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In the current research work, active films were made from potato starch (PS) and AgNP solution comprising of silver nanoparticles
(AgNPs) and rose apple extract (RE) via the casting method at various concentrations. AgNP solution in the PS matrix significantly
altered the physical properties such as opacity, water vapor permeability mechanical property, solubility, and swelling index of the
films. The influence of AgNP solution on the properties of the films was deeply examined. The results found that the 15% AgNP
solution films exhibited better physicochemical properties. The presence of AgNP solution in the PS matrix significantly improved
the properties of active films which is evident from the results of FTIR and SEM. Results show that AgNPs and PS were uniformly
mixed and formed continuous and homogenous films without bubbles and cracks. In addition, the AgNP solution in the films
significantly improved the antibacterial activity against S. aureus than P. aeruginosa in the films.

1. Introduction

Excessive use of packaging materials derived from petroleum-
based sources for a wide range of applications such as food,
pharmaceutical, and other applications have led to environ-
mental degradation and pollution. Worldwide, scientists focus
on developing environmentally friendly and cost-effective
polymeric materials which can potentially replace synthetic
polymers [1]. Therefore, the sustainable packaging materials
derived from various natural polymers such as cellulose,
starches, proteins, and lipids have gradually attracted scien-
tists’ and academicians’ attention and they have successfully
utilized them to develop biodegradable packaging materials
[2]. Many studies have been published on natural polymers
like proteins, lipids, and starch to create biodegradable pack-
aging materials [3, 4]. Starch-based packaging materials
attracted particular attention due to their abandoned nature

and excess availability, excellent film-forming property, biode-
gradability, low cost, and nontoxic nature. However, starch
does not show the significant functional properties required
for selective applications [5]. Hence, an attempt has been
made to incorporate AgNPs along with the starch matrix for
boosting the functional properties of the film, quality, and
eventually shelf life of food materials.

Reinforcing agents, including nanofillers with high sur-
face area, exhibit excellent interactions within the polymer
matrix which was found to improve the functional proper-
ties of the polymers. In the last few years, many nanofillers,
including ZnO, TiO2, ZnO, and AgNPs, have been tried to
develop nanocomposite materials with improved functional
properties like mechanical, optical, moisture resistance, and
antibacterial [6]. This nanofiller imparted the strength of
the films and confers the power to fight against microorgan-
isms, which unfold the ways for creating cost-effective food
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packaging materials [7]. Some works of literature have sug-
gested that nanofillers enhanced the fundamental properties
of the nanocomposite materials and added new features like
antioxidants and antibacterial [8, 9]. Recently, some studies
in the literature suggested that adding plant extracts enhanced
the functional properties of the natural polymer-based films
which helped extend the shelf life as well as the quality of food
but improvement in functional properties still remains a chal-
lenge [10–12]. To prepare nanoparticles, either the chemical
or the green method was used. Both techniques show some
advantages in themselves. But the toxicity problem cannot be
obviated in the chemical method. In the green process, reduc-
ing agents used in the green process come from the plants. It is
also noted that the green technique is more economical than
the chemical method [13].

However, we preferred the green approach to prepare the
AgNP solution using guava leaf extract as a reducing agent in
the present work. As a reducing agent, different parts of guava
(Psidium guajava L.) have been utilized traditionally to treat
various diseases, including gastroenteritis and diarrhea. Many
works have shown that the quercetin content in leaf extract in
flavonoids acted as an excellent antibacterial activity [13].
AgNPs have various applications, like sensors, wastewater,
and pharmaceuticals [14]. Therefore, if AgNP solution is
added to PS films, it shows excellent antibacterial activity
and functional properties, owing to their AgNPs, flavonoids,
and polyphenol contents. In the current study, we prepared
PS films with AgNP solution and evaluated functional proper-
ties. In addition, the applicability of the prepared films as an
antibacterial packaging material was assessed by evaluating
the antibacterial activities of the films [15].

