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Abstract
Silver nanoparticles (AgNPs) synthesis was formulated by the green method using Nymphae odorata plant extract as reducing 
and capping agent. Plants offer a good platform for synthesizing nanoparticles (NPs) which can act as a non-toxic, natural 
capping/reducing agent and can convert Ag+ to Ag0. The 5 min reduction time (the extract contains a lot of reduction agents, 
which leads to quick synthesis and such can be a great advantage) is a best experimental condition for the effective biological 
synthesis of AgNPs. Sodium alginate films were doped by these NPs. The antimicrobial study of AgNPs and doped films 
were examined by Staphylococcus aureus and Escherichia coli. As a result, at very low concentration of about 25 µl of 
AgNPs was found to inhibit the entire bacterial strains studied and films also showed a similar result. The results confirmed 
the effectiveness of prepared AgNPs and films as an antibacterial agent. Hence, it can be used for nano-biotechnology, 
biomedical and industrial applications.
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Introduction

In recent years, nanotechnology has been widely used in 
a huge range of applications and several new disciplines 
in many areas. It deals with visualization, manipulation, 
and fabrication of materials at the nanoscale level [1]. In 
such a way, the Silver nanoparticles (AgNPs) have gained 
extensive awareness in the field of medicine, biotechnol-
ogy, pharmacology, food packaging and energy storage [2]. 
Nano-biotechnology is 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 [3]. The unique prop-
erties of nanomaterials have attracted significant attention 
for their pharmaceutical applications. Especially, in the field 

of nano-medicine can play a significant role in developing 
alternative and more effective treatment strategies for the 
treatment of many diseases [4].

The fabrication of nanoparticles (NPs) conducts into 
two types of approaches such as top-down and bottom-up. 
NP synthesis usually uses laser ablation, pyrolysis, sol–gel, 
vapour deposition and electrodeposition. Various chemical 
and physical strategies are being used for NPs production. 
However, most of the techniques adopted expensive methods 
using toxic chemicals, stabilizing and capping agents [5]. 
To overcome these problems, the environmentally friendly 
green synthesis method was developed [6]. Plants offer a 
good platform for synthesizing NPs and acts as a non-toxic, 
natural capping/reducing agent [7, 8]. This green synthesis 
offers a single-step method which has several advantages 
such as efficient and relevant method, cost-effective and 
very easy process compared to other methods [9–12]. The 
reduction and stabilizing of metal ions with plant extract is 
reported to be higher than microorganisms and other biosyn-
thetic methodology [13]. The plant extract contains various 
biomolecules with hydroxyl group and the carboxylic groups 
and can act as stabilizers and reducing agents. Not only plant 
leaf, but other plant parts like fruit, bark, fruit peels, roots, 
and callus have also been used for the synthesis of metal 
NPs such as Ag, Au, Pt etc. in several sizes and shapes [14].
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The progress of a green process for the AgNPs synthe-
sis is a trend of modern nano-biotechnology study [14]. It’s 
well-known that the silver has been used for a long time for 
the effective antibacterial activity [15]. Among the AgNPs 
synthesized from the plant extracts have been studied for 
their different properties from biology such as anthelmin-
tic [16], antilarvicidic [17], antioxidant, anticancer, wound 
healing [18, 19], hepatoprotective and antimicrobial activity 
[20, 21]. The antimicrobial activity of AgNPs permits them 
to be correctly used in various household products like home 
appliances, food containers for storage and textiles.

The foremost necessary use of AgNPs and silver into the 
medicinal product like tropical ointments for the treatment 
of open wounds and burns [22, 23]. This work explored the 
use of Nymphae odorata plant extract to prepare AgNPs. As 
synthesized AgNPs were incorporated into sodium alginate 
film, these composite films were tested for its antimicrobial 
property. Several studies were reported that natural biopoly-
mers such as alginate, cellulose, agar, starch, gelatin, etc. 
have been used as a capping and reducing agent for NPs 
production [24, 25]. Nevertheless, synthesis of metallic NPs 
has been attracted significant interest due to their unique 
properties.

