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Abstract

Integrating functional agents into food packaging can prolong the serviceable life of products while preserving their
standard and condition, also enhancing their attractiveness. The polyvinyl alcohol (PFLNPs) composite films that were used
in the synthesis of fluconazole nanoparticles (PFLNPs) were produced by the solvent casting technique. The produced PVA
and PFLNP composite films were characterized to examine morphology, mechanical properties, hydrophilicity, and
antimicrobial characteristics utilizing UV, FT-IR, XRD, SEM, UTM, WCA, and antimicrobial assays. The study's findings
indicated that the consistent integration of PFLNPs into the PVA matrix for food packaging applications resulted in
improved crystallinity, enhanced intermolecular interactions, mechanical properties (Ts increased from 28.25 to 69.04, Ym
from 16.21 to 3719 MPa, and a decrease in %Eb from 187 to 6.70), reduced hydrophilicity (from 62.82° to 76.58°), and a
smooth, homogeneous morphology. The findings from the XRD analysis indicated a rise in crystallinity corresponding to the
increased concentration of PFLNPs. The antimicrobial analysis revealed encouraging antimicrobial activities in opposition
to both Gram-positive and Gram-negative bacteria. The findings of this study indicated that the composite films composed of
the specified PFLNPs exhibited improved mechanical and antibacterial properties, potentially benefiting the pharmaceutical

and food sectors.
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Introduction

In recent decades, pollution from non-biodegradable and fossil
fuel-derived plastics has escalated. The escalating menace of
climate change, pollution, and the exhaustion of fossil fuels is
driving a transition from disposable polymers sourced from
fossil fuels to biodegradable polymers™®. A significant
environmental hazard is the extensive utilisation of
petrochemical packaging for food preservation, which is neither
biodegradable nor renewable. In response to the issues
presented by non-degradable plastic waste, several efforts have
been undertaken®. It is thus necessary for the food packaging
industry to have a material that is non-toxic, conveniently
available, cost-effective, and biodegradable. It is vital to have
food packaging in order to preserve the original flavor and
texture of the food while it is being stored and transported, as
well as to avoid contamination and spoilage. It also provides
merchants and consumers with information on the food's
manufacturer, storage conditions, expiry date, chemical
composition, and more®.Given that the population of the world
reached 8 billion in November 2022 and is continuously
expanding, it is impossible to overestimate the significance of
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having a food supply that is nutritious®. Additionally, it is
crucial to increase product sales through the use of visually
appealing patterns and colours. The creation of new active
packaging solutions that are manufactured from naturally
occurring active compounds has been a part of the process of
developing new food packaging. This novel packaging solution
was developed with the twin objectives of prolonging the shelf
life of the food that is packed and making the product more
ecologically friendly’. Both of these objectives were taken into
consideration throughout the design process. The term
"biodegradable™ denotes substances that can be decomposed by
naturally occurring microorganisms. These microbes generate
an organic by-product while not emitting any harmful gases.
Biodegradable and antimicrobial polymeric films have garnered
a significant amount of interest in the packaging industry. This
is mostly attributable to the growing environmental concerns
and problems related with plastic waste in the last several
decades, which have been propelled by a strong commitment to
improving living conditions all over the world®.It is necessary
for the materials used for packaging to be created entirely from
renewable biopolymers, such as polyvinyl alcohol (PVA),
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starch, chitosan, cellulose, and natural gums, in order for them
to be considered biodegradable. These materials should break
down into their natural components upon disposal, ensuring that
no toxic gases are released in the process®. A ground breaking,
eco-conscious material must possess adequate durability. The
objective is to maintain food freshness by minimizing the
presence of microbes that could compromise its quality™. One
of the characteristics of the synthetic polymer known as
poly(vinyl alcohol) is that it is non-toxic, biocompatible, and
water-soluble. PVA's hydrophilic properties and excellent film-
forming abilities have led to its extensive application in
combination with various synthetic and natural polymers™ *2,
Due to the presence of the hydroxyl (-OH) group in each
restating unit of its foundation, a wide range of chemical
substances may interact with poly(vinyl alcohol) polymer to
result in the formation of a composite film that can
accommodate a wide range of packaging requirements and
specifications®**. The propensity of composite films to draw
moisture, which creates circumstances that are favorable for the
development of microorganisms, is one of the primary reasons
why the food packaging industry faces substantial and important
issues using composite films.

