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Abstract

It is interesting to synthesize materials by an eco-friendly method for wound healing and other applications. Herein silver
nanoparticles (AgNPs) were synthesized by an eco-friendly method using Justicia adhatoda leaf extract. The synthesized
AgNPs were incorporated with sodium alginate (SA) to make films that can be used for wound healing and many other
applications. The prepared AgNPs and the AgNPs incorporated SA films were characterized by TEM, AFM, SEM, optical
microscopy, UV—Visible spectrophotometer, FTIR, contact angle, and mechanical analysis. AgNPs exhibited maximum
absorbance at 420 nm by UV—Visible spectroscopy, and the TEM images revealed the spherical shape of the AgNPs. Both
AgNPs and films showed good antibacterial activity against Staphylococcus aureus and Escherichia coli. These prepared

films can be used for biomedical and nanobiotechnology fields.
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Introduction

In recent years, global research and development (R&D)
on the field of silver nanoparticles (AgNPs) have found
various applications owing to their shape/size-dependent
electrical/optical properties and their biological relevance.
One of the main reasons for the exponential rise of research
potential in AgNPs is the broad range of applications such
as in optics, catalysis, quantum dots, solar energy absorp-
tion, antibacterial & anticancer treatment, biosensing, imag-
ing, and nano-biotechnology (Ali et al. 2016; Iravani 2011;
Zain et al. 2014; Pauksch et al. 2014; Sanpui et al. 2011).
Nano-biotechnology is emerging as a rapidly growing field
as integration between biotechnology and nanotechnology
for developing biosynthetic and eco-friendly technology to
manufacture new materials at the nanoscale level (Barabadi
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2017). Nanomedicines can play a significant role in devel-
oping alternative and more effective treatment strategies for
treating many diseases (Shi et al. 2017).

Generally, AgNPs can be synthesized through chemical
and physical methods such as electrochemical, photochemi-
cal, chemical reductions, and heat vaporization (Zhang and
Su 2012; Roldan et al. 2014). These conventional methods
require several chemicals, and it is quite expensive, toxic,
require high energy consumption, and lead to hazardous
byproducts (Nabikhan et al. 2010). To overcome these prob-
lems, a ‘green synthetic protocol’ was developed (Franci
et al. 2015). Plants offer a good platform for the green syn-
thesis of NPs because they are non-toxic and naturally act
as a capping/reducing agent. This method is economically
feasible, environmentally friendly, easy to handle, and one-
step methodology (Tetgure et al. 2015). Plant leaf and other
plant parts like fruit, bark, fruit peels, root, and callus are
also used to synthesize Ag, Au, Pt, and metal NPs in several
sizes and shapes (Tetgure et al. 2015; Krishnaraj et al. 2010).
Nevertheless, the synthesis of metallic NPs has attracted
significant interest due to their unique properties. Thereby,
the focus has been shifted to the biosynthesis of metallic
NPs using plants, microorganisms, algae, etc. (Khatua et al.
2020).

Alginate is a naturally derived polymer and has had
a great interest in different areas of nanomedicine for
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several decades (Ionita et al. 2013; Rani et al. 2013). It
has extensive properties such as renewability, biocom-
patibility, biodegradability (Gudimalla et al. 2020) and
can easily modify its surface. Moreover, the similarity
of these materials to human tissues supports these mate-
rials in wound healing applications (Puppi et al. 2014).
It is a natural polymer composed of (1 —4)—concerted
f—D-mannuronic (M) and a—L-guluronic (G) linkages in
various covalent blocks. It is a perfect matrix for wound
healing materials (Daemi et al. 2017; Ali et al. 2013; Galus
and Lenart 2013). Sodium alginate (SA) is a water-soluble
polymer (Karakasyan et al. 2015), and it can be easily
cross-linked with Zn**, Ca®*, Ba®*, and Cu®* (Kulkarni
et al. 2012). SA films have hydrophilic nature but have
low mechanical properties. With the help of cross-linking,
the hydrophilic nature can be reduced, and mechanical
properties can be improved (Olivas and Barbosa-Cénovas
2008). SA has been coupled with many NPs for various
applications. AgNPs incorporated alginate films have been
primarily used for biomedical applications due to their
good antimicrobial activity, high surface area, thermal sta-
bility, unique magnetic, optical, catalytic, and electrical
properties (Orsuwan et al. 2016). It is also widely used
for cartilage, bone and soft tissue regeneration (Matricardi
et al. 2013), controlled-release delivery system (Duceppe
and Tabrizian 2010), wound dressing (Han et al. 2010),
membrane application (Ma et al. 2014), etc. Nowadays,
researchers focus on developing materials with fast wound
healing properties (Sikareepaisan et al. 2011).

