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Abstract

Background: Marine algae used as a food source for ocean life and range in color from red to green to brown

grow along rocky shorelines around the world. The synthesis of silver nanoparticles by marine alga Padina sp. and

its characterization were fulfilled by using UV-visible spectrophotometer, Fourier transform infrared spectroscopy,

scanning electron microscopy and field emission scanning electron microscopy, and energy-dispersive X-ray

spectroscopy.

Results: UV-visible absorption spectrum revealed that the formation of Ag nanoparticles was increased by the

addition of marine algae and the spectral peak observed between a wavelength of ~ 420 nm and 445 nm. In

addition, SEM and FESEM images examined the surface morphology and the size of the synthesized NPs was

relatively uniform in size ~ 25–60 nm. Energy-dispersive X-ray spectroscopy analysis confirmed the purity of Ag NPs

with atomic percentage of 48.34% Ag. The synthesized Ag NPs showed highly potent antibacterial activity. The

Staphylococcus aureus and Pseudomonas aeruginosa were found to be more susceptible to silver nanoparticles by

forming 15.17 ± 0.58 mm and 13.33 ± 0.76 mm of diameter of the inhibition zone, respectively.

Conclusions: The study suggested that marine alga Padina sp. could be an alternative source for the production of

Ag nanoparticles and are efficient antimicrobial compounds against both gram-negative and gram-positive bacteria

which can be a promising material against infectious bacteria.
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1 Background

Marine macroalgae, or marine algae, are plant-like or-

ganisms or other hard substrata in coastal areas [1].

They commonly attached to rocks, sand, dead plants,

and algae of undersea, or even caught on the sea and

ocean surfaces [2]. The size of marine algae can vary

from very tiny to larger size. However, they are catego-

rized under the group of multicellular algae [3, 4]

Over the past few decades, nanoparticles in their

nanometric scale (1–100 nm) have elicited much interest

besides structurally exhibit extensively improved phys-

ical, chemical, and biological properties, features, and

functionality. Nanomaterials exhibit unique, superior,

and essential properties and have attracted much atten-

tion for their distinct characteristics that are not dis-

played in conventional macroscopic materials. Their

uniqueness arises specifically due to their higher surface

to volume ratio [5, 6]. They represent the involvement

of controlling and manipulating matter at their atomic

scale in the development of novel devices that can be

used in various physical, biological, biomedical, and

pharmaceutical applications [7]. In recent research years,
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nanophasic and nanostructured materials proved to have

high potential to achieve specific processes and selectiv-

ity, particularly in biological and pharmaceutical applica-

tions which attracts a great impact of interest [8].

Over the past centuries, silver has been used as a safe

inorganic antibacterial agent which is non-toxic and well

known in capable of killing about 650 types of diseases

causing microorganisms [9]. Silver has been described as

being oligodynamic because of its ability to exert a sig-

nificant potential for a wide range of biological applica-

tions such as antifungal agent and antibacterial agents

for antibiotic-resistant bacteria, preventing infections,

healing wounds, and anti-inflammatory even at minute

concentration. Silver ions (Ag+), are engaged in the for-

mulation of dental resin composites, bone cement, ion

exchange fibers and coatings for medical devices since

its being an antibacterial component [4]. Recently, stud-

ies conducted have shown that silver nanoparticles ex-

hibit strong inhibition and serve as a protective barrier

for most of the microorganism, for example, gram-

positive bacteria, gram-negative bacteria, drug-resistant

bacteria, viruses, fungus, and even some of the patho-

gens [6, 10]

Studies have shown that the silver nanoparticles which

can be synthesized using algae are cost-effective and en-

vironmentally friendly as they do not require toxic che-

micals in the process [11]. The availability of marine

algae throughout the year and easy accessibility to har-

vest them encourages the researchers’ interest on marine

algae-mediated biosynthesis of silver nanoparticles. A

detection of silver nanoparticles via characterization de-

termines whether the silver nanoparticles are actually

synthesized or not. Characterization of the nanoparticles

normally examines the size, shape, and quantity of nano-

particles produced. There are different measurement

techniques imposed for this purpose including UV-Vis

spectroscopy, atomic force microscopy (AFM), scanning

electron microscopy (SEM), absorbance spectroscopy,

and dynamic light scattering (DLS).

The objectives of this present study are biosynthesis of

silver nanoparticles using an aqueous extract of Padina

sp. marine alga, characterization of biosynthesized silver

nanoparticles to evaluate the antibacterial activity of sil-

ver nanoparticles, and identification of bioactive com-

pounds in the marine alga using gas chromatography

and mass spectrometry (GC-MS).

2 Methods

2.1 Marine algae sample collection

Marine algae were collected by handpicking method as

depicted from Mersing, Johor at Peninsular Malaysia.

Brown marine algae were found attached on the surface

of rocks along the beach. The marine algae were col-

lected inside a polyethylene bag. The marine alga

samples which collected in large amount were repeatedly

surface-sterilized using sterile seawater followed by dis-

tilled water to get rid of extraneous materials such as

sand, dust, and salt content as well [12].

