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Abstract

Three taxonomically different seaweeds, Caulerpa prolifera, Sarconema filiforme and Padina tetrastro-
matica, were tested for silver nanoparticles (Ag NPs) fabrication. Different extraction methods were ap-
plied in addition to different concentrations of silver nitratewere added to the algal extracts. Ag NPs syn-
thesis was monitored visually and by UV-Vis Scan and the chemical composition of the efficient extracts
was considered. Antibacterial activities of the synthesized Ag NPs were tested against Escherichia coli
(NCMB 11943) and Bacillus subtilis (ATCC6633). The results revealed the effect of both the extraction
method and the precursor concentration on the synthesized Ag NPs. The studied extracts contained dif-
ferent biochemical compositions (quantitatively and qualitatively) which affect the synthesis process. Ag
NPs synthesized using Padina showed high efficiency against the tested bacterial strains while Ag NPs syn-
thesized using Sarconema were weak. Soaking extract of Padina synthesized dense Ag NPs with a mostly
spherical shape, size ranging from 5 to 25 nm and Zeta-potential insinuated stability while Ag NPs syn-
thesized using Sarconema had low counts. This study suggests that Padina tetrastromatica is a low-cost,
green, efficient factory for Ag NPs synthesis compared to other taxonomically different seaweeds.
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1. Introduction

Metal nanoparticles, especially silver, have re-
ceived considerable application as antimicrobials
due to their remarkable physicochemical prop-
erties and surface-to-volume ratio [1, 2]. These
properties improve the field of nanotechnol-
ogy and open up a range of applications and
research opportunities [3, 4]. The biological
method for nanoparticle synthesis is a bottom-
up green method that produces size-controlled
nanoparticles [5, 6]. It has been reported that the
biosynthesized nanoparticles are effective against
many microorganisms [7] and can be used as anti-
cancer [8], antifungal [9], anti-inflammatory [10],
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and for drug delivery [11]. Silver nanoparticles (Ag
NPs) are applied in electronics because of their
high conductivity, and they have also shown great
resistance to bacteria [12, 13].

Seaweeds are an extensive group of macroalgae
that comprise a few thousand species [14]. Accord-
ing to pigmentation, they are classified into Phaeo-
phyta (brown seaweeds), Chlorophyta (green sea-
weeds), and Rhodophyta (red seaweeds) [15]. Sea-
weeds are a rich source of bioactive compounds
including carrageenan, agar and others [16]. The
chemical composition of seaweeds is influenced by
environmental factors [17], also the biochemical
constituents (biomolecules) among the species are
not similar. The biomolecules used for synthesis
and determined the property of Ag NPs such as en-
zymes, proteins, sugars, and phytochemicals, like
flavonoids, phenolics, terpenoids, cofactors, etc.,
mainly act as reducing and stabilizing agents [18].
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Other studies have reported the contribution of
Sargassum, Padina and Caulerpa in the synthesis
of Ag NPs [19-21].

The objectives of this study are the selection
of an efficient extraction method from seaweeds
to extract active molecules for silver nanoparticles
synthesis, the determination of the antibacterial
impact of the phycofabricated silver nanoparticles
synthesized by three different seaweeds against
representative Gram-positive and Gram-negative
pathogenic bacteria strains, as well as characteri-
zation of the most effective particles to explain the
different activities.

2. Materials and methods

2.1. Collection of seaweeds

Three seaweeds belonging to three differ-
ent taxonomic groups were used in this study,
namely Caulerpa prolifera (green), Sarconema fil-
iforme (red) and Padina tetrastromatica (brown).
Caulerpa prolifera and Sarconema filiforme were
collected from region No-6 in the north of Tim-
sah Lake, one of the lakes through which the Suez
Canal passes, while Padina tetrastromatica was
collected from Deversoir, which at the north of the
Great Bitter Lake during summer 2016 (Figure 1).