In the present work, we have developed a novel polymeric
nanocomposite film that could be employed as wound dress-
ing, drug delivery system, antimicrobial protection, biologi-
cal sensor. Herein we ‘green’ synthesized AgNPs using Jus-
ticia adhatoda plant leaves and incorporated into SA films
for the first time. Many researchers have been reported
AgNPs synthesis by using SA as a reducing agent. Still, in
the present report, the plant extract is used as a reducing and
capping agent, and SA is used as a matrix to cast the nano-
composite films. The surface morphology, surface plasmon
resonance of the nanoparticle, morphological, mechanical,
water sensitivity tests, wet ability, and antimicrobial activity

Fig.1 Synthesis of silver
nanoparticles by using Justicia
adhatoda plant extract

Plant extract
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of the developed nanocomposites were examined and com-
pared with previous works.

Materials and methods
Materials

Adalodakam (Justicia adhatoda) leaves were collected
from Kottayam, Kerala, India. AgNO; (99%), ZnCl, (98%),
Sodium Alginate, Glycerol (99%), Nutrient broth, and Agar
were purchased from Sigma-Aldrich.

Preparation of plant extract

Adalodakam plant leaves were collected and washed thor-
oughly three times with tap water and then deionized water
to remove the impurities. The leaves were dried in sunlight
for one hour and in the oven for 1 h at 90 °C. The leaves were
powdered, and 0.5 gm was added to 25 mL of sterile distilled
water. Then the mixture was placed in a water bath at 95 °C
for two hours and filtered with Whatman No. 1 paper.

Synthesis of silver nanoparticles

The prepared extract was used as a reducing and stabilizing
agent for the bio-reduction process (Ahmed et al. 2016).
To synthesize the AgNPs, the plant extract (500 pL) was
mixed with 1 mM silver nitrate (5 mL) solution, and then
the system was kept at 95 °C in a boiling water bath for
5 min (Gudimalla et al. 2020) shown in Fig. 1. The progress
of the synthesis was observed by color change, from pale
light color to light yellow for confirmation of AgNPs. The
color change is due to the reduction of silver ions with the
assistance of biomolecules in the plant extract. This might
be owing to the surface plasmon resonance (SPR) vibrations.

Preparation of AgNPs loaded films

The solutions were prepared by mixing 1%, 2%, and 4% of
SA powder with distilled water with the help of a magnetic
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stirrer at 70 °C, for 30 min. After that, the solution was kept
outside for 5 min to remove the CO,. Then 10 ml of SA solu-
tion was used to cast the films, then casted film was dried for
24 h at room temperature. Then the films were placed in the
oven at 45 °C for 10 min. Then 5% of the ZnCl, solution was
added to the dried films for cross-linking (1 h). To eliminate
the traces of the ZnCl, solution, the films were washed with
distilled water. Similarly, AgNPs incorporated films were
prepared by mixing an equal amount (1:1) of SA and AgNPs
solution and cast, as shown in Fig. 2.

Observation of films preparation

Few drops of glycerol are used as a plasticizer to avoid the
premature breaking of the films. SA solution was optimized
for the film casting; less polymer solution causes quick
breaking, and higher concentration causes thick and slow
drying of films due to high water content. The films were
dried at room temperature, and the optical images of the
prepared composite films are shown in Fig. 3. In the present
study, we used 2% of films for characterization and other
studies. Hence, it had a smooth surface, medium thickness,
and it was not bending or breaking.

