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Abstract
Background and Objective: The synthesis of nanomaterials play significant role in nanotechnology. The pathogenic organisms are more
resistant to the available antibiotics. The green synthesis of silver nanoparticles by using marine algae, which have a wide range of
bioactive secondary metabolites is a need to find new antibiotics. Materials and Methods:  The red alga, Laurencia papillosa  was
extracted with deionized water. The algal extract was added to 1.0 mM AgNO3 solution. The aqueous solution was subjected to stirring
for overnight. The reaction mixture was monitored to emphasize the formation of silver nanoparticles. The change in color of the solution
was recorded by using UV-vis spectrophotometer. The biosynthesized nanoparticle solution was subjected to Fourier transform infrared
and x-ray diffraction analysis. The morphology of the nanoparticles was observed by using scanning electron microscope. The antibacterial
and antifungal activity of algal silver nanoparticles was tested by using agar well-diffusion method. The minimum inhibitory concentration
of the solution was studied. Results: The UV-vis spectroscopic analysis confirmed the silver nanoparticle formation with the peak at 450
nm after 72 h. Fourier transform infrared measurement was carried out to identify the possible biomolecules responsible for the
stabilization of the newly synthesized silver nanoparticles. The x-ray diffraction analysis showed that the silver nanoparticles synthesized
from the algal extract were highly crystallized and purified. The scanning electron microscope image showed the predominant  of  cubic 
shape  nanoparticles  on  the  surface  of  the  cell. The antimicrobial activity of synthesized silver nanoparticles (50-150 µL) was evaluated
against pathogenic bacteria and fungi. The greatest antibacterial and antifungal activities were observed against  Bacillus subtilis   and 
 Aspergillus  flavus,  respectively.  The  minimum inhibitory concentration for nanoparticles was ranged between 10 and 20 µg mLG1.
Conclusion: The results confirmed that the capping of algal extract with silver nanoparticles is capable of rendering antimicrobial efficacy
and hence has a great potential in the preparation of therapeutic drugs.
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INTRODUCTION

In modern sciences the scope of nanotechnology
considered as one of the greatest effective fields of study.
Nanotechnology is the newly emerging multidisciplinary
research area with synthesis of nanosized material1,2.
Nanotechnology is defined as the production of materials
ranging in size from 1-100 nm scale3,4. In health care and
medicine diagnostic and screening purposes, tissue
engineering, antisense and gene therapy applications and
drug delivery systems; the nanoparticles can play a topmost
role5. Biological method of nanoparticles synthesis is a vast
growing technique in the field of nanotechnology6.
Nanoscience is the understanding of material properties

on the nanoscale and search to supply improved materials7.
Ahmed et al.8 dealt with green nanoscience research and
avoiding the disruption of natural ecosystems to develop
environmentally friendly nanomaterials. Recently, biological
materials  such  as  algae  were  used  to  synthesis  of
nanoparticles. Algae are known as bionanofactories among
the biological materials because of their live and dead dried
biomass  can be used for synthesis of metallic nanoparticles.
It is low cost and environmentally effective and has the
distinct advantage due to its high metal uptake capacity9. The
rate and size  of  the  nanoparticles  were  controlled  by
optimizing substrate concentration, incubation time, pH and
temperature10.

Marine algae can produce a great variety of secondary
metabolites11. Most of the marine algae have antimicrobial
activity12 and antibiotic resistant post-operative infectious
pathogens13.  Marine  algal  compounds  have  fungicidal,
bactericidal  and  bacteriostatic  activities14.  The bioactive
compounds which recorded this activity were phlorotannins,
terpenoids, steroids, phenolic compounds, alkanes, ketones,
acrylic acid, amino acids and fatty acids. Aqueous extract of
marine algae contains carbohydrates, proteins, tannin and
steroids as bioactive compounds15.

Nanoparticles  have  an  enlarged  contact area with
microorganisms that facilitates their biological and chemical
activity16-18. The presence of resistant bacterial strains against
antibiotics leads to increase in the bactericidal nanomaterials
studies. Antimicrobial properties and the attachment of the
nanoparticles with the microbe have been investigated in the
green synthesized silver nanoparticles19,20. Synthesized silver
nanoparticles showed antimicrobial activity against fungi and
bacteria as reported by Kim et al.21.

Since algae act as reducing agents and produce
nanoparticles from metal salts without producing any toxic
product,   they   can   be   considered   as   a   good  source  of

biomolecules. Thus the present study aimed to give the
possibility of biomedical applications of silver nanoparticles
synthesized  by  algae.  The  antimicrobial  activity  of  silver
nanoparticles synthesized by using the red alga Laurencia
papillosa   in aqueous solution were assessed. Characterization
of silver nanoparticles  by  UV-vis,  x-ray  diffraction, Fourier
transform  infrared  spectroscopy  and scanning electron
microscopy was investigated.