2. Materials and Methods

2.1. Materials. PS, calcium chloride, sorbitol, antibiotics
(rifampicin), bacteriological agar, and silver nitrate were
obtained from Loba Chem, HiMedia, and Nice Chemicals
(India). Bacterial strains such as P. aeruginosa and S. aureus
were obtained from the CSIR-Institute of Microbial Tech-
nology (IMTECH), Chandigarh, India.

2.2. Methods

2.2.1. Synthesis of AgNP Solution. AgNP solution was pre-
pared according to Kumar et al. (2017) who reported the
ecofriendly method. AgNO3 solution (0.01M) and RE were
initially mixed using a magnetic stirrer. After a few minutes,
silver nanoparticles (AgNPs) started forming in the solution.
Because of this, the color of the solution changed from deep-
brown to light-yellow. Standard approaches were utilized to
isolate AgNPs from the solution.

2.3. Characterization of Silver Nanoparticles. Characteriza-
tion of AgNPs was carried out by using visual observation
and also various techniques. Reaction progress was moni-
tored with time using a UV–visible spectrophotometer (Shi-
madzu, UV-2600) in the wavelength range (λ) 400–450nm.
The XRD analysis of biosynthesized AgNPs was studied
using an X-ray diffractometer (XRD) (X’Pert PRO, Panalyti-
cal, Netherlands) with Cu Kα radiation (λ = 0:1546 nm) in

the 2 theta (10°–90°). Identification of an interaction
between molecules in the solution was analyzed by using a
Fourier transform infrared spectroscopy (Shimadzu-8400,
Japan). The FTIR spectrum was taken at a spatial resolution
of 4 cm−1 in the reflectance mode, between 4000 cm−1 and
500 cm−1. The shape of AgNPs and distribution was studied
by using FESEM in scales of 500 nm and 10nm.

2.4. Fabrications of the Films. Green synthesized AgNPs were
mixed into 100mL of RE according to the reported study by
[16] to prepare the AgNP solution. Different concentrations
(5%, 10%, 15%, and 20% v/v) of AgNP solution were inte-
grated into the starch solution (3% w/v), designed according
to the reported method by Gautam et al. [17]. A magnetic
plate was used to heat solutions at 90 ± 1°C for 30 minutes.
Solutions (15mL) were cast into the plastic plates and dried
at room temperature. After peeling, prepared films were stored
in an airtight bag at room temperature.

2.5. Thickness. Five random locations were marked on the sur-
face of the film to measure the thickness using a digital
micrometer (Mitutoyo, Japan) with an accuracy of 0.001mm.

2.6. Moisture Content (MC). Integrated moisture in the micro-
structure of the samples was investigated and represented in
terms of MC. Initially, the weight (Wi) of the sample was
noted down and then kept at 105 ± 1°C for 24 h. The weight
of dried samples was again measured (Wf ). Variations in the
samples’ weight were represented in terms of the moisture
content and determined using equation (1) as follows:

Moisture content %ð Þ = Wi −Wf

Wi
∗ 100, ð1Þ

where Wi and Wf are the initial weight and dried weight of
film samples, respectively.

2.7. Solubility (S). First, all dried samples with the initial weight
(W0) were soaked into water and kept at 25 ± 1°C for 24h.
Insoluble samples were carefully drained from the water and
again held at 105 ± 1°C for 24h and again weighed (W1).
Finally, the Swas estimated according to equation (2) as follows:

S %ð Þ = W0 −W1
W0

∗ 100, ð2Þ

where W0 and W1 are the initial dried weight and insoluble
sample weight, respectively.

2.8. Water Vapor Permeability (WVP). WVP of the films
was determined according to ASTM E96/E96M-16. In short,
the mouths of modified glass beakers (1.2 cm diameter and a
depth of 4.5) filled with dried calcium chloride (105 ± 1°C
for 24h) were closed with the samples and firmly sealed
using vacuum grease. All beakers are shifted into a desicca-
tor. The desiccator partially filled with distilled water was
again moved into an oven and kept at 25 ± 1°C. Any changes
in the weight were noted down in the fixed time scale. WVP
of the samples was evaluated using equation (3) as follows:
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WVP =
ΔW/tð Þ ∗ X
A P1 − P2ð Þ , ð3Þ

where ΔW/t is the rate of weight gain, x is the film thickness,
A is the sample area, and P1 − P2 is the pressure difference
across the modified glass beakers.