Glycerol adding

Alginate solution

Alginate solution prepareing
with magnetic heat strrier

Cross linking with ZnCl,

Characterization techniques
Microscopy analysis

The TEM analysis was used to study the size, surface mor-
phology, and disparities. TEM observations were performed
using the JEM-2100F instrument at the voltage of 200 kV.
The FE-SEM analysis was used to study the surface mor-
phology and dispersion of NPs. The AE film was examined
by the FE-SEM Model JEOL 7610F. The AFM images of
AE film were taken by Alpha 300 RA AFM & RAMAN at
a scan rate of 1 Hz, and tapping mode was used to check the
morphology of the film.

Spectrometry analysis

The UV-Vis was used to confirm the formation of AgNPs.
Bio-reduction of AgNPs and AgNPs loaded (AE) films was
characterized by the instrument Cary 5000 UV-Vis-NIR
spectrophotometer (scanning range 200-800 nm). Equal
amounts of the solution (2.5 mL) were taken, and film sam-
ple directly was taken, and the entire sample was analyzed
at room temperature.

CO, removing

AgNPs solution

Film casting

Fig.2 Silver nanoparticles loaded sodium alginate films preparation (Gudimalla et al. 2020)
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ALG 4%

Fig.3 Prepared film images (ALG-Neat sodium alginate films with different concentrations), (AE-AgNPs incorporated films with different con-

centrations)

For FTIR measurements, the green synthesized AgNPs
solution was taken directly, and similarly, AE films were
also analyzed to identify the chemical structure and potential
interactions between SA and AgNPs. For each spectrum,
the measurements were performed in a range from 4000 to
400 cm™.

Contact angle measurement

The contact angle measurement was characterized by using
SEO Phoenix. The prepared SA and AgNPs incorporated
films were cut into 1 X3 cm rectangular pieces and placed
on the stage. The sessile drop method was performed, using
deionized water as a reference.

Physical properties of films

Mechanical strength

The tensile properties of the SA film samples (1 X5 cm)
were measured using a Universal testing machine (Tinius

Olsen) model H 50 KT, at a crosshead speed of 1 mm/
min using a 100 N load cell. The tensile strength, Youngs
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Modulus and percentage of elongation were measured from
the stress—strain graph.

Film thickness Alginate and AgNPs loaded film thick-
ness were measured using a manual Vernier caliper (SNE
digital) with a 0.01 mm accuracy. Five consecutive readings
were taken at different positions for each sample.

Moisture content To determine the film's moisture con-
tent, samples were kept at room temperature and weighed
and dried in an oven at 105 °C (24 h.). After this period, the
samples were conditioned at room temperature for stabili-
zation of film temperature. Finally, films were weighed and
calculated the percentage of film moister content using the
following equation.

w
Moister content (w) = —L %100
W

where W, corresponds to the dry weight and W —initial
weight.

Water soluble: The moisture content weight fraction o,
of the films, was placed in a hot air oven at 105 °C for 24 h.
Then the dried films were weighed (M) and dipped in distilled
water (100 mL) in a beaker (250 mL). Afterward, the beaker
was placed on the magnetic stirrer (100 rpm) for 24 h at 25 °C.
The final residue was dried in a hot air oven for 24 h at 105 °C,
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and then the final weight (M;) of samples was determined.
Solubility was calculated by the following equation.

. M, — M;
Soluble in water (WS) = i x 100
0

where M, is an initial weight, and M; is the final weight.

Swelling and absorption First, film samples were dried
in a hot air oven to remove the moisture at 105 °C for 24 h.
After that, the films' initial mass (W) was taken and placed in
10 mL of distilled water at room temperature. The wet samples
were taken out, removed the excess water with the help of fil-
ter paper, and reweighed (W,). We need to consider different
time intervals for swelling studies, and for absorption studies,
only 24 h required. The amount of the water absorbance was
calculated by the following equation.