2.2 Identification of marine algae

Then, the marine algae sample was identified by refer-

ring to macroalgae standard manual [13] or preferred

marine algae—A Field Manual of National Institute of

Oceanography (2004) to determine which species it be-

longs to. The marine alga was identified as belonging to

the class Phaeophyceae, order Dictyotales, family Dictyo-

taceae, and genus Padina based on its morphological

studies done. The marine alga was posed as striped,

yellowish-brown, fan-shaped, lobbed, 2–8-celled thick

marked with a concentric row of hairs also with cylin-

drical axis bearing leaves and vesicles. It had “ear-like”

blades with enrolled apical margin. It also had thalli

which were irregularly cleft into narrow lobes as shown

in Fig. 1. Other than that, morphological verification is

not a complete and enough information to identify the

species of marine algae. In order to identify the species

of marine algae sample, the anatomic studies should be

carried out. Therefore, this research only covered up

until the identification of genus of marine alga sample

collected. After all this, the cleaned samples will be pre-

served in a clean zip-lock polyethylene bags. The bags

will be stored under refrigeration at 8 °C for further

process [14].

2.3 Preparation of aqueous marine alga extract

The Padina sp. marine alga extract was prepared by the

intracellular extraction methodology previously studied

by Kannan et al. and Kumar et al. [8, 12] with slight

modifications. The preserved Padina sp. samples were

again cleaned using distilled water in order to remove

the epiphytes and other contamination [15]. The pre-

served Padina sp. samples were shade-dried for 2 weeks

to remove the moisture content completely. Eventually,

after 2 weeks, the Padina sp. was turned into olive green

upon drying and then it was oven-dried at 50 °C for 15–

20min in order to prevent any fungal contamination in

the sample. Then, the dried Padina sp. was weighed

using analytical balance until a constant dry weight of

120 g was recorded. The dried Padina sp. was ground-

powdered using a mixer grinder. Then, a total of 105.00

g of powered Padina sp. was obtained and kept in an

air-tight container. Later, aqueous marine alga extract

was prepared by dissolving 30 g of powdered Padina sp.

marine alga in 300ml of sterile distilled water in a 1:10

ratio. The extract was heated at 60 °C for 20 min then

filtered using a vacuum filter pump layered by Whatman

no.1 filter paper [12]. The aqueous extract of Padina sp.

was then refrigerated at 4 °C for further analysis.
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2.4 Synthesis of silver (Ag) nanoparticles

In the typical synthesis of silver nanoparticles, 20 ml of

the aqueous extract of Padina sp. was added to 180ml

of 0.01M of aqueous silver nitrate (AgNO3, Sigma Al-

drich) solution which was prepared using deionized

water in 250 ml conical flask. The synthesis medium was

gradually and indirectly heated up to 60 °C and stirred

using a magnetic stirrer for 48 h in order to ensure a

complete reduction of metal ion to occur [12, 14]. The

synthesis medium carried out in triplicate and the setup

of the experiment done. Besides that, the setup was car-

ried out in dark condition so that to minimize the

photoactivation of silver nitrate. A control setup was

also maintained without the aqueous marine alga extract

[8]. The change in color from yellowish-brown to a con-

centrated dark brown color solution was observed as a

visible confirmation for the formation of silver nanopar-

ticles before the sample was subjected to further

characterization process.

After 48 h completed, the synthesis medium was cen-

trifuged at 8000 rpm at 30 °C for 30 min. The silver

nanoparticles which deposited at the bottom forming a

pellet upon centrifugation and the supernatant were dis-

carded. The silver nanoparticle pellet was oven-dried at

50 °C for 5 h in order to remove the moisture content.

Then, the dried silver nanoparticle was pressed into

powdered form using pestle aluminum foil. At the end

of the synthesis process, about 510.0 mg of silver nano-

particle was managed to be synthesized.

2.5 Characterization of silver nanoparticles synthesized

The UV-Vis spectrophotometer (PerkinElmer -Lamda-

25, USA) was used to measure the wavelength between

300 and 800 nm to monitor the formation of silver

nanoparticles using marine alga extract with regular

intervals of 0 min (before heating), 15 min, 30 min, 45

min, 1 h, 2 h, 4 h, 8 h, 12 h, 24 h, 36 h, and then followed

by 48 h. Dilutions of samples were made if the sample

was too concentrated. The UV-visible reading was re-

corded and then analyzed using the Origin Pro or

Microsoft Excel analysis tool. Fourier transform infrared

spectroscopy (FT-IR- Perkin-Elmer, USA) of marine alga

extract and synthesized AgNPs and 0.01M of silver ni-

trate solution were analyzed in the range between 4000

cm−1 and 400 cm−1. The size and morphology of the

nanoparticles using scanning electron microscopy (SEM)

(ZEISS EVO 50 Germany) and field emission scanning

electron microscopy (FESEM) equipped with energy-

dispersive X-ray spectroscopy (JSM-7500F, JEOL, Japan).

