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ABSTRACT  
 

In this study, we used an environmentally friendly chemistry to synthesize nanoparticles (Ag-
NPs) embedded biological marine extracts (BME) from four species of marine algae. Twelve    
extracts from four species of seaweeds (U. fasciata , Grateloupia sp., P. capillacea  and C. 
mediterranea) were used for synthesis AgNPs/BME, antibacterial properties were investigated and 
hence anti-biofilm activity against indicator strains and bacterial community using well-cut diffusion 
technique and pouring technique. The positive records of antibacterial activity ranged between 2.4 and 
23.6 AU. Occasionally, as well as, SUDW showed high AU (6.6) against bacterial community in 
water from both harbors. Aqueous extract of Ulva fasciata was selected highly efficient, among all 
algae species screened for the green synthesis of AgNPs/BME. The antibacterial activity of  
AgNPs/UE against both gram-positive and gram-negative bacteria(Staphylococcus aureus, 
Streptococcus faecalis, Pseudomonas aureogenosa, Escherichia coli and V. damsela)  by well-cut 
diffusion method showed antibacterial activity against all tested bacterial .The characterization of 
synthesized AgNPs/UE was made through X-ray diffraction (XRD), scanning electron microscope 
(SEM), high-resolution transmission electron microscopy (HRTEM) equipped with energy dispersive 
X-ray spectroscopy (EDX). XRD pattern showed particles were crystalline in nature .SEM analysis 
showed AgNPs/UE revealed that the NPs are around 8-60 nm in size with spherical nature of Ag 
nanoparticles. TEM analysis, showed silver nanoparticles were spherical with no aggregation in shape 
with maximum particles in size range within 4–80 nm.  
 
Keywords: Antimicrobial, Antibacterial effect, Extracts of Marine Algae, Silver Nanoparticles. Green 

Synthesis Introduction 

  
Studies have reported nanoparticles as a promising alternative to antibacterial agent because of 

their exhibited and antibacterial activity in several applications.  Researchers focus on exploring new 
environmental friendly antibacterial agents (Li et al., 2014). In marine biofouling, a thin biofilm 
composed mainly of bacteria and other microorganisms is usually formed (Callow and Callow, 
2011).Controlling the growth of bacteria on the substrate to minimize biofilm formation would help to 
decrease biofouling. So silver has the potential to be used as antibacterial agent in bacterial biofilm 
induced biofouling in the ocean. Biosynthesis of green nanoparticles using plant extracts is an 
interesting area in the field of nanotechnology, which has economic and ecofriendly benefits over 
chemical and physical methods of synthesis (Suzan et al., 2014). Nanoparticles (NPs) are typically no 
greater than 100 nm in size and their biocidal effectiveness is suggested to be owing to a combination 
of their small size and high surface-to-volume ratio, which enable intimate interactions with microbial 
membranes (Morones et al., 2005; Allaker, 2010). In addition, inorganic antibacterial agents such as 
metal and metal oxides are advantageous compared to organic compound due to their stability (Sawai, 
2003; Sondi and Sondi, 2004). 

 Very recently, nano scaled silver particles with different morphologies and synthesized with 
various routes have been reported (Fayaz et al., 2010; Nasrollahzadeh et al., 2014).Though Ag-NPs 
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find use in many antibacterial applications, the action of this metal on microbes is not fully known. It 
has been hypothesized that silver nanoparticles can cause cell lysis or growth inhibition via various 
mechanisms (Kim et al., 2007 ;  Prabhu et al., 2012). The antibacterial properties of silver are related 
to the total surface area of the nanoparticles (Gao et al., 2014). Smaller particles with a larger surface 
to volume ratio provided more efficient sites for antibacterial activity. As a novel antimicrobial agent, 
the Ag nanoparticle composites has superior effect than other kinds of antibacterial agents, owing to 
its larger total surface area per unit volume and the unique chemical and physical properties (Kim et 
al., 2007). Ag nanoparticles have been reported to be effective in deactivating and inhibiting the 
growth of both Gram-negative and Gram-positive bacteria, but with more pronounced results shown 
on the Gram-negative bacteria (Shahverdi et al., 2007; Azam et al., 2012). In summary, silver 
treatment inhibits DNA replication, expression of ribosomal and other cellular proteins, and interferes 
with the bacterial electron transport chain (Bragg and Rainn 1974; Feng et al., 2000; Yamanaka et al., 
2005). The objective of this study was to evaluate the antibacterial activity of biosynthesized Ag 
nanoparticle embedded extracts of marine algae were extracted by using three main solvents. In the 
present study, twelve extracts from four species of seaweeds (U. fasciata , Grateloupia sp., P. 
capillacea and C. mediterranea) were used for synthesis AgNPs/BME then, antibacterial properties 
were investigated and hence anti-biofilm activity against indicator strains and bacterial community 
using well-cut diffusion technique and pouring technique . The antibacterial property of the 
synthesized AgNPs/BME was investigated against both freshwater and sea water bacteria.  