2.2. Identification of seaweeds:

The three seaweeds were identified by morpho-
logical characteristics like the pigment, structure
of the vegetative thallus along with the reproduc-
tive parts and other characters using taxonomic
references [22-24]. Green seaweeds represented by
Caulerpa prolifera Forsskal (Photo 1a), brown sea-
weeds by Padina tetrastromatica Hauck (Photo 1b),
and red seaweeds by Sarconema filiforme Rayss
(Photo 1c¢).

2.3. Preparation of seaweed extracts

The collected samples were washed thoroughly
with running tap water followed by distilled water
to remove adhering salts and associated biota. The
washed samples were dried under shade at room
temperature for a week. The dried materials were
ground to a fine powder using a Moulinex Genuine

N

Figure 1: Mapof the Suez Canal district showing the selected
sites location for collectionthe specimens, No. 6 north EL-
Timsah Lake and Deversoir north the Great BitterLakes.

blender with grinder and then three methods for
extraction were applied.

2.3.1. Extraction by hot water: 5 g of the dried
mass was heated with 50 ml sterile bi-distilled wa-
ter at 60°C for 20 min in a 250-ml conical flask.
After cooling, the crude extract was filtered and
stored at 4°C for further use [25].

2.3.2. Extraction by soaking in water: 5 g of
dried mass was extracted with 50 ml sterile distilled
water and soaked for 24 hrs. at room tempera-
ture. The crude extract was filtered and stored at
4°C [26].

2.3.3. Extraction with methanol: 5 g of dried
mass was extracted with 50 ml of methanol 60% for
24 hrs. The crude extract was filtered and stored at
4°C [27].

2.4. Biosynthesis of silver nanoparticles

5 ml of each seaweed extract was added to 45 ml
of an aqueous salt solution of silver nitrate (AgNOs3-
Merck) to final concentrations 1, 3 and 6 mM at
room temperature in dark for a week. The color
change was monitored visually every day, and a
gradual change in color to pale pink, brownish-red
or dark red was considered positive and confirmed
by UV-Vis scan.
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Photo 1: Thethree collected seaweeds, Caulerpa prolifera (a), Padina tetrastromatica (b) andSarconemafiliformis (c).

2.5. UV-vis spectra analysis

The reduction of pure silver ions was recorded
by measuring the UV-vis spectra of the solution
at room temperature with a T60 PG UV-vis spec-
trometer which was operated at the wavelength of
350-700 nm and 1 nm resolution. Detection of the
characteristic surface plasmon resonance (SPR) of
Ag NPs at 390-470 nm confirmed the positive visual
observations.

2.6. PhycoChemical characterization of the active
extracts
According to UV-Vis scan results, the extracts ef-
fective in the synthesis of Ag NPs were character-
ized chemically quantitatively and qualitatively.

2.6.1. Qualitative Analyses:

Phycochemical characterization was carried out
qualitatively, screening was performed for alka-
loids, flavonoids, carbohydrates, saponins, glyco-
sides, phenols, reducing sugars and tannins. Alka-
loids were detected by dropping Mayer’s reagents
into the sides of a test tube containing the acidi-
fied extract. A white color precipitate appearance
indicated the test was positive [28]. For Flavonoids,
the selected extracts were treated with a few drops
of 2M sodium hydroxide solution, formation of in-
tense yellow color was recorded as positive [29].

The presence of carbohydrates was examined by
mixing the extract with the Molisch reagent and
observing the formation of a purple-colored ring
after the addition of concentrated H,SO4 [30]. A
foam test was performed to detect Saponins, for-
mation of a 1 cm layer of foam was recorded as
positive [31]. The presence of Glycosides was in-
vestigated using Borntrager’s Test [32], while Phe-
nols were explored using Ferric Chloride Test [33].

Fehling’s test was used to test the presence of re-
ducing sugars in the selected extracts [34]. Drops of
1% gelatin solution containing 10% sodium chlo-
ride were added to the 2 ml extract to perform the
gelatin Test. The formation of a white precipitate
indicates the presence of tannins [35].