A minute drop of nanoparticle powder was cast on to a

carbon-coated copper grid and subsequently transferred

to the microscope. The high-resolution images of silver

nanoparticles were recorded and the morphology of

AgNPs was further studied. Energy-dispersive X-ray

spectrophotometer (FE Detector, 5.0 kV, high vacuum 5

× 10–3 Pa) working with EDX Link 300 OXFORD

(Detector Si (Li), 30 kV, low vacuum 10 Pa, resolution

20 keV) were used to record EDX spectrum.

2.6 Antibacterial activity of AgNPs

Antibacterial activity of the synthesized AgNPs was eval-

uated against two gram-positive bacteria, Staphylococcus

aureus and Bacillus subtilis, and three gram-negative

bacteria, Pseudomonas aeruginosa, Salmonella typhi, and

Escherichia coli, with four different concentration of sil-

ver nanoparticles biosynthesized using disc diffusion

method [16]. The 5-mm discs with four different con-

centrations of biosynthesized silver nanoparticles (0.25

mg/ml, 0.50 mg/ml, 0.75 mg/ml, and 1.00 mg/ml) were

tested against selected pathogenic bacteria with 0.01M

Fig. 1 The seaweed sample collected at “Pantai Pasir Lanun”
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of silver nitrate solution and 25 μg ampicillin disc as

positive control while deionized water as negative con-

trol. Aqueous dispersions of silver nanoparticles of de-

sired concentrations (0.25 mg/ml, 0.50 mg/ml, 0.75 mg/

ml, and 1.00 mg/ml) were made. Bacterial suspension

was prepared by a single colony sub-cultured overnight

in nutrient broth and by the turbidity was adjusting to

0.5 McFarland standards [17].

Then the Mueller-Hinton agar was used to grow bac-

terial cultures and 0.1 ml of the bacterial suspensions

was spread on the plate using the sterile cotton swab

[18]. The plates then were incubated at 37 °C for 24 h in

a bacteriological incubator and the zone of inhibition

was measured by performing the experiment in triplicate

(Fig. 2).

2.7 Identification of bioactive compounds in freeze-dried

marine algae extract using GC-MS analysis

The aqueous solution of Padina sp. extract (10 g/100 ml)

was stored in a freezer under − 80 °C for 2 days. Then,

the solidified extract was freeze-dried for 3 days and the

powdered extract was analyzed using GC-MS analysis

performed with DB-5 column (30 m × 250 μm ×

0.25 μm). Helium gas (99.999%) was used as the carrier

gas at a constant flow rate of 1 ml/min with a split ratio

of 1:50. The inlet temperature was 250 °C and the oven

temperature was programmed from initial with 60 °C,

hold for 1 min ramp, with an increase of 10 °C/min, to

301 °C, and then hold for 5 min. The detector

temperature was 230 °C and the transfer line

temperature was 310 °C. The bioactive compounds

present in the freeze-dried Padina sp. marine alga ex-

tract (powder) were identified by comparing the reten-

tion time of the chromatographic peaks with those of

authentic compounds under the same conditions [19].

3 Result

3.1 Characterization of silver nanoparticles

The synthesis of AgNPs was performed with 0.01M of

silver nitrate solution with marine alga extract in Erlen-

meyer flask in the ratio of 1:10, respectively, at the initial

time point of the synthesis reaction, and 0.01M of silver

nitrate solution without marine alga extract was main-

tained as a control. The solution remains colorless and

showed no color change even after 48 h upon heating as

shown in Fig. 3a. The reduction of silver nitrate

(AgNO3) was visually confirmed by the change of color

from yellowish-brown to reddish-brown after 30 min of

reaction as shown in Fig. 3b. The color of the marine

alga extract became turbid after the addition of aqueous

AgNO3 solution signifying the initiation of the reaction.

The intensity of brown color increased in direct

Fig. 2 Antibacterial activity plate. a The inhibition zone formed by gram-positive bacteria, Staphylococcus aureus against four different

concentrations of AgNPs, positive control and negative control. b The inhibition zone formed by gram-positive bacteria, Bacillus subtilis against

four different concentrations of AgNPs, positive control and negative control. c The inhibition zone formed by gram-negative bacteria,

Pseudomonas aeruginosa against four different concentrations of AgNPs, positive control and negative control. d The inhibition zone formed by

gram-negative bacteria, Escherichia coli against four different concentrations of AgNPs, positive control and negative control. e The inhibition

zone formed by gram-negative bacteria, Salmonella typhi against four different concentrations of AgNPs, positive control and negative control
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proportion to the heating period of 24 h followed by 48

h as shown in Fig. 3c, d.

3.2 Ultraviolet-visible spectroscopy (UV-Vis) analysis

The characterization of silver nanoparticles based on

surface plasmon resonance (SPR) vibration observed at

445 nm confirmed the synthesis of AgNPs using marine

alga extract. The silver SPR band occurred at 420 nm to

445 nm showed a steady increase in absorbance until 48

h as shown in Fig. 4. The broadening of peak signified

that the particles are polydispersed. Furthermore, the

peak intensity increased as the samples are treated for a

longer time.

