweed extract, 1 mM AgNO3 and Ag nanoparticles).

Nystatin (HIMEDIA—100 units) was used as positive

control. The plates were incubated at 25 �C for 3 days to

measure Zone of Inhibition (ZoI). Mean was calculated by

performing the experiments in triplicates.

Results and discussion

Phyco-synthesis of Ag nanoparticles

The reduction of AgNO3 in aqueous seaweed extract by

heating at 60 �C showed visible color change whereas no

color change was observed in Ag? solution as shown in

Fig. 1. The color of solution gradually intensified on

heating, which indicates the synthesis of Ag nanoparticles.

The change in color is an attribute to excitation of surface

plasmon vibrations of Ag nanoparticles (Mulvaney 1996).

Notably, even after 24 h there is no remarkable deepening

of color indicating the saturation of reaction (data not

shown). This reflects that the particles may be well dis-

persed in the solution with mild agglomeration (Nabikhan

et al. 2010).

UV–visible spectroscopy

UV–vis spectroscopy is a convenient, preliminary and

indirect method for characterization of Ag nanoparticles

based on optical properties called surface plasmon reso-

nance (SPR) (Kuber and D’Souza 2006). The color of the

seaweed extract becomes turbid after the addition of aque-

ous AgNO3 solution signifying the initiation of reaction.
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The silver SPR band occurs at 420 nm with progressive

increase in absorbance upon increasing time until 20 min as

shown in Fig. 2. The observed band in this range has been

associated with Ag nanoparticles confirming the synthesis of

spherical Ag nanoparticles with narrow size distribution

(Henglein 1993; Kumar et al. 2012b). Elevation in temper-

ature results in formation of spherical- and octahedral-

shaped nanoparticles of size 5–200 nm (Lengke et al. 2007).

Similarly, shape-controlled Ag nanoparticles can be also

synthesized in biological route by varying temperature

(Bansal et al. 2012). Hence, a possible mechanism to control

particle size and shape with reference to SPR peak has been

addressed.

FTIR spectrum

Major FTIR peaks were observed at 3,430, 1,637 and

685 cm-1 indicating the possible interaction of biomole-

cules for capping, and stabilization of Ag nanoparticles is

presented in Fig. 3. We also observed peaks in control

solutions such as 1-mM AgNO3 solution (3,431, 1,634

and 694 cm-1) and seaweed extract (3,428, 1,637 and

668 cm-1), respectively. The shift in peak clearly attri-

butes the reduction of silver ions into their respective

nanoparticles as shown in Fig. 3. A strong absorption peak at

3,430 cm-1 indicates the presence of phenols and alcohols

with free O–H group. The peak at 1,637 cm-1 represents the

presence of amide I group and may well arise due to carbonyl

stretch in proteins (Kumar et al. 2012b). The peak at

685 cm-1 may be assigned due to the stretching vibration

of aromatic ring that might be attached to the free O–H

group. Several species of Gracilaria have been reported to

contain abundant of amino acids, fatty acids, vitamins,

minerals, phenolic compounds and carbohydrates (Yang

et al. 2012). Of which, phenolic compounds especially

polyphenols and tannin have reported to have antimicrobial,

anti-carcinogenic and anti-oxidant properties (Arunkumar

et al. 2010). Satyavani et al. 2011 have reported that silver

ions may possibly bind to phenolic compounds with one

or more aromatic ring resulting in the formation of Ag

nanoparticles.

Electron microscopy studies

Morphology of Ag nanoparticles observed using TEM

indicates nanopheres ranging from 18 to 46 nm as given in

Fig. 4. This may be due to weak SPR vibrations produced

by Ag nanoparticles at 420 nm (Sathishkumar et al. 2009).

Similarly, Ag nanoparticles synthesized from Acantho-

phora spicifera were analogous in structure and this may

perhaps be due to the presence of similar reducing agents

like phenolic compounds with free O–H group (Kumar

et al. 2012a).

Dynamic light scattering studies

The average size distributions of Ag nanoparticle were

found to be 51.82 nm and well dispersed in the colloidal

solution (Fig. 5a). Similar observations have been studied

in seaweed, Sargassum tenerrimum with a maximum peak

intensity of 48 nm (Kumar et al. 2012b). The zeta potential

value of Ag nanoparticle, -26.2 mV, indicates that the

particles are highly stable as represented in Fig. 5b. This

may be achieved by means of high repulsive and attractive

forces exist between each nanoparticle (Lee et al. 2011).

The observed result is well correlated with the TEM studies

(Fig. 4).

Antifungal activity

The antifungal activity of Ag nanoparticles was tested

against Candida spp. as shown in Fig. 6. 30 ll of the

nanoparticle solution is well enough to impede Candida

Fig. 1 Color change during the phytoreduction of AgNO3 into

AgNPs: a seaweed extract, b 1-mM AgNO3, c color change after

20 min

Fig. 2 UV–Visible spectra of Ag nanoparticles at 420 nm with

different time intervals

Appl Nanosci (2013) 3:495–500 497

123



albicans (12 mm) and C. glabrata (11 mm) (Table 1).

Moreover, Ag nanoparticles showed highest antifungal

efficacy than other type of test solution (seaweed extract

and 1-mM AgNO3 solution). But, the exact possible

inhibitory mechanism displayed by Ag nanoparticles is

unclear and requires further investigation. It is a well-

known fact that antimicrobial activity of Ag nanoparticles

is likely to be well correlated with its decreased size and

shape owing to increased surface area with enhanced

antimicrobial effect (Baker et al. 2005; Phaechamud et al.

2012). Presumably, we observed good antifungal activity

as compared with standard reference antifungal drug

(Nystatin). Although studies discloses, antibacterial activ-

ity of Ag nanoparticles was more distinct than antifungal

activity (Nabikhan et al. 2010). This could possibly be due

to the complexity of eukaryotic yeast cell in which it

requires higher concentration of ionic silver (Panacek et al.

2009). Recently, Hwang et al. (2012) have reported that the

increase in hydroxyl radicals by Ag nanoparticles causes

apoptotic cell death in Candida albicans. Altogether, fun-

gal cells when exposed to Ag nanoparticle solution results

in formation of ‘pits’ on the surface of membrane resulting

in destruction of its cell integrity (Nasrollahi et al. 2011).

Conclusions

To conclude, we have demonstrated the rapid synthesis of

Ag nanoparticles using seaweed, G. corticata for its anti-

fungal activity. We achieved biocompatible, stable Ag

nanoparticles at a temperature of 60 �C within 20 min of

reaction time without the use of toxic chemicals. The

presence of functional bioactive compounds in seaweed

extract is responsible for the formation of Ag nanoparticles

as revealed by FTIR. The average size of spherical-shaped

Ag nanoparticles ranges between 18 and 46 nm. This work

also demonstrates the use of Ag nanoparticles as a potential

antifungal agent against Candida spp.

Fig. 3 FTIR spectroscopic

studies of Ag nanoparticles and

control (1-mM silver nitrate and

seaweed extract)

Fig. 4 Transmission of electron microscopic images of G. corticata

with an average diameter of 18–46 nm at different spots
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Fig. 5 Dynamic light

scattering studies of Ag

nanoparticles: a size

distribution, b zeta potential

measurement

Fig. 6 Antifungal activity of

Ag nanoparticles: a Candida

albicans, b Candida glabrata
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