Alginate is a naturally derived polymer and has a great 
interest in the different areas of nanomedicine from several 
decades [26, 27]. It has extensive properties such as renewa-
bility, biocompatibility, biodegradability, less toxicity and is 
capable of easy surface modification. Moreover, the similar-
ity of these materials to human tissues made these materials 
to apply in wound healing and also in food packaging [28, 
29]. It is a natural polymer composed of (1→ 4)—linked 
β-d-mannuronic (M) and α-L-guluronic (G) residues in 
various covalent blocks are a perfect substance for the treat-
ment of wound healing [30–32]. Generally, the acid mono-
mers divided by two homo-polymeric blocks with a similar 
alternating order [33]. Alginate is water-soluble [34] and it 

could able to be cross-linked by Zn2+, Ca2+, Ba2+ and Cu2+ 
[35]. Alginate films are hydrophilic and easily dissolved in 
water and have low mechanical properties. With the help 
of cross-linking the hydrophilic nature can be reduced and 
mechanical properties can be increased [36]. AgNPs incor-
porated alginate films have been mostly used for magnetic, 
catalytic, optical, thermal, electrical permanence, antibacte-
rial activity [37], biomedical applications (cartilage, bone, 
soft tissue regeneration) [38, 39], controlled-release delivery 
system [40], wound dressing [41] and in membrane applica-
tions [42]. Recently, the wound dressing is active develop-
ment, with intend of imparting particular functions [43]. The 
present work is to formulate a wound dressing material by 
enhancing the property using phytochemicals.

In this report, we prepared AgNPs using Nymphae odo-
rata leaves through the development of a novel, facile and 
green method. And these silver nanoparticles were incor-
porated into sodium alginate films. The prepared compos-
ites could be employed as drug delivery, wound dressing, 
antimicrobial protection, biological sensor and food packing 
materials.

Experimental Section

Materials Used

Nymphae odorata (Waterlily) leaves shown in Fig. 1 were 
collected from Kottayam, Kerala, India. AgNO3, ZnCl2, 
Sodium Alginate, Glycerol, Nutrient broth and Agar–agar 
were purchased from Sigma-Aldrich.

Preparation of Plant Extract

The Nymphae odorata extract was used based on cost effec-
tive, eco-friendly and ease availability/processing. The plant 

Fig. 1   Synthesis of silver nanoparticles by using plant extract



1414	 Journal of Polymers and the Environment (2021) 29:1412–1423

1 3

leaves were washed with deionized (DI) water to get rid of 
impurities and cut into fine pieces. Then the leaves were dried 
in a hot air oven at 90 °C for 2 h. After that, the dried leaves 
were powdered and 1 g of powdered was added to 50 mL of 
DI water and then the system was boiled with water bath at 
95 °C for 2 h. Finally, the stewed solution was filtered through 
Whatman No. 1 paper and the filtered solution was stored in 
the refrigerator for further experiments.

Synthesis of AgNPs

For the synthesis, the prepared plant extract was used as a 
reducing/stabilizing agent for the process of bioreduction. 
1 mM aqueous AgNO3 solution was prepared in an Erlen-
meyer flask and 10 mL of the prepared 1 mM AgNO3 solution 
was added with 1 mL (10:1 ratio) of plant extract. Then the 
mixed solution was kept in a water bath at 95 °C for 5 min 
(Fig. 1). The reduction of Ag+ to Ag0 was confirmed by the 
colour change from pale light to yellow, finally, it was set-
tled as a reddish-brown colour solution. This bioreduction 
was due to the plant extract which acts as both stabilizing and 
reducing agent and this leads to the formation of AgNPs. It 
is well acknowledged that AgNPs showed yellowish-brown 
colour due to excitation of SPR (surface plasmon resonance) 
in AgNPs, and this was confirmed by UV spectroscopy.

Preparation of AgNPs Loaded Films

Solvent casting method was used for the preparation of AgNPs 
incorporated sodium alginate (SA) composite films (Fig. 2). 
For preparing SA composite film, 2 wt% of SA powder was 
dispersed in DI water and then stirred with the magnetic stir-
rer at 70 °C/30 min. Next, a few drops of glycerol were added 
to the solution and stirred for 10 min. Glycerol was used as a 
plasticizer to avoid the premature breaking of the film. There-
after, the well-dispersed solution was used to cast the film 
layered on a glass plate, then casted film was dried at room 
temperature for 24 h, after that the film was placed in the oven 
at 45 °C/10 min. Finally, 5% of the ZnCl2 solution was added 
to the dried film for cross-linking (1 h), to eliminate the traces 
of ZnCl2 solution and the film was washed with DI water. 
Similarly, AgNPs incorporated films were prepared by mixing 
an equal amount (1:1) of SA and AgNPs solution and cast. The 
prepared films have a smooth surface with average thickness 
as you can observe in Table 1 and it does not have bends or 
breaks as you see them in Fig. 3.