2.6.2. Quantitative Analyses

DNA, RNA and total protein concentrations
were measured using Nanodrop Spectrophotome-
ters (Thermo Scientific-2000).

2.7. Antibacterial sensitivity test

The synthesized Ag NPs were tested for antimi-
crobial activity using Agar disc-diffusion method
on Muller Hinton agar [36, 37]. The pathogenic
strains used for the antibacterial activity were Es-
cherichia coli (NCMB 11943) and Bacillus subtilis
(ATCC6633) compared to antibiotic Tetracycline
(10 ug) as a positive control and diluted extract as
a negative control. Each strain was swabbed uni-
formly onto the individual plates using sterile cot-
ton swabs. Using a micropipette, two concentra-
tions of nanoparticles (10 p1) were loaded asepti-
cally on sterile filter paper discs and placed onto
each plate. After incubation at 37°C for 24 hours,
the different levels of the zone of inhibition of bac-
teria were observed and measured. The diameter
of the zone of inhibition was measured in (mm)
and was compared with that of control. Values
were shown in terms of mean + standard devia-
tions (SD). Ag NPs were selected to be evaluated
and characterized due to their activity.

2.8. Characterizations of synthesized nanoparticles

Evaluation of the selected Ag NPs implicated
various types of analytical techniques such as UV-
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Vis Spectroscopy, High Resolution Transmission
Electron Microscopy (HR-TEM), X-ray diffraction
(XRD) and Zeta-potential [38]. HR-TEM, (Jeol JEM
2100, Japan) was used for the purpose of imag-
ing and crystal structure revelation qualitative
and semiquantitative analysis of biosynthesized
nanoparticles. Imaging was at electron accelerat-
ing voltage 200 kV using lanthanum hexaboride
(LaB6) electron source gun. The TEM sample is
prepared by dropping the suspension of Ag NPs on
a copper grid and allowed to dry at room tempera-
ture.

XRD was carried out for structural characteri-
zations by (D8 Discovery—-Bruker Company) at the
condition of 40 KV and 40 AM (1600W) at speed
scan 0.02 and 2theta () range from 10 to 80 de-
grees. The stability of nanoparticles was defined by
Zetasizer (Malvern Ver. 7.01 Instrument). The par-
ticles with zeta potential values more positive than
+30 mV or more negative than —30 mV are consid-
ered to be stable. In contrast, the colloids are least
stable at isoelectric point, where the zeta potential
is zero [39].

3. Results and Discussion

3.1. Biosynthesis of silver nanoparticles

Change of color was monitored for one week at
dark and UV-Vis analysis was carried out after a
week. Using soaking extracts and as shown in Fig-
ure (2), a characteristic SPR band of Ag NPs was
detected for Caulerpa prolifera with 3 mM AgNO3
at A-max 450 nm and both tested concentrations
(1 and 3 Mm) with Padina tetrastromatica soak-
ing extract. The intensity of the obtained colors
was different indicating variation in characteriza-
tion (Photo 2). Maximum absorption indicated,
a narrower band and slightly blue shift were for
Padina tetrastromatica and 3 Mm AgNO3 at A-max
425 nm. Roughness of curve indicating the for-
mation of polydispersed particles. Sarconema fil-
iformis extract showed no change in color of 1 and
3 mM AgNO3 solution, hence there was no SPR ap-
peared in scan results. Different extraction meth-
ods were used to prepare Caulerpa prolifera, Pad-
ina tetrastromatica and Sarconema filiforme ex-
tracts for stable Ag NPs synthesis. Many studies uti-

lized different seaweeds in Ag NPs synthesis using
different species [40, 41]. Color change of AgNOs3
solution that mixed with algal extract into brown
was confirmed by UV-Vis analysis. The formation
of the characterized SPR between 390 and 470 nm
was considered a positive result [42]. The selection
of best results depends on A-max and shifting to-
ward 390, tail and intensity. Homogeneity in size is
indicated by a smooth peak, and smooth tail indi-
cated homogeneity of shape [43]. Using hot water
extracts, synthesis was confirmed only for Padina
tetrastromatica with both concentrations of 1 and
3 mM AgNOs3 and Sarconema filiformis with 3 mM
AgNOs. A-max of both concentrations with Pad-
ina extract was at 450 nm as shown in Figure (3).
It was noticed that at 3 mM the band was broader
with polydispersed characterization. A-max of Ag
NPs synthesized by Sarconema was 430 nm with
monodispersed characterization but low in inten-
sity.