A cross-linking agent or nanoparticles incorporated into the
composite film should effectively mitigate PVA's hydrophilicity
while enhancing the film's antimicrobial properties™. In the past
decade, the utilization of nonmaterials has surged across various
industries, opening avenues for their prospective application as
packaging materials'®.

Materials used for packaging that have been improved by
nanotechnology may function in two different ways. By
continuously dispensing nano-fillers within the range or limits
of a polymer matrix, the interfacial area between the matrix and
the fillers is amplified. This, in turn, leads to an increase in the
barrier properties, thermal properties, mechanical properties,
and characterisation characteristics of the matrix, which
eventually results in improved packing outcomes'’*®. The
second way involves the employment of nano-fillers, which
allows for the enhancement of food preservation via the use of
active packaging. Interactions between the fillers and the
packaged food or its surroundings occur very immediately. In
the event that nanoparticles are utilized as fillers in the
composite film, there is a likelihood that the mechanical and
barrier properties of the film may be enhanced’. The large
surface area, which promotes reactivity, may prevent certain
microorganisms from growing on nanoparticles. Antibacterial
and biocompatible fluconazole nanoparticles are a potential
composite film nano-filler. Nano-fillers in cross linking agents
may create a biocompatible, mechanically stable composite film
with increased antibacterial characteristics. Fluconazole is an
azole antifungal synthetic triazole.The triazole family of solid
antifungals includes fluconazole, which inhibits 14-alpha sterol
demethylase. This enzyme removes lanosterol from the 14 alpha
methyl groups, converting it to ergosterol. Fluconazole reduces
fungal ergosterol synthesis and cell membrane function®.
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Adding fluconazole nanoparticles to polymeric nanocomposite
food packaging provides antibacterial characteristics. PVA
composite films with fluconazole nanoparticles for food
packaging are being tested in this project. The effect of
nanoparticles in PVA composite film is explored. The
nanocomposite films' morphological, thermal, and mechanical
characteristics were examined. In manufacturing and using PVA
composite sheets for food packaging, antibacterial activity was
tested.

Materials and Methods

Fluconazole Nanoparticle Preparation Procedure: PFLNPs
were produced by emulsification solvent evaporation and
sonication in this investigation®**. Mix 4.81 g Fluconazole and
2.7 g corn starch in a 100-mL beaker, then add 30 mL acetone.
Thoroughly stir the mixture and reaction mass at room
temperature for 1-2 hours. Dissolve 0.5 g PVA in 100 mL
distilled water to make a 0.5% wi/v solution in a separate beaker.
Before allowing the reaction mixture to sit at room temperature
for one to two hours, properly mix and agitate it. Fluconazole
solution and polyvinyl alcohol (PVA) solution with a weight-to-
volume ratio of 0.5% are combined while being gently
swirled.Mix thoroughly and stir at room temperature for 1-2
hours for a homogenous solution. Stir the mixture for another
hour to achieve homogeneity. Sonicate the mixture to create an
emulsion. Sonication enhances solution constituent dispersion.
Allow the emulsified solution to settle for solvent evaporation.
This step is crucial to nano hydrogel formation. Evaporation
produces nanoparticles from these nanodroplets.

Preparation of PVA-FLZ nano composite film: We prepared
nanocomposites by adding 2 g of polyvinyl chloride to a 250
mL beaker containing double distilled water. The whole
reaction mass was stirred at room temperature for 24 hours at
35- 40°C until we achieved a clear solution. We took FLZ
nanoparticles of different concentrations and sonicated them for
30-45 minutes at 20°C in four different test tubes using 2mL
distilled water in each test tube. The nanoparticle solution has
been added dropwise by using a syringe at a concentration of 5
mg, 10 mg, 15 mg, and 20 mg to the previously prepared PVA
solution, and the solution has been stirred for 3-5 hours than it
becomes slightly jell type of colourless solution. Finally, After
placing the solution on a Petri dish, we dried it at a temperature
of 80°C.

Characterizations: UV-visible spectroscopy: By using a two-
beam T80 UV-Vis spectrophotometer that was capable of
recording spectra spanning from 200 to 800 nm, we were able to
confirm that the PFLNP preparation was correct.