Characterization Techniques Used

Morphological Analysis

The morphology of the biosynthesized AgNPs was charac-
terized by TEM. The prepared AgNPs solution was soni-
cated in hot water for 30 min. The prepared sample one drop 
was placed on carbon-sputtered copper grids and allowed to 
dry. TEM analysis was performed by the JEM-2100F instru-
ment at the voltage of 200 kV. AgNPs incorporated (WE) 
film surface morphology and dispersion of nanoparticles 
was characterized by the FE- SEM Model JEOL 7610F. 
AFM images of WE film were taken by Alpha 300 RA AFM 
& RAMAN at scan rate 1 Hz and tapping mode used.

Spectrophotometry Analysis

Bio reduced AgNPs and SA composite films were charac-
terized by the instrument Cary 5000 UV–Vis-NIR spectro-
photometer (scanning range 200–800 nm). Equal amounts 
of the solution (2.5 mL) were taken and the film sample 
was taken directly and the entire sample was analyzed at 
room temperature. The FTIR measurements were taken by 
SPECTRUM 400 scan range 4000 to 400 cm−1, AgNPs solu-
tion was taken directly and similarly, WE film also analyzed 
to identify the chemical structure and potential interactions 
between sodium alginate and AgNPs.

Contact Angle Measurement

The contact angle measurement was characterized by SEO 
Phoenix. For this, the prepared alginate and AgNPs incor-
porated films cut into 1 × 3 cm pieces and positioned on the 
stage. The sessile drop method was performed, DI water 
using as a reference liquid.

Mechanical Strength

The mechanical properties of ALG and WE films were 
measured using UTM (Tinius Olsen) model H 50 KT, size 
of film samples were used 1 × 3 cm at 1 mm/min crosshead 
speed using 100 N load cell. By analyzing the elongation 
break percentage, tensile strength and Young’s modulus are 
measured.

Table 1   The composite film’s thickness and water sensitivity test val-
ues

Samples Thickness 
(mm)

Moisture (%) Solubility 
(%)

Absorption 
(%)

ALG 0.174 ± 0.008 46.50 ± 2.32 18.46 ± 0.92 48.92 ± 2.4
WE 0.162 ± 0.008 47.78 ± 2.38 15.58 ± 0.77 64.08 ± 3.2
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Films Physical Properties

Film thickness was measured by a digital vernier calliper 
with 0.001 mm accuracy, for each film sample, five readings 
were taken at different positions.

For the Water Sensitivity Tests

To measure the moisture content of the films, samples were 
initially weighed (M0) and then dried in a hot air oven at 105 

°C/24 h (M1). Total moisture content was measured by the 
equation following equation;

All film samples were dried in a hot air oven for removing 
the moisture at 105 °C for 24 h. After that, the dried films 
were weighed for initial mass (W0), to measure the water 
solubility the dried films were immersed in distilled water 

(1)Moister content(�) =
M1

M0

× 100

Fig. 2   A schematic diagram of sodium alginate and AgNPs incorporated films preparation

Fig. 3   Optical images of 
prepared a neat sodium alginate 
(ALG) and b AgNPs incorpo-
rated alginate (WE) films
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and placed on the magnetic stirrer (100 rpm) at 25 °C for 24 
h. Then the films were again dried in a hot air oven at 105 °C 
for 24 h for taking final weight (W1) of the films.

For swelling and absorption studies, the dried films were 
kept in DI water at room temperature. The wet samples were 
taken out and removed the excess water with the help of fil-
ter paper and reweighed (W1). For swelling studies, different 
time intervals were considered and for absorption studies 
only 24 h required. The amount of the water absorbance was 
calculated by the given equation;

where W0 is an initial weight and W1 is the final weight.