2.9. Opacity. The opacity (OP) of the samples was estimated
using a Hunter Lab Colorimeter (ColorFlex EZ, Hunter Lab,
and the USA). Calibration was done using white and black
plates. OP was determined using equation (4) as follows:

OP =
OPw
OPb

∗ 100, ð4Þ

where OPb and OPw are opacity at black and white back-
grounds, respectively.

2.10. Swelling Index (SI). Predried samples with the initial
weight (MD) shifted into a beaker containing distilled water
at 25°C for 2min. Excess moisture from the wet samples was
carefully withdrawn. The weights of wet samples were again
measured and represented as a Ms. The SI% was measured
using the following equation (5) as follows:

SI %ð Þ = MS −MD

MD
∗ 100: ð5Þ

2.11. Mechanical Property. Mechanical properties of the
films were estimated according to modified ASTEM D
882-91 using a calibrated Texture Analyzer (TA) (XT Plus,
Stable Microsystems). Prepared samples were mounted one
by one between the test holder grips. Mechanical grip sepa-
ration, crosshead speed, and load cell were fixed to 50mm,
0.5mm/min, and 5 kg, respectively. Maximum strength
(MS) and elongations at break (E%) were measured accord-
ing to equation (6) as follows:

Maximum strength =
F
A
,

Elongation at break =
X1 − X2

X1
∗ 100,

ð6Þ

where F,A, X1, and X2 are the maximum force, the area of
film, the initial, and final gapes in grips, respectively.

2.12. Hydrophilicity. The sessile drop technique measured
the films’ contact angle (CA). According to the approach, a
5μL water droplet was kept on the surface of the films.
Droplet images were then captured which was utilized to
calculate the CA.

2.13. UV–vis Spectroscopy. A UV–visible spectrophotometer
(Shimadzu, UV-2600) was used to record UV-vis spectra of
films. The spectra in the range (λ) of 200–700nm were taken
of the films.

2.14. FTIR Analysis. FTIR spectra with a resolution of 4 cm−1

in the range of 400–4000 cm−1 were evaluated to investigate
the possible interactions in the films.

2.15. XRD Analysis. The XRD analysis of the film was
recorded using an X-ray diffractometer (XRD) (X’Pert
PRO, Panalytical, Netherlands) with Cu Kα radiation
(λ = 0:1546 nm) in a 2 theta range from 10° to 90°.

2.16. SEM Analysis. An SEM (JEOL JCM-6000 Benchtop,
JEOL Ltd., Japan) was employed to study the changes in
the microstructure in the films. Images were captured in
the magnification range of 200–1000 cm−1 with a spot size
of ~2nm. An accelerating voltage of 10 kV during the exper-
iment was maintained throughout.

2.17. Antimicrobial Activity of the Films. The antimicrobial
activity of the PS film with AgNP solution against P. aerugi-
nosa and S. aureus was studied with an agar plate diffusion
approach, as reported by Kumar et al. [18]. For this purpose,
film-forming solution (200mg/mL) was poured into a well
(6mm diameter) on the Mueller-Hinton Agar plate with
105 colony forming unit (CFU)/ml cell density which was
incubated for 24 h at 37°C. The antibacterial effect of the
film-forming solution was estimated in terms of the diame-
ter of the inhibition zone.

2.18. Statistics Analysis. The prepared films’ functional prop-
erties, namely, thickness, OP, SI, MC,WVP, MS, and E%,
were studied using Origin 8 Pro. The difference at P = 0:05
was assumed to be significant.