MATERIALS AND METHODS

Algae material: The marine alga, Laurencia papillosa  was
collected  from the coastal area of the Red Sea of Jeddah,
Saudi Arabia. The sample was washed in running taps water
and finally in distilled water. The samples were allowed to dry
in the air. The dried sample was grounded into fine powder.

Algae extract: Algae powder (10 g) was mixed with 100 mL
deionized water in a conical flask, kept on shaker at 50EC for
24 h and then filtered using filter paper (Whatman No. 1). The
supernatant stored in a refrigerator until analysis.

Biogenesis of silver nanoparticles: Silver nitrate solution
(AgNO3) was utilized for synthesis of silver nanoparticles. The
algal  extract  (10  mL) was added to 1.0 mM AgNO3 solution
(90 mL). The aqueous solution was subjected to stirring for
overnight to facilitate absolute reduction using a magnetic
stirrer at  room  temperature.  The  reaction  mixture  was
continuously monitored for its colour change from yellow to
brown to emphasize the formation of AgNP’s.

Characterization of synthesized silver nanoparticles
UV-visible spectroscopy: The change in color of the solution
was noted through visual inspection and UV-vis
spectrophotometer (Thermo Scientific Evolution 300) at
wavelength of 350-900 nm.

Fourier transform infrared analysis: The aqueous algal
extract before and after synthesis of silver nanoparticles  were
lyophilized and subjected to FT-IR analysis in the range of
4000-500 cmG1 (Tensor 27, Bruker).

X-ray diffraction analysis: Crystalline nature of the purified
silver nanoparticles was measured by using the x-ray
diffractometer (Rigaku-Ultima IV). The solution of AgNP’s was
centrifuged  at  12.000  rpm  for 10  min,  dispersed into
deionized  water  for 3 times and then the filtrate was dried.
The  x-ray  powder  diffraction  patterns  were  recorded in the
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range  of  22 = 20-80E on  the  diffractometer   operating  at
20-60 kV with Cu Kα (λ = 1.5405 Å) radiation. The size of
AgNP’s was calculated from the PXRD peak position using
Bragg's law.

Scanning  Electron  Microscope (SEM):  The  morphology  of
the biosynthesized  nanoparticle  was  observed  by  using
SEM (JEOL-JSM7600F).

Antimicrobial  activity:  The  antimicrobial  activity  of
Laurencia papillosa  silver  nanoparticles  was  tested by using
agar well-diffusion method against pathogenic Gram-positive
bacteria  (Bacillus  subtilis,   Staphylococcus  aureus   and
Streptococcus  pneumoniae),   Gram-negative  bacteria
(Escherichia coli,  Klebsiella pneumoniae   and   Pseudomonas
aeruginosa)  and  fungi  (Aspergillus  flavus,  Aspergillus
fumigatus      and      Aspergillus      niger).     The    bacterial 
(108 cells mLG1) and fungal suspensions (2×105 cells mLG1)
were streaked uniformly onto the Mueller-Hinton agar for
bacteria and Sabouraud dextrose  agar   plates  for fungal
strains. Wells of 8 mm diameter were made by using a sterile
borer. The nanoparticles  solution  (50  µL)  at different
concentrations, 50, 100 and 150 µL were poured onto each
well. The plates were incubated  at  37EC  for bacteria and
28EC for fungi. About 0.1 mg mLG1 ampicillin and miconazole
was used as positive control  for  bacteria  and  fungi, 
respectively. The negative control was aqueous algal extract.
The antimicrobial activity was examined by measuring the
diameter  of inhibition zone (mm) after 24 h for bacteria and
48 h for fungi. The results were recorded as Mean±SD of
triplicate experiments.

Minimum  Inhibitory  Concentration  (MIC):  The MIC leading
to  the  microbial  inhibition  was   tested   as   described  by
Ter Laak et al.22. The  samples were diluted with 100 µL
Mueller-Hinton   broth   inoculated   with  the  tested bacteria
and Sabouraud   dextrose    broth    for    fungal  strains at a
concentration of  106  CFU mLG1 plus some drops of phenol
red. The plates were incubated and the growth was examined 

by change of the color of phenol red indicator from red to
yellow. Minimum Inhibitory Concentrations (MICs) are defined
as no change in color of phenol red.

Statistical analysis: The experiments were done in triplicate
(n = 3).  All data was expressed as Mean±SD and analyzed by
using analysis of variance (ANOVA). Significant differences
between the means of parameters was determined.