Antimicrobial Activity

Antimicrobial activity of the both biosynthesized AgNPs 
from plant extract and AgNPs incorporated sodium alginate 
(WE) film was examined for their inhibitory effects on the 
growth of the microorganisms. The antimicrobial study was 
evaluated using two types of bacteria such as Escherichia 

(2)Water soluble(WS) =
W0 −W1

W0

× 100

(3)Swelling and absorption =
W1 −W0

W0

× 100

coli (Gram-negative) and Staphylococcus aureus (Gram-
positive). The microbial study was investigated by two meth-
ods such as nutrient agar well diffusion method for AgNPs 
and disc diffusion method for WE composite film. The tested 
microorganisms were swabbed uniformly on nutrient agar-
agar plates using the sterile cotton swab and 4 wells were 
created on every plate with 6 mm diameter. The prepared 
AgNPs were poured into wells of 25 µl, 50 µl, 75 µl and 
100 µl concentration of solutions. Similarly, AgNPs loaded 
composite film cut into small pieces and placed on the 
swabbed surface of the plate. Then the agar plates were incu-
bated at 37 °C/24 h for growing microorganism and bacteria 
cultures. Finally, the diameter of zone inhibition (ZOI) was 
measured.

Result and Discussion

Morphological Studies

HR-TEM is a widely used technique to measure the nano-
particle size, and it provides information on the morphol-
ogy of nanoparticles. The surface morphology of biore-
duced AgNPs from Nymphae odorata plant extract images 
are shown in Fig. 4. It was observed that the synthesized 
AgNPs in a spherical shape and the particle size range 

Fig. 4   HR-TEM images a, b of AgNPs from plant extract, c SEAD pattern shows the crystalline nature of the AgNPs and d  Image J graph 
showed the particle size
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is 15 ± 5 nm. In Fig. 4d Image J analyzer has revealed 
the diameter of NPs of approximately 20 nm. Figure 4c 
shows SEAD patron of AgNPs which showed the crys-
talline nature of NPs. Also, the TEM images depict that 
the maximum number of AgNPs approximately having a 
spherical shape with soft boundaries and few NPs have 
anisotropic structures with asymmetrical counters. It can 
be seen that most of the AgNPs are in close physical con-
tact but separated by uniform interparticle distance [44]. 
The NPs were enclosed with other materials by pale light 
layer, it is because that the plant extract has also worked 
as a capping agent. In the TEM images, it is evident that 
the biosynthesized AgNPs does not show any aggregation 
[45].

SEM technique has revealed about the dispersion of 
NPs, size, surface morphology and the difference in the 
film morphology due to the cross-linking. By this tech-
nique, biosynthesized WE film was analyzed and the result 
is shown in Fig. 5. The WE film was showed a rough sur-
face and uniform dispersion of AgNPs on the polymer 
matrix. As we can observe that the alginate film surface 
was mostly covered with AgNPs. Moreover, AgNPs size 
was increased in the polymer matrix, because of the sur-
face of the particles was coated with alginate. The mor-
phology also exhibited the existence of AgNPs with dis-
similar shape and some aggregation in the film surface 
[46, 47].

Topographical images of WE film was performed by 
AFM to observe the surface roughness, presence of parti-
cles, dispersion and the size of AgNPs. The surface topog-
raphy of the prepared AgNPs loaded film image is shown 
in Fig. 6. The direct observation of the AFM image showed 
the size of the NPs of about 21 nm. From the 3D image, 
it exhibited the uniform growth direction of the particles 
and it was demonstrated that the AgNPs well-dispersed 
on the film surface. The obtained data from AFM was 
well corroborated with our TEM and SEM analysis. The 
fabricated film morphology depended on different factors 
like polymer solubility, the composition of the surface, 
solvent evaporation, molecular weight and thickness [48].