3. Results and Discussion

3.1. AgNP Characterization. AgNPs were synthesized
according to the reported approach by [18] using plant
extract as a reducing agent [18]. Identification of biomole-
cules in plant extract which are responsible for the reduction
of silver ions to silver nanoparticles was analyzed using FTIR
spectra as observed in Figure 1(a). The peaks at 3318, 1635,
and 1032 cm−1 were observed in the IR spectra of AgNPs
which are related with the −O-H linkage, which shows an
indication for assuming polyphenols,N-H stretching vibra-
tion in amide groups of protein or C-O deformation in the
alcoholic groups, respectively. The last peaks at 1032 cm−1

indicated that glycoside or ether (C–O–C) groups are pres-
ent in AgNPs. Plant extract contains many functional groups
which are related to flavonoids and carotenoids that are
responsible for the reduction of silver ions into silver nano-
particles. Figure 1(b) indicates the XRD diffraction spectrum
of AgNPs. From XRD results, it was found that the AgNP
spectrum has a face-centered cubic structure. A similar lat-
tice structure pattern was reported by [19, 20]. Four major
peaks at 32.40, 38.29, 46.40, 64.63, and 77.34° were found
which belong to lattice plan values at 111, 200, 220, and
311 [21]. The morphology of AgNPs was captured using
FESEM as shown in Figure 1(c). From the image, we can
observe the uniform distribution of AgNPs which are
approximately spherical, uniformly distributed, and small
agglomeration.
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3.2. Thickness. The PS-based films’ film thickness with various
AgNP solution contents was evaluated, and results are illus-
trated in Figure 2(a). The film thickness of PS and PS with
AgNP solution varied from 0.3mm to 0.7mm. The film thick-
ness of the PS-based films was lifted by adding an AgNP solu-
tion. Our findings agree with the study of Coelho et al. [22],
which mentioned that the film thickness was enhanced as the
concentration of cellulose nanoparticles derived from grape
pomace is increased. A significant change in the film thickness
was observed by incorporating AgNP solution, which might be
related to its nature and composition (AgNPs and RE). In addi-
tion, as the AgNP solution added to the films, solid mass in the
film’s network also enhanced, which also promotes the film
thickness. A similar discussion was presented by Martínez-
Molina et al. [16] for the films made with chitosan Moringa
oleifera leaf extract. Similarly, Ortega et al. [23] demonstrated
that film thickness might be related to the nature and small
nanoparticle aggregation in the starch matrix.

3.3. Moisture Content. The suitability of food packaging
materials for the different environmental conditions
depends on the MC level, and the results are exhibited in
Figure 2(a). The pure PS film was 15:12 ± 0:78%, which
was found to decrease with the increase in AgNP solution.
A marked difference (P < 0:05) in MC of the PS films and
PS films with AgNP solution was observed. Our result is in
line with the earlier work in which the MC of chitosan/gela-
tin films decreased with the increasing concentration of

AgNPs [24]. Similarly, Mohammadian et al. registered that
the MC of the whey protein film was greatly diminished by
enriching nettle leaf extract [25]. Reduction in the MC with
the addition AgNP solution is related to the hydrogen bonds
with starch’s hydrophilic sites, limiting the interaction
among the starch and water molecules [26].

3.4. Swelling Index. The film’s water sorption ability is
dependent on the polymer’s hydrophilicity property and
compactness. Changes in SI values with AgNP solution are
illustrated in Figure 2(b). According to Figure 2(b), the pure
PS film was soaked more water than PS-based film-loaded
AgNP solution. SI values declined significantly (P < 0:05)
when AgNP solutions were added, caused by attaching
hydroxyl groups in starch with water. A similar phenome-
non was noticed in the study of chitosan/ZnO nanocompos-
ite films [27]. Similar trends and discussions were also
reported in published work [28]. AgNP solution in the films
blocked the hydrophilic sites due to its hydrophobic nature.
Consequently, free hydrophilic sites’ availability for water
interaction was reduced, decreasing the SI [29].