 

Materials and Methods 
 
Reference bacterial strains  
 

The bacterial indicators (Escherichia coli, Staphylococcus aureus ATCC 6538, Streptococcus 
faecalis, Pseudomonas aureogenosa ATCC 9027 and V. damsela) were kindly provided by Marine 
Microbiology Department, NIOF, Alexandria, Egypt. 

 
Collection and identification of seaweeds 
 

The marine algae (Ulva fasciata- Grateloupia sp - Pterocladiella capillacea and Corallina 
mediterranea) were collected by hand picking from Eastern harbor along the Mediterranean coast, 
Egypt (April 2015)  fig. (1). All samples were brought to the laboratory in plastic bags containing sea 
water to prevent evaporation and were washed trice with tap water and once with distilled water to 
remove sand, salt. The marine algae were partially powdered using domestic blender and stored in air-
tight container until use. 

Fig. 1: Map of collection sites from Eastern Harbor, Alexandria 
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Extraction of and Synthesis of Ag-NPs embedded biological marine algae  

 

Ethyl acetate (EA) 

 

For extraction, the dried algae (2 g) was macerated with 50 ml of 2N HCl. It was incubated in 
an oven for 4 h at 100 OC, subsequently extracted with equal volume of ethyl acetate. About 10 ml of 
the resultant crude extract was added to 90 ml of silver nitrate, then 3 μL of NaOH was added for 
reduction of Ag+ ions at room temperature and stirred at 200 rpm  in dark using magnetic stirrer for 48 
h (Rajesh et al., 2012). 
 
Diethyl ether(DE) 

 

For extraction, the dried alga (2 g) was macerated with 20 ml of diethyl ether and sonicated at 
600C for time 30 min. About 10 ml of the resultant crude extract was added to 90 ml of silver nitrate, 
then 3 μL of NaOH was added for reduction of Ag+ ions at room temperature and stirred at 200 rpm in 
dark using magnetic stirrer for 48 h (González del Val et al., 2001). 
 
Distilled water (DW) 

 
For extraction, (2 g) of powdered algae was transferred into a 150 ml beaker containing 20 ml 

double distilled water, mixed well on rotary shaker for 1 h and then boiled for 15 min. The extract 
obtained was filtered and used as a reducing agent and stabilizer. Synthesis of colloidal NPs has been 
done using the following procedures; typically, 10 ml of algae extract was added dropwise into 90 ml 
of 1 mM aqueous solution of silver nitrate with constant stirring, then 3 μL of NaOH was added for 
reduction of Ag+ ions at room temperature .Within few hours, the color changed from yellow to dark 
brown in case silver nanoparticles formed (Sharma et al., 2013). 
 

