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Ö Z

Bu çalışma, Scytosiphon lomentaria (kahverengi yosun) ve Spyridia filamentosa (kırmızı yosun) kullanılarak altın 
nanopartiküllerinin (AuNPs) sentezi için yürütülmüş ve bu iki türden kullanılarak sentezlenen naopartiküllerin 

karşılaştırması yapılmıştır.  Altın nanoparçacıklar daha sonra UV-Vis spektrofotometre, FTIR ve Mastersizer kullanılarak 
karakterize edilmiştir.  UV-Vis kullanılarak altın nanopartiküllerin oluşumu 540 nm’de oluşan pik ile görülmektedir. 
FTIR’daki gerilme, deniz yosunu ekstraktında bulunan biyomoleküllerin altın iyonlarını azalttığını göstermiştir. Mastersizer 
sonuçları, nanoparçacıkların 15-55 nm aralığında geniş bir dağılım göstermektedir. 2,2-diphenyl-1-picrylhydrazyl (DPPH) 
serbest radikal yöntemi kullanılarak gerçekleştirilen antioksidan aktivitesi, her iki nanopartikül için de önemli aktiviteler 
göstermiştir. S. typhii ve E. coli kullanılarak antimikrobiyal etkileri araştırılmıştır. S. lomentaria altın nanoparçacıklar E. coli’ye 
karşı inhibisyon sergilerken, S. filamentosa altın nanopartiküllerı S. typhi’ye karşı inhibisyon göstermiştir. Stabilize edici ajan 
olarak kullanılan S. lomentaria ve S. filamentosa özütleri ile sentezlenen altın nanoparçacıklar, hem gram negatif hem de 
gram pozitif bakterilere karşı ikna edici antioksidan ve antimikrobiyal aktivite göstermiştir.

Anahtar Kelimeler 
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A B S T R A C T

This study was carried out for biosynthesis of gold nanoparticles by using Scytosiphon lomentaria (brown algae) and 
Spyridia filamentosa (red algae) and compared. Synthesized gold nanoparticles were characterized using the UV-Vis 

spectroscopy (UV-Vis), Fourier transform infrared (FTIR) and Master Sizer analysis. Macro algae extract involvement in 
the stabilization of the gold nanoparticles was confirmed by the presence of UV-Vis peak at 540 nm and is an indication 
of the presence of the gold nanoparticles (AuNPs). Strech in peaks of the FTIR showed that the biomolecules present in 
the seaweed extract reduced the gold ions. Master sizer results for AuNPs were within the range of 15-55 nm. Antioxidant 
activity carried out using 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging activity revealed significant activity 
for both AuNPs. Biosynthesized AuNPs also showed antimicrobial activity against S. typhii and E. coli. The S. lomentaria 
AuNPs exhibited inhibition against E. coli, whereas S. filamentosa gold nanoparticles showed antibacterial activity against S. 
typhi. Synthesized AuNPs using S. lomentaria and S. filamentosa extracts as stabilizing agents showed convincing antioxidant 
and antimicrobial activity against gram negative and gram positive bacteria.
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INTRODUCTION

Nanotechnology is rapidly expanding with it ser-
ving the main purpose of manufacturing materials 

at nanoscale although having the same application as 
the normal size material. Nanotechnology is defined as 
a study of techniques of materials manipulation in the 
range from 1-100nm such as from the size of a single 
atom up to those of traditional chemistry [1]. It has be-
come an important part of the livelihood of most living 
organisms. Nanotechnology has led to a huge revolutio-
nary change in science, having great technological achi-
evements and employment of people with great exper-
tise and experience, thus encompassing both practical 
and theoretical science. The nanoparticles are chosen 
and synthesized based on their different properties 
which make them suitable for the purposes they serve 
[2]. The synthesis of nanoparticles can be achieved by 
some physical and chemical methods. The traditional 
and commonly used method for nanoparticles synthe-
sis is wet method. Nanoparticles have become the hope 
for the future as they are now synthesized and utilized 
in different ways [3]. The utilization of nanoparticles is 
increasing due to their increased surface area to volu-
me ratio. Studies have been carried out in different fi-
elds to observe the various properties and characteris-
tics of the nanoparticles. During these past few decades, 
further studies of these nanoparticles has shown their 
integrated biological properties such as antitumor, anti-
microbial and anti-HIV activities [4].