3.5. Opacity. The OP is a crucial feature of packaging films
that protect light-sensitive food materials from UV and light
radiation. Moreover, it also influences the market and cus-
tomer acceptability of food materials. Figure 2(b) presents
the OP values of the PS-based film and active films. The OP
of the PS-based films enhanced follows the incorporation of
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Figure 1: Characterization of biosynthesized AgNPs. (a) FTIR spectra. (b) XRD spectrum. (c) SEM micrographs.
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AgNP solution, which might be related to the active functional
groups in the AgNP solution. However, the AgNP solution in
the PSmatrix significantly (P < 0:05) altered the film’s opacity.
Kang et al. [30] described the films made with gum arabic and
cellulose nanocrystal. They showed that the nanocomposite
films’ OP improved following the addition of nanocrystal.
Andrade-Pizarro et al. [31] reported similar explanations
and trends, where the cellulose nanofibrils improved the opti-
cal property of the gelatin film. Improvement in the film’s OP
could be related to diffusion in light reflection by sunk AgNP
solution in the PS-based film [32].

3.6. Solubility. The WS values of the neat PS and PS-based
films with AgNP solution are exhibited in Figure 2(c). From
the results, the WS of the active film revealed an increase in
most of the films with AgNP solution. PS film has the high-
est WS values than active films, and solubility declines with
the increase in AgNP solution content. Furthermore, WS
values of the active films slightly dropped if the AgNP solu-

tion amount was added more than 15 v/v %. Few studies
showed that the cellulose nanocrystal in starch films
decreased the WS than neat starch films [22]. The results
revealed a remarkable (P < 0:05) decrease in the active films’
WS compared to the PS neat film. Kochkina and Butikova
[7] discussed similar findings and trends, who found a
decrease in the solubility of gelatin films added with AgNPs,
and Ortega et al. [24] noticed a decrease in the solubility of
the starch film added with AgNPs. Hydrophobic compo-
nents in AgNP solution can develop the interaction with
starch chains and alter the nature of the films, resulting in
the development of active films with lower solubility [26].

3.7. Water Vapor Barrier Property. WVP plays a pivotal role
in preserving the food quality and shelf life during storage
and transportation. It should be as low as possible. WVP
values of the neat PS-based films and active films are dis-
played in Figure 2(c). PS film reveals the highestWVP values
compared to the active films, thereby matching the trend
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Figure 2: Impact of AgNP solution. (a) Thickness & MC, (b) SI & OP, (c) WS & WVP, and (d) MS and E.
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and discussion with earlier work reported by Yan et al. [32].
A synergistic (P < 0:05) change was observed inWVP values
of the PS-based film and active film. A similar explanation
and trend were discussed in a published work by Rhim
et al. [33], who stated that WVP values of the films dimin-
ished with nanoparticles. However, the WVP of the films
slightly enhanced with further incorporation of AgNP solu-
tion, which might be related to aggregation AgNPs in the
polymer matrix, causing alteration in the matrix channels
[34]. The possible explanation could be that RE improved
the PS films’ crystallinity, reducing the WVP [35].

3.8. Mechanical Property. The MS and E% values of the PS-
based films with varied AgNP solutions are illustrated in
Figure 2(d). When various AgNP solution content was
added, MS of the film enhanced significantly (P < 0:05).
While the E% at the breaking point of the films decreased,
which may be associated with compactness/toughness in
the films, it prohibited the motion among the starch chains
[36]. However, with enhancing the contents of the AgNP
solution, MS showed a first increasing and decreasing trend.
Besides, the nanocomposite films still showed good flexibil-
ity compared to PS films. Meanwhile, the AgNP solution
in the PS-based film was able to improve almost all essential
functional properties (Figure 2(d)). Similarly, other litera-
ture on AgNPs to agar [33] and gelatin [37] reported similar
outcomes and trends. Enhancement of the MS of the films
was probably associated with bioactive compounds present
in the extract and nanoscale of AgNPs, which limits the
motions of polymer chains in the films [38].

