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A B S T R A C T

Biosynthesis silver nanoparticles (AgNPs) have received a lot of attention as a cytotoxic and antimicrobial ac-
tivity against pathogenic bacteria. This study was carried out to evaluate the potential ability of red marine algae
Corallina elongata and Gelidium amansii to biosynthesis AgNPs capping with Sodium Dodecyl Sulfate (SDS) and to
determine its antibacterial efficacy. Characterization of capping AgNPs were determined by Ultra violet-Visible
spectroscopy, Transmission electron microscope (TEM), Scanning electron microscopy (SEM), Fourier trans-
forms infrared spectroscopy (FTIR), Energy dispersive X-ray spectroscopy (EDX), Zeta potential and sizer. The
results indicated that there is no variation change between capping AgNPs synthesis by two red algae in plasmon
resonance peak and also both stable along 3 weeks. The capping nanoparticles size were range from 8 to 25 nm
in the case of G. amansii and 12–20 nmC. elongata. The results were obtained from Fourier transforms infrared
spectroscopy (FTIR) indicated that same metals are present in both algae except Vanadium (V) was present with
G. amansii. Capping AgNPs biosynthesis by C. elongata had more toxicity to Chlorella vulgaris than that of syn-
thesized by G. amansii. Capping AgNPs by SDS have been shown to enhance antibacterial activity against
Micrococcus leutus, Kocuria varians and Escherichia coli ATCC 8739 compared to non-capping AgNPs. The anti-
bacterial activity and toxicity of AgNPs is affected by concentrations of capping agent and the biomaterial (red
algae) that used for synthesis.

1. Introduction

In the last years of world, the infection diseases caused by multi-
drug-resistant bacteria had dramatically increased and become serious
challenge for healthcare [1]. Pathogenic bacteria obtain resistance to
antibiotics during antibacterial therapy and become inheritable.
Meanwhile using high-doses of antibiotics caused very toxicity [2]. So
many researchers endeavor to obtain a new antibacterial drug, to
overcome antibiotic resistance bacteria [3]. Baker-Austin et al. [4] re-
ported that nanoparticles can be used as a substitution to antibiotics.
Nanoparticles have various applications in many fields including
biology and medicine [5]. Mechanical, chemical and physicals methods
are used to synthesis nanoparticles; some of them are high cost, not
ecofriendly and used toxic chemicals [6]. Green synthesis is safe and
eco-friendly that do not use toxic chemicals in the synthesis processes
[7]. Biological products contain active compounds that can act as re-
ducing agents and stabilizing agents to synthesize nanoparticles with

various sizes and shapes [8]. Marine algae are valuable sources of
bioactive compounds that can use in synthesis nanoparticles, as silver
nanoparticles that had been synthesis by several marine algae [9]. Red
algae Laurencia aldingensis and Laurenciella sp. extracts were used to
synthesis AgNPs [10]. Compounds founds in algal seaweeds have the
ability to synthesize a huge variety of nanoparticles with very low or no
toxicity risks [11]. Silver can be used as an antibacterial agent and
exhibits cytotoxicity against many pathogenic microorganisms [12].
Silver nanoparticles (AgNPs) have small size and large surface area so it
can be used as antibacterial agent [13]. The antibacterial activity of
silver nanoparticles is affected by the shape, size and modification of
the particles surface [13,14]. The surface modifiers or capping agents
(surfactant) can use in the stabilization of smaller sized nanoparticles
[15]. Capping agents such as sodium dodecyl sulphate (SDS) is used as
silver nanoparticles stabilizer and has the ability to reduce the toxicity
of the nanoparticles [16,17]. Hamouda et al. [18] reported that bio-
synthesis silver nanoparticles using (SDS) as stabilizer had high
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Fig. 1. UV-visible visible spectrums (UV) of Ag nanoparticles suspension biosynthesis by G. amansii (a) and C. elongata (b) aqueous extract and capping by SDS (a)
after 24 h and 3 weeks.

Fig. 2. Scanning Electron Microscope (SEM) of Ag nanoparticles biosynthesis by C. elongata (a) and G. amansii (b) aqueous extracts and capping by SDS.