Fourier transforms infrared spectroscopy: Total reflection
attenuated PFLNPs and nanocomposite films were tested using
Fourier transform infrared (FT-IR) spectroscopy (Prestige 21,
Shimadzu, Japan). Measurements were taken at a resolution of 4
cm™ tover the 400-4000 cm™ ! range.
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Table-1: Composition table of FLZ nanoparticles doped PVA

composite films.
Sample code PVA (9) PVA/FLZ nanoparticles (g)
PVA 2 00
PFLNPs-1 2 0.005
PFLNPs-2 2 0.010
PFLNPs-3 2 0.015
PFLNPs-4 2 0.020

X-ray diffraction: Ragaku D/Max-11A X-ray diffraction, which
is located in Tokyo, Japan, was used by the researchers in order
to investigate the production of FLNPs, the influence of
crystallinity on PVA composite films, and the impact of
crystallinity on PFLNPs.A Cu-Ka source running at 30 kV (with
a wavelength of 51.5410 degrees) was responsible for the
radiation. We scanned the samples at a rate of 28 per minute,
using a current of 20 mA from 0° to 80°. We used the diffracted
intensity data to determine the crystallinity. We used Scherer's
equation (1) to extract "P" from the noticed WAXD data for
evaluating the usual crystallite sizes.

kA
- Bcos6 (l)

The structure of the crystal, the Miller index of reflecting
crystallographic planes, and the morphology of the crystallites
all have a role in determining the value of the constant k=0.9.
The symbol 0 is used to denote the Bragg angle, while the
symbol A=1.5406 A conveys the wavelength of the X-ray
photon. In radians, the symbol B denotes the breadth of the
reflection when the intensity is decreased by half.

Scanning electron microscopy: Through the use of JEOL
JSM-6360 scanning electron microscopy, we investigated the
morphology of FLNP and PFLNP composite films as well as
their production processes. Experiments were carried out at an
acceleration of 10 kV. All of the test pieces were sputtered
coated with conductive gold prior to the beginning of the
experiment in order to lessen the impact of the powerful
electron beams during the charging process. Through the use of
double-sided carbon tape, film specimens were affixed to the
sample container.

Mechanical studies: LLOYD Instrument's universal testing
machine (UTM) assessed mechanical properties. TS, Eb, and
Ym were measured using ASTM D882-91 standards. Extension
grips on the testing equipment were used to securely hold the
rectangular film samples that measured 2.5 centimeters by 10
centimeters. In a temperature-controlled environment, the
system processed film samples at a rate of 5 millimeters per
minute.
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Water contact angle measurement: We measured composite
film contact angles to determine hydrophilicity and
hydrophobicity. SEO Phoenix measured water contact angle.
All investigations used a seven uL drop volume at ambient
temperature. We used the right software to measure contact
angles at five places.

Antimicrobial studies: The antibacterial efficacy was evaluated
via Muller-Hinton agar. Polymer solutions were prepared at a
concentration of 50 mg/mL. The organisms examined included
Staphylococcus aureus, Bacillus cereus, Escherichia coli, and
Pseudomonas aeruginosa.The medium was poured onto sterile
petri dishes. The solidification test was followed by organism
injection. Use a cork borer to form eight milliliter wells, then fill
with 50 pL of film solution. A 1 mg/ml Streptomycin solution
was the positive control. Plates were incubated at 37°C for 24
hours. We checked the plates for an inhibiting zone around the
wells. Results were based on the inhibitory zone's mean
millimeter diameter. The results of the triple experiment are
shown as mean + SD.

Results and Discussion

UV-Visible spectroscopy: PFLNP UV spectra are shown in
Fig.1. UV-Vis spectroscopy confirmed PFLNP production.
Each element has a specified quantity of free electrons, causing
an absorption peak. Nanoparticle size and shape determine this
peak's location. The peaks at 374 nm in Figure-1 demonstrate
PFLNP production.
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Figure-1: UV spectra of PFLNPs.