3.3 Fourier transform infrared spectroscopy (FTIR)

analysis

FTIR analysis was carried out to identify the presence of

functional groups in the aqueous extract of marine alga

Padina sp. (Table 1) According to Fig. 5a, major transmis-

sion peaks were observed at 3350.07 cm−1, 1637.74

cm−1, and 1106.90 cm−1 [20] for Padina sp. extract

represents O–H and C=O stretching for hydroxyl

group and carboxylic acid and 3350.24 cm−1, 1635.83

Fig. 3 a 0.01 M of Silver Nitrate solution at 48 hours of heating as a control. b Silver nanoparticles synthesis at 0 h before heating. c Silver

nanoparticles synthesis at 24 h of heating. d Silver nanoparticles synthesis at 48 h of heating

Fig. 4 UV-visible absorption spectrum of silver nanoparticles synthesized from Padina sp. extract treated with 0.01 M silver nitrate during different

time intervals
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cm−1, and 1337.47 cm−1 [21] for 0.01M silver nitrate

solution, respectively. The FTIR spectra band corre-

sponding to 3350.07 cm−1 is due to N–H stretching

vibrations of peptide linkages and hydroxyl stretch vi-

brations of carboxylic acid groups demonstrating the

presence of polyphenols [12] in aqueous Padina sp.

extract. Likewise, another band observed at 1637.74

cm−1 [22] is assigned to the vibration of N–H pri-

mary amine group and it may well arise due to car-

bonyl stretch in polyphenols.

3.4 Scanning electron microscopy analysis of silver

nanoparticles

The SEM image in Fig. 6 showing the high-density silver

nanoparticles synthesized by treating Padina sp. extract fur-

ther confirmed the development of silver nanostructures. The

silver nanoparticles seem to be distributed with an average

mean size 33.75 nm. The nanoparticles further subjected to

FESEM for more high-resolution analysis and clearer images.

3.5 Field emission scanning electron microscopy analysis

of silver nanoparticles

A field emission scanning electron microscope (FESEM)

was employed to analyze the morphology structure, size,

shape, and distribution of the nanoparticles formed. The

FESEM produces clearer images with higher quality and

resolution about 3 to 6 times better than conventional

SEM [23]. From Fig. 6, it is evident that the silver nano-

particles were coalesced to nano-clusters.

When the reaction mixtures of the synthesis medium of

silver nanoparticles were indirectly heated for 48 h, most of

the nanoparticles tend to be aggregated as shown in Fig. 7.

When silver nanoparticles aggregate, the metal particles be-

come electronically coupled and this coupled system has a

different surface plasmon resonance than the individual par-

ticles. For the case of a multi-nanoparticle aggregate, the SPR

will be shifted to a longer wavelength than the resonance of

an individual nanoparticle, and aggregation is observable as

an intensity increase in the infrared region of the UV-visible

spectrum [24]. Furthermore, the drying factor of silver nano-

particles can be one of the factors influencing the rate of ag-

gregation of silver nanoparticles synthesized [25].

3.6 Energy-dispersive X-ray spectrum analysis

The presence of elements and atomic proportions of marine

algae-mediated AgNPs was determined using an energy-

dispersive X-ray spectrometer (Table 2). The analysis through

FESEM-EDX spectrum recorded showing a sharp peak be-

tween 2.8 keV and 8.0 keV Fig. 8 confirmed the presence of

an elemental silver signal of the silver nanoparticles [26].

3.7 Antibacterial activity by disc diffusion assay

3.7.1 Antibacterial activity of silver nanoparticles against

clinical pathogens

The antibacterial activity of marine algae extract-mediated

biosynthesized silver nanoparticle was evaluated against

pathogenic bacteria such as two gram-positive bacteria,

Staphylococcus aureus and Bacillus subtilis, and three

gram-negative bacteria, Pseudomonas aeruginosa, Escheri-

chia coli, and Salmonella typhi, by disc diffusion assay as

shown in Fig. 2a–e. Among the two gram-positive bacteria,

silver nanoparticles against Staphylococcus aureus showed

the highest zone of clearance about 15.17mm ± 0.58 as

shown in Table 3, followed by 12.67 ± 0.76mm clear inhib-

ition zone for Bacillus subtilis (Fig. 9). On the other hand,

gram-negative bacteria Pseudomonas showed the highest

zone of clearance about 13.33 ± 0.76mm, followed by

12.67 ± 0.58mm for Escherichia coli.