. W, =W,

Water absorption = ——— X 100

Wo

where W, is the final weight, and W, is the initial weight.
Antibacterial activity

Biosynthesized AgNPs and AgNPs incorporated (AE) films
antimicrobial activity was tested on two types of strains (Gudi-
malla et al. 2020). One was Gram-negative Escherichia coli
(E. coli), and the second one was Gram-positive: Staphylococ-
cus aureus (S. aureus). E. coli causes infections such as sep-
ticemia, enteritis, foodborne illnesses, and urinary tract infec-
tions, which are more concerning due to antibiotic resistance.
Staphylococcal skin infections are common and cause skin
blemishes, pimples, and more painful and concerning issues,
such as skin boils, impetigo, abscesses, and cellulitis follicu-
litis. The antimicrobial activity was investigated by utilizing
the nutrient agar well diffusion method for AgNPs and the disk
diffusion method for AE film. The culture medium was pre-
pared a day before the experiment. The tested microorganisms
were swabbed uniformly on nutrient agar—agar plates using a
sterile cotton swab, and then four wells were created in every
plate with a 6 mm diameter. The prepared AgNPs were poured
in wells of 25 pL, 50 pL, 75 pL and 100 L. concentration of
solutions, and AE films were cut into small pieces (3.5 mm
diameter) and placed on the swabbed plate surface. Then the
plates were incubated for 24 h at 37 °C for the microorganism
and bacteria cultures to grow. The diameter of the inhibition
zones was measured.

Results and discussion
UV-visible spectrophotometer

UV-visible absorption spectroscopy is an excellent tech-
nique to demonstrate the presence of NPs. The biosynthe-
sized AgNPs from plant extract are shown in Fig. 4a and
the calibration cover of AgNPs. It was used to study the
presence of AgNPs, reduced from silver nitrate with the
help of plant extract. Here, the plant extract act as a cap-
ping and reducing agent (Ag* ion into Ag). AgNP exhibits
yellowish-brown due to SPR. A schematic representation
of surface plasmon oscillation under the effect of an elec-
tromagnetic field and surface plasmon vibrations excitation
of AgNPs was reported in Ref. (Barabadi et al. 2019). It is
well known that any plant extract mixed with the solution
of AgNO; produces AgNPs, which is indicated by a color
change to yellowish-brown. This color deviation is caused
by the excitation of a metal nanoparticle of SPR. As the
reaction time is prolonged, there will be an increase in the
number of particles present in the solution with uniform size

0.5 —
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—— 10 mins;
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—— 20 mins;
——— 25 mins!
30 mins
—— 35 mins;
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Fig.4 UV-Vis absorbance a spectrum showing the surface plasmon
resonance of AgNPs, b UV peak of AgNPs loaded alginate film and
neat sodium alginate film

@ Springer



1036

Chemical Papers (2022) 76:1031-1043

distribution (Jemilugba et al. 2019). Many literatures have
been reported on the reaction between AgNO; and plant
extract (Ahmed et al. 2016). AgNPs have electron density
around them, which gives rise to the SPR absorption band
due to the combined vibration of AgNPs in resonance with
the light wave (Gudimalla et al. 2020). The AgNPs syn-
thesized using plant extract were analyzed using UV-Vis
spectrophotometer by scanning the samples between the
range of 200-800 nm, which gave the 4., value between
400 and 430 nm Fig. 4a. The UV spectrum of AgNPs has a
sharp absorbance peak at 415 nm. Depending upon size and
morphology, Ag NPs absorb in the range of 380-470 nm.
The smaller the wavelength of absorption smaller is the size,
and vice versa. Absorption at 460 nm means particles is big
but still in the nano range, but absorption above 470 nm
causes aggregation and precipitation, then it is just silver.
So, from our results, we can conclude that the AgNPs are
in nano regime.