Fourier transforms infrared spectroscopy: Figure-2 shows
pure PVA, PFLNPs, and composite film FT-IR spectra. In
Figure-2, pure PVA displayed peaks at 3309, 2932, 1717, 1433,
1368, 1258, 1092, and 844 cm-1 for hydroxyl (O-H), -CH2,
C=0, C-H, CH2 (bending vibration), C-H (vibrational bands),
C-H (wagging), C-O (acetyl group stretching), and C-C21, 22.
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Fluconazole nanoparticles also demonstrated a large vibration
range from 3300 to 3600 cm-1 due to hydrogen-bonded —OH
stretching. These bands were the aromatic ring's C=C stretching
and the triazole ring's stretching peak at 1644 and 1433 cm-1.
The C-F group peaks at 1258 cm-1 and the C-H aromatic ring at
1010 cm-1. Peaks were 912 and 844 cm-1 23, 24. PVA and
fluconazole nanoparticle hydrogen bonding interactions cause
PFLNPs composite films to have a smaller —OH stretching peak
position than PVA films. Peak change shows effective
intercalation, creating a uniform nanocomposite layer. The
spectra of PVA film with PFLNPs did not change, perhaps
owing to overlapping peaks.
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PFLNPs-1

FLNPs

=

PVA
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Figure-2: FTIR spectra of PVA and PFNLPs composite films.

X-ray diffraction: X-ray diffraction (XRD) studies have
exhibited valuable insights into the crystalline and amorphous
compositions of the material. The XRD patterns for both pure
PVA and the FLNPs doped PVA composite films are presented
in Figure-3. In Figure-3, a pronounced peak is noticed at 26-
19.41, which is linked to the broad amorphous peak connected
with the combination of the 101 and 101 planes. Attia G et al.
have documented a comparable finding®. The crystallinity and
amorphous phases related to semi-crystalline polymers are
identified by the presence of sharp peaks alongside dispersed
scattering, as is well established in the literature * #'. Strong
intermolecular interactions among PVA chains, The creation of
the crystalline phase of polyvinyl alcohol (PVA) was caused by
the presence of hydrogen bonds that are connected to a
monoclinic unit cell that has already previously established. In
contrast to the strong diffraction peaks that were found in other
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locations, the composite films that were made up of the four
PFLNPs had a peak that was somewhat wide and fell within the
range of 2 = 22.63 to 23.06.0ne possible explanation for the
diffraction patterns seen in PFLNPs nanocomposite films is that
these patterns are caused by a little amount of crystallinity in
conjunction with a considerable quantity of diffuse scattering.
This suggests that there is a minor nanocrystalline phase of PVA
present in addition to the amorphous phase that is typically seen
in the bulk. After doing a more in-depth analysis of the
diffraction profiles, it was shown that the sharpness of the
diffraction peak continually improves as the concentration of
PFLNPs increases.

Scanning electron microscopy (SEM) and Energy-Dispersive
X-ray Spectroscopy (EDX): Scanning electron microscopy
(SEM) and Energy-Dispersive X-ray Spectroscopy (EDX)
Fluconazole.

Figure-4a represents the SEM images of the pure fluconazole
(FL). It is evident from the Fig.4a that fluconazole is almost
irregular agglomerated spherical like homogeneous and slightly
crystalline in nature. Smooth, elongated or plate-like shapes
were the particles' outward manifestations. A well-defined
structure, as shown by the crystalline character, may impact
solubility and bioavailability. The homogeneity of the particles
confirms the presence of FL highlighting the significance of the
FL in wvarious activities determined for food packaging
applications. In Figure-4a, EDX spectra confirms the presence
of C, O, F, Pd, and Au. The elemental analysis confirms that
uniform formation of fluconazole and no significant impurities
were detected confirming the purity of the synthesized
nanoparticles. There is a chance that the weak Au and Pd line
that was seen in the spectrum is the result of the gold coating
that was put to the surface of the sample. This suggestion is
supported by other evidence.Fig.4b represents the SEM and
EDX images of the fluconazole nanoparticles (PFLNPs). SEM
images in the Fig.4b depicted that fluconazole nanoparticles as
regular elongated rod like structures indicating possible
crystalline in nature. Smooth, elongated or plate-like shapes
were the particles' outward manifestations. Elements C, N, O,
and F are present in the stoichiometric ratio as shown in Fig.4b,
as revealed by the energy-dispersive X-ray spectra.