Simultaneously, nanotechnology has evolved as a sub-
division of green innovation or eco-innovation techno-
logies, which allows for application in various aspects 
that support “green growth” and excellent perspecti-
ves for social and economic development [5]. With the 
introduction of biosynthesis of nanoparticles, the high 
demand of the nanoparticles can now be overcome wit-
hout any damage being done to the environment. The 
aim for green innovation is to produce new nanopar-
ticles using various biological entities and eco-friendly 
recyclable materials. This brings about new production 
procedures and purchase modalities thus, reduction in 
work space, work load (because of the one pot synthe-
sis), labor is reduced, and the use of hazardous chemi-
cals [6]. The significantly new methods of synthesis are 
also aimed at addressing the health and environmental 
safety of the formation and utilization of the nanopar-
ticles.  

Biological entities are being considered and tried for 
the green synthesis of many nanoparticles with their 
different applications. Among the different biological 
entities being investigated for biosynthesis is macro 
algae which are also called bionanofactories because 
they synthesize nanoparticles with high stability and 
eliminate cell maintenance. Algae are naturally availab-
le and are a very important source of phytochemicals 
involved in the synthesis of metallic nanoparticles. Sea-
weeds have shown a wide spectrum use in the medical 
field [7]. They are a good source of bioactive compo-
unds which have a wide range of biological applications 
that include anticoagulant, antifouling and antibacterial 
activity [8]. Seaweeds have been used since ancient ti-
mes for medicinal purposes as an anthelmintic and aest-
hetics. They were used as antibiotics in the treatment 
of gout, wounds, cough, hypertension and even some 
venereal diseases. Recent literature has also shown that 
macro algae can be used in the treatment of hyperten-
sion, cancer, allergy, oxidative stress, thrombosis, lipi-
demia and some degenerative diseases [9].

Green synthesis is being adopted by scientists because 
it has proven to have lesser after effects to human and 
animals when using the products [10]. It is also reliab-
le because it is simple, easy, environmentally friendly 
and less laborious. Synthesis gold nanoparticles using 
this method has a greater advantage and it is a fast 
one-step biosynthesis method [11]. The biosynthesized 
nanoparticles also exhibit a unique particle size. Thus, 
the green synthesis of nanoparticles is dependent on 
shape, physical, chemical and biological properties [12]. 
The gold nanoparticles are used for the development of 
biosensors, DNA labeling and vapor sensing [13-15] and 
gold nanoparticles also applied to the determination of 
ct-DNA and used as potential biological labels [16].

In this study, stable and eco-friendly green synthesis of 
gold nanoparticles using S. lomentaria and S. filamen-
tosa aqueous extract as a stabilizing agent and their 
characterization done using various spectroscopic tech-
niques was also reported.  Antioxidant activity of the 
synthesized nanoparticles was carried out DPPH free 
radical scavenging activity and antimicrobial activity 
against E. coli and S. typhi using disc diffusion method.
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MATERIALS and METHODS

Chemical Reagents
Potassium tetrachloroaurate (KAuCl4), Nutrient agar, 
Nutrient broth, Antibiotics, distilled water, ethanol, ba-
rium chloride and sulphuric acid. All chemicals used in 
the experiment were ACS-reagent grade, produced by 
Sigma (St. Louis, MO, USA).

Sample Collection
The algal species were collected from the Kyrenia har-
bour which is along the coastline of the Mediterranean 
Sea. The samples were collected and stored in polythe-
ne bags and taken to the laboratory for classification. 
The species that were collected were S. lomentaria and 
S. filamentosa. The samples were then stored in a cool 
place until they were used for preparation of the algal 
extracts.

Figure 1. The overview of synthesis, characterization and antibacterial activity of gold nanoparticles using S. lomentaria and 
S. filamentosa extract.
The flow chart shows a summary of the process from the collection of the seaweed and the preparation of the extract solutions. The 
extract solution are then mixed with the potassium tetrachloroaurate at a certain ratio to produce the nanoparticles  and characteri-
zation was then done using the FTIR, UV-Vis spectrophotometer and the Mastersizer. The antibacterial test was then done using the 
disc diffussion method.
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Preparation of Extract
The seaweeds were washed with tap water to remo-
ve other marine organisms and epiphytes. They were 
rinsed with distilled water and then placed in the oven 
to dry at 45°C. The samples are ground into a powder 
using a pestle and mortar. The algae powder was mixed 
with ethanol at a ratio of 1:15 (w/v) and poured into the 
soxhlet apparatus. The extraction process was done at 
50°C for 8hours. After extraction the solvent was then 
evaporated at a temperature of 40°C using rotary eva-
porator. The S. lomentaria extract was brown in color 
and the S. filamentosa extract is yellowish as shown in 
Figure 1 is then kept at 4°C in refrigerator for further 
use.