Characterization of Synthesis of Ag-NPs /BME 

 

The biosynthesized silver nanoparticles (AgNPs/BME) were well characterized by high 
throughput techniques as follows (David et al., 2014 ): The optical properties of silver nanoparticles 
were monitored by a 6800 UV/VIS scanning spectrometer (JENWAY) spectrophotometer at a 
resolution of 1 nm, between 200-800 nm using 10 mm optical path-length-quartz cuvettes. 
Morphological studies of nanoparticles were done by Transmission Electron Microscope (TEM) and 
Scanning Electron Microscope (SEM) analysis. TEM images were acquired on a JEOL JEM 2100 
high-resolution transmission electron microscope (Japan). SEM analysis (QUANTA, FEG250 
Scanning microscope) was done by preparing a thin film of sample onto a copper grid and then 
allowed to dry using a mercury lamp, prior to measurement. XRD measurements were carried out 
using a LabX XRD 6100 diffractometer made by Shimadzu X-Ray, (JAPAN). 

  
Antibacterial activity  

 

Well-cut diffusion technique 

 

The well-cut diffusion technique was used to test the ability of twelve extracts from collected 
seaweeds used for synthesis AgNPs/BME to inhibit the growth of indicator bacteria. Fifty millimeters 
of nutrient agar medium were inoculated with indicator microorganisms and then poured into all 
plates (Atlas, 1997). After solidifying, wells were punched out using 0.5 cm cork proper, and each of 
their bottoms was then sealed with two drops of sterile water agar. One hundred microliters of 
AgNPs/BME from each marine algae filtrate were transferred into each well after sterilizing by ultra-
filtration using 0.22 µm sterilized filters. All plates were incubated at appropriate temperature for 24-
48 h.  
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After incubation period, the radius of clear zone around each well (Y) and the radius of the well 
(X) were linearly measured in mm, where dividing Y2 over X2 determines an absolute unit (AU) for 
the clear zone. The absolute unit of each crude extract, which indicates a positive result in the 
antimicrobial action, was calculated according to the following equation (Yang et al., 1992): 

                            AU= Y2/X2                                                       (1) 
 

Pouring technique 

 

Nutrient agar was prepared and then 24 h old-indicator strain was added in 0.1%. The 
AgNPs/BME was added to yield 1, 2, 3, 4, and 5%. Control was prepared without any crude. After 
incubation period, the count of indicator pathogen(s) used was determined. Comparing the treated 
with extracts to control, then the suppression percentages were calculated according to the following 
equation (Al-Ajlani  and Hasnain, 2006): 

100x 
 C

 C - C 
 %n suppressio

control

treatment  control              (2) 

Where (C) refers to bacterial count as cfu/ml. 

 

Results and Discussion 

The marine environment is incomparable reservoirs of bioactive natural products, many of 
which exhibit structural features that have not been found in terrestrial ones. Marine algae are found 
to be vital source of useful bioactive substances since two decades. Several studies have demonstrated 
that marine algae are an excellent source of components with biological activity such as antibacterial 
activity. Various extracts of many marine algae have been had potential antibacterial activity against 
both Gram-positive and Gram-negative bacteria (Rosaline et al., 2012; Zbakh et al., 2012).  

Table 1 show the identified algae collected from Eastern harbor along the Mediterranean coast, 
Egypt (2015). The four marine algae selected were extracted by using different solvents such as: ethyl 
acetate, diethyl ether and distilled water. The algae extracts from different solvents (each alone) were 
used for biosynthesis of silver nanoparticles and coded as explained in table 1. 

  
Table 1: Codes of samples under investigation in relation to their preparation in different 

nanoparticles forms 
Sample code Preparation 

SUEA Silver nanoparticles from U. fasciata extract by ethyl acetate 
SGEA Silver nanoparticles from Grateloupia sp. extract by ethyl acetate 
SPEA Silver nanoparticles from P. capillacea extract by ethyl acetate 
SCEA Silver nanoparticles from C. mediterranea extract by ethyl acetate 
SUDE Silver nanoparticles from U. fasciata extract by diethyl ether 
SUDE Silver nanoparticles from Grateloupia sp. extract by diethyl ether 
SPDE Silver nanoparticles from  P. capillacea extract by diethyl ether 
SCDE Silver nanoparticles from C. mediterranea extract by diethyl ether 
SUDW Silver nanoparticles from U. fasciata extract by distilled water 
SGDW Silver nanoparticles from  Grateloupia sp. extract by distilled water 
SPDW Silver nanoparticles from  P. capillacea extract by distilled water 