The absorption spectrum of AgNP loaded film is shown
in Fig. 4b. It was observed that the absorption peak around
420 nm is due to the absorption of AgNPs surface plasmon
resonance band. The presence of a perfect peak at 420 nm

Fig.5 TEM images a, b of
silver nanoparticles from plant
extract). c is the crystalline
nature of the AgNPs, and d
image J graph shows the aver-
age particles size

(a)

50
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even at a low concentration can be due to SA, which acts as
a reducing agent (Azlin-Hasim et al. 2016). This could be
confirmed further with the absorption spectra of the control
film (neat SA) obtained at around 340 nm. The morphologi-
cal analysis also could support the AgNPs dispersion on the
SA film surface.

Transmission electron microscopy

TEM has been used to classify the surface morphology,
shape, and size of the NPs. Typical TEM images of biosyn-
thesized AgNPs from adalodakam plant extract are shown
in Fig. 5. As synthesized, AgNPs were drop-coated to a film,
and images were taken. Using image J software, we calcu-
lated the average size as 15+ 10 nm with a size range of
2—-14 nm, and the graph is presented in Fig. 5d. The NPs
were homogeneous and spherical. The diffraction pattern
shown in Fig. 5c indicates the AgNPs crystalline nature.
Also, it shows white dots in the Selected Area Electron
Diffraction (SAED), which means the crystalline nature of
AgNPs (Arunachalam et al. 2013). NPs were enclosed with
other material by pale, slight layer; it is supposed to select

)
— (53
w =3

3

Distribution (count

0
123 456 7 8 9101112131415

Diameter (nm)
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from plant extract worked as a capping agent. In this cap-
ping, organic material avoids the AgNPs aggregation, which
gives more strength (Edison et al. 2016).

Fourier transforms infrared spectrometry of AgNPs

FTIR is used to explore the AgNPs chemical composi-
tion and the molecular background of the NPs. The func-
tional groups of biosynthesized AgNPs from plant extract
were identified by IR spectrum (scan range from 4000
to 400 cm™"). Figure 6a shows the chemical bands of the
biosynthesized AgNPs and plant extract. AgNPs showed
extensive bands at 3325, 2122, 1739, 1634, 1365 and
1216 cm™!. 3325 cm™! assigned to the phenols and O—H
bond, 2122 cm™! assigned for C=C bond of Terminal
alkyne, 1739 cm™! assigned to the C=0 group asymmetri-
cal and symmetrical stretching, 1634 cm™! assigned to the
primary amines for N-H bond, 1365 cm™! assigned to ester
C-O group and the extra band at 1216 cm™! was assigned to
the alkyl C—H stretching (Venil et al. 2016). FTIR study rec-
ommended that the hydroxyl groups of phenols and amide
groups of proteins from plant extract form a layer to the NPs,

(@)

3325

Extract

Transmittance (%)

Alginate film

AgNPs film

Transmittance (%)

907
1498 1219

1893

T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™’)

Fig.6 FTIR results, a spectrums of bio-reduced AgNPs and plant
extract, b peaks of AgNPs loaded film and neat sodium alginate film

act as a capping agent, give stability, and prevent agglomera-
tion to the medium (Yugandhar and Savithramma 2016).

Scanning electron microscopy

Morphology of the biosynthesized AgNPs loaded SA films
was analyzed using SEM analysis which gives the disper-
sion of NPs, and surface morphology. Figure 7 shows the
AgNPs distribution on the AE film surface. AE composite
film showed smooth surface morphology with the uniform
distribution of AgNPs. TEM micrographs revealed the size
of the AgNPs around 15+ 10 nm, and it has a spherical
shape. SA surface entirely coated with AgNPs, then again,
the coverage of film surface by AgNPs on AE film signifi-
cantly less as we can observe on SEM images Fig. 7. They
also exhibited the existence of AgNPs with different shapes
and some aggregation of the AgNPs on the surface.

Atomic force microscopy

Morphological images of AgNPs loaded alginate film (AE)
(0.12 mm thickness) were characterized by AFM (contact
mode) Fig. 7d. This analysis is mainly done to see the sur-
face topography, distribution of NPs. From the 2D image,
well-dispersed AgNPs were observed, and the image
revealed that most of the NPs were in the range of 15-25 nm
and appeared to be spherical which corresponds to the TEM
and SEM results. The 3D image showed approximately the
same NPs growth direction.