Synthesis of Gold Nanoparticles
Potassium tetrachloroaurate (KAuCl4) purchased from 
Sigma-Aldrich was the source of the Au3+. The potassi-
um tetrachloroaurate is dissolved in distilled water to 
make a solution that is 2.5×10-4M in concentration. For 
synthesis as shown in Figure 1, 22.5 ml of potassium tet-
rachloroaurate is added into a beaker and it is heated to 
100°C and stirred vigorously.  7.5 ml of seaweed extract 
was measured using a graduated syringe and added to 
the KAuCl4. The solution is continuously stirred for abo-
ut 10 minutes and the color change is observed. The 
synthesis is repeated at different time intervals and 
temperatures. The UV-Vis spectroscopy is carried out 
at the different intervals to monitor the progress of the 
reaction. For time intervals the UV-vis spectrum was re-
corded at 5 min, 10 min, 15 min, 20 min, 25 and 30 min 
whereas for temperature intervals, the synthesis is car-
ried out at 25°C, 50°C, 75°C and 100°C. This was done 
for both seaweed samples. The chemical equation for 
this reaction is:

4H⁺ + [Au³⁺ + Cl⁴] � + 12H+ + 12e�  --->  4Au⁰ + 16HCl         
Equation (1)

Characterization of Synthesized Gold Nanoparticles
The synthesis of the AuNPs and kinetic behavior was 
monitored by the UV-Vis spectrophotometer by analy-
zing formation of the surface resonance peaks. The 
scanning range of the nanoparticles is 400-800 nm at 
a scanning speed of 480 mm/min. The FT-IR was done 
to analyze the presence of the phytochemicals in the 
extracts used in the biosynthesis. Small aliquots of the 
concentrated reaction mixture are measured after the 
reaction in the mode at 400-4000cm-1. The spectra 
were recorded and the analysis was also carried out 

after the synthesis of the AuNPs and the spectra are 
then analyzed. Nanoparticle size was measured using 
the Malvern Mastersizer 2000 particle size analyzer.  
Crystalline structure was analyzed using X-ray diffracto-
meter (Rigaku ZSX Primus II).

Antioxidant Activity of the Synthesized Gold 
Nanoparticles
The effect of extracts on DPPH radical was estimated by 
DPPH radical scavenging assay using the method of Zna-
ti et al. [17] with slight modification. Solution of 0.135 
mM DPPH in methanol was prepared and 1.0 ml of this 
solution was mixed with 1.0 ml (1:1 ratio) of nanopar-
ticles suspension in methanol containing (20, 40, 60, 80, 
100 g/ml) of the nanoparticles. After 30 min at 25°C in-
cubated in darkness, the absorbance of each sample is 
measured at 517 nm. Blank is prepared by mixing 0.5 
ml of DPPH solution with 0.5 ml of ethanol. A positive 
control of Gallic acid is prepared to compare the results 
of decreased absorption induced by the samples. The 
following equation is used to calculate the capability to 
scavenge 50% of DPPH, which is the percentage of inhi-
bition (Equation 2).

DPPH scavenging effect / Inhibition ratio (%) =                                                 
          

(Equation 2)

 

All tests are carried out in triplicate.  A control stands for 
the absorbance for all the reagents except the tested 
sample. A sample stands for the absorbance of the test 
sample.

Antimicrobial Activity
Minimum Inhibitory Concentration
This technique is done to deduce the minimum amount 
of AuNPs that can inhibit the growth of bacteria. Diffe-
rent concentrations of gold nanoparticles were prepa-
red (25 μl, 50 μl, 75 μl and 100 μl). The bacteria (S. typhi 
and E. coli) were then cultured in the nutrient broth and 
the AuNPs was also added. Nutrient broth with bacte-
ria only and another without the bacteria served as the 
controls. The bacterial cultures were then incubated at 
37°C for 24hours and then the results were recorded.
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Zone of Inhibition
Antibacterial activity analysis was carried out using 
disc diffusion method, in which a loop was used to 
take the bacterial solution and swab it on the surface 
of the media. The discs impregnated with the gold 
nanoparticles (100µl per disc in 6mm in diameter) 
and allowed to dry before they were placed onto the 
surface of the petri dishes using forceps. The dishes 
with bacteria were then incubated at 37°C for 24hours. 
The antibiotics ciprofloxacin were used as the positive 
control. After 24hours the clear zones around the discs 
were measured and expressed in millimeters and this is 
known as the zone of inhibition.