The morphology of PVA and the presence of PFLNPs within
the PVA matrix were analyzed through SEM techniques.
Figure-5 displays SEM micrographs of pure PVA, PFLNPs-1,
and PFLNPs-3. The prepared virgin PVA film exhibits a smooth
and homogeneous morphology®® %°. The SEM micrographs of
PFLNPs nanocomposite films exhibited uniformity and regular
dispersion of FLNPs within the PVA matrix (PFLNPs-1 and
PFLNPs-3). This discovery may be due to the hydrogen bonding
that occurs throughout the multicomponent system, with PVA
acting as the holding matrix**.Figure 5 provides a good
illustration of the presence of nano-sized particles inside the
PVA polymer film. These particles are uniformly dispersed
throughout the PVA structure since they are nano-sized.
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According to the data shown in Figure 5, the modification of the
PVA film that included PFLNPs led to the dispersion of circular
particles throughout the PVA film. It has been hypothesized that
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the structures that are the product of substantial interactions
between PVA and PFLNPs are white circular-shaped particles
that range in size.
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Figure-3: X-ray diffraction images of PVA and PFLNPs composite films.
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Figure-5: SEM micrographs of pure PVA and PFLNPs composite films.
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Mechanical studies: In order to determine the effect that
nanoparticles have on mechanical parameters such as tensile
strength, Young's modulus, and elongation at break, the films
that were created were subjected to mechanical testing, and the
results were compiled in Table-2. To enhance the understanding
of mechanical performance, stress-strain curves are exhibited in
Fig.6 The findings of the mechanical properties showed a
notably elevated value. The integration of nanoparticles into the
PVA has demonstrated an enhancement in tensile strength (Ts)
when compared to pure PVA. It is possible that an increase in
the concentration of nanoparticles has been observed in relation
to Ts.Furthermore, the incorporation of nanoparticles also
affects Young’s modulus and percentage elongation at break.
Young’s modulus increases with higher concentrations of
nanoparticles, while elongation at break significantly decreases.
This may be assigned to the strong interaction and dispersibility
of nanoparticles in the PVA. The stress—strain curves presented
in Fig.6 demonstrate that the pure PVA film exhibits flexibility
and elasticity, while the nanoparticles doped PVA films show a
decrease in elongation and flexibility. For the PFLNPs-1 to
PFLNPs-4 series, it is observed that the films exhibit increased
brittleness and rigidity, alongside a decrease in flexibility, as the
concentration of nanoparticles rises.

Water contact angle measurement: In order to get an
understanding of the surface wettability, the nanocomposite
films made of PVA and PFLNPs that had been manufactured
were examined using a water contact angle analyzer by
employing the sessile drop application technique. The contact
angle measurements for the PVA and PFLNPs composite films
after they have been cleaned and immaculate are shown in
Figure 7. The contact angle of 62.87° indicates that pure PVA
film exhibits a hydrophilic nature. Significant changes in the
contact angle of PFLNPs composite films have been observed.
The prepared PFLNPs composite films demonstrated a slight
increase in contact angle, measuring 71.12° for PFLNPs-1,
75.08° for PFLNPs-2, and 76.58° for PFLNPs-4. The fact that
this is the case shows that the incorporation of FLNPs into the
PVA film leads to a decrease in the hydrophilic properties of the
PVA film in contrast to the PVA films that have not been
changed. The films had a certain degree of hydrophobicity, as
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seen by the increasing contact angle, which suggests a tendency
towards stronger hydrophobic properties. The reduction in
hydrophilicity observed may be attributed to the interaction of
nanocomposite surfaces with a diminished number of hydroxyl
moieties, which potentially accounts for the increased water
contact angle noted in the presence of PFLNPs within the PVA
matrix. Composite films could gain advantages from the
hydrophilic characteristics of PFLNPs, as these properties
facilitate the cross-linking of congeners and minimize empty
spaces within the matrix, ultimately leading to a decrease in
polymer chain mobility. As a result of the increased surface
roughness, the wetting liquid's capacity to interact with and
permeate the surface of the nanocomposite is restricted™. This is
because the surface roughness has risen.
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Figure-6: Stress-strain curve of pure PVA and FLNPs
composite films.

Table-2: Mechanical properties of PVA and FLNPs composite films.