SCDW Silver nanoparticles from C. mediterranea extract by distilled water 
Ag Silver nanoparticles  

 
Antimicrobial activity of marine extracts  

The synthesized  AgNP susing different twelve extracts from four species of marine algae (U. 
fasciata , Grateloupia sp., P. capillacea and C. mediterranea) were screened for antibacterial activity  
and hence anti-biofilm activity against indicator strains and bacterial community using well-cut 
diffusion technique. The data in Table (2) reveal that the positive records of antibacterial activity 
ranged between 2.4 and 23.6 AU. Occasionally, there 46 records were negative distributed along all 
treatments (105 records) representing 48.8%. In addition, the highest AU was recorded by silver 
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nanoparticles from aqueous U. fasciata extract using DW (SUDW) against S. aureus ATTC 6538, 
while the lowest AU value was of silver nanoparticles from C. mediterranea extract by diethyl ether 
(SCDE) against V. damsela . Moreover, there were highly AUs detected with several (AgNPs/BME) 
they were; SUDW, SGDW, SPDW, SCDW, SUEA, SGEA, SCEA, SPEA , SUDE and SPDE (codes 
of these AgNPs/BME) were pointed out in Table 1). From these data, ten effective AgNPs/BME were 
then selected for furthermore investigation. Fig. (2 a, b) shows the zone of inhibition of (AgNPs/UE) 
against the Bacterial strains namely Gram −ve, E.coli and gram +ve bacteria S. aureus . 

 
Table 2: Screening the antibacterial activity of several AgNPs/BME expressed as absolute unit (AU) 

Sample Indicator bacteria 
E. coli S. aureus P. aeurginosa S. feacalis V. damsela 

SUDW 18.4 23.6 14.1 18.4 2.6 
SGDW 9.0 12.8 16.0 18.3 ND 
SPDW 18.4 12.8 ND 12.8 3.7 
SCDW 18.3 18.3 12.8 ND ND 
SUEA 17.5 13.7 7.8 4.0 5.8 
SGEA 16.0 18.3 18.0 16.0 2.6 
SPEA 4.8 19.6 14.1 16.0 ND 
SCEA 13.8 18.3 14.1 12.8 ND 
SUDE 9.9 8.2 8.2 18.2 ND 
SGDE 7.4 5.2 8.2 8.2 ND 
SPDE 18.2 12.8 9.8 8.2 ND 
SCDE 8.2 4.6 9.8 10.8 2.4 

Ag/nano 14.9 4.6 9.8 12.3 ND 

 

 
Fig. 2a: Zone inhibition of  E. coli . Notice: all these codes of different samples prepared are shown in 

Table 1. 

 
Fig. 2b: Zone of inhibition of (a) S. aureus Notice: all these codes of different samples prepared are 

shown in Table l 
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On the other side, pouring technique was applied to detect the antibacterial activity of the most 
potent (AgNPs/BME) expressed as suppression % in the count of indicator bacteria in corresponding 
to control (104cfu/ml). So, the selected ten (AgNPs/BME) were tested. In such manner, there were 4 
ratios of each (AgNPs/BME) (0.5, 1, 3, and 5%) were added to the medium with bacterial growth 
(indicator strains).  

Data shown in Table (3) conducted that there were wide variations in the suppression of tested 
bacteria ranging from 50-100%. The ratio of 5% recorded the highest suppression percentage (98-
100%) for all tested bacteria except in SGEA against S. aureus ATCC 6538. Other high suppression 
percentages (80-97%) were recorded at ratios of; 0.5, 1 and 2% amendment of all selected 
(AgNPs/BME) except in fifteen (AgNPs/BME) records suppression percentages ranged between 50 
and 70%. 
Table 3:  Screening the antibacterial activity (expressed as suppression % in the count of bacteria; 

cfu/ml) of the most potent AgNPs/BME against indicator bacteria treated in 
corresponding to control (104cfu/ml)  