Statistical Analysis
Data were analyzed with one-way analysis of variance 
(ANOVA). The significant difference among the mean 
values was examined by Duncan’s test (P ≤ 0.05) with 
SPSS 13.0 software (SPSS Inc., Chicago, USA).

RESULTS and DISCUSSIONS

Biosynthesis of AuNPs and UV–vis spectroscopy
The formation and presence of bio reduction was con-
firmed by the color changes that take place within a few 
minutes after addition of the seaweed extract. Initially 
on a ratio of 1:1 the color of the solution was purple 
and the gold nanoparticles formed were relatively large 
after few adjustments were made to the experimental 
parameters and the reactants. The color of the solution 
changed to pink and ruby red following the mixing of 
extract and the gold at a ratio of 1:4 as shown in Figure 
2 for both species S. filamentosa (SF) and S. lomenta-
ria (SL) respectively, which is a characteristics of AuNPs 
[18]. Change in the color of the solution to pink and ruby 
confirmed the synthesis of AuNPs with respect to re-
action time and temperature nanoparticles was seen 
in Figure 2. Increased in the color intensity as well as 
absorbance increase has to do with reaction time and 
temperature [19]. AuNPs formation was confirmed by 
the rapid appearance of red or pink color, which has to 
do with bio reduction of Au (III) ions due to excitation 

Figure 2. The color of the gold AuNPs synthesized using a) S. lomentaria and b) S. filamentosa. The solution of the gold nanoparticles 
synthesised using S. lomentaria species showed a ruby red color and that of gold nanoparticles synthesized using S. filamentosa species 
exhibited a pink color.
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of surface plasmon resonance in the gold nanoparticles 
[19].

The synthesis of AuNPs using S. lomentaria and S. fila-
mentosa extract was demonstrated by the subsequent 
color changes that took place in the reaction mixture. 
The color of the gold nanoparticles synthesized using S. 
lomentaria change from yellow to ruby red and that of 
the synthesis using S. filamentosa changed to pink [20]. 
The color of the AuNPs change directly from yellow to 
red or sometimes pink is as a result of surface plasmon 
resonance excitation in the AuNPs which was observed 
and confirmed using the UV– Vis spectral evaluation 
[21].

Shift in SPR of the AuNPs in relation with time interval 
and temperature change (Figure 3a-d). Absorbance and 
color intensity values gradually changes with the reacti-
on time which has to do with AuNPs increased as obser-
ved, and it also leads to continuous reduction of Au ions 

as observed. Characteristic SPR absorption peaks at 532 
nm confirms the formation of nanoparticles.

The reaction mixture with an excitation of the surface 
plasmon resonance recorded of 540 nm at the higher 
temperatures as shown in Figure 3a-d. The reaction 
time is prolong with respect to decrease in temperatu-
re, at lower temperature, the reaction time is prolonged 
and the absorption spectra show a gradual increase of 
the absorbance shift in the λmax from 550 nm to 540 
nm. Additionally, effect of temperature on the stability 
of S. lomentaria AuNPs was investigated by heating the 
nanoparticles at 80°C for 30 min. Furthermore, increase 
in temperature would lead to the production of AuNPs 
that are stable under a wide range of environmental 
factors and this enabled them to study their potential 
effectiveness and safe therapy. Thus, the stability of the 
S. lomentaria AuNPs made it easier for the storage of 
the nanoparticles for use during the antimicrobial test 

Figure 3. (a) UV-Vis spectrum of gold nanoparticles synthesised using S. lomentaria with respect to time. (b) UV-visible spectrum of 
gold nanoparticles synthesized using S. filamentosa with respect to time (c) UV-Vis spectrum of gold nanoparticles synthesized using 
S. lomentaria with respect to time (d) UV-visible spectrum of gold nanoparticles synthesized using S. filamentosa with respect to tem-
perature.



D. Kavas et al. / Hacettepe J. Biol. & Chem., 2019, 47 (4), 367-382 373

[22]. Increase in temperature resulted in the shifting of 
the λmax to longer wavelengths. Thus, at temperature 
above 50°C leads to further increase in the absorption 
indicating the formation of smaller nanoparticles. The 
absorption maximum is attributed by the surface plas-
mon resonance. There is a smaller change in absorban-
ce when the temperature is increased from 50°C to 70 

°C which indicates there is a slight change in size of the 
gold nanoparticles. On the other hand big gaps are vi-
sible when the temperature is increased from 25°C to 
50°C and from 70°C to 100°C indicating an increased in 
the reaction speed.

