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Abstract: This study mainly deals with preparing multifunctional bio-nano composite films composed
of carboxymethyl cellulose and pectin moieties incorporated with zinc oxide NPs produced by wet
casting techniques. The zinc oxide NPs were produced by the green synthetic route. The physiological
properties of synthesized zinc oxide NPs were well characterized using U.V-Visible spectroscopy,
Fourier transform infrared (FT-IR) spectroscopy, and a particle size analyzer. The morphological
properties of the films blended with Zinc oxide NPs were thoroughly characterized using Scanning
electron microscopy (SEM), and their antimicrobial activity studies were also performed by disc
diffusion method against E. Coli, Bacillus, Streptococcus aureus, Klebsiella. The effects of CMC and
Pectin were tested for their water vapor transmission rate (WVTR), and the mechanical properties of
the ZnO NPs blended with bio-nano composites were also evaluated. The bio-nano composite films
showed that good water vapor barrier capacity, incorporating Zinc Oxide NPs into the biofilms, further
improves the additional mechanical properties and antimicrobial properties. The above prepared ZnO
NPs based bio-nano composite films could be used for packaging applications.

Keywords: carboxy methyl cellulose (CMC); pectin; biodegradable; anti-microbial; zinc oxide
nanoparticles and bio-nano composites.

Abbreviations: CMC (Carboxy methylcellulose), NPs (nanoparticles), ZnO (Zinc oxide) U.V, Ultra-
Violet, FT-IR (Fourier transform infrared spectroscopy), SEM (Scanning electron microscopy), WVTR
(water vapor transmission rate), TS (Tensile Strength), E% (Percentage of Elongation), ASTM
(American standards & testing methods) MD (Machine Direction), ME, (Machine elongation), RH
(Relative Humidity), nm (nanometer) UTM (Universal testing machine), MPa (Megapascal).
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1. Introduction

The preparation and production of packaging materials to preserve high quality,
increase life durability, and inhibit environmental pollution have been in great demand among
today's research concerns for the food industry in present years [1]. The pollution majorly
occurs by using packaging materials produced from oil derivatives, and the problem still arises
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by following the old disinfection methods such as burying and burning. Due to this, the
recycling process has recently attracted the researcher’s attention and also to develop/find out
any other sustainable alternatives for this packaging material [2—4]. In food industries, edible
films and coatings were mainly used to conserve the quality and increase food's shelf life.
Development of these renewable materials composed of non-biodegradable polymers can lead
to non-degradable in nature. In search of bio-based recyclable packaging, films are one of the
important key factors for the well-grounded growth of the packaging industry [5,6].
Polysaccharides are utilized in the packaging industry, including starch, cellulose, and
