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Abstract---Nanotechnology is the most active research area in modern
materials science. Though there are numerous chemical and physical
methods, green synthesis of nanomaterials is the most recent. In the
present study, silver nanoparticles were synthesized by plant
mediated green approach method using leaf extracts of medicinal fern
Blechnum orientale Linn, provides necessary bioactive for reduction of
silver ions to silver nanoparticles. Blechnum orientale was commonly
known as ‘Centipede fern’, which is an important edible medicinal
fern. Synthesized nanoparticles were elucidated using UV-visible
spectrophotometer, Fourier transform infrared spectroscopy (FT-IR),
surface emission microscopy analysis (SEM) and its antioxidant
activity was evaluated by using 2,2-diphenyl-1-picrylhydrazyl (DPPH)
assay as well as antimicrobial properties were studied against
common food-borne pathogens. The highest absorbance of the

International Journal of Health Sciences ISSN 2550-6978 E-ISSN 2550-696X © 2022.
Manuscript submitted: 27 Feb 2022, Manuscript revised: 9 April 2022, Accepted for publication: 18 June 2022

4619


https://doi.org/10.53730/ijhs.v6nS5.10091
mailto:sathyapriya.biotech@rathinam.in
mailto:mohanapriya.bio@rathinam.in
mailto:hod.biotechnology@rathinam.in
mailto:aravindh.bio@rathinam.in

4620

produced silver nano particles (AgNPs) was 433 nm and the
conversion of Ag+ ions to AgNPs was validated using Fourier
transform infrared spectroscopy. FTIR result revealed the existence of
O-H stretching and N-H amide group peaks. The as-synthesized
AgNPs exhibited effective antibacterial action against food borne
pathogens E. coli, Salmonella typhi, Pseudomonas aeruginosa and
Shigella dysenteriae. Thus, Blechnum orientale AgNPs could be used
as antibacterial and therapeutic agents against foodborne pathogens,
as well as in the food industry for large-scale synthesis for food
preservation or packaging.

Keywords---Green synthesis, Blechnum orientale leaves, AgNPs,
Antimicrobial.

Introduction

Nanotechnology, due to its wide range of applications in domains such as
adsorption, optical sensors, catalysis, water treatment, drug delivery, and
nanomedicine, it has arisen as an attractive subject of study [1].
Nanobiotechnology, an emerging discipline, is expected to be one of the most
fruitful fields of research in modern science. Due to its critical uses in biology,
bioengineering, textile engineering, water treatment, metal-based consumer
products, and other sectors, the synthesis and characterization of noble metal
nanoparticles such as gold, silver, and platinum is an emerging subject of
research [2]. The size and shape of nanoparticles determine their properties and
functions. As a result, precise control over the shape and size of the nanoparticles
is required for enhanced antibacterial and catalytic activity, which can be
accomplished through the use of a variety of synthesis techniques, stabilisers,
and reducing agents [3]. Nanoparticles are organic or inorganic compounds
synthesized through a variety of physical, chemical, and biological processes. It is
worth noting that both physical and biological methods involve the use of costly,
toxic, and non-biodegradable materials that endanger humans, animals, and the
environment. However, those which involve the use of plant extracts (green
synthesis) are eco-friendly, cost effective, sustainable, easy to synthesize [1].

In the present study we are using Blechnum orientale Linn. a medicinal fern
belonging to the Family Blechnaceae, commonly known as the ‘Centipede fern’
and ‘Oriental Blechnum’. Used as a source for bio reducing agents and capping
agents in the synthesis of silver nanoparticles. According to our research, this is
the first time this fern has been used to produce silver nanoparticles. Blechnum
orientale has traditionally been used to cure female sterilization. Externally, the
leaves are used to cure blisters, boils and ulcers. The leaves have also been
utilized to treat stomach pain and urinary bladder issues. The rhizomes are
thought to be anthelmintic and are used to treat typhoid fever. To relieve pain and
stop bleeding, a paste of young frond and rhizome combined with dried ginger
powder is applied to fresh cuts and wounds. The indigenous boil the young fronds
and eat them as a vegetable. Fresh fronds are also used as a diaphoretic and to
treat intestinal worm infections. The fronds of this fern include a few
phytochemicals such as Blechnic acid, epiblechnic acid, and brainic acid. The
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fern has been shown to contain chlorogenic acid and tannins. B. orientale has
been scientifically evaluated for a variety of pharmacological activities and has
been discovered to have strong antioxidant, cytotoxic, antidiabetic, antibacterial,
and wound healing properties. This fern is mostly used for biomedical
applications due to its valuable therapeutic characteristics [4].