RESULTS AND DISCUSSION

Visual and UV-vis spectral analysis:  The UV-vis spectroscopy
is an important technique to ascertain the formation and
stability of nanoparticles in aqueous solution. The color of the
algal extract becomes turbid after the addition of aqueous
AgNO3 solution signifying the initiation of reaction (Fig. 1a).
The formation of silver nanoparticles was visually identified by
color change from white to brown in the aqueous solution of
reaction mixture (Fig. 1b-d). The deep brown color of silver
nanoparticles  occurred  after  72  h  indicating that the
change in  the  color  depends  on  the  time of incubation.
Rajeshkumar et al.23 reported that the silver nanoparticles
synthesis  of  Sargassum  longifolium   was completed at 64 h
of incubation indicating that the increasing of color intensity
is directly proportion to the time of incubation. The brown
color formed due to the oscillation of free electrons in the
reaction mixture. However, Chandran et al.24 found that the
silver nanoparticles of Aloe vera extract formed after 24 h of
incubation.
The UV-vis spectroscopy is a preliminary, indirect and

appropriate   method   for   characterization   of  silver
nanoparticles,   based   on   optical   properties   called  surface
plasmon resonance25. The UV-vis absorption spectra (Fig. 2)
recorded the formation of nanoparticles in the reaction
mixture of algal extract and AgNO3 at different time intervals
(24, 48 and 72 h). Figure 2 showed no peak formed at the
initial stage which indicated that there was no synthesis for
silver  nanoparticles.  After  24  h   of   incubation,   the  surface

Fig. 1(a-d): Visual observation of silver nanoparticles (AgNPs)  green synthesis of Laurencia papillosa  aqueous extract, (a) Initial
color, (b) Color after 24 h, (c)  Color after 48 h and (d) Color after 72 h
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Fig. 2: UV-visible spectra of silver nanoparticles (AgNPs) prepared using aqueous extract of Laurencia papillosa   after incubation
for 72 h at room temperature

Fig. 3(a-b): FT-IR spectra of aqueous extract of Laurencia papillosa  (a) Before and  (b) After synthesis of silver nanoparticles

Plasmon  resonance band for silver nanoparticles was found
at 450 nm and the synthesis was steadily increase with
increasing time of incubation without change in the peak
position after 72 h. The recorded band in this range has been
related  to silver nanoparticles and confirming the formation
of spherical  silver   nanoparticles   with   narrow   size
distribution26,27.  Formation  of  broad  band  with  no  peak
variation   in    the   position    indicated   the   presence  of
poly-dispersity   nanoparticles.   Basavaraj   et   al.28   and
AbdelRahim et al.29 showed that the increase in absorption
indicates formation of more nanoparticles. The UV-vis spectral
analysis of formed silver nanoparticles showed that the
surface plasmon absorbance did not change even after three
months, which means the stability of nanoparticles.

FT-IR  spectrum:  The  results  in  Fig.  3a  showed that,  FT-IR 
peak at   3400   cmG1 attributable to OH stretching  vibration of

polyphenols  or  proteins  or  polysaccharides. The peak at
1660 cmG1 refers to amide group (NH) C=O of protein. The
peak  at   1480   cmG1   specify   the   bending   vibration  of
alkyl groups.  The  peak  observed at 1420 cmG1 assigned to
OH group in plane bending vibration. The band at 1100 cmG1

suggest the presence of C-O stretching vibration. The species
of Gracilaria  have been found to contain carbohydrates,
minerals, amino acids, fatty acids, vitamins and phenolic
compounds30. Of which, phenolic compounds especially
polyphenols and tannin have reported to have antimicrobial,
anti-carcinogenic and antioxidant properties31.

The FT-IR spectrum of the synthesized silver nanoparticles
showed changes in the intensity and position of absorption
bands at 3400, 1660, 1420 and 1100 cmG1 (Fig. 3b). This
indicates  the  involvement  of OH group and amide group
(NH) C=O in stabilizing of silver nanoparticles by the
complexation  with  silver  ions.  Satyavani et al.32 showed that
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Fig. 4: XRD spectrum of silver nanoparticles (AgNPs) synthesized by aqueous extract of  Laurencia papillosa  after incubation for
72 h at room temperature

Table 1: Antibacterial activity and MIC of silver nanoparticles (AgNPs) synthesized by Laurencia papillosa aqueous extract against pathogenic bacteria
Zone of inhibition (mm)
----------------------------------------------------------------------------------------------------------------------------------------------------------