3.9. Hydrophilicity. The contact angle is the best way to
express the hydrophilic and hydrophobic nature of the PS-
based films and active films. Variation in CA with the various
AgNP solution in the active films is shown in Figure 3. Gener-
ally, a small contact angle demonstrates high hydrophilicity of
the surface and vice versa. In Figure 3, neat PS film exhibits the
lowest CA, indicating a highly hydrophilic surface. With the
addition of AgNP solution, the CA of the PS films enhanced,
which shows that the moisture absorption capacity of the PS
films diminished. Similar outcomes were suggested by [39]
about the effect of the TiO2 content on the hydrophilic nature
of the starch film surface. Outcomes in this work exhibited
that increasing the AgNP solution in the PS matrix improved
the CA of the PS films significantly (P < 0:05). The improve-
ment in the CA of PS films was due to excellent combinations
among the components of the AgNP solution with the PS
matrix. In other words, the elements of AgNP solutions altered
the nature of the PS films from being hydrophilic to being
hydrophobic, mainly due to the excellent dispersion of the
components of AgNP solution in the PS matrix [40].

3.10. UV–vis Spectroscopy. The protection of food materials
against UV light is important for prevention of color change,
undesirable order, and lipid oxidation [41]. UV-vis spectra in
the wavelength range from 200 to 700nm of the PS-based film
and active film are revealed in Figure 4. As exhibited in
Figure 4, the transmittance of the PS film in the visible region
diminished with the increase of the content of the AgNP solu-

tion. A remarkable change in the absorption of a neat PS-based
film and active film in the visible and UV region was noticed.
The light absorption at 280nm of PS films increased linearly
with the AgNP solution. A decrease in the UV transmittance
at 280nm of the active film was seen because of the phenolic
compounds present in the AgNP solution, which are recog-
nized to have UV light absorption capacity as noticed in the
agar films added with banana powder exhibiting UV transmit-
tance [42]. A similar trend and observation were observed [43].
However, absorption of PS-based films enhanced with AgNP
solution in the wavelength range from 200nm to 800nm. But
the difference in peak intensity between PS and PS-based films
with AgNP solution associated AgNP solution content in the
UV-B region (280nm to 315nm). PS-based films with AgNP
solution revealed the highest absorption at the AgNP solution
content (15% v/v). This might occur due to phenolic groups
or AgNPs in the plant extract [12].

3.11. FTIR Analysis. The FTIR spectra of neat PS and active
films are shown in Figures 5(a) and 5(b). The wide peaks
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around 3200 cm−1 noticed in both PS-based film and active
films were due to interactions among the functional groups
of PS and sorbitol (−OH stretching). Another peak which
was around 2900 cm−1 was due to −C-H stretching vibra-
tion. The peaks around 1650 cm−1 are due to the presence
of moisture content in the films. Similar findings and discus-
sions were reported by [44]. The peak at 1065 cm−1 repre-
sents the C-O bond stretching of C-O-C groups [45]. The
peaks at 1338–1148 cm−1 are related to C-OH or amine
groups. The peaks in the range of 800–1000 cm−1 matched
with C-H stretching of residual plasticizer molecules. Com-
pared with PS films, a similar pattern with only high or
low band intensity was observed in the PS-based film with
AgNP solution films (Figure 5(a)). The FTIR outcomes were
similar for both PS films with and without AgNP solution
which shows that the chemical structure of the PS did not
vary by the addition of AgNP solution. Changes in the peak
intensity of PS-based films could be due to physical interac-
tions in hydrogen bonding or van der Waals force among
AgNP solution and the PS matrix [46].

3.12. XRD Analysis. The XRD approach is carried out to
understand the possible changes that occurred in the crystal-
linity of the film following the addition of AgNP solution
(Figures 6(a) and 6(b)). The XRD result of neat PS-based
films illustrates broad peaks around 16° and 22°, connected
with the semicrystalline network of PS. In addition, the
XRD pattern for green synthesized AgNPs, reported in ear-
lier work [18], where peaks at 2θ of 38°, 44°, 64°, 77°, and
81°, were noticed. Figure 6(b) represents the XRD pattern
for PS films enriched with AgNP solution. New characteris-
tic peaks were seen at 32°, 36°, and 46° in the PS-based films
with AgNP solution. Similar outcomes were suggested when
the AgNP content was added in the alginate films [47].
Compared with the neat PS-based films, PS-based films with
AgNP solution peaks were broader, associated with the size
quantization impact of AgNP. Moreover, a slight shift in
the peak position of PS-based films was noticed upon addi-
tion of AgNP solution. An increased peak intensity PS-
based film with AgNP solution showed an increase in struc-

ture compactness and, consequently, an enhancement in
film crystallinity [44].