Methanol extracts of the three used algae synthe-
sized Ag NPs with the two AgNO3; concentrations
except for Sarconema extract with 3 mM only. Max-
imum absorption was observed when Caulerpa
prolifera was used with 3 mM concentration and
SPR band with A-max at 425 nm, followed by Pad-
ina tetrastromatica at the same concentration with
a slightly blue shift at 420 nm, Figure (4). An in-
crease in precursor concentration results in an in-
crease of NPs [44].

It was observed above the increase in AgNO3
concentration resulted in better Ag NPs synthesis,
6 mM AgNO;3; was tested with the three extracts
of the three algae (Photo 3). As shown in Figure
(5), there was no detected SPR for Sarconema fili-
formis hot water extract, while all the rest extracts
were positive. Ag NPs synthesized by methanol ex-
tracts of Caulerpa and Padina produced smooth
narrow beak A-max at 430 nm. Padina tetrastro-
matica extracted by hot water and soaking pro-
duced the highest absorption at 450 nm A-max
and rough curve indicating polydispersed parti-
cles, while Caulerpa prolifera soaking produced a
broad band. Our results were agreed with the same
result by Rajeshkumar et al. [45] who used Padina
tetrastromatica. Rahman et al. [46] used two differ-
ent precursor concentrations (0.650 mM and 1.250
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Photo 2: Different color intensity of the synthesized Ag NPs using soakingextract of Caulerpa prolifera (a) and Padinatetrastro-

matica(b) after one week.
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Figure 2: UV-Vis scan of algal soaking extract mixed with 1
mM and 3 mM of AgNO3 afterone week. C: Caulerpa prolif-
era, P: Padinatetrastromatica and S: Sarconema filiformis.
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Figure 3: UV-Vis scan of algal hotwater extract mixedwith 1
mM and 3 mM of AgNOg3 after one week. C: Caulerpa prolif-
era, P: Padina tetrastromatica andS: Sarconema filiformis.
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Figure 4: UV-Vis scan of algal methanol extract mixed with 1
mM and 3 mM of AgNOszafter one week. C: Caulerpa prolif-
era, P: Padinatetrastromatica and S: Sarconema filiformis.

mM) for the synthesis of Ag NPs using Caulerpa
reinhardtii, they observed that high concentration,
great of the yield.

3.2. Phycochemical characterization of the active
extracts

It was reported that seaweed is an excel-
lent source for bioactive molecules like sterols,
carotenoids, fatty acids, pigments, tannins, bro-
mophenols, flavonoids, polysaccharides, and phe-
nolic acids that were researched for different bi-
ological properties [47]. The prepared seaweed
extracts samples were subjected to preliminary
phytochemical screening. As shown in Table (1),
the absence of alkaloids, flavonoids, reducing sug-



49 R. Khairy et al./ Advancesin Environmental and Life Sciences 2 (2022) 44-56

Photo 3: Different color intensity of the synthesized Ag NPs using soakingextract of Caulerpa prolifera (a) Padinatetrastromat-
ica(b) and methanol extract of Sarconema filiformis (c) after one week.
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Figure 5: UV-Vis scan of algal extracts mixed with 6 mM

of AgNOs after oneweek. C: Caulerpa prolifera, P: Padina
tetrastromatica, S: Sarconemafiliformis, S: Soaking, HW: Hot
Water and ME: Methanol.

ars and tannins were observed in all extracts, while
carbohydrates were detected only in Sarconema
extracted by hot water, this agrees with [48]. Gly-
cosides were detected in both hot water extracts of
Caulerpa prolifera and Sarconema filiforme, while
both Sarconema filiforme extracts exhibited phe-
nols. Saponin was detected in all extracts except
for Padina tetrastromatica extracted by soaking
(Photo 4).