Lai et al. 2010 concluded that the methanolic extract of leaves of B. orientale
possessed the strongest potential as broad spectrum bactericidal and his findings
suggest that this fern could be employed as an antioxidant, for colon cancer
treatment, and for the treatment of methicillin-resistant Staphylococcus aureus
MRSA infections and other methicillin-susceptible Staphylococcus aureus
MSSA/Gram-positive bacterial infectious illnesses [5]. Lai et al. 2016 investigated
the ethnopharmacological effects of utilizing B. orientale as a topical wound
treatment and validated. B. orientale was also found to be useful in the treatment
of diabetic ulcer wounds [6]. The current research focuses on the green synthesis
of silver nanoparticles utilizing Blechnum orientale leaf aqueous extract at room
temperature. The synthesis, characterization, and biocidal action of AgNPs
against food-borne microbes have all been demonstrated.

Materials and Methods
The fern species and its habitat

Blechnum orientale is an evergreen fern forming a clump of arching fronds from
20 - 200cm tall growing from a thick rhizome that rises to a short, erect trunk
[8]. The fronds are pinnate and rarely simple. Pinnae are linear, entire or dentate.
Sori are on the underside of the pinnae, linear and aligned to the midrib. The
rhizome is densely covered with narrow, dark brown scales. It is terrestrial at
middle to high elevations, usually found in exposed, drier areas, often in colonies
[6].

Distribution

The plant is common along road sides in rainforest or dry areas. The fern is
sometimes cultivated as an ornamental plant. It is known as the Centipede fern or
'‘paku ikan' (by the Malays) or 'Kuan Chung' (by the Chinese). It is Herb-
Terrestrial natively distributed in Malaysia, in many Asia countries, Australia and
Pacific islands. This fern can grow to a height of 2.5 m and is commonly found on
exposed low hillsides up to 1500 m in elevation. A diverse range in the Anaikatty
Hills, Coimbatore Forest Division, Southern Western Ghats. Anaikatty Hills is
part of the Nilgiri Biosphere Reserve and lies between latitudes 11° O1'N to 11°
09'N and longitudes 76° 44'E to 76° SS'E, covering 180 square kilometers [7].

Systematic Position

Kingdom: Plantae
Phylum/Division: Filicophyta
Class: Pteridopsida

Order: Polypodiales

Family: Blechnaceae
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Subfamily: Blechnoideae
Genus: Blechnum
Species: Blechnum orientale

Uses of Blechnum orientale

Blechnum orientale leaf is traditionally used as poultice to treat boils, blisters or
abscesses and sores, as a diaphoretic, for stomach pain, urinary bladder
complaints and sterilization of women. Leaves are also reported to be used in
treating stomach pain and urinary bladder complaints. The rhizomes are believed
to be anthelmintic and also recommended in the treatment of typhoid. In India,
the paste of young frond and rhizome together with dried ginger powder is applied
over fresh cuts and wounds to reduce pain and stop bleeding. Young fronds are
boiled and eaten as vegetable by the natives. The fresh fronds are also used to
cure intestinal worm infestations and as diaphoretic [4].

B. orientale methanol leaf extract had the greatest potential as a broad spectrum
bactericidal. The fern leaf extract has cytotoxic activity against the human colon
cancer cell HT-29 as well as bactericidal activity against methicillin-resistant
Staphylococcus aureus (MRSA) [5]. The fresh plant Blechnum orientale was
chosen for this investigation for the following reasons.

e It can be found on very common in fully exposed localities along hill

roadsides.
e [t is easily available in fertile condition during month of July to March.

Green synthesis of silver nanoparticles
Materials used

Blechnum orientale leaves, blotting sheet, silver nitrate, conical flask, screw cap
bottle and de-ionized water.

Utilized Plant material

Medicinal Fern, leaves of Blechnum orientale in Figure:1 were collected from,
Anaikatty hills, Coimbatore Forest Division, Southern Western Ghats area,
Tamilnadu.

Instruments
Centrifuge, Magnetic Stirrer, Orbital shaker, Hot Air Oven and Heating Mantle.

Methods
Silver nitrate (AgNO3) was purchased from Sigma Aldrich Company, USA.