3.13. SEM Analysis. The SEM technique is used to under-
stand the compatibility between AgNP solution and PS in
the film. Moreover, it gives the picture of how AgNP solu-
tion is distributed in the polymer matrix and results are dis-
played in Figures 7(a)–7(d) and 8). No synergistic variation
in the morphology of all films was observed when AgNP
solution was added. However, some scratches on the surface
of the films were noticed, which might be occurring during
the peeling process. Similarly, Roy et al. [48] confirmed that
the agar-based film becomes more coarse and heterogeneous
with the simultaneous addition of the copper sulfide nano-
particles. The surface of the PS film is slightly smoother than
active films. However, no cracks were noticed in all the
active films. AgNPs are highly compatible with the PS
matrix, promoting the effective stress transfer of the load
to the prepared films. Furthermore, to evaluate the level of
Ag particle distribution in the starch matrix, we have taken
the SEM imaging from the cryofracture surface area.
Figures 8(a) and 8(b) display the resulting cryofracture
SEM images of nanocomposite films in addition from the
film surface. The outcomes obtained from the active films
are in good accord with those described earlier in the litera-
ture [49]. The surface roughness of the film could be related
to high interfacial interactions and the AgNP immobiliza-
tion effect on the PS matrix [50].

3.14. Antibacterial Activity. The antibacterial activity of the
film-forming solution was tested against P. aeruginosa and

Table 1: Antibacterial activity of the AgNP and film-forming
solution.

Strains P. aeruginosa S. aureus

AgNPs 12 7

Active film-forming solution 10 6

Rifampicin (positive control) 5 39

X 20.0kV SEI LM
10 μm JEOL

WD 10.0mm 12:33:50
9/30/2021

5,000

(a)

X 20.0kV SEI LM
10 μm JEOL

WD 10.0mm 13:27:42
9/30/2021

900

(b)

Figure 8: Cryofracture SEM images of nanocomposite films.
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S. aureus microorganisms and outcomes are shown in
Table 1 and Figure 9. Our results displayed that the film-
forming solution demonstrated enhanced antibacterial activ-
ity against P. aeruginosa and S. aureus when compared with
control. Moreover, the film-forming solution displayed a
better inhibition zone against P. aeruginosa than S. aureus.
Similarly, Mohammadian et al. [25] reported that active
films made with whey protein and nettle leaf extract pre-
sented excellent antibacterial activity against Staphylococcus
aureus and Escherichia coli. Lim et al. [51] also suggested
that the antibacterial activity of the alginate-based edible
film was most likely related to its flavonoids in the hawthorn
berry extract. A possible working mechanism of the film-
forming solution with AgNPs might be linked to silver ions.
These silver ions have the ability to get connected to cell sur-
faces thereby disrupting the cell membrane, leading to cell
death [52].

4. Conclusion

The AgNP solution synthesis is considered an eco-friendly
approach due to its nontoxic by-products and chemical reac-
tion. So, the current research is aimed at utilizing Syzygium
samarangense extract for the eco-friendly production of
AgNP solution. According to the solution casting technique,
active films were synthesized from PS and AgNP solution.
Our results disclosed that the active films embedded with
15% AgNPs showed enhanced physicochemical properties
such as MC,WS, SI, WVP, OP, and TS. FTIR results showed
that AgNP solution in the PS matrix induced strong interac-
tions. Furthermore, SEM images displayed that after incor-
poration of AgNP solution, active films become more
compact and homogenous throughout. The active films with
AgNP solution also exhibited excellent antibacterial proper-
ties against P. aeruginosa than S. aureus.
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