Sample 
code  

Percentage (%) Indicator bacteria/Suppression % 

E. coli S. aureus P. aureogenosa S. faecalis V. damsela 

 
SUDW 

0.5 90 90 90 100 100 

1 99 98 97 97 100 

2 99 100 99 100 99 

5 100 100 99 100 99 

 
SGDW 

 

0.5 70 60 70 90 100 

1 98 80 80 97 100 

2 100 90 97 99 100 

5 100 99 100 99 100 

 
SPDW 

 

0.5 80 70 100 90 60 

1 98 90 100 96 70 

2 99 99 100 98 90 

5 100 99 100 99 98 

 
 

SCDW 

0.5 90 90 80 100 100 

1 99 98 90 100 100 

2 99 99 98 100 100 

5 100 100 99 100 100 
 

SUEA 
 

0.5 90 90 90 100 100 

1 99 98 96 100 100 
2 100 99 98 100 100 
5 100 100 100 100 100 

 
SGEA 

0.5 90 90 80 100 100 
1 98 98 97 100 100 
2 99 99 98 100 100 

5 100 100 99 100 100 
  

SPEA 
0.5 80 70 80 100 100 
1 90 90 90 100 100 

2 97 98 97 100 100 
5 99 100 98 100 100 

 
SCEA  

0.5 60 50 97 60 60 

1 80 70 98 80 80 
2 90 80 98 90 90 
5 99 90 99 98 98 

 
SUDE 

0.5 80 70 80 90 100 
1 90 90 90 98 100 
2 99 98 98 99 100 

5 99 99 99 100 100 
 

SPDE 
0.5 90 70 60 60 100 
1 99 90 80 80 100 

2 100 98 98 90 100 
5 100 99 98 99 100 
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Also, the selected ten (AgNPs/BME) were examined against the bacterial community as 
whole to detect the antibacterial activity (AU) and suppression percentages (%) Table 4. The values of 
AUs ranged between 2.8 and 8.2. The SGDW yielded the highest activity against bacterial community 
from Eastern Harbor. As well as, SUDW showed high AU (6.6) against bacterial community from 
both harbors.  

On the other side, the antibacterial activity of the most potent (AgNPs/BME) was detected 
and expressed as suppression % in the count of bacterial communities in corresponding to their 
controls (104cfu/ml). Thus, the selected ten (AgNPs/BME) were tested and as mentioned before there 
were 4 ratios of each Bio-AgNPs (0.5, 1, 2, and 5%) were added to the medium of bacterial growth.  

Data shown in Table 5 exhibited that the highest suppression percentages ranged between 40 
and 100%. It was observed that the ratio of 5% recorded the highest suppression percentage (97-
100%) for tested bacterial communities from both harbors. Other high suppression percentages (70-
80%) were recorded at ratios of; 1 and 2% amendment of all selected extracts. However, 0.5% 
amendment of all selected extracts showed moderate suppression percentages ranging between 40 and 
60%. 

 
Table 4: Screening the antibacterial activity (expressed as AU) of the most potent Bio-AgNPs against 

the bacterial communities from Eastern and Western Harbors  
Sample code Bacterial community/AU 

Eastern Harbor Western  Harbor 
SUDW 6.6 6.6 
SGDW 8.2 5.2 
SPDW ND 2.8 
SCDW ND ND 
SUEA 8.2 ND 
SPEA ND ND 
SCEA 6.6 5.2 
SGEA ND ND 
SUDE ND 6.6 
SPDE ND 6.0 

 
Table 5: Screening the antibacterial activity (expressed as suppression % in the count of bacteria; cfu/ml) of the 

most potent Bio-AgNPs against the bacterial communities treated in corresponding to control 
(104cfu/ml)  