3.7.2 Identification of bioactive compounds in freeze-dried

extract of Padina sp. marine alga using GC-MS analysis

A high-resolution mass spectrum equipped with a data

system in combination with gas chromatography (Agilent

Tech 5975 C) was used for the chemical analysis of marine

alga Padina sp. The freeze-dried Padina sp. extract pow-

der was subjected to GC-MS analysis to identify the

Table 1 FTIR analysis of Padina sp. aqueous extract, 0.01 M of silver nitrate (AgNO3) solution, and silver nanoparticles synthesized by

the reduction of 0.01 M silver nitrate with the Padina sp. aqueous extract

Padina sp. aqueous extract 0.01 M of silver nitrate (AgNO3) solution Silver nanoparticles (AgNPs) synthesized

Frequency
(cm−1)

Bond/stretching Functional groups Frequency
(cm−1)

Bond/stretching Functional groups Frequency
(cm−1)

Bond/stretching Functional
groups

3350.07 N–H stretch, O–H
stretch, H-bonded

1°,2° amines,
amides, carboxyl,
phenols

3350.24 N–H stretch, O–H
stretch, H-bonded

1°,2° amines,
amides, alcohols,
phenols

3422.00 O–H stretch, H-
bonded

Alcohols,
phenols

2123.39 –C≡C– stretch alkynes 2124.36 –C ≡ C– stretch alkynes 2921.02 C-H stretch alkanes

1637.74 N–H bend 1° amines 1635.83 N–H bend 1° amines 1610.46 N–H bend 1° amines

1329.82 N–O symmetric
stretch

Nitro compounds 1337.47 N–O symmetric
stretch

nitro compounds 1384.27 –NO2 (aliphatic)
or C–H (plane
bend)

nitro groups
or alkenes

1106.90 C–N stretch aliphatic amines 1181.13 C–H wag (–CH2X) alkyl halides 1023.91 C–N stretch aliphatic
amines
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Fig. 5 a FTIR spectra of Padina sp. aqueous extract. b FTIR spectra of aqueous 0.01 M of silver nitrate (AgNO3) solution. c FTIR spectra of silver

nanoparticles (AgNPs) synthesized by the reduction of 0.01 M silver nitrate with the Padina sp. aqueous extract

Bhuyar et al. Beni-Suef University Journal of Basic and Applied Sciences             (2020) 9:3 Page 7 of 15



bioactive compounds’ presence in the extract. The com-

pound name, molecular weight, and molecular formula of

the components of the test materials were ascertained as

shown in Table 4. The freeze-dried aqueous Padina sp.

extract on the basis of spectral data by GC-MS analysis

was found to be a mixture of volatile compounds. In the

present study, a total of 22 peaks were observed and 25

bioactive compounds have been identified from freeze-

dried aqueous Padina sp. Among the 22 compounds iden-

tified, only 9 compounds with purity or quality of more

than or equal to 80% were tabulated as shown in Table 4.

The GC-MS analysis of the aqueous extract revealed

that the main phyto-constituent or phytochemical was

cyclononasiloxane as shown in Fig. 10 with peak area of

17.94% (Rt = 17.814 min) followed by n-hexadecanoic

acid, octadecanoic acid with peak area of 7.03% (Rt =

18.712 min), and then cycloheptasiloxane with a peak

area of 3.24% (Rt = 14.089 min). On the other hand,

there are compounds such as cyclodecasiloxane with

23.66% at Rt = 19.359 min; benzoic acid; 2,4-bis [(tri-

methylsilyl)oxy]-, trimethylsilyl ester with 11.12% at Rt =

16.092 min; and also hydrazine, 1,1-dimethyl with 4.41%

Fig. 6 SEM image of silver nanoparticles (AgNPs) synthesized by treating Padina sp. extract with 0.01 M of silver nitrate solution

Fig. 7 FESEM images of silver nanoparticles (AgNPs) synthesized by the reaction of Padina sp. extract with 0.01 M of silver nitrate

(AgNO3) solution
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at Rt = 2.697 min, respectively, in an abundant amount,

but their purity of recovery is lesser than 80%.

4 Discussion

4.1 Characterization of silver nanoparticles

The result obtained ultimately similar to the work done

by Shivaraj [27] indicated the formation of AgNPs by re-

duction of the aqueous Ag+ during the exposure to the

aqueous extract of Padina tetrastomatica showed

reddish-brown color upon 72 h of incubation period. It

is well known that AgNPs exhibits reddish-brown in

water [28] due to the excitation of surface plasmon res-

onance (SPR) effect of silver metal nanoparticles. It indi-

cates that silver nanoparticles were formed by the

reduction of Ag+ into Ag0 upon the addition of marine

alga extract to the solution of 0.01M of AgNO3 solution

[14]. Particularly, even after 48 h, there is no remarkable

deepening of color indicating the saturation of reaction.

This indicates that the particles might be well dispersed

throughout the synthesis medium with mild agglomer-

ation [18].

4.2 Ultraviolet-visible spectroscopy (UV-Vis) analysis

The frequency and width of the surface plasmon absorp-

tion depend on the size and shape of the metal nanoparti-

cles as well as on the dielectric constant of the metal itself

and the surrounding medium [29]. Similar SPR vibrations

have been observed in the previous report using marine

alga Urospora sp. for the biosynthesis of AgNPs [14].