Fig. 3. Transmission Electron Microscopic image of silver nanoparticles C. elongata (a) and G. amansii (b) aqueous extract and capping by SDS.
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antibacterial activity compared with biosynthesis silver nanoparticles
without capping by (SDS). Kvitek et al. [15] stated that the highest
antibacterial activity was shown to be connected to the stabilization
surface of nanoparticles. This study aimed to compare between the
silver nanoparticles biosynthesis by two red algae C. elongata and G.
amansii, that capping by Sodium Dodecyl Sulfate (SDS), according to
characterization, antibacterial potentiality and cytotoxic effects against
fresh alga C. vulgaris.

2. Material and methods

2.1. Algae

Corallina elongata and Gelidium amansii (red algae) were collected
from shallow water beside Abo-qur shore Alexandria Egypt and

identified according to Taylor [19].

2.1.1. Preparation of red algae aqueous extract
One gram of air dried red algae were added to 100ml Double dis-

tilled water (DD water) and boiled for 1 h and after that filtered and the
filtrate completed to 100ml by adding DD water.

2.2. Biosynthesis of silver nanoparticles using red algae aqueous extract

Mix 0.017 gm of AgNO3with 90ml DD water and then add drop by
drop 10ml of algal aqueous extracts with magnetic starrier at 60 °C
until the color become brownish [20].

Fig. 4. Energy dispersive X-ray spectrophotometry analysis of AgNPs biosynthesis by C. elongate (a) and G. amansii (b) aqueous extract and capping by SDS.

Fig. 5. Zeta potential analyses of Ag NPs biosynthesis by C. elongata (a) and G. amansii (b) aqueous extract and capping by SDS.
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Fig. 6. Particles size distribution of Ag NPs biosynthesis by C. elongata (a) and G. amansii (b) aqueous extract and capping by SDS.

Fig. 7. FTIR spectra of green silver nanoparticles capping by SDS and biosynthesis by C. elongata (a) and G. amansii (b).
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2.3. Capping of biosynthesis AgNPs

Sodium dodecyl sulphate (SDS) (1,3,6, and 9mM) was added to
freshly prepared silver nanoparticles with stirring and heating for
30min at 40 °C [21].

2.4. Characterization of silver nanoparticles synthesis by red algae and
capping by SDS

The characterization of AgNPs is performed using various techni-
ques such as Ultra violet-Visible spectroscopy (Shimadzu UV-1601PC
Spectrophotometer, England) at wavelength 200–700 nm for three
weeks to determine the stability. Surface morphology and distribution
of coating AgNPs by SDS were detected by Scanning Electron
Microscopy (SEM) JEOL JSM-6510/v. Japan. Energy dispersive X-ray
EDX detector system (JEOL, JEM-2100, Japan) was used to define the
elements content of the nanoparticles sample. The shape and size of
capping AgNPs were characterized by Transmission electron micro-
scope (TEM) (JEOL, JEM-2100, Japan). Fourier-transform infrared
(FTIR) was used to determine the active groups of red algae C. elongata
and G. amansii aqueous extract that causes the reduction and capping of
silver ions to form nanoparticles. Zeta potential value, Size distribution
of the nanoparticles and Polydispersity Index (PdI) were determined
using zeta potential analyser (Malven Zeta size Nano-Zs90).

2.5. Phytochemical Screening of C. elongata and G. amansii aqueous
extract

Phytochemical analysis (Tannins, Saponins, Flavonoids, Phenol,
Quinines, Terpenoids, Coumarins, Glycosides, Phlobatannins, Steroids
and Phytosteroids) was carried out for aqueous extract of C. elongata
and G. amansii as per standard methods described by Sanjeet et al. [22].

2.6. Pathogenic bacteria

The antibacterial activity of AgNPs and capping AgNPs were tested
against three human pathogenic bacteria one of them are Gram nega-
tive bacteria, Escherichia coli ATCC 8739 the others are Gram positive
bacteria Kocuria varians and Micrococcus leutus «pathogenic bacteria
obtained from microbiology lab of GEBRI University of Sadat city
Egypt»

2.7. Antibacterial activity of AgNPs and capping AgNPs by SDS

2.7.1. Paper disc diffusion assay
The agar diffusion techniques were used to determine the anti-

bacterial activity of capping AgNPs using Petri dishes. Briefly 25 μl
AgNPs at different concentrations (25, 50, 75 and 100 μg/ml) were
laden on sterile and air dried filter paper (Whitman No. 1, 3 mm in
diameter). The papers were put on the surface of nutrient agar media
and 105 CFU/ml of bacteria cells were distributed on the surface of the
nutrients agar plate. The plates were incubated with 30 °C, after 48 h
the clear zones were determined around the paper disc that specified, of
antibacterial activity of capping AgNPs against Escherichia coli ATCC
8739, Micrococcus leutus, Kocuria varians. The same methods were ap-
plied using 0.1mM AgNPs capping with different concentrations of
SDS1, 3, 6 and 9mM [21].