Temperature affects the size of the nanoparticles and 
the rate of the reaction. The gold nanoparticles produ-
ced for both extract at higher temperature are highly 
stable and can be stored for some days without any 
change. The maximum absorption of gold nanopartic-
les with respect to temperature ranges from 536 to 
545 nm. Furthermore, there was a slight increase in the 
absorbance maxima which indicates the production of 
large nanoparticles at lower temperatures. Thus, at a 
higher temperature, the reduction was faster and it was 
observed by the change in color and the mixture with 
an excitation of the surface plasmon resonance at 536 
nm. This can be compared to the synthesis of gold na-
noparticles using P. tetrastromatica which showed that 

smaller nanoparticles where synthesized at high tem-
perature of 80°C and the UV-Vis spectra peaks where in 
the range of 55-540 nm [23, 24].

Surface plasmon bands of the gold nanoparticles are 
broad with an absorption tail in the longer wavelength 
region that extends well into the near infrared region 
of the colloids synthesized at different temperatures. 
The absorption maxima for the gold nanoparticles were 
obtained for the least values (535-543 nm) without any 
other absorption band in the longitudinal plasmon re-
sonance (Figure 3d). Additionally, significant increase in 
the intensity of the absorption peak is noted. Initially, 
at 5 minutes there is slight to no reaction at all and the 
color solution remains gold the absorption peak is at 
approximately 540nm. Color starts to change gradually 
with change in time, and there is a slight shift in the ab-
sorption peak at 10minutes. Furthermore, color change 
was also observed over time as the color change starts 
taking place after 10 to 15 minutes and the solution 
starts turning into a pale pink color. Increase revealed 
some significant peak shifts which is attributed by the 
surface plasmon sesonance band of the gold nanopar-
ticles. 

Figure 4a. Mean average particle size distribution of the S. lomentaria species. The graph is representation of data as mean values 
of the particle size and the experiment with n=3 replicates of the experiment. The graph also shows the trend line for the particle size 
distribution filamentosa with respect to temperature.
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Fourier transform infrared (FTIR) Studies
FTIR analysis of AuNPs were carried out at 25°C to iden-
tify the type of the biological molecules present in the 
AuNPS synthesized using S. Lomentaria and S. filamen-
tosa extracts as reducing agents. The FTIR was analyzed 
at a range of 500 and 4000 cm-1.  Synthesized AuNPs 
using S. Lomentaria and S. filamentosa revealed FTIR 
spectra, which show the composition of the molecules 
of S. Lomentaria and S. filamentosa and their distributi-
on on the AuNPs surface. 

Strech of the peak at 3275 cm-1 is a characteristic of the 
O-H bond in S. Lomentaria (Figure 5a), which stretches 
to 3292 after the bio reduction of the gold solution to 
form gold nanoparticles using S. Lomentaria (Figure 5c). 
This peak has a broad trough and this peak is present in 
both spectra because the O-H bond is still present even 
after the bio reduction of the gold solution [18]. The 
appearance of the peak at 1622 cm-1 is characteristic 
of the C=O bond (carbonyl). The peak at 3275 cm-1 rep-
resent the presence of organic compounds in the both 
the extract and the gold nanoparticle solution. This 
indicates the presence of amide bonds in the extract 
solution. Presence of the amide bonds after reduction 
is also shown by the strech of peaks after reduction at 
1630 cm-1 and 1900 cm-1. Study has also shown the gold 

nanoparticles were synthesized using Turbinaria cono-
ides, the FTIR results showed the presence of amines, 
polyphenolic and carboxylic groups in the algae ext-
ract [18]. The groups are responsible for the reduction 
of the gold ions just like the S. lomentaria extract. The 
strong bands at 1042 cm-1 and 1080 cm-1 are caused by 
the vibrations of the C-OH bonds which are single bond 
absorption that can either be caused by the presence 
of proteins or certain glucosides. The peak at 2976 cm-1 
corresponds with presence of C-H bonds. The weak aro-
matic C-H bonds are also represented by the 876cm-1 
and 590 cm-1. Additionally presence of carboxyl groups 
as identified by FTIR were involved in the gold recovery 
with the brown alga (Sargassum polycystum) and pro-
posed the formation of oxygen bridges between gold 
and these groups [25].

The FTIR spectrum result shows bands represented by 
the bond vibrations and strech caused by the biomole-
cules present in both S. lomentaria and S. filamentosa. 
After bio reduction of the gold solution, FTIR spectrum 
shows strech of the functional groups represented by 
the bands formed as a result of strech and vibrations af-
ter the formation of new bonds. Some of the functional 
groups represented by the bands are carboxylic acids, 
hydroxyl, carbonyls and amines.