4.3 Fourier transform infrared spectroscopy (FTIR)

analysis

The observed peaks were more assigned the characteris-

tic of terpenoids which was similar to the previous study

done by Sahayaraj et al. [6] using marine alga Padina

pavonica. On the other hand, the shift of band from

1106.90 cm−1 [12] is attributed to the binding of C–N

aliphatic amine group with nanoparticle reduction. Fur-

thermore, as shown in Fig. 5b, the shift of band de-

creases at its intensity at 1181.13 cm−1 which attributed

to the aldehyde groups shows the possibility that the ter-

penoids play a role in the reduction of metal ions by oxi-

dation of aldehydic groups in the molecules to

carboxylic acids [30]. The stretch between 2123.39 cm−1

and 2124.36 cm−1 [8] according to Table 1 typically

formed by triple C≡C bond in alkynes, and those vibra-

tional bands might be derived from water-soluble

Fig. 8 EDX spectrum of silver nanoparticles synthesized

Table 2 The relative weight and atomic proportions of each

element present in the silver nanoparticles synthesized

Element Wt% At%

C K 1.35 14.02

O K 3.27 25.51

Al K 0.49 0.21

Si K 0.65 1.26

Cl K 9.04 10.66

Ag L 85.20 48.34

Total 100.00
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Fig. 9 a Comparative anti-bacterial analysis of gram-positive bacteria based on the mean diameter of inhibition zone formed. b Comparative

anti-bacterial analysis of gram-negative bacteria based on the mean diameter of inhibition zone formed

Table 3 Summary of antibacterial activity of biosynthesized silver nanoparticles by Padina sp. against five pathogenic bacteria

including gram-positive Staphylococcus aureus and Bacillus subtilis and gram-negative Pseudomonas aeruginosa, Escherichia coli, and

Salmonella typhi with positive and negative control

Concentration, mg/
ml

Gram-positive organism Gram-negative organism

Staphylococcus aureus Bacillus subtilis Pseudomonas aeruginosa Escherichia coli Salmonella typhi

0.25 10.50 ± 0.50 7.00 ± 0.50 8.33 ± 0.29 7.50 ± 0.50 6.50 ± 0.50

0.50 11.17 ± 0.29 8.17 ± 0.29 10.00 ± 0.50 9.17 ± 0.29 8.00 ± 0.50

0.75 12.50 ± 0.50 10.67 ± 0.58 12.00 ± 0.50 11.17 ± 0.29 10.00 ± 0.50

1.00 15.17 ± 0.58 12.67 ± 0.76 13.33 ± 0.76 12.67 ± 0.58 11.50 ± 0.50

Standard (ampicillin) 12.67 ± 0.29 25.33 ± 0.76 21.33 ± 0.76 20.50 ± 0.87 23.50 ± 0.50

0.01 M AgNO3 7.67 ± 0.58 6.83 ± 0.29 7.33 ± 0.29 8.17 ± 0.58 7.50 ± 0.50

Negative control 0.00 0.00 0.00 0.00 0.00
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compounds such as flavonoids and terpenoids. After the

reduction of AgNO3, the increases in intensity at

1384.27 cm−1 [6] signified the involvement of nitro com-

pounds into NO2 aliphatic amines [31] in the reduction

process. The strong spectral band at 1384.27 cm−1 and

1023.91 cm−1 [11] as observed in Fig. 5c was interpreted

for the identification of organic compounds adhering to

the silver nanoparticles synthesized as shown in Table 1.

Thus, the peptide group can say to play a major role for

the reduction of the silver ion into silver nanoparticles.

Therefore, the results revealed that the capping ligand

for stabilization of the silver nanoparticles may be

amines or alkenes or O–H alcohol groups or can be

polyphenolic [19] compounds as well.

4.4 Scanning electron microscopy analysis of silver

nanoparticles

The SEM micrographs of nanoparticles showed that the

nanoparticles synthesized were polydispersed spherical

shaped, highly distributed with aggregation [21].

Fig. 10 The GC-MS chromatogram of the freeze-dried extract of Padina sp. seaweed

Table 4 GC-MS analysis of bioactive compounds detected in freeze-dried extract of Padina sp. seaweed

No. Rt Name of compounds Mol. formula MW Peak area %

1 4.390 Cyclotrisiloxane, hexamethyl- C6H18O3Si3 222.46 2.23

2 6.931 Cyclotetrasiloxane, octamethyl- C4H16O4Si4 240.51 1.55

3 9.368 Cyclopentasiloxane, decamethyl- C10H30O5Si5 370.77 1.79

4 11.840 Cyclohexasiloxane, dodecamethyl- C12H36O6Si6 444.92 1.69

5 14.089 Cycloheptasiloxane, tetradecamethy l- C14H42O7Si7 519.08 3.24

6 16.653 Tetradecanoic acid, dodecanoic acid C14H28O2 228.37 0.91

7 17.814 Cyclononasiloxane, octadecamethyl- C18H54O9Si9 667.38 17.94

8 18.712 n-Hexadecanoic acid C16H32O2 256.42 7.03

9 20.561 Octadecanoic acid, pentadecanoic acid CH3(CH2)16CO2H 284.48 1.06
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4.5 Field emission scanning electron microscopy analysis

of silver nanoparticles

According to FESEM images obtained, the morphology

of silver nanoparticles clearly observed to be within an

average size of 40.45 nm with diameters in the range of

25.0 nm to 61.4 nm. In addition, the silver nanoparticles

formed were predominantly spherical and oval-shaped

while some observed to be irregular-shaped and polydis-

persed. Similarly, in the previous study [32], the eleva-

tion in temperature results in the formation of spherical

and irregular-shaped nanoparticles of a size of 5–200 nm.