Preparation of aqueous extract

20 gm of fresh leaves of Blechnum orientale were washed thoroughly with double-
distilled water and were then cut into small pieces. These finely cut pieces were
then mixed with 100 mL doubled-distilled water, and this mixture was kept for
boiling for a period of 5 minutes. It was filtered through Whatman Filter paper no.
1 after cooling [9].
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Synthesis of silver nanoparticles

An aqueous solution of silver nitrate (AgNO3) at a concentration of 1 mM was
created to generate silver nanoparticles from aqueous extracts of Blechnum
orientale leaf. A 200 mL aqueous Blechnum orientale extract was added to the
1800 mL aqueous 1 mM AgNO3 solution. During the reduction process, the
solution was kept in the dark at normal temperature to avoid photochemical
reactions. To confirm silver nanoparticle synthesis, place in a shaker (Remi) for an
overnight incubation period. Changes in colour from pale yellow to dark brown
indicated the production of silver nanoparticles. Transfer 46 mL of sample and 4
mL of deionized water into centrifuge tubes (50 mL) (repeat three times) 1000 rpm
for 10 min using centrifuge (Remi) to isolate pure silver nanoparticles free of other
bioorganic compounds present in the reaction mixture, and dry it at 50 C for 3
hours to obtain powder form of silver nanoparticles. The dried powder of AgNPs
was used for additional testing [3].

Characterization of green synthesized silver nanoparticles
The following techniques were applied to characterize the synthesized AgNPs.
UV - visible spectra analysis

Regular sampling of the reaction mixture confirmed the presence of silver
nanoparticles, and the absorption maximum was scanned in the UV
spectrophotometer at a wavelength of 200 — 600 nm using Labman LMSPUV1900
at 1 nm resolution. A cuvette with a path length of 10 mm was used. The
measurements were carried out as a function of reaction time at room
temperature [10].

Fourier transform infrared spectrum (FT-IR)

FTIR (Fourier transform infrared spectroscopy) is used to analyze the biologically
active components for silver reduction, formation and capping. FTIR was
performed using Shimadzu FTIR 8000S with a scan range of 500-4000 cm-1
resolution. For further testing, the dried powder from AgNPs was used [11].

Field Emission Scanning Electron Microscope (FE-SEM)

Microstructure analysis of the AgNPs synthesized from the Blechnum orientale
extract was examined using a scanning electron microscope (Nova Nano SEM
200, Netherlands) with an accelerating voltage from 10 to 15 kV. [3]

Antioxidant assay
DPPH analysis

Antioxidant activity was measured using the DPPH radical scavenging method
described previously in Lai et al (2010). Methanol was used as a negative control
and ascorbic acid as a positive control. In 2.5 ml centrifuge tubes, samples of 1ml
in various dilutions (2-1000 g/ml) dissolved in methanol were added to 1ml of
DPPH solution (200 M) and left in the dark for 30 minutes. At 517 nm,
absorbance measurements were taken. Percentage scavenging activity was
calculated using the formula:
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Scavenging (%) = (Absorbance of control — Absorbance of sample)/Absorbance of
control x 100.

The ICS0 value is calculated by linear regression analysis by plotting between %
inhibition and different concentrations of the sample or standard [12].

Antibacterial activity
Tested microorganisms
Escherichia coli, Pseudomonas aeruginosa, Salmonella typhi, Shigella dysenteriae.

The antibacterial activity of AgNPs was tested using the agar well diffusion
method. described by[13] against common food borne pathogens Escherichia coli,
Pseudomonas aeruginosa, Salmonella typhi and Shigella dysenteriae. Muller-
Hinton Agar plates that have been prepared, sterilised, and solidified (Himedia).
Each bacterial strain (1 x 105 CFU/mL) was swabbed uniformly on the prepared
individual petriplates with sterile cotton swabs. On prepared plates, four 6 mm
wells are made with gel puncture. AgNPs at various concentrations (15, 30, 50,
and 70 micro litre) were loaded into the wells of all plates. The inhibition zones'
diameters were measured in millimetres (mm). After 24 hours of incubation at 37°
C, the plates were processed for the incubation zone in mm [14].

Results and Discussion
Synthesis of silver nanoparticles -Visual observation & UV- Visible spectroscopy

The silver nanoparticles were synthesized by the green method of synthesis using
Blechnum orientale leaf extracts as the source of bio reducing agents for reduction
of silver ions to silver atoms.At room temperature, leaf extracts were combined in
an aqueous solution of AgNO3. To confirm the production of silver nanoparticles,
they were kept in a shaker for the night incubation. The creation of nanoparticles
was confirmed by visual observation of a colour change from pale yellow to brown.
The creation of AgNPs and the change in colour owing to Surface Plasmon
Resonance excitation were confirmed by the change in brown colour in the
reaction mixture. [15] as shown in figurelA. The metal nanoparticles have free
electrons, which give the SPR absorption band, due to the combined vibration of
electrons of metal nanoparticles in resonance with light wave. The sharp bands of
silver nanoparticles were observed around 433 nm in case of Blechnum orientale
leaf extracts as previously reported by [16] as shown in figure 1B.