Sample code  Percentage (%) Bacterial community/Suppression % 

Eastern Harbor Western  Harbor 
 

SUDW 
0.5 40 40 

1 60 70 
2 80 80 
5 98 97 

 
SGDW 

0.5 50 40 

1 70 60 
2 80 80 
5 98 97 

 
SUEA 

0.5 50 60 

1 70 100 
2 80 100 
5 98 100 

 
SCEA 

0.5 40 40 

1 70 60 
2 80 70 
5 98 97 

 
SPDE 

0.5 60 60 
1 100 70 
2 100 80 
5 100 99 
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 However, the studied algal species has attracted the attention of many previous studies in 
the wise of their biological activity. Some of them also worked in the same area where these 
species were collected. For example; (Wefky et al., 2008) collected some species of marine benthic 
algae belonging to the Phaeophyceae and Rhodophyceae, from different coastal areas of Alexandria 
(Egypt). They were investigated them for their antibacterial and antifungal, activities against fish 
pathogens. In vitro screening of organic solvents extracts from the marine macroalgae, Laurencia 
pinnatifida (Hudson) Stackhouse, Pterocladia capillaceae (Gmelin), Haiopteris scoparia (Linnaeus) 
Kutzing, Stepopodium zonale (J. V. Lamouroux) and Sargassum hystrix var. jl.uitans Bergesen, 
showed specific inhibition activity of the growth of five virulent strains of bacteria pathogenic to fish 
Pseudomonas fluorescens, Aeromonas hydrophila, Vibrio anguillarum, V. tandara, and Escherichia 
coli. Acetone and ethanol extracts of all test macroalgae exhibited antibacterial activity. Osman et al. 
(2013) illustrated the antimicrobial activity of three different macroalgal species [Jania rubens 
(Linnaeus) Lamouroux; Ulva fasciata Delile and Sargassum vulgare C. Agardh] belonging to 
Rhodophyta, Chlorophyta and Phaeophyceae, respectively, seasonally in 2007 to 2008 from Abu-Qir 
bay (Alexandria, Egypt). The different macroalgal species were tested against pathogenic microbes 
such as Bacillus subtilis, Staphylococcus aureus and Streptococcus aureus as Gram-positive bacteria, 
Escherichia coli, Salmonella typhi and Klebsiella pneumoniae as Gram-negative bacteria. However, 
the strongest antimicrobial activity was recorded in 70% acetone extract of U. fasciata collected 
against all the tested microorganisms. In another area, other investigators screened three marine algae for 
antibacterial efficancy. For example; (Rosaline et al., 2012) screened three marine algae; Chaetomorpha 
linum, P. gymnospora and Sargassum wightii and identified the two later were more active than the 
former. 
 
Characteristics of Ag-NPs embedded biological marine algea 
 

 UV,TEM, SEM and XRD were used to characterize the size and shape of nanoparticles. The 
presence of elemental silver nanoparticles synthesized from aqueous Ulva- fasciata extract at 3 keV 
were confirmed by EDX. 
 
Characterization of silver nanoparticles biosynthesis using UV-:- 
 

In this study, silver nanoparticles were formed by the reduction of Ag+ into Ago with the 
addition of algal extract to the solution of 1 mM silver nitrate solution (AgNO3). The colorless 
reaction mixture turned into dark brown color solution after 48 hr of incubation in dark room 
condition, indicating the biotransformation of ionic silver to reduced silver, the surface plasmon 
resonance phenomenon (Saware et al., 2014).  

The changing of the color can be explained based on the fact that, the active molecules present 
in the extract reduced the silver metal ions into silver nanoparticles. The intensity of the color change 
was directly proportional to the incubation period of nanoparticle synthesis. It may be due to the 
excitation of surface plasmon resonance (SPR) and reduction of AgNO3 (Shankar et al., 2004; 
Gopinath et al., 2012).  

The formation of silver nanoparticles was monitored by UV–vis absorption spectra at 300 to 
700 nm where an intense band was clearly detected at 430 nm, which confirmed the formation of 
silver nanoparticles (AgNPs/BME) (SUDW, SGDW, SCDW and SPDW) as shown in (Fig. 2A,B,C) . 

The observed band in this range has been associated with Ag nanoparticles confirming 
indicating the presence of spherical or roughly spherical AgNPs that remained the same throughout 
the reaction period, suggesting that the particles are dispersed in the aqueous solution with no 
evidence for aggregation (Saifuddin, 2009). 