Pathogens 50 µL 100 µL 150 µL Positive control* MIC (µg mLG1)
Gram-positive bacteria
Bacillus subtilis 17±0.4 19±0.3 21±0.5 24±0.7 10±0.2
Staphylococcus aureus 16±0.2 19±0.2 19±0.3 21±0.6 12±0.3
Streptococcus pneumoniae 15±0.3 17±0.5 18±0.2 20±0.8 11±0.4
Gram-negative bacteria
Escherichia coli 14±0.4 16±0.7 17±0.2 21±0.5 14±0.3
Klebsiella pneumoniae 15±0.3 17±0.3 18±0.5 20±0.4 16±0.5
Pseudomonas aeruginosa 13±0.2 15±0.2 16±0.3 19±0.3 15±0.6
*Ampicillin, Mean±SD of triplicate experiments

ions  of  silver  may  be  bind  to  phenolic  compounds
resulting in the formation of silver nanoparticles.

XRD analysis: The XRD analysis explained the crystalline
nature  of  silver33.  The  structural  characters  of  silver
nanoparticles  were  determined  for  the  whole spectrum of
2θ values, from 20-80E by using x-ray diffractometer. The
crystalline behavior observed for green synthesized silver
nanostructure  by  employing  algal  extract was established
by the characteristic peaks in the XRD image (Fig. 4). The
various  diffraction  peaks of the 2θ values of 25.59, 28.39,
31.75,  40.49,  50.30  and  66.44E could be assigned the plane
of Miller indices 110, 111, 200, 211, 220 and 311, respectively.
The results indicated that the synthesized AgNP’s were
crystalline in nature and face-centered cubic (fcc) with lattice
parameters, a = b = c = 6.2465 (8) Å. The synthesized silver
nanoparticles were compared with pure silver particles and
standard silver nitrate which were reported by Joint
Committee on Powder Diffraction Standards (File No. 04-0783
and 84-0713). The XRD showed that the recognized planes of
synthesized AgNP’s from the algal extract were highly
crystallized and purified. Leff et al.34 and Rajeshkumar et al.23

found  that  the  existence   of    intensive    peaks    of   AgNP’s

assigned  to 111, 200 and 220, which were recorded as silver
face-centered cubic (fcc) crystalline phase.

SEM analysis: Scanning Electron Microscope (SEM) image
showed the morphology of the algae mediated synthesized
bio-nanoparticles at different magnifications (Fig. 5). The SEM
image showed high density of silver nanoparticles distributed
on the surface of the algae cells. The predominant of cubic
shape  nanoparticles  on  the  surface of the cell was observed
at  magnification  of  1  µm x7500.  The polydispersed silver
nanoparticles  were  adhered  on  the  surface  of the
biomolecules of the algal cells due to weakly dislodging of
bound silver nanoparticles during silver nitrate reaction35,36.
Similar results were obtained in the gold nanoparticles using
algal  extract  of S.  marginatum    with  the  size  ranging from
40-85 nm37 and also by using the  T. conoides  algae38. It
reveals the involvement of the polyphenolic or secondary
capping agent in the nanoparticles formation.

Antimicrobial activity of AgNP’s: The silver nanoparticles
(AgNP’s) synthesized by G. corticata  extract  were  examined
against Gram-positive  and  Gram-negative  bacteria  at
different  concentrations  50,  100  and  150 µL (Table 1). The
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Fig. 5(a-b): Scanning electron microscope image of silver nanoparticles  (AgNPs) synthesized by aqueous extract of Laurencia
papillosa showing nanoparticles at 1 µm x7500, (a) Algal extract and (b) Algal extract nanoparticles after 72 h of
incubation at room temperature

results showed that the diameter of inhibition zone were
gradually  increased  with increasing AgNP’s concentration.
The   highest  antibacterial  activity  for   both   types  of
bacteria was  found  at  150  µL  AgNP’s.  The  greatest
inhibition zone at  150  µL  AgNP’s  was  noticed  with   the
Gram-positive;   B.   subtilis   (21±0.5   mm),  S.  aureus
(19±0.3 mm) followed by S.  pneumoniae   (18±0.2  mm).
However,   the  minimum activity at 150 µL AgNP’s was
observed  with  Gram-negative,  P.  aeruginosa,   E.   coli   and 
K.   pneumoniae    with  inhibition  zone   of   17±0.2,  18±0.5

and   16±0.3  mm,  respectively.  The positive control
ampicillin  showed   zone   of   inhibition   ranged  from
19±0.3  to  24±0.7 mm against the tested bacterial
pathogens (Table 1). Table 1 shows, the MIC for AgNP’s was
lower    when    tested    against    Gram-positive  bacteria viz.,
B. subtilis  (10±0.2 µg mLG1), S. aureus (12±0.3 µg mLG1) and 
S.   pneumoniae   (11±0.3   µg   mLG1)   as   compared  to
Gram-negative   bacteria   viz.,   E.   coli   (14±0.3    µg   mLG1),
K.  pneumoniae  (16±0.5  µg  mLG1) and P. aeruginosa
(15±0.6 µg mLG1).
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Table 2: Antifungal activity and MIC of silver nanoparticles (AgNPs) synthesized by Laurencia papillosa  aqueous extract against pathogenic fungi
Zone of inhibition (mm)
----------------------------------------------------------------------------------------------------------------------------------------------------------------