FT-IR analysis

FTIR is another essential technique to identify the interac-
tion between SA and AgNPs, as shown in Fig. 6b. It was
performed to estimate the specific adsorption of polymers,
chemical bonds, and their dislocation toward wavelengths
(lower or higher) caused by polymer functional groups inter-
actions. The ALG spectrum at 1908 cm™! corresponds to
an asymmetric C=C bond. The presence of bands at 1893,
1498, 1335, 1219, and 907 cm™! is due to the C-H stretching
of aromatic bending, the strong N-O stretching, C-H stretch-
ing primary aromatic amine, the alkyl C—H stretching, and
due to the alkene bending of C=C stretching, respectively
(Venil et al. 2016). These results indicate that the proteins in
secondary structures are not exaggerated as a consequence
of response with AgNPs mixing. 1498 and 1335 cm™! were
due to the methylene scissoring vibration of the AE proteins
(Mohammed Fayaz et al. 2009).

Contact angle measurements

Contact angle measurement was carried out to demonstrate
the surface degree wettability of the SA and AE films.

@ Springer
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21.24 nm

0O nm

Fig.7 Microscopic images, a FE-SEM images of AgNPs incorporated film at different magnifications with different scales and ¢ cross-sectional

magnification, d AFM images of AgNPs incorporated film (2%)

Figure 8 shows that the contact angle of SA film is 44° and
AE film is 56°. A lower contact angle value indicates the
hydrophilic nature of the SA film. At the same time, a higher
contact angle value indicates less hydrophilicity. Compared
to SA neat (ALG) film with AE film, AE has a higher con-
tact angle due to the hydrophobic nature induced due to the
interaction of free functional groups of SA with AgNPs. This
decrease in hydrophilicity is desirable for various applica-
tions such as food packaging.

Mechanical analysis

Mechanical properties are an essential characterization
technique for testing films. It could be used as an indi-
cator of the film to maintain its strength, integrity and
resist ecological stress throughout various applications.

Fig.8 Water contact angle of (a)
thin films a Neat sodium algi-

nate film 44°, b AgNPs incorpo-

rated sodium alginate film 56°

Mechanical properties of the SA and AE composite film's
stress—strain curves are shown in Fig. 9a. This graph shows
tensile strength, modulus, and elongation at break (values
reported in Table 1). These are generally used to calculate
the film samples' film flexibility, strength, and stiffness
(Shankar et al. 2016). The ALG showed a tensile strength
of 29.1 + 1.4 MPa and an elongation at a break of 1.3 +£0.06
(%). However, when compared to ALG film, the tensile
strength of AE film was significantly increased to a value
of (35+1.75). The increase in tensile strength of AE film is
due to the strong interaction between AgNPs and polymer
matrix (Wang and Rhim 2015). This might be caused by the
reduction in intra and inter-molecular chain interaction of
sodium alginate due to the incorporation of AgNPs (Gudi-
malla et al. 2020). A tremendous increase in the modulus
value from 497 +24.85 MPa to 833 +41.65 MPa shows the

(b)
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Fig.9 (a) Tensile strength and elongation break of SA film (ALG) and AgNPs incorporated film (AE), b the swelling ratio of neat sodium algi-

nate and AgNPs loaded films at different times intervals

Table1 Tensile properties of AgNPs loaded film (AE) and neat
sodium alginate film (ALG)

Samples  Elongation at Modulus (MPa)  Tensile strength (MPa)
break (%)

ALG 1.3+0.06 497 +24.85 29.1+1.45

AE 3+0.15 833+41.65 35+1.75

Table2 Water sensitivity tests of films such as Thickness, Mois-
ture, Solubility, and Absorption. [AE-AgNPs loaded film, ALG-Neat
sodium alginate film and (1, 2 and 4) different concentrations of the
film]