Plant extract + _ | Brown color
= change

AgNO3 A

o

Fig. 1A: Visual identification of silver nanoparticles A) 0.1 mmol silver nitrate in
90 ml of Mili Q Water B) silver nitrate solution added with plant extract C) Brown
color change


https://www.sciencedirect.com/topics/chemistry/silver-nanoparticle
https://www.sciencedirect.com/topics/chemistry/silver-ion
https://www.sciencedirect.com/topics/chemistry/metal-nanoparticle
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Fig. 1B: The UV-visible readings absorbance of silver nanoparticles

Fourier transform infra-red spectroscopy (FTIR) Analysis

FTIR measurements were carried out to identify the bio molecules for capping and
efficient stabilization of the metal nanoparticles synthesized. The figure 2
demonstrates the possible functional groups involved in the reduction of silver
ions, absorbance peak observed at 3362.56 cm ~lare predicted for alkynes,
alcohols and phenols, 2859.23 cm™! as nitriles group, 1622.78 cmlas aldehydes,
ketones (C=0 stretch), alkenes, primary amines (N-H bend) and amides (N-H bend
and C=0 stretch), 1322.33 cm™! as nitro groups (N=O stretch), amines-secondary
(N-H bend), 1022.27 cm-las alcohols, esters, carboxylic acid or ether (C-O
stretch),amines and 503.49 cm™! alkyl Thalides. The peak at
1031 cm™! characteristics to glycoside or ether (C-O-C) groups present in the
extract. The functional groups such as -N-H, -O-H, C=0, and -C-O-C- groups
present in sample might be responsible for bio reduction of Ag + to Ag nano
particle Whereas the stretch for Ag-NPs were found around 400-450 cm~!. The
presence of organic compounds like flavonoids or terpenoids might be responsible
for the synthesis of silver nanoparticles and the proteins in the leaf extract could
be responsible for the stabilization of silver nanoparticles that is coated around it
[9]. This suggests that biological molecules may perform both the formation and
stabilisation of silver nanoparticles in aqueous media. Carbonyl groups proved
that flavanones or terpenoids absorbed on the surface of metal nanoparticles as
reported by [15].
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Fig. 2: FTIR analysis of silver nano particle synthesized by plant extract.

Field Emission Scanning Electron Microscope (FE-SEM)

Field Emission Scanning Electron Microscopy was used to examine the
morphological characteristics of synthetic silver nanoparticles made from
Blechnum orientale leaf extracts. After 24 hrs of the addition of AgNO3 the SEM
slides were prepared by making a smear of the solutions on slides. To make the
samples conductive, a thin layer of platinum was applied. The samples were then
characterized in the SEM at a voltage of 20 KV. The FESEM images thus obtained
are shown in figure 3. FE-SEM result shows silver nanoparticles are spherical
and scatter well without agglomeration, as shown by micrograms. The silver
nanoparticles appeared to be spherical in shape, with a length of 10 micrometres,
as seen in the photos. Larger particles form a chain-like structure and are
coordinated in their connections.

FESEM images give the clear picture of morphology and structure of AgNPs by
using the scales of 30-35 nm. Images give the clear picture that AgNPs have size
in the range between 30 and 35 nm and uniformly distributed in solution, average
size is 30 nm and spherical in shape. These results are very close to the ones
reported by Ajitha et al., [17], who reported 25 nm to be the average size of the
particles and a homogeneous mixture with nanoparticles spherical in shape.

Another study by Kuppusamy et al., 2015[18] reported silver nano-particles
produced from extract of broccoli. The results show average size of silver nano-
particles thus formed to be around 35— 40 nm and spherical in shape.


https://www.sciencedirect.com/topics/chemistry/infrared-spectroscopy
https://www.sciencedirect.com/topics/chemistry/silver-nanoparticle
https://www.sciencedirect.com/topics/chemistry/field-emission-scanning-electron-microscopy
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Fig. 3: FESEM image of the AgNP sample synthesized by plant extract
Antioxidant activity

The DPPH assay is the most acceptable, fastest and simplest method for the
calculation of the free radical scavenging activity. As shown in the figure. 4 the Ag
nanoparticles shows better antioxidant property than the standard ascorbic acid
with an IC50 value at 5 mg/ml, while standard showed values of 7-8 mg/ml.
When compared to normal ascorbic acid (IC50 value = 191.29 g/mlL), the DPPH
radical scavenging activity of the produced silver nanoparticles (AgNPs) revealed
considerable results (IC50 values of 284.78 g/mlL).