Pathogens 50 µL 100 µL 150 µL Positive control* MIC (µg mLG1)
Aspergillus flavus 12±0.2 14±0.4 15±0.5 18±0.2 17±0.3
Aspergillus fumigatus 11±0.5 12±0.7 13±0.3 17±0.4 18±0.2
Aspergillus niger 10±0.3 11±0.4 12±0.4 16±0.6 20±0.5
*Miconazole, Mean±SD of triplicate experiments

Silver nanoparticles showed antibiofilm activity against
Gram-positive and Gram-negative pathogenic bacteria.
Among the bacterial test strains, the Gram-positive bacteria
were more susceptible to the AgNP’s than Gram-negative
bacteria. This may be due to the more complex structure of
cell wall of  Gram-negative  bacteria39,40. Nanoparticles have
the capability to accumulate, penetrate the membrane of
bacterial cell  and  disturb  its permeability and respiration
causing   change   in   the   structure  of the cell and finally
death41-44. The antimicrobial activity is highly affected by the
shape, size and nanoparticles concentration45. The significant
antibacterial activity of synthesized AgNP’s may be returned
to their effect on the biochemical process of the bacterial cell
by interacting with thiol, amino groups and nucleic acids of
cell wall46. In addition, this may cause interaction between
AgNP’s and microorganism which lead to the discharge of
hydroxyl radicals and singlet oxygen of highly reactive oxygen
species47. Lok et al.48 suggested that the free uptake of free
silver ions may cause disruption of DNA replication and ATP
production.
In the present study the AgNP’s exhibited the highest

antifungal activity at the concentration of 150 µL (Table 2).
Among the tested fungi, the highest antifungal activity was
detected  at  150  µL  AgNP’s  against  A.  flavus  followed  by
A. fumigatus and finally A. niger with inhibition zone of
15±0.5, 13±0.3 and 12±0.4 µL, respectively. The standard
reference  with  antifungal  drug (Miconazole) recorded zone
of inhibition ranged between 16±0.6 and 18±0.4 mm. The
MIC values of AgNP’s for inhibition of tested fungi were
ranged from 17±0.3 to 20±0.5 µg mLG1 (Table 2). The results
clarified that the pathogenic fungi were less affected by
AgNP’s as compared with tested bacteria. In accordance with
our results, Nabikhan et al.49 showed that the antifungal
activity  of  synthesized  AgNP’s  was  less  distinct than
antibacterial activity. Ghorbani et al.7 recorded that the
antimicrobial activity of AgNP’s is likely to be well correlated
with its decreased shape and size owing to increase in the
surface area with enhancing the antimicrobial activity. Further,
Panacek et al.50 reported that the fungal cells require higher
concentrations of ionic silver due to the complexity of their
cell.  Negatively  charged  cell  membranes  of  microbes  may

attach  with   positively   charged   silver   by   electrostatic
attraction51. Exposure of the fungal cells to silver nanoparticle
solution caused formation of pits on the membrane surface
lead to destruction of its integrity52. The increase in hydroxyl
radicals by silver nanoparticles induced apoptotic cell death in
Candida albicans53.  The silver nanoparticles may penetrate the
bacterial and fungal cells and react with phosphorus and
sulphur  containing  compounds  such  as DNA, causing their
damage54. Kim et al.55 explained that silver nanoparticles
inhibit the conidial germination on fungi. Finally, the silver
nanoparticles have a great potential to control the spore
producing fungi.

CONCLUSION

The developing of nanoparticles as antibiofilm factor is
growing area of research. The nanoparticles are tremendous
promising and wonderful biomedical agents because of their
small size and large surface to volume ratio. The biological
molecules of algal cell undergo highly controlled making them
suitable for the metal nanoparticle synthesis and can form a
great effect in next years. The algal silver nanoparticles can be
used as  a  promising  therapeutic  agent against biofilms as
the bacteria are less likely to develop resistance against
nanoparticles. Our findings propose that the AgNP’s can act as
a new antimicrobial agent.
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