Spectroscopy Analysis

AgNPs were formed by the reduction of Ag+ into Ag0 with 
the addition of Nymphae odorata extract to the 1 mM silver 
nitrate solution. UV–visible absorption spectroscopy is a 
good technique to demonstrate the presence of NPs. Fig-
ure 7a shows the UV spectrum of prepared AgNPs. Here 
plant extract act as both capping and reducing agent, AgNPs 
exhibits yellowish-brown due to excitation of SPR (surface 
plasmon resonance) in AgNPs. It is well known that any type 
of plant extracts mixed with silver nitrate we can observe the 
colour changes which indicates the development of AgNPs. 
Most of the literature reported the reaction between AgNO3 
and plant extract [49, 50]. AgNPs have electron density 
around them, which gives rise to SPR absorption band, due 
to the combined vibration of AgNPs in resonance with the 
light wave. Previous studies have been shown that the NPs in 
spherical shapes contribute the absorption bands at 400–420 
nm [51]. AgNPs UV spectrophotometer gives the λmax value 
at 400–430 nm. The UV spectrum of AgNPs has a sharp 
absorbance peak at 415 nm. The absorbance peak increases 
with increasing the reduction time, the colour changes were 
observed from yellow to reddish-brown and this colour was 
stable. This colour deviation caused by the excitation of 
a metal nanoparticle of SPR. The broad absorption peak 
at 400–430 nm obtained between 10 and 40 min reaction 

Fig. 5   FE-SEM micrographs of WE composite film a, b AgNPs incorporated Alginate film, c cross-section

Fig. 6   3D morphology of AgNPs incorporated film
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time becomes narrow as the time of reaction increased with 
increase in absorbance spectra. As the reaction time is pro-
longed there will be an increase in the number of particles 
present in the solution with uniform size distribution [9]. To 
understand this phenomenon, a schematic representation of 
surface plasmon oscillation under the effect of an electro-
magnetic field and surface plasmon vibrations excitation of 
AgNPs was reported in Ref. [52].

UV absorption and transmission spectrum of prepared 
WE film was also characterized by a spectrophotometer in 
the range of UV visible light. The present technique was 
used to observe the silver peak in WE composite film and 
their absorption and transmission spectrum (Fig. 7b). WE 
composite film exhibited absorption band of AgNPs wave-
length at 420 nm, which is a typical SPR band and it showed 
that the presence of NPs on the composite film. The control 
composite film did not show any absorbance/transmittance 
values.

In the present study, the IR spectrum was performed to 
identify the functional groups of biosynthesized AgNPs and 
interaction of silver nitrate and phytochemicals (Fig. 8a). 
AgNPs showed intensive peaks at 3325, 2110, 1634, 1365 
and 1216 cm−1. The peak at 3325 cm−1 showed the presence 

of O–H groups, 2110 cm−1 shows the presence of C≡C 
Terminal alkyne, 1634 cm−1 are the stretching vibrations 
of C=O, C=C and carbonyl group. The band appearing at 
1365 cm−1 was due to the presence of C–O ester sulfate 
group, and 1216 cm−1 exhibits the presence of C–H aro-
matic group. The peak shift and intensity distribution were 
also studied. The present result suggests that the proteins are 
interacting with the AgNPs and also the structures were not 
be affected by the reaction with Ag+ ion after binding with 
AgNPs. FTIR study recommended that the hydroxyl groups 
of phenols and amide groups of proteins from plant extract 
forming a layer to the NPs and acts as a capping agent. Also, 
it gives stability and prevents agglomeration in the medium 
[15, 53].

FTIR spectrum of prepared composites such as neat algi-
nate and AgNPs incorporated alginate films exhibited dis-
tinctive peaks in the range of 4000–400 cm−1. The interac-
tion between the alginate and AgNPs were identified and it is 
shown in Fig. 8b. FTIR analysis of pure alginate (ALG) film 
shown the absorption peak at 1908 cm−1 and this peak corre-
sponds to an asymmetric C=C band. The WE film spectrum 
showed the presence of peaks at 1647, 1415 and 1020 cm−1. 
The peak around 1647 cm−1 is the stretching vibration of the 

Fig. 7   UV peak absorbance of a  biosynthesized silver nanoparticles 
in different periods, b Alginate and AgNPs incorporated films Fig. 8   FTIR analysis of a AgNPs from plant extract, b peak informa-

tion of alginate and AgNPs incorporated films



1419Journal of Polymers and the Environment (2021) 29:1412–1423	

1 3

conjugated peptide band formation of (NH2) amine group. 
The band at 1415 cm−1 corresponds to the –OH group of 
the primary alcoholic group. The sharp absorption peak at 
1020 cm−1 is attributed to the C–N stretching vibration of 
aliphatic amines or alcohols or phenols representing the 
presence of polyphenols.