Samples Thickness Moisture Solubility Absorption
(mm) (%) (%) (%)
ALG4  0.232+0.011 73.62+3.68 14.48+0.72 79.73+3.9
AE4 0.176+0.008 54.38+2.71 12.65+0.63 107.23+5.36
ALG2  0.174£0.008 46.50+2.32 18.46+0.92 48.92+2.4
AE2 0.122+0.006 50.55+2.52 16.86+0.84 149.62+7.49
ALG1  0.194+0.009 68.55+3.42 14.72+0.73 107.97+5.3
AE1 0.184+0.009 70.8+3.54 32.65+1.63 61.53+3.07

excellent polymer-filler interaction. It is quite interesting
to note that the presence of AgNPs imparts an increase in
elongation at the break without compromising the tensile
strength. This result shows the good strength and flexibility
of the developed composites.

Films physical properties

Film thickness: SA and AE films thickness values
are reported in Table 2. All neat SA (1, 2 and 4%) film

thicknesses were found to be between 0.232 and 0.174 mm
and AgNPs loaded films (1, 2 and 4%) between 0.184
and 0.122 mm; SA films were colorless, and the AE films
showed the color. The values of different films are reported
in Table 2. AE films showed less thickness when compared
to ALG films. These results could be due to an integrated
network between the chains of both polymers in the blends.

Moisture content ALG and AE film's moisture content
values are reported in Table 2. The water content of the SA
films was significantly decreased after the incorporation of
AgNPs.

Water solubility The water solubility of films was used
to measure the water resistance, and the values are reported
in Table 2. The ALG?2 film was showed the highest water
solubility, around 18.4+0.9. AE (4, 2 and 1%) films water
solubility increased significantly while decreasing the con-
centration, AE4 film was given very less solubility 12.6 +0.6
at 37 °C. AE2 film solubility was around 16.8 +0.8; this
value was increased when compared with the AE4 film.
Finally, the AE1 film was showed the highest solubility at
32.6 +1.6; it shows very high solubility compared to AE2.
These films were very thin, and even they had very low
concentration. This reduction in the films' water solubil-
ity/moisture content is mainly due to the strong hydrogen
bond formation between the AgNPs and the film matrix. The
hydroxyl groups of extract capped AgNPs can form strong
interactions through hydrogen bonds with the hydroxyl and
carboxyl groups on alginate and improve the cohesiveness
of the biopolymer matrix while decreasing water sensitivity.

Water absorption It was observed that the film samples
showed high water absorption capacity, and the values are
given in Table 2. AE films showed the highest swelling ratio
compared to ALG films after incorporation of AgNPs water
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uptake ratio was appreciably increased. Especially AE2 film
showed 149.6 + 7.4 water absorption ratios, at the same time,
ALG?2 film got lowest swelling 48.9 +2.4, it means after
incorporation of AgNPs, the water absorption ratio was
three times increased. The results were showed that the film
capacity to absorb water is dependent on the medium value
of pH. SA was protonated into unsolvable forms of alginic
acid at lower pH values and will repel with the negative
charged AgNPs, which influences the increase in swelling
degree. AgNPs incorporation into the SA films contributes
toward a slight increase in the film's water uptake for dis-
tilled water media, as shown in Table 2.

Swelling degree The composite films were submitted to a
swelling degree with distilled water at 37 °C. It allowed eval-
uating the prepared composites water solubility and the abil-
ity of water uptake measurements. The film swelling ratios
obtained and the significant period of time swelling values
are reported in Fig. 9b. This established that the decreased
swelling values, revealing the existence of dissolution, are
attributable to the dissolution of cross-linked films gradu-
ally diffusing. ALG4 & 2% films showed slightly increasing

Fig. 10 (a) Zone inhibition of
AgNPs against various microor-
ganisms at different concentra-
tions, b Antimicrobial activity
of AgNPs loaded (AE) film

day by day, and finally, it was shown highest swelling ratio.
ALGI film was shown day by day slightly changes; it was
observed in Fig. 9b. AE 4, 2 and 1% films swelling ratio day
by day decreased compared with ALG films observations
shown in Fig. 9b. The water holding capacity of AE2 film
increased profoundly compared with 4, 1%, and SA films.