2.8. Algal toxicity

Chlorella vulgaris was obtained from «Microbial Biotechnology la-
boratory, Genetic Engineering and Biotechnology Research Institute,
University of Sadat City, Egypt».

C. vulgaris was cultivated in 250ml Erlenmeyer flasks each contain
90ml of Kuhl's medium, after sterilization the concentrations of cap-
ping AgNPs were adjusted (0.1, 0.05, 0.025, 0.012, 0.006 and
0.003mM), and flasks were inoculated with 10ml of C. vulgaris with
105 cell/ml. Optical density of growth was determined using Unico UV-
2000 spectrophotometer with time [23].

2.9. Statistical analysis

Results were conducted in triplicates and expressed as means ±
standard error of the mean. Significant differences between the means
of parameters (LSD) were determined using Duncan's multiple range
tests (P≤ 0.05). All analysis were carried by SPSS software version
(16).

Table 1
Screening of phytochemicals analysis of C. elongata and G. amansii.

Test G. amansii C. elongata

Tannins + +
Saponins + –
Flavonoids + +
Phenol – –
Quinines + –
Terpenoids + +
Coumarins + –
Steroids and Phytosteroids + +
Glycosides + +
Phlobatannins – –
Anthraquinones – –

Fig. 8. Effect of different concentrations of AgNPs biosynthesis by C. elongata (a) and G. amansii (b) capping by SDS on C. vulgaris growth.
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3. Results and discussion

The aqueous extracts of algae are pale green and the silver nitrate
solutions are colorless. In the beginning colorless solution was obtained
after mixing the algal extracts (C. elongata and G. amansii) separately
with the silver nitrate solution. After half an hour with heating at 60 °C
and stirring, the colorless solution was changed became a yellowish
brown color indicated that the formation of AgNPs The formation of
AgNPs was confirmed by color change followed by UV–Visible spec-
trophotometer analysis. The UV–Visible spectrophotometer of bio-
synthesized AgNPs by G. amansii showed the intense peaks with strong

surface plasma resonance between 413 and 410 nm where the intensity
was 0.236 and 0.259 when measuring after 1 h and three weeks re-
spectively. Meanwhile the of UV–Visible spectrophotometer intense
peaks of biosynthesized AgNPs by C. elongata were 407 and 410 with
intensity were 0.304 and 0.355 when measuring after 1 h and three
weeks Fig. 1 (a, b). The absorption peak of AgNPs biosynthesis by G.
amansii measured by UV-Visible spectra is 420 and retains the stability
for about 6 months without any shift in the surface plasma absorbance
band [24,25].

The shape and distribution of capping AgNPs that synthesized by G.
amansii and C. elongata aqueous extract estimated by Scanning Electron

Fig. 9. Effect of AgNPs biosynthesis by C. elongata (a) and G. amansii (b) capping by SDS on C. vulgaris.

Fig. 10. Effect of different concentrations of AgNPs biosynthesis by C. elongata (a) and G. amansii (b), Bars represent are standard error (means of triplicate). «Same
litters are not significantly different p≤ 0.05»
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Microscope (SEM). The square shape was appeared with AgNPs syn-
thesized by G. amansii and capping by SDS where spherical shape ap-
peared with AgNPs synthesized by C. elongata and capping by SDS. This
result demonstrated that the nanoparticles differ in shape according to
type of algae that were used in synthesis (Fig. 2).

The size and microstructures of the biosynthesized silver nano-
particles that capping with SDS was determined by transmission elec-
tron microscopy (TEM) analysis. Fig. 3 shows that the range of particles
size of AgNPs biosynthesized by G. amansii and capping by SDS was
8–25 while with C. elongata the range was 12–20.