The UV–Vis spectrum shows the important role of AgNO3 and the presence of ingredients the 
marine algae for the formation of silver nanoparticles. It is also observed that the surface plasmon 
peak that occurs at 424 nm is slowly shifted toward lower wavelength at high concentrations. This 
shift may be due to blue shift and depends on the particle size and shape. UV-visible absorbance of C. 
mediterranea extract also showed absorbance at about 320 nm indicating the presence of proteins and 
phenols in the extract respectively (SCDW) as shown in Figure( 2A). 
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All spectra presented a minimum at∼320 nm that corresponds to the wavelength at which the 
real and imaginary parts of the dielectric function of silver almost vanish. The plasmon bands are 
broad with an absorption tail in the longer wavelengths due to the size distribution of the particles. A 
long tailing on the large-wavelength side may be due to small amount of particle aggregation 
(Minaeian, 2008). 

The intensity of the peaks is related to the amount of produced (AgNPs/BME) so we can 
conclude that C. mediterranea produced greater amount of sliver nanoparticles compared with the 
three other algae. The amount of (AgNPs/BME) reduced in the order, P. capillacea, Grateloupia sp 
and U. fasciata respectively. 

 

Fig. (2A): UV–visible spectra of AgNPs synthesized from distilled water extract(a)Ulva fasciata algea, (b) 
Grateloupia sp. Algea, (c) Pterocladiella capillacea algea and (d) Corallina mediterranea algea  

 

(b) 

 

(a) 

 

(d)(c)

Fig. (2B): UV–visible spectra of AgNPs synthesized from aqueous ethyl acetate extract of (a)Ulva 
fasciata algea, (b) Grateloupia sp. Algea, (c) Pterocladiella capillacea algea and (d) Corallina 
mediterranea algea. 

(a)  (b)  

(a)  (d)  
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(a)

 

(b)

 

(c) 

 

(d) 

 

Fig. 2C: UV–visible spectra of AgNPs synthesized from diethyl ether extract of (a)Ulva fasciata 
algea, (b) Grateloupia sp. Algea, (c) Pterocladiella capillacea algea and (d) Corallina mediterranea al 
 

The UV–Vis absorption spectra showed that the broad SPR band contained two peaks. These 
two peaks illustrate the presence of two broad distributions of hydrosol silver nanoparticles. The 
ultraviolet-visible absorption spectra of colloidal silver nanoparticles exhibited characteristic surface 
plasmon resonance (SPR) bands centered at 375 nm. The location of the SPR peak on the lower end 
of the absorption range (370-450 nm) indicates that the colloidal dispersion was primarily composed 
of small spherical silver nanoparticles (Njagi et al., 2010). 

 

X-ray diffraction analysis (XRD):- 
 

To study the crystalline nature of the biosynthesized silver nanoparticles produced by ulva  
fasciata extract (AgNPs/UE) , The 2θ values of the XRD pattern was ranging from 30 to 80° and three 
strong peaks were observed at 27.41º, 31.8675º and 45.87º in Figure.(3). The observed peak 
broadening and noise were probably related to the effect of smaller particle size and the presence of 
various crystalline biological macromolecules in the algal extracts. The Full Width at Half Maximum 
(FWHM) values were used to calculate the size of the nanoparticles. The mean particle diameter of 
AgNPs/UE was calculated from the XRD pattern, according to the line width of the maximum 
intensity reflection peak. The size of the nanoparticles was calculated through the Scherer equation. 
The average crystal size of the silver crystallites is calculated from the FWHMs of the diffraction 
peaks, using the Scherer equation and found to be of size 18 nm.  
 

� =
� �

� ��� �
                                           (3) 

where  D Average crystallite size (nm),  K is the Scherrer constant and its value is 0.94 
           λ is the wavelength of the X-ray,    β is the full width at half maximum  
and     θ is the Bragg angle (XRD peak position, one half of 2θ).  
       From the XRD spectra indicate the formation of silver nanoparticles is crystalline in nature and 
aggregation was formed due to the fewer action of stabilizing agents in the algal extract (David et al., 
2014).  
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Fig. 3: XRD Patterns of synthesized(SUDW) using aqueous Ulva fasciata extract.  