Rajivgandhia et al. [49] detected flavonoids in
Gracilaria corticata extract, while Mohy El-Din
and El-Ahwany [50] detected both flavonoids and
tannins in Jania rubens, Corallina mediterranea
and Pterocladia capillacea extracts. Phytochemical

analysis of Sargassum filipendulla extracts showed
the presence of phenolic compounds, tannins,
flavonoids, saponins, and steroids found in crude
ethanol extracts [51]. Marimuthu et al. [52] found
both saponins and phenolics in Sargassum wightii
extract and Rajivgandhia et al. [53] also detected
phenols in Gracilaria corticata extract.

Quantitatively, Caulerpa prolifera extracted by
hot water was highest in protein and Nucleic acid
contents, while Padina tetrastromatica soaking was
the lowest one. Total protein, DNA and RNA in
hot water extract of Caulerpa prolifera were 8.205,
642.4 and 506.7 ng/ ul, respectively. In the soak-
ing extract of Padina tetrastromatica, total protein,
DNA and RNA were 5.283, 313.7, and 250.7 ng/ ul,
respectively. The most vital organic chemistry con-
stituents of algae are protein, carbohydrate, and
lipid and in contrast to this study, the largest pro-
tein content was recorded in the brown seaweeds
in many reports [54, 55].

3.3. Antibacterial sensitivity

The synthesized Ag NPs showed antimicrobial
activity against the studied bacterial strains com-
pared to the control (negative). Variations in the
inhibition zone were recorded by the synthesized
Ag NPs compared to the antibiotic Tetracycline (10
1g). The diameter of the inhibition zones of Tetra-
cycline were 1.5 and 1 cm against Escherichia coli
(NCMB 11943) and Bacillus subtilis (ATCC6633),
respectively (Table 2) (Photo 5).

The antimicrobial activities of the synthesized
Ag NPs varied among the selected algae, the ex-
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Photo4: Some phycochemical constituents’ detection in the algal extracts. Carbohydrate (a), Phenols (b), Saponin (c) andGly-

cosids (d). C: control and arrows refer to positive results.

traction methods and the tested AgNOs concentra-
tions. Apparently, Escherichia coli was more sensi-
tive than Bacillus subtilis towards all the tested Ag
NPs, Gram-negative bacteria are further suscepti-
ble to Ag NPs than Gram-positive bacteria due to
difference in the organization of a key component
of the cell membrane (peptidoglycan), as in Gram-
positive bacteria, the cell wall is composed of neg-
atively charged peptidoglycan layer (30 nm thick-
ness) and the amount of peptidoglycan is relatively
more in Gram-positive than Gram-negative bacte-
ria (~3-4 nm thickness) [56]. The same observation
was recorded previously [43, 57]. Inhibition com-
petency of synthesized Ag NPs can be ordered from
strongest to weakest as follow: Ag NPs synthesized
using Padina tetrastromatica, Caulerpa prolifera

then Sarconema filiforme. The strongest inhibition
was caused by Ag NPs synthesized using the soak-
ing extract of Padina tetrastromatica against E. coli
and B. subtilis, while the weakest activity was by
Ag NPs synthesized using the hot water extract of
Sarconema filiforme, both synthesized Ag NPs were
selected for additional characterization studies.