Antimicrobial activity

It is well known that AgNPs, as well as silver ions, pos-
sess good antimicrobial activity. Antimicrobial activity was
evaluated with S. aureus (Gram-positive) and E. coli (Gram-
negative). This study was carried out by the well diffusion
method, and the zone of inhibition (ZOI) was measured at
different concentrations, as depicted in Fig. 10a. The diam-
eters of the inhibition zone are reported in Table 3. The ZOI
depends on the concentration of AgNPs. The inhibition zone
diameter was (14-16 mm) and (16—-18 mm), respectively.
The high bactericidal activity of AgNPs is caused by their
high surface area, which provides improved interaction with
the bacteria (Zhang et al. 2016).

S. aureus
AE

Table3 AgNPs zone

sl . AgNPs E. coli S. aureus

inhibition growth at different

concentrations (mm) 25 uL 50 uL 75 uL 100 uL 25 uL 50 uL 75 uL 100 uL
AE 14+0.7 15+0.7 15+0.7 16+0.8 16+0.8 17+0.8 17+0.8 18+0.9
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Moreover, AgNPs act as reservoirs for the Ag* bacteri-
cidal agent. The NP activity occurs owing to the release of
silver ions from the surface of AgNPs through oxidation.
These ions act together with the enzymes and proteins, con-
tributing to the disruption of cell development (Sohrabn-
ezhad et al. 2015); smaller size NPs are further active and
effective against microorganisms because of their superior
capability to liberate silver ions (Gabriel et al. 2017). To this,
TEM images revealed spherical shape and size 25 + 10 nm.
Thus, AgNPs prepared by natural medicinal plant extract
might be an excellent antibacterial bio-resource with poten-
tial application in biomedical and related areas.

After that, we have evaluated the AgNPs incorporated
film antimicrobial activity (Fig. 10b). The films were char-
acterized by the disk diffusion method, and in this study,
two types of microorganisms were used, such as S. aureus
and E. coli. AE film zone of inhibition (ZOI) growth was
observed. The results demonstrate that the AE film shows
good antimicrobial activity against two pathogenic bacte-
ria such as S. aureus and E. coli. Gram-negative bacteria
showed 16 +0.8 mm of ZOI, while Gram-positive bacteria
exhibited 14 +0.7 mm of ZOI.

This technique depends on the quantity of the ZOI due
to the antimicrobial agent present in the film. AgNPs are
well-known for being reactive and accordingly act together
with the cell surface of the bacteria and finally killing them
(Sharma et al. 2012). And it's capable of ZOI microbe devel-
opment owing to its huge surface region, giving an excel-
lent interaction among the microorganisms (Mokhena and
Luyt 2017). The polymer nanocomposite film is estimated
to stabilize for the long life of AgNPs. And, the AgNPs sta-
bilization in a composite film depends on the polymer func-
tional groups, which gives an electron to make interfacial
linkage with the Ag" ions on the surface (Kamrupi et al.
2011). AgNPs composite film strength would also improve
due to the communication of Ag" and functional groups. It
is understood that the AgNPs antimicrobial activity depends
not only on the shape and size of the particle but also on the
AgNPs electrostatic charge. This charge plays a significant
role (Shankar et al. 2016) in interaction among the patho-
genic cell wall (negatively charged) and AgNPs (positive
charged).

Conclusions

This study showed a facile, and green protocol for prepar-
ing AgNPs by the utilization of plant leaves which acted as
both capping and reducing agents. The prepared NPs (size
15+ 10 nm and spherical shape) were incorporated into a
natural polymer which was further converted into composite
films. After incorporating AgNPs, AE film tensile strength
increased, and physical properties such as swelling, moisture

content, and water uptake studies were improved. The pre-
pared AE composite exhibited promising antimicrobial
activity. The current green protocol of NP fabrication with
subsequent incorporation into polymer films can potentially
be used for wound dressings, food packing, and biomedical
and biotechnology applications.
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