Likewise, shape-controlled silver nanoparticles can be syn-

thesized in biological route by varying temperature [33]. A

similar result was also recorded by Shivaraj [27] using

Padina tetrastomatica extract as reducing and capping

agents were observed to synthesize silver nanoparticles

with 46 nm and spherical in morphology.

4.6 Energy-dispersive X-ray spectrum analysis

The composition of silver element recorded to be the

major component present in silver nanoparticles about

85.02 wt% as shown in Table 2, followed by chlorine and

carbon with 9.04% and 1.35%, respectively. The presence

of chlorine might be due to the aqueous extract of mar-

ine algae which was prepared using distilled water and

used as a part of the synthesis medium of silver

nanoparticles.

4.7 Antibacterial activity by disc diffusion assay

4.7.1 Antibacterial activity of silver nanoparticles against

clinical pathogens

As shown in Fig. 9a, b, Staphylococcus aureus and

Pseudomonas aeruginosa were found to be more suscep-

tible to silver nanoparticle solutions. This finding is in

excellent agreement with earlier studies [14] where they

recorded the highest inhibition zone for Staphylococcus

aureus and Pseudomonas aeruginosa of about 23 mm

and 18mm, respectively. Moreover, there was no inhib-

ition zone observed for deionized water which acts as a

negative control. However, the antibiotic disc of 25 μg of

ampicillin and 0.01M of silver nitrate solution was used

as a positive control. Almost all the five bacteria were

susceptible to the antibiotic ampicillin; however, Bacillus

subtilis was highly susceptible towards ampicillin. Unlike

Staphylococcus aureus was the least susceptible towards

ampicillin. However, the aqueous 0.01M silver nitrate

solution was found to have an unclear and smaller zone

of inhibition compared to silver nanoparticles as shown

in Fig. 9a, b. This proves that silver is well known for

antibacterial properties since Roman time; however, the

advances in generating silver nanoparticles (AgNPs) have

made possible a revival of the use of silver as a more

powerful bactericidal agent [4, 34].

Though the mechanism of the bactericidal effect of sil-

ver nanoparticles against bacteria is not well understood,

however, some studies have suggested that silver nanopar-

ticles may attach to the surface of the cell membrane and

thus the power function such as the permeability and res-

piration get disrupted [35]. It is reasonable to state that

the binding of the particles to the bacteria depends on the

surface area available for interaction. Some nanoparticles

penetrate into the cell and bind with DNA interrupting

some gene expression responsible for important metabol-

ism. Smaller particles such as nanoparticles having the lar-

ger surface area to the volume ratio which is available for

interaction will expose higher bactericidal effect compared

to larger particles [36]. The increase of bacterial resistance

to antibacterial agents poses a serious problem in the

treatment of infectious diseases. In addition, new bacterial

strains have increasingly emerged with a dangerous level

of resistance, including both gram-positive and gram-

negative bacteria. Therefore, there is a high demand for

the development of new antibacterial substances in order

to prevent the emergence and spreading of multi-resistant

bacterial strains.

4.7.2 Identification of bioactive compounds in freeze-dried

extract of Padina sp. marine alga using GC-MS analysis

Hydrazine is an inorganic compound with the formula

N2H4. Hydrazine is mainly used as a foaming agent in

preparing polymer foams, but generally, it is widely used

as a precursor to polymerization catalysts and pharma-

ceuticals. However, hydrazine can also be used as an

oxygen scavenger to control concentrations of dissolved

oxygen to reduce corrosion in conventional electrical

power plant [37]. In a biological view, hydrazine can be

illustrated as one of the intermediates in the anaerobic

oxidation of ammonia (anammox) process. It is pro-

duced by some yeasts and the open ocean bacterium

known as Brocadia anammoxidans too. Even the most

popular edible “button” mushroom, Agaricus bisporus

produces organic hydrazine derivatives as well [38].

The GC-MS revealed that the main phyco-

constituents were cyclodecasiloxane and cyclononasilox-

ane. The GC-MS analysis can only be able to cover non-

polar and volatile substances from the extract sample

tested; therefore, it is possible to say that bioactive com-

pounds primarily consisting of cyclodecasiloxane may be

involved in biological activity and responsible during the

reduction process of silver nitrate into silver nanoparti-

cles. The present study can be well justified by compar-

ing the previous review done by Lalitharani et al. [39]

which reported that the presence of cyclononasiloxane

and octadecamethyl is found to be responsible for the

reduction of the AgNO3 and hexadecanoic acid, fatty

acid, which acts as a stabilizing agent and thus prevents

the aggregation of silver nanoparticles.
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In addition, any one of the fatty acids, hexadecanoic

acid (palmitic acid), can also be used to protect the

formed silver nanoparticles. Hydrazine and octadecanoic

acid also exhibit high antioxidant activity and have the

property of anti-inflammatory. Padina sp. marine alga

also exhibits a high level of fatty acid diversity and phen-

olic compounds. A previous study revealed that Padina

pavonica crude extract believes to contain abundant of

amino acids, fatty acids, vitamins, minerals, phenolic

compounds, and carbohydrates [40]. Of which, phenolic

compounds especially polyphenols and tannin have re-

ported to have antimicrobial, anti-carcinogenic, and

anti-oxidant properties [41].