 
Scanning Electron Microscope (SEM) 
 

In order to study the size distribution and shape of synthesized (AgNPs/UE). The synthesized of 
silver nanoparticles embedded Ulva fasciata algae extract (AgNPs/UE)   was further confirmed by the 
SEM image. The SEM image shows the low density (AgNPs/UE), well distributed on the algal 
aqueous extract surface. The SEM micrograph of nanoparticle showed that they are spherical shaped 
and well distributed without aggregation in solution (figure. 4) and the size of AgNPs/UE was ranged 
from 8-60 nm. The spherical nature of AgNPs/UE is probably due to some capping or stabilizing 
agent bound on it (Rai et al .,2012). 

SEM image shows the morphologies of the algae mediated synthesized (AgNPs/UE) at different 
magnifications (Figure 4 A,B).  High density of silver nanoparticles is shown in the SEM image 
which is uniformly distributed on the algal aqueous extract surface. 

  

(A) Powder sample of synthesized AgNPs/UE 

  

                            (B) Suspension sample of synthesized AgNPs/UE 

Fig. 4 A,B: SEM images of synthesized AgNPs/UE from aqueous Ulva fasciata extract. 
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High resolution transmission electron microscopy (HRTEM) 
 
      AgNPs synthesized from aqueous extracts of  (a)Ulva fasciata, (b) Grateloupia sp., (c) 
Pterocladiella capillacea and (d) Corallina mediterranea surrounded by a faint thin layer of other 
materials in Figure.(5a,b,c,d), which may be the capping organic materials from marine algae extract 
(David et al., 2014). HRTEM was performed to determine the dispersion, size, shape and morphology 
of synthesized (SUDW) from ulva fasciata extract. (SUDW) are nearly spherical in shape and non -
uniform in size ranging from 4-18 nm. The capping with dark shades on the surface of nanoparticles 
showed the presence of secondary materials. This could be attributed to the bio-compounds present in 
the marine algae extract. It should be noted that these bio-components can result in the efficient 
reduction of silver salts to nanoparticles and serve as an appropriate capping agent, thereby inhibiting 
them from aggregation (Rai et al., 2012). In fig. (5a) Show that the (SUDW) formed were well 
dispersed with different shapes such as hexagonal, pentagonal and spherical structures (Sharma et al 
.,2013). The different bio-compounds present in ulva algae extract such as polysaccharides, 
polyphenols, and proteins can produce nanoparticles with different shapes (Sheela et al., 2013 ). The 
low magnification TEM image also revealed that the nanoparticles have a strong tendency to 
assemble together to form chain-like structure.  

(a) (b) (c) (d) 

Fig. 5: The TEM image of (a) (SUDW),(b) (SGDW) ,(C)(SPDW),(d) (SCDW) 

 
Conclusion 
 

 The results obtained in the current study confirmed the efficacy of silver nanoparticles 
synthesized from different extracts as antibacterial agents and hence inhibiting the bacterial film 
formation, which is considered the main starter in the biofouling problem. As well as, green synthesis 
of metallic nanoparticles is much safer and environmentally friendly compared to chemical and 
physical synthesis. UV analysis results showed that different compounds of varied nature were 
present in the extract .The obtained data clearly indicate the algal extracts can be used as an effective 
capping as well as the reducing agent for the synthesis of (AgNPs/BME). Marine algae extracts 
contain diverse chemical compounds such as proteins, carbohydrates, alkaloids, tannins, phenolics 
and oils, and saponins which can act as reducing and capping agents for silver nanoparticles synthesis 
.TEM, SEM and XRD were used to characterize the size and shape of nanoparticles. The presence of 
elemental silver nanoparticles synthesized from aqueous Ulva- fasciata extract at 3 keV were 
confirmed by EDX .Phyto synthesized (AgNPs/BME) have many applications such as antimicrobial, 
antifouling, etc.The (AgNPs/BME) synthesized from different marine algae extracts showed potential 
antibacterial activity against Escherichia coli, Staphylococcus aureus , Streptococcus faecalis, 
Pseudomonas aureogenosa  and V. damsela. 
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