Figure 4b. The average particle size distribution of AuNPs synthesized using S. filamentosa. The graph represents data as mean values 
of the particle size and the experiment with n=3 replicates of the experiment. The graph also shows the trend line for the particle size 
distribution.
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The Strech of the peak at 3268 cm-1 is a characteristic of 
the O-H bond in S. filamentosa (Figure 5b), which stretc-
hes to 3285 cm-1 after the bio reduction of the gold so-
lution to form gold nanoparticles using in S. filamento-
sa (Figure 5d). The strech at 1630 cm-1 and 1921 cm-1 
give rise to the possible presence of the carbonyl (C=O) 
group which means there are amide bonds present in 
both the extract and the gold nanoparticle solution. 
The peak at 2974 cm-1 corresponds with the C-H bonds 
present in the gold nanoparticle solution. The peaks 
resemble the presence of flavonoids, phenolics, flavo-
nes and terpenoids. There are also the presence of the 
aromatic carbons that are shown by the bands at 1042 
cm-1 and 1080.13 cm-1. The bands at 872 and 590 cm-1 
represent weak aromatic C-H bonds. In a study on the 
synthesis of gold nanoparticles using P. tetrastromatica, 
the FTIR showed that the extract contained functional 
group that might relate to some sugar molecules [23].

XRD Results
The result of XRD pattern analysis of AuNPs using Cu Ká 
radiation (l = 1.54184 A0) in 2θ at a range of 100 to 1000 
(scan speed of 30 min-1), which revealed the Bragg’s ref-
lections at 2θ values of 39.579, 46.567, 64.610, 77.546 
and 79.700. Similarly, the Bragg’s reflections at 2θ valu-
es represented [200], [111], [311] and [220] planes res-
pectively, that confirmed the crystalline nature of gold 
with cubic face centered (FCC) structure of AuNPs (Figu-
re 6a). Presence of those peaks confirm the formation 
of highly purified AuNPs without any impurity. Additio-
nally, the pattern shows that the AuNPs was obtained 
from natural sources.

The XRD pattern obtained for gold nanoparticles 
synthesized using S. lomentaria exhibits Bragg reflec-
tions, which could be well manifested on the basis of 
the face centered cubic (FCC) gold nanostructures. The 

Figure 5. FT-IR spectra showing the bands of (a) S. lomentaria extract (b) S. filamentosa extract (c) Gold nanoparticles synthesized 
using S. lomentaria. (d) Gold nanoparticles synthesized using S. filamentosa. The FTIR spectrum result shows bands represented by the 
bond vibrations and strech caused by the biomolecules present in both S. lomentaria and S. filamentosa. After bio reduction of the gold 
solution, FTIR spectrum shows strech of the functional groups represented by the bands formed as a result of strech and vibrations 
after the formation of new bonds. Some of the functional groups represented by the bands are carboxylic acids, hydroxyl, carbonyls 
and amines.
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Figure 6a. XRD of gold nanoparticles synthesized using S. filamentosa.

Figure 6b. XRD of gold nanoparticles synthesized using S. lomentaria aqueous extract.
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Sample E. coli S. typhii

Nutrient Broth
NB - -

NBB + +

S. filamentosa AuNPs

25 μl + +

50 μl + +

75 μl - +

100 μl - _

S. lomentaria AuNPs

25 μl + +

50 μl + +

75 μl - -

100 μl - -

 The Minimum inhibitory concentration was done with:- NB: - Nutrient broth only. NBB:-Nutrient broth cultured with bacteria. +:- Stands for bacterial growth. - : stands for no bacterial growth. 

The volume of nanoparticles that is put on to the discs was 25 μl, 50 μl, 75 μl, and 100 μl. The minimum amount of gold nanoparticles required to inhibit the growth of bacteria was 75μl.

Table 1. . Minimum inhibitory concentration using different concentration.

Figure 8a. Diagram showing disc diffusion method for S. lomentaria AuNPs against a) S. typhii and b) E. coli.

Figure 7. DPPH free radical scavenging activity of biosynthesized AuNPS using S. filamentosa and S. lomentaria.
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very strong diffraction peak at 39.512 degrees is con-
sidered to be of [111] facet of the face centered cubic 
structure (Figure 6b), while the diffraction peaks of ot-
her gold peaks are found to be much weaker compared 
to gold nanoparticles synthesized using S. filamentosa. 
It is imperative to note that the ratio of intensity betwe-
en [200] and [111] peaks, [220] and [111] peaks as well 
as [311] and [111] peaks are much smaller compared to 
the intensity ratios of gold nanoparticles synthesized 
using S. filamentosa. Presence of those peaks confirm 
the development of purified AuNPs without any impu-
rity. Additionally, the pattern shows that the AuNPs was 

obtained from natural sources. Results obtained from 
our study are in agreement with many similar studies 
and supports the previous findings of Philip [28] that 
revealed the crystalline nature of gold to be like that of 
circular rings.