Even some of the acetic acid, octadecanoic acid, penta-

decanoic acid, dodecanoic acid, and 5-benzoylpentanoic

acid, which are present in the extract, are major parts of

the secondary metabolites which proved to contain me-

dicinal value for the brown algae. The healing properties

of these compounds were antioxidants, antiproliferative,

anti-invasive, and anti-viral. Most of the brown marine

algae are renewable living resources which are also used

as food, feed, and fertilizer in many parts of the world

due to its ability to contain a great variety of secondary

metabolites characterized by a broad spectrum of bio-

logical behavior such as antibacterial and antioxidant ac-

tivities. These compounds usually present in bound

states as conjugate with sugars, fatty acids, or proteins. It

could be anticipated for the disassociation of conjugate

phenolic forms in marine algae as their outer cell wall is

much harder. Results showed that the heat processing

not only enhanced the contents of biologically active

compounds in marine algae but also the biological activ-

ity associated with these compounds as compared to the

unprocessed marine algae [42].

It is interesting to note that the biosynthesized silver

nanoparticles showed higher antibacterial activity com-

pared to the silver metal ions. In our study, the green

synthesis of silver nanoparticles from aqueous marine

algae extract and its antibacterial activity has been stud-

ied. Further research should be carried out on the study

of the toxicity of silver nanoparticles, immunity, and

mode of action which is necessary for safe and effective

exploitation of silver nanoparticles in biomedical, bio-

technological, nanotechnology-based industries. Further

work should be done to evaluate the antimicrobial effect

of silver nanoparticles on normal flora and other benefi-

cial microbes since there is evident proved that the

nanoparticles might have cidal effect against even benefi-

cial microbes of normal flora.

5 Conclusion

In conclusion, silver nanoparticles synthesized using

Padina sp. marine alga extract was stable; it can be an

alternative method for chemical synthesis, since this

novel green synthesis is a pollutant-free, cost-effective,

and eco-friendly synthetic approach. The reduction of

silver nitrate (AgNO3) was visually confirmed by the

change of color from yellowish-brown to reddish-brown

after 30 min of reaction. The silver nanoparticles were

characterized using UV-visible spectrophotometer, FT-

IR spectroscopy, SEM, and FESEM-EDX. The silver SPR

band occurred at 420 nm to 445 nm steadily increased in

absorbance upon increasing time until 48 h without any

shift in peak position (wavelength) confirming the for-

mation of silver nanoparticles. Furthermore, the FT-IR

results revealed that the capping ligand for stabilization

of the silver nanoparticles may be amines or alkenes or

O–H alcohol groups or can be polyphenolic compounds

as well. According to FESEM images obtained, the

morphology of silver nanoparticles distributed within an

average size of 40.45 nm with diameters in the range of

25.0 nm to 61.4 nm. In addition, the silver nanoparticles

formed were predominantly spherical and oval-shaped

while some observed to be irregular-shaped and polydis-

persed. From EDX analysis, the silver element recorded

to be the major component present in silver nanoparti-

cle sample with 85.02 wt%. Then, the antibacterial activ-

ity of silver nanoparticles by disk diffusion assay against

five types of bacteria clearly demonstrates that the bac-

tericidal effect depends on the concentration of the silver

nanoparticles. The gram-positive bacteria used in the

present study were more effectively controlled by the sil-

ver nanoparticles in comparison to gram-negative bac-

teria where Staphylococcus aureus (in gram-positive) and

Pseudomonas aeruginosa (in gram-negative) were found

to be more susceptible to silver nanoparticle solutions

by forming 15.17 ± 0.58 mm and 13.33 ± 0.76 mm of

diameter of inhibition zone, respectively. Lastly, the

identification of bioactive compounds in freeze-dried

aqueous extract of Padina sp. marine alga revealed a

total of 22 peaks and 25 bioactive compounds. The pres-

ence of cyclononasiloxane and octadecamethyl is found

to be responsible for the reduction of AgNO3, and hexa-

decanoic acid acts as a stabilizing agent and thus pre-

vents the aggregation of silver nanoparticles. Marine alga

is well known to contain a great variety of secondary

metabolites characterized by a broad spectrum of bio-

logical behavior such as antibacterial and antioxidant ac-

tivities. The antibacterial effect of silver nanoparticles

showed good bactericidal effect, and therefore, in the fu-

ture, its property can be well compatible for pharma-

ceutical and other biomedical applications.
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