Results in Fig. 4 show peaks that represent of metals content of the
aqueous AgNPs capping by SDS that examined by Energy dispersive X-
ray spectrophotometry. Ten peaks Na, Al, Si, P, S, Cl, Ag, Ca and Fe and
eleven peaks of same metals in addition to Vanadium (V) that is ap-
proximately located between 0.5 and 6 keV of aqueous extract Ag NPs
biosynthesis by C. elongata and G. amansii respectively. Both samples
clear that higher percentage of silver content was 55.35 and 59.06

respectively.
The results in Fig. 5 demonstrated Zeta potential that clear surface

charge of AgNPs capping by SDS and biosynthesized by C. elongata and
G. amansii. The results show Zeta potential value was−8.61 and−13.1
of Ag NPs capping by SDS and biosynthesized by C. elongate and G.
amansii respectively that indicated that AgNPs capping by SDS were
highest physical stability. The negative value of the zeta potential in-
dicate the efficiency of the capping compounds in stabilizing AgNPs by
given intensive negative charges that preserve all the particles away
from each other [26]. The negative values clarify the repulsion between
the particles and thereby achievement of higher stability of AgNPs
formation evading agglomeration in aqueous solutions [27]. Negative
charge of silver nanoparticles potent antibacterial activity [28].

Polydispersity Index PdI ranged from 0.08 to 0.7 represent mid-
range value of PdI while higher than 0.7 indicates a very broad dis-
tribution of particle sizes. The PdI of Ag NPs biosynthesis by C. elongata
was 0.533, meanwhile the PdI of Ag NPs biosynthesis by G. amansii was

Fig. 11. Effect of different concentrations of SDS capping AgNPs that biosynthesis by C. elongata (a) and G. amansii (b) on pathogenic bacteria, Bars represent are
standard error (means of triplicate) «Same litters are not significantly different p≤ 0.05»
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0.716. It is noticed that some aggregations among Ag NPs biosynthesis
by G. amansii more than biosynthesis by C. elongata. It was shown that
the particle size measured by TEM is smaller than the particles size
measured by Malvern Master sizer particles size analyser. It may be due
to presonication step in TEM procedure (Fig. 6) [29].

Fig. 7 shows that various peaks of FT-IR spectra related to silver
nanoparticles capping by SDS and biosynthesis by C. elongate and G.
amansii. A very sharp peaks was observed at 1637.95 cm−1and
1638.38 cm−1in both silver nanoparticles biosynthesized by C. elongata
and G. amansii respectively, which was related to free-N–H stretch vi-
brations in the amide linkages of the proteins. Abdel-Raouf et al. [30]
reported that proteins probably form a coat covering the metal nano-
particles and prevent agglomeration of the nanoparticles. Balaji et al.
[14] investigated that extracellular protein compound can bind and
synthesized silver nanoparticles through free amine groups. The peaks
denoted by FT-IR spectra of biosynthesized silver nanoparticles of both
C. elongata and G. amansii were at 1384.92 cm−1 and 1384.58 cm−1

revealed to–OH bending vibrations, and also peaks at 1235.21 cm−1

and 1230.55 cm−1 that related to C(O)–O stretching vibrations. These
functional groups may be responsible to flavonoids and tannins which
more abundant in red algae [31]. Mishra and Sardar [32] concluded
that the free thiol groups present in the proteins were responsible for
the reduction of silver nitrate to silver nanoparticle formation.

Table 1 shows that the both aqueous extracts red algae C. elongata
and G. amansii contain flavonoids, tannins and terpenoids which helps
in reducing silver and contains AgNPs as agreement with Vijayar-
aghavan et al. [33] they reported that proteins, flavonoids and tannins
bands which may be responsible for biosynthesis of nanoparticles that
reduction of metal ion to metal nanoparticles.