The DPPH, Hydrogen peroxide, hydroxyl radicals, superoxide scavenging methods
confirmed the silver nanoparticles has antioxidant activity. The properties of silver
nanoparticles occur due to the presence of functional groups on the surface of
silver nanoparticles Abdel-Aziz, M. S et al., 2014. Silver nanoparticles synthesized
exhibit in vitro antioxidant activity by scavenging free radicals [19].

The DPPH radical scavenging assay revealed that AgNPs have a significant
antioxidant potential, with an IC50 of 30.04 g/mL. Butylhydroxytoluene was used
as a control. Kharat and Mendhulkar (2016) [20] used the DPPH assay to examine
the antioxidant activity of synthesised nanoparticles and the antioxidant
potentials of photosynthesized nanoparticles. They proposed that
photosynthesized NPs could be used as a free radical scavenger. Priya et al
(2016) [21] investigated the antioxidant activity of biosynthesized nanoparticles
derived from P. pinnata extract in vitro and discovered significant free radical
scavenging potential. Patra and Baek (2016) [22] found significant antioxidant
activity in terms of DPPH radical scavenging (IC50 385.87 g/mlL). The findings
strongly support the use of AgNPs as natural antioxidants for health preservation
against various oxidative stressors associated with degenerative diseases.


https://www.sciencedirect.com/topics/chemistry/field-emission-scanning-electron-microscopy
https://www.sciencedirect.com/topics/medicine-and-dentistry/biphenyl
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Fig. 4: DPPH scavenging activity of silver nanoparticles when compared with the
standard ascorbic acid, measurements were done in triplicates (n=3, mean+SD)

Antimicrobial activity

The antibacterial activity of green synthesized AgNPs was tested by a well
diffusion method against the common food pathogens like E. coli, Pseudomonas
aeruginosa, Salmonella typhi and Shigella dysenteriae as shown in the figure 5.
The percentage inhibition was found to be maximum for Shigella dysenteriae with
value of 27mm, and the maximum concentration for inhibition was at 50 ul of
silver nanoparticles as shown figure 5. The high concentration of AgNPs (50 pl)
demonstrated a clear inhibition zone.

20 Antimicrobial activity of Blechnum orientale AgNPs

25
20

a

E.coli Pseudomonas oerugingsa Salmonella typhi Shigella dysenteriae

Zone of inhibition (mm)
5 I

Different microbial strains

B Ampidillin ¥ silver nanoparticles

Fig. 5: Each value was inhibitory zones of leaf extracts of medicinal fern Blechnum
orientale AgNPs on different microbial strains

The morphological characteristics and concentration of silver nanoparticles
dominate their antimicrobial effect. Smaller nanoparticles have the advantage of



4629

higher percentages of interactions when compared to larger particles. The
smallest nanoparticles displayed maximum activity towards the microbial
pathogens, despite being more prone to diffusion than larger particles [23].

The antimicrobial efficiency of nanoparticles is also based on their shape. In
particular, triangular nanoparticles have shown more significant inhibitory
activity than spherical and rod-shaped AgNPs. Furthermore, the concentration
has a significant impact on the antimicrobial activities of silver nanoparticles. For
example, a 50 to 100 mg of total silver content is required to reduce bacterial
colony-forming units. [24-25]. The AgNPs were mainly extracellular, and the
resulting nanoparticle size range was 5 to 100 nm, specifically 10-50 nm, with
spherical shapes [26]. The antimicrobial and antitumor potential of Asafoetida
Gum-AgNPs demonstrates the comprehensive development of new antimicrobial
particles with an improved antimicrobial mechanism against human microbial
pathogens [13].

Conclusion

Blechnum orientale leaf extract was used to demonstrate an environmentally
acceptable synthesis of AgNPs. UV - Visible spectroscopy and FE-SEM were used
to determine the morphology and size of the silver nanoparticles. The existence of
silver nanoparticles with nitrate reductase enzymes on their surface was
discovered using the FT-IR approach. A well diffusion approach was used to
determine the diameter of the inhibition zone (Zol), and the findings revealed
visible and clear zones. The antibacterial activity of synthesized AgNPs was shown
to be substantial against the majority of food-borne diseases. All of these findings
point to AgNPs, as synthesized in this study, being a good biocidal agent against
food pathogens.
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