Antioxidant Activity of Gold Nanoparticles
Antioxidant activity of the synthesized AuNPs for both 
extract were studied using DPPH free radical scavenging 
activity assay. In addition, the results obtained from 
the study were shown in Figure 7. Both nanoparticles 
showed significant activity but S. filamentosa AuNPs 

Figure 8c. A graphical representation of the mean zones of inhibition formed during the disc diffusion method of antimicrobial test. 
The data is represented as the mean ± standard deviation of the at least n=3 replicates of the experiment.

Figure 8b. Diagram showing disc diffusion method for S. filamentosa AuNPs against a) E. coli and b) S. typhii.
The antibacterial activity assay was carried out with the Antibiotics at the center, 1) negative control, 2) Extract, 3) KAuCl4, 4) AuNPs as 
shown by figure 20 and 21 respectively. The experiment was carried out in triplicate.
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revealed higher antioxidant activity (IC50 = 38.84  μg/
mL) compared to S. lomentaria (IC50 = 32.804  μg/mL) 
and this might be as a result of biomolecules present in 
the extract.  Antioxidant activity that is demonstrated 
by nanoparticles has to do with organic biomolecules 
present within the extract used during the nanoparticle 
synthesis as a chelating agent [29]. Additionally, studies 
reveal that high surface to volume ration are the reason 
for free radical scavenging activity of various synthesi-
zed nanoparticles [30, 31].

Antimicrobial Activity
Antimicrobial potential of the synthesized AuNPs were 
investigated using agar well diffusion assay. Minimum 
inhibition concentration (MIC) and mean zone of inhibi-
tion (diameter in mm) were evaluated against E. coli and 
S. typhi and the result of the MIC was presented in Table 
1 and mean zone of inhibition was represented in Figu-
re 8a-d. The MIC for both was found nanoparticles was 
found to be SI AuNPs and Sf AuNPs gave the higher zone 
of inhibition when compared with the plant extract and 

gold nanoparticles solution. Sf AuNPs revealed highest 
zone of inhibition against S. typhi when compared with 
SI AuNPs. Differences in the zone of inhibition between 
the two nanoparticles could be as a results of the diffe-
rence in the biomolecules presents in the plants.

The antibacterial properties of the gold nanoparticles 
synthesised using S. lomentaria and S. filamentosa was 
tested against two strains of bacteria that are food bor-
ne (E. coli and S. typhi) and the visual observation sho-
wed that there were zones of inhibition formed around 
the nanoparticle solution and as shown in Figure 8.

Inhibitory action of nanoparticles differs and it has been 
reported to be based on surface area, size, biomolecule 
constituents coated on the AuNPs and the species [32]. 
Both SI AuNPs and Sf AuNPs revealed more inhibition 
on S. typhi than on E. coli and this could be as result of 
differences in the bacterial membrane structure, Gram 
positive bacteria, peptidoglycan layers are very tick 
than Gram negative bacteria [33]. Additionally, studi-

Algae species
Colour
change

UV-Vis 
spectroscopy

Particle size 
distribution

Antibacterial 
activity

References

Turbinaria
conoides

Ruby red 538 nm 2-19 nm

No inhibition 
formed against 
marine biofilm 

forming bacteria 
strains.

Vijayan et al., 
(2014) [36]

Stoechospermum 
marginatum

Ruby red 550 nm <100 nm
Maximum 

inhibition against 
E.faecalis 

Rajathi et al., 
(2012) [37]

Galaxaura elongata Ruby red
536 nm 

(powder)
535 nm (extract)

2-100 nm
Maximum 

inhibition against 
K.pneumoniae

Abdel-Raouf et al., 
(2017) [38]

Padina 
tetrastromatica

Ruby red 550 nm 20-90 nm

High zone of 
inhibition against 

S.aureus and 
P.aureginosa.