Contact Angle

The water contact angle was carried out to measure the 
hydrophilicity/hydrophobicity of ALG and WE film, the 
degree of contact angles is shown in Fig. 9. ALG film con-
tact angle was 42°, which indicates the film surface having 
hydrophilic nature because it contained a huge quantity of 
carboxyl and hydroxyl groups. For the AgNPs incorporated 
WE film contact angle displays 54°, this was the good indi-
cation when compared to ALG film and it clears that the WE 
film has better contact angle after adding NPs. The contact 
angle of the ALG film was not changed significantly when 
AgNPs incorporated into the alginate film angle increased 
considerably. The increased contact angle of WE composite 
was mainly due to the AgNPs hydrophobic metallic nature 
of silver [54].

Mechanical Analysis

The mechanical properties of the polymer composite films 
are usually measured by the tensile strength, elongation 
at break and modulus. These are generally used to calcu-
late the film flexibility, strength and stiffness. Mechanical 
properties are an important characterization technique for 
testing films and it could be used as an indicator of the 
film to maintain the strength, integrity and towards resist-
ing ecological stress throughout various applications. The 
stress–strain curve behaviour of the ALG and WE films 
are shown in Fig. 10. ALG film shows high tensile strength 
29.1 ± 1.4 MPa and low elongation at break 1.3 ± 0.06. WE 
film shown 17.6 ± 0.9 MPa tensile strength and elongation at 
break 9.01 ± 0.9. The tensile strength of WE compared was 
with ALG film and it exhibits the strength of the WE film 
was significantly decreased. The decreased tensile strength 

at high concentration was due to the formation of voids and 
cracks in the polymer matrix caused by the agglomeration 
of NPs and at the same time elongation was increased. This 
might be caused by the reduction in intra and inter-molecu-
lar chain interaction of alginate due to the incorporation of 
AgNPs. The addition of AgNPs into these films reduces the 
interaction between the polymer chains as large numbers of 
–OH groups and –COOH groups of alginate is presumably 
complexed with AgNPs and will not be available for the 
polymer–polymer interaction. Similar mechanical proper-
ties were reported by Shankar at al. [55] with agar/AgNPs 
and gelatin/AgNPs composite films. The presence of AgNPs 
imparts increased elongation at break with compromising 
the tensile strength. This result shows the good flexibility of 
the developed composites.

Physical Properties of Films

Film Thickness

Thin films were obtained by mixing of alginate and AgNPs 
solution and cast on the mould. The ALG film was appeared 

Fig. 9   Contact angle measure-
ment of the films a Neat algi-
nate, b AgNPs incorporated

Fig. 10   Stress–strain curves of the prepared composite films
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to be grey in colour and the WE film showed a light brown 
colour (Fig. 3). ALG film thickness was 0.174 mm and WE 
film was 0.162 mm, ALG film has the highest thickness 
when compared to WE film. It means ALG film has more 
alginate concentration so the thickness was increased and 
WE film has less thickness when compared with ALG as 
you can see in Table 1. This was attributed to the degrada-
tion of alginate and the strong interaction of both ALG and 
WE composite films.

Water Sensitivity Tests

Films moisture content was reported in Table 1. Both com-
posite films had similar moisture contents and after the 
incorporation of AgNPs, there was a slight increase in the 
moisture percentage. The water content of the ALG film 
46.5 ± 2.3 after incorporation of AgNPs moister content 
slightly increased. This was due to the strong interaction 
between AgNPs and alginate polymer matrix. This was also 
observed in the mechanical properties.

ALG and WE film water solubility were determined to 
evaluate the water resistance and it is the essential applica-
tion for drug release studies. The solubility of ALG film 
(18%) was found to be higher when compared to WE film 
(15%). The solubility of ALG films was increased due to 
the presence of hydrophilic groups. After incorporation 
of AgNPs solubility of the film slightly decreased, it was 
around 15%. This was because of the formation of AgNPs 
between bound Ag+ ions and carboxyl groups on the surface 
of the WE film. The film samples water solubility was deter-
mined for 24 h at 37 °C.

Table 1 reported that the water absorption capacity values 
of the film, ALG film has shown 48% swelling and the WE 
film showed about 64%. After incorporation of AgNPs into 
film water absorption increased, the results showed that the 
film capacity to absorb water is dependent on the pH value 
of the medium and the decrease of pH is associated with a 
decrease in the films’ water uptake. Alginate is protonated 
into insoluble forms of alginic acid at lower pH values, 
which influences the swelling degree. AgNPs incorporation 
into the SA film contributes to a slight increase in the films 
water uptake for DI water media [56, 57].