Ag NPs synthesized using different extracts were
functionalized at the used AgNOs concentration.
Increasing the AgNO3 concentration yielded Ag
NPs with stronger antimicrobial activity. The
largest inhibition zones against E. coli were 1.45,
1.35and 1.1 cm for Ag NPs synthesized using 6 mM
AgNO3 and soaking extract of Padina tetrastro-
matica, hot water extract of Caulerpa prolifera and
methanol extract of Sarconema filiforme, respec-
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Table 1: Phycochemical characterization of the algal extracts.
PSK: Padina tetrastromatica soaking, CHW: Caulerpa prolif-
era hot water, SHW: hot water and PHW: Padinatetrastromat-
ica hot water

Functional PSK CHW SHW PHW

groups

Qualitative analysis:

Alkaloids - - - -
Carbohydrates - - + -
Flavonoids - - - -
Glycosides - + + -
Phenols + - - +
Reducing sugars - - - -
Saponin - ++ +++ +
Tannins - - - -

Quantitative analysis (ng/ ul):

Total proteins 5.283 8.205 6.25 7.065
DNA 313.7 642.4 550.7 426.6
RNA 250.7 506.7 4459 338.5

Where, +indicates presence,- indicates absence.

Photo 5: Inhibition zone of Ag NPs against Escherichia coli
(a,b) and Bacillus subtilis (c,d). Numbers (1,7), (3,5) and
(4,6)for Ag NPs synthesized by hot water extract of Padinate-
trastromatica and 6, 3 and 1 mM, respectively.(19,27) and
(20,26) forAg NPs synthesized by soaking extract of Padina
tetrastromaticaand 6 and 3 mM,respectively. C: negative con-
trol.

tively.

The largest inhibition zones were 1.3, 1.1 and 1
cm for Ag NPs synthesized using 6 mM AgNOs; and
soaking extract of Padina tetrastromatica, soak-
ing extract of Caulerpa prolifera and methanol ex-
tract of Sarconema filiforme, respectively against B.
subtilis, closer results were observed by Bhuyar et
al. [58], their Ag NPs synthesized Padina inhibited
Bacillus subtilis and formed a 12.67 mm zone of in-
hibition was clear.

Many studies synthesized Ag NPs and the syn-
thesized particles exhibited antibacterial activities.
Venkatesan et al. [59] achieved good antibacterial
activity against Escherichia coli and Staphylo-
coccus aureus by 50 ug Ag NPs. Dixit et al. [60]
synthesized Ag NPs using green seaweed Ulva
flexuosa, inhibited two Gram positive (Bacillus
subtilis, Staphylococcus aureus) and two Gram-
negative (Escherichia coli, Pseudomonas aerugi-
nosa). Thiruchelvi et al. [61] tested biosynthesized
Ag NPs against Pseudomonas aeruginosa and
Bacillus subtilis and obtained a good zones of
inhibition.

3.4. Characterization of selected Ag NPs:

Ag NPs synthesized using Padina tetrastromat-
ica extracted by both soaking and hot water and
6 mM AgNOs3, also Ag NPs synthesized using Sar-
conema filiforme extracted by hot water and 3 mM
AgNOs3 were subjected to characterization stud-
ies using UV-Vis scan, HR-TEM, XRD and Zeta-
potential. The selected Ag NPs due to antimicro-
bial activities, showed the characteristics SPR but
with different characterizations (Figure 6). A-max
was 470 and 430 nm for PSK 6 and SHW 3, respec-
tively. The absorbance of Ag NPs synthesized by
Padina tetrastromatica was higher than that syn-
thesized by Sarconema filiforme indicating an in-
creased concentration of the synthesized Padina
tetrastromatica particles. Homogeneity in size is
indicated by a smooth peak, and a smooth tail in-
dicated homogeneity of shape [62, 63]. As shown in
Figure. 6, the Ag NPs synthesized by Padina exhib-
ited different sizes, while both Ag NPs were homo-
geneous in shape. The wideness of the absorption
bands of Ag NPs indicates the presence of spherical
or roughly spherical shape of particles [64].
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Figure 6: UV-VisScan of the selected Ag NPs. mM: AgNO
concentration, PS: soakingextract of Padina and SHW: hot
waterof Sarconema usedin synthesis.