The results obtained in Fig. 8 investigated that the effects of dif-
ferent concentrations of AgNPs biosynthesized by C. elongata and G.
amansii capping by SDS on microgreen alga C. vulgaris growth that was
measured by optical density. The results indicated that the AgNPs had
toxic effects on microgreen alga C. vulgaris, meanwhile AgNPs bio-
synthesis by G. amansii had more toxic effect than AgNPs biosynthe-
sized by C. elongata as shown in Fig. 9. Razack et al. [34] reported that
AgNPs have the ability to breaking down the cell wall of the microalga
C. vulgaris. Dash et al. [35] investigated that silver nanoparticles have
been identified for algicidal. Hund-Rinke and Simon [36] shown that
nanoparticles had toxicity to algae. Silver nanoparticles (AgNPs) has
antialgal agent against the liver inducing cancer Microcystis aeruginosa
[37].

3.1. Antibacterial activity of AgNPs biosynthesized by C. elongata and G.
amansii

Fig. 10 displays the effects of various concentrations of AgNPs
biosynthesis by C. elongata and G. amansii on Gram positive bacteria
Micrococcus leutus, Kocuria varians and Gram negative bacteria Escher-
ichia coli ATCC 8739. The results indicated that 0.1 mM of AgNPs was
the best concentrations that more effective against tested bacteria. And
also results demonstrated that Kocuria varians has more resistance to
AgNPs biosynthesis by C. elongata among Micrococcus leutus and Es-
cherichia coli ATCC 8739. AgNPs biosynthesized by C. elongata possesses
more inhibition clear zone with Escherichia coli ATCC 8739. Micrococcus
leutus has more resistant by AgNPs biosynthesis by G. amansii, mean-
while Escherichia coli ATCC 8739 has more sensitive by AgNPs bio-
synthesized by G. amansii. The Ag nanoparticles synthesized using
marine alga G. amansii are potential antibacterial agents especially
against prominent microfouling bacteria [30]. Silver nanoparticles
biosynthesized by C. elongata and G. crinale had cytotoxic activity
against Ehrlich ascites carcinoma (EAC) [38]. Silver nanoparticles
synthesized by aqueous extract of green alga Caulerpa racemosa ex-
hibited antibacterial activity against E. coli, B. subtilis, K. pneumoniae, S.
aureus, and P. aeruginosa [39]. Nanoparticles can either show inhibitory
or lethal effect towards bacteria, depending upon its concentrations

[40].
Fig. 11 represents the effect of different concentrations of sodium

dodecyl sulfate 1, 3, 6, and 9mM (SDS) capping biosynthesized AgNPs
by C. elongata and G. amansii against pathogenic bacteria. Results re-
vealed that biosynthesized AgNPs capping by SDS was more anti-
bacterial activity than the biosynthesized AgNPs without capping by
SDS. Meanwhile results display 6mM of (SDS) with 0.1 mM of bio-
synthesized AgNPs by C. elongata is more antibacterial agents against
Kocuria varians however the concentration 1.0mM of (SDS) with
0.1 mM of biosynthesized AgNPs by C. elongata is high antibacterial
activity against both Micrococcus leutus and Escherichia coli ATCC 8739
than other tested concentrations. Sodium dodecyl sulfate (9 mM) is the
best concentrations with 0.1 mM of biosynthesis AgNPs by G. amansii
for possessing antibacterial activity against all tested pathogenic bac-
teria. Kora et al., [41] suggested that the antibacterial activity of silver
nanoparticles is enhanced by capping with SDS. Kora and Rastogi [42]
investigated that the enhancement in antibacterial activity of anti-
biotics with silver nanoparticles influenced by the capping agent on
nanoparticles.

The present study indicated that the ability of aqueous extracts of
two red algae C. elongata and G. amansii to biosynthesized of silver
nanoparticle using silver nitrate. The AgNPs synthesized by two algae
has been differed in characterization and also in potential activity
against Gram positive bacteria Micrococcus leutus, Kocuria varians and
Gram negative bacteria Escherichia coli ATCC 8739. The AgNPs coated
by SDS has more effective against tested pathogen bacteria and also has
cytotoxic activity against microgreen alga C. vulgaris. Different con-
centrations of SDS were used to coat green synthesis of silver nano-
particles and tested against pathogenic bacteria; the best concentrations
against pathogenic bacteria were 6mM and 9mM SDS coating AgNPs
biosynthesis by C. elongata and G. amansii respectively. The green
synthesis AgNPs is potent antibacterial activity and enhancement by
coating materials. Characterizations, antibacterial activity and cyto-
toxicity differ according to the green sources that used for biosynthesis.
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