Kayalvizhi et al., 
(2014) [39]

Turbanaria ornate Ruby red ~550 nm 20-90 nm
Maximum zone of 
inhibition against 

S.aureus

Kayalvizhi et al., 
(2014) [39]

Sargassum 
polycystum

Ruby red 534 nm 50-80 nm
Maximum 

inhibition zone 
against E. coli

Dhas et al., (2014) 
[40]

S. filamentosa pink 536 nm <100 nm
Maximum 

inhibition zone 
against S.typhii

Present
Study 

Table 2. Comparison of the AuNPs synthesised using S. filamentosa and S. lomentaria
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es reported that, AuNPs exert its anti-microbial effect 
through changing the membrane potential and inhibiti-
on of F-type ATP synthase, which could lead to decrease 
in ATP level and decline in the metabolism of microbes 
[34]. AuNPs can also inhibit ribosomal RNA protein S10 
subunit through modification of 4, 6-diaminopyrimidi-
ne thiol, which can serve as bacterial tRNA base, and it 
has the proficiency to inhibit tRNA function which could 
lead to the loss of protein synthesis [35].

The inhibition zone of the 19.7 mm and 15.7 mm was 
recorded for E. coli against the S. lomentaria AuNPs and 
S. filamentosa AuNPs respectively (Figure 8c). Simulta-
neously 18.6 mm and 19.3 mm was recorded for S.typhi 
against the S. lomentaria AuNPs and S. filamentosa 
AuNPs respectively. A similar study done on the synthe-
sis of gold nanoparticles using a G. elongata ethanoic 
extract showed that more of inhibition were formed 
against E. coli, K. pneumoniae and multiple antibiotic 
resistant S. aureus with the maximum zones measuring 
between 17 mm and 16 mm respectively [38]. A report 
done by Kayalvizhi et al., indicated that capped gold 
nanoparticles can interact with bacterial cell walls and 
interrupted the metabolism of the bacterial cell due to 
the presence of phytochemicals that are present in the 
in the plant extract. The small size of the nanoparticles 
allowed them to enter the cell membrane and interact 
with the mitochondria and other organelles since the 
nanoparticles do not degrade the cell wall [39]. The 
S. lomentaria gold nanoparticles showed the greatest 
antibacterial effect against E. coli. The gold nanopartic-
les synthesized using the S. filamentosa also showed a 
great antibacterial effect against S. typhi. The p values 
are p<0.05. Thus, there is a significant difference in the 
zone of inhibition zone formed by the gold nanopartic-
les synthesized using S. lomentaria and there is no sig-
nificant difference between the gold solution and the 
gold nanoparticles synthesized using the S. filamentosa 
as the p value  is greater than the critical values.

Comparison of the Gold Nanoparticles 
The gold nanoparticles formed using S. lomantaria form 
a ruby red colour whereas the S. filamentosa synthesi-
sed nanoparticles form a pink colour. This is due to the 
different surface plasmon resonance which also UV-Vis 
peaks at 536 and 540 nm. On average the nanopartic-
les are relatively equal as shown in Table 2. There is no 
significant difference in the bands shown by the FT-IR 
spectra showing that there are approximately similar bi-

omolecules. Our study revealed that, the two species of 
seaweed have antibacterial activity against S. typhimiri-
um and E. coli. After the synthesis of the nanoparticles, 
the test showed that there is a significant difference in 
the inhibition zones formed by extracts and those for-
med by the nanoparticles. According to literature there 
is not much variation in the functional groups found in 
the bioactive compounds of most seaweed compounds, 
therefore Table 2 shows some of the variations in an-
tibacterial activity, UV-Vis spectroscopy, colour change 
and particle size of AuNPs synthesised using various se-
aweed species.

Furthermore, antioxidant study using DPPH free radi-
cal scavenging activity revealed S. filamentosa to have 
higher antioxidant activity (IC50 = 38.84  μg/mL)  when 
compared to S. lomentaria (IC50 = 32.804  μg/mL) and 
this might be as a result of biomolecules present in the 
extract. 

Conclusion
Overall, AuNPs were synthesized using aqueous extract 
of S. filamentosa and S. lomentaria through a constant, 
and eco-friendly green route. Gold reduction using the 
two species of seaweeds is effective as the biomolecu-
les required for the reduction of the gold ions are ava-
ilable in the extract solution. The successful synthesis 
of AuNPs using aqueous extract of S. filamentosa and S. 
lomentaria was confirmed using UV-vis, Zeta sizer, FTIR 
and XRD. The UV-Vis result revealed absorption peak at 
range of 540 nm. The biosynthesized nanoparticle sho-
wed strong antioxidant activity with IC50 value of 38.84 
and 32.804  μg/mL for S. filamentosa and S. lomentaria 
respectively. Additionally, synthesized AuNPs showed 
significant antimicrobial activity against E. coli and S. 
typhi. 
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