Alginate films were subjected to swelling studies with 
distilled water at room temperature. The stability was evalu-
ated and as well as the water uptake capacity of the AgNPs 
incorporated alginate composite in aqueous media. The data 
obtained over a large time period of swelling values, are 
reported in Table 2. The ALG film swelling ratios gradu-
ally increased with respect to the time period but it showed 
less swelling behaviour when compared with AgNPs incor-
porated film. Both ALG and WE composite films at day 7 
slightly dissolved in water and also WE film absorbed high-
est 130.2%. ALG film showed maximum 117.2% at day 5 

after that it gradually lost the water uptake capacity also 
stability.

Antimicrobial Study

Many researchers have been reported that the biosynthesis of 
AgNPs from plant extracts including Tulsi [58], Lemongrass 
[59], and Banana peel [60] etc. [11, 61]. Biosynthesized 
AgNPs antimicrobial activity was evaluated by well diffu-
sion method and Escherichia coli, Staphylococcus aureus 
pathogenic microorganisms were used. The antibacterial 
activity of AgNPs was good and evaluated by the zone of 
inhibition (ZOI) (Fig. 11). Table 3 indicated that the large 
ZOI was formed with an increase in the concentration of 
AgNPs. ZOI diameter of E. coli, S. aureus was (14–16 mm) 
and (16–18 mm), respectively. The high bactericidal activity 
of AgNPs is caused by their particularly bigger shell region 
which provides improved interaction with the bacteria [62]. 
Moreover, AgNPs work as reservoirs for the Ag+ as bacte-
ricidal agent [60].

The antibacterial activities of SA composite films were 
characterized by disc diffusion method, two types of micro-
organisms used such as S. aureus and E. coli. The activity 
was evaluated by measuring the ZOI (Fig. 12). According 
to the obtained result, WE film showed increased activity, it 
might be due to the interaction between the positive charge 
of the alginate with the negative charge on the cell member 
of the bacterium, causing the leakage of intermolecular con-
stituents and cell death [63]. WE film shown good antimi-
crobial activity against two pathogenic bacteria and ZOI of 
E. coli was 14 ± 0.07 mm and S. aureus was13 ± 0.06 mm. 
It was based on the measurement of the ZOI caused by the 

Table 2   Water swelling degree of prepared composite films

Samples Day 1 Day 2 Day 5 Day 7

ALG 48.9 97.8 117.2 105.9
WE 64 73.2 81.6 130.2

Fig. 11   Biosynthesized AgNPs microbial activity at different concen-
tration
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antimicrobial agent present in the film [64, 65]. The main 
mechanism is that the metallic AgNPs act together with the 
outer membrane of bacteria causing structural changes and 
distraction of the bacteria. And another reason is that AgNPs 
due to its smaller particle size, it easily penetrates the bacte-
rial cell more effectively. Thus, AgNPs prepared by natural 
medicinal plants extract might be a good antibacterial bio-
resource with potential application in biomedical and the 
related areas.

Conclusions

In this study, we have developed a low-cost, one step and 
eco-friendly method as per the green chemistry principles 
and it is represented as a non-toxic method. The present 
report emphasizes the use of phytochemicals for AgNPs 
synthesis as well as the incorporation of AgNPs into the SA 
films. Alginate plays a vital role, it works as Ag+ reducing 
and stabilizing agent, but in the present work, we used as 
a polymer matrix. The prepared AgNPs incorporated into 
SA film were characterized by physicochemical methods. 
Mechanical properties and water sensitivity properties have 
been enhanced after the formation of alginate composite 
with AgNPs. Because of the proper selection of AgNPs as 
filler on the polymer matrix, they showed improvement in 
the water sensitivity, mechanical properties as well as it has 
an excellent antimicrobial activity. The prepared compos-
ite film showed excellent antimicrobial activity against two 
microorganisms such as E. coli and S. aureus. The present 
approach of synthesis of Ag NPs utilized green chemistry 
principles and thus, films prepared from as-synthesized 
NPs can potentially be used for food packaging, like wound 

dressings, graftings onto various implants and several other 
biotechnological and biomedical applications.
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