HR-TEM images in Figure. 7a and 8a revealed
that Ag NPs were well dispersed and mostly spher-
ical shaped. Particle size distribution analysis
showed that Ag NPs sizes ranged from 2 to 27 nm
with slight differences in distribution. Ag NPs syn-
thesized by Padina Tetrasromatica were mostly
spherical and few were irregular and elliptical
shaped. The counts were normally distributed
from 2-23 as shown from Gaussian distribution
(Figure 7b). In another study concerning Padina
Tetrasromatica, the TEM images revealed that the
synthesized Ag NPs were nearly spherical with a
size range of 5-35 nm [65]. In contradistinction
to the previous Ag NPs, Ag NPs synthesized by
Sarconema filiforme were lower in intensity and
irregularly shaped particles. Most counts were less
than 9 nm as shown from Gaussian distribution
(Figure 8).

The Ag NPs were further demonstrated and con-
firmed by XRD analysis, the XRD of Ag NPs synthe-
sized by Padina tetrastromatica was with six char-
acteristic peaks. The observed Bragg’s diffraction
peaks at 2 6 values of 27.8°, 32.2°, 46.2°, 54,72°,
57.38° and 76.66° corresponding to lattice planes
210, 110, 231, 142, 141 and 311, respectively con-
firmed face centric cubic (fcc) structure (JCPDS
file no. 04-0783). Bragg’s diffraction peaks of Ag
NPs synthesized by Sarconema at 2 6 values were
32.22 and 38.7 corresponding to lattice planes 110
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Figure 7: HR-TEMimage of Ag NPs synthesized using Pad-
ina tetrastromatica soaking extract and 6 mMof AgNOs after
7 days (a) and Particle size distribution (b).
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Figure 8: HR-TEMimage of Ag NPs synthesized using Sar-
conemafiliforme hot water extract and 3 mM of AgNOs after
7days (a) and Particle sizedistribution (b).

and 111, respectively. The other observed peaks
were 12.7°, 68.41°, 75°and 87.87° may belong to
biomolecules of algae extract (Figure 9). The same
patterns of XRD were obtained by Ibraheem et
al. [66] and Gopu et al. [67] who used Gelidiella
acerosa, Acanthophora specifera, and Amphiroa
rigida extracts respectively to synthesize Ag NPs.

The synthesized Ag NPs were negatively charged
but with varied zeta potential values. The Zeta po-
tential of Ag NPs synthesized by Padina tetrastro-
matica was -28.33 mV, which is almost the same
value obtained by Selvi et al. [68] who used the
same algal species. Ag NPs synthesized by Sar-
conema filiforme exhibited a lower zeta potential
value (-25.6+1.9). Both values indicating the sta-
bility of the synthesized particles (Figure 10).

e

Figure 9: XRD spectra of the synthesized Ag NPs using Pad-
ina tetrastromatica (a) and Sarconema filiforme (b).
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Figure 10: Zeta potential distribution of the synthesized Ag
NPs using Padina tetrastromatica (a) and Sarconema fili-
forme (b).
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4. Conclusion

In a conclusion, the studied seaweeds belong-
ing to different taxonomic groups showed differ-
ent Ag NPs synthesis abilities, as they are rich in
bioactive compounds such as carrageenan, agar,
also enzymes, proteins, sugars, flavonoids, pheno-
lics, terpenoids, which act as reducing and stabi-
lizing agents [17, 19]. Hot water and soaking are
efficient, low cost and green extraction methods.
The synthesized Ag NPs displayed different an-
tibacterial activity. Ag NPs synthesized using Pad-
ina tetrastromatica showed homogeneity in size
and shape (mostly spherical) and have relatively
high efficiency against the tested positive and neg-
ative bacterial strains. The studied extracts con-
tained different biochemical compositions (quan-
titatively and qualitatively) which affect the syn-
thesis process. Sarconema filiforme showed low
Ag NPs synthesis ability and antibacterial activity.
Padina tetrastromatica is suggested to involve in a
future study to illustrate the unique mechanism of
silver nanoparticle synthesis.
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