Thickness of the film

Sample Code (micro meters) Tensile Strength (Ts) Youmg;s Modulus (Ym) | % of Elongation at Break
PVA 0.0867 28.25 16.21 187.25
PFLNPs-1 0.0975 69.84 1883.30 15.41
PFLNPs-2 0.1032 64.17 2524.54 13.33
PFLNPs-3 0.1038 66.71 3719.84 11.95
PFLNPs-4 0.1041 64.04 2600.63 6.70
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Antimicrobial studies: The agar well diffusion technique was
used in order to assess the effectiveness of the nano composite
films as antibacterial agents against two gram-positive bacteria
and two gram-negative bacteria. Through a series of photos,
Figure-8 presents an illustration of the antibacterial action.
There is a correlation between the width of the zone of
inhibition that surrounds the wells and the antibacterial activity
of the biofilms that are shown in Table-3. It was found that the
inhibition zones ranged in size from 10 to 26 millimeters across
all of the species that were investigated.The highest zone of
inhibition was noted in the gram-positive bacterium S. aureus,
while B. cereus showed moderate susceptibility to PVA and
PFLNPs-2 composite films. Among the Gram-negative bacteria,
E. coli exhibited no inhibition against any of the polymers
tested. P. aeruginosa demonstrated a moderate level of
susceptibility to all polymers. The study of antimicrobial

PFLNPs-2

- r—
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activity showed that the nanocomposite of fluconazole and PVA
is more effective at killing bacteria than pure PVA. PFLNPs
nanocomposite is a good way to package food because it has a
high surface area-to-volume ratio, can be shaped and changed
chemically, and can interact with biomolecules to make
absorption easier across the cell membrane. These are the main
benefits of using PFLNPs nanocomposite as a food packing
system. Also, the protein-fluconazole complex is better at
interacting with different transport proteins in the body than the
PFLNPs nanocomposite-protein  complex. The enhanced
interaction arises from the presence of two triazole rings
alongside two highly electron-withdrawing fluorine atoms found
in fluconazole®. It can be inferred that the PFLNPs composite
films have potential applications in food packaging and
biomedical fields.

b

PFLNPs-1

w B
o~ ., v

Figure-7: Water contact images of pure PVA and PFLNs-l, PFLNPs-2 and PFLNPs-4 nanocoposite films.
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Table-3: Antimicrobial activity pure PVA and PFLNPs composite films.

Diameter of Zone of inhibition (mm)
Sample
Staphylococcus aureus Bacillus cereus E.coli P.aeruginosa

PVA 12 16 00 12
PFLNPs-1 17 12 00 13
PFLNPs-2 14 00 00 14
PFLNPs-3 13 00 00 13
PFLNPs-4 15 00 00 15
Stzec‘;tr‘]’;“gﬁ'” 35 30 27 32

Figure-8: Photographic images of antibacterial activity of nanocomposites (a) Gram +ve bacteria; S. aurous and B. cereus (b)
Gram negative bacteria; E. coli and P. aeruginosa. (Note: C-control, 1-PVA, 2-PFLNPs-1, 3-PFLNPs-2, 4-PFLNPs-3, 5-PFLNPs-4

code mentioned in the images).

Conclusion

The composite films of PVA doped with PFLNPs were
effectively prepared using the solvent casting method. The
analysis of structural and morphological characteristics was
conducted utilizing UV, FT-IR, XRD, SEM, and WCA
measurement techniques. The mechanical properties and
antimicrobial activities of the prepared PFLNPs composite films
were also examined. The structural and morphological analyses
confirmed the successful integration of PFLNPs into the PVA
film. The detection of a UV absorption peak at 374 nm indicates
the successful formation of nanoparticles, while the FTIR
spectra reveal the establishment of hydrogen bonds between
PVA and PFLNPs, confirming the interaction between the
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polymer and the dopant. The Water contact angle along with
mechanical and antimicrobial analysis, indicated a reduction in
hydrophilicity, an enhancement in mechanical properties, and
the composite films demonstrated significant antimicrobial
activity.The findings suggest that PFLNPs-doped PVA
composite films may have promising applications in food
packaging. The future scope of this study will encompass an
exploration of usability across a diverse array of food packaging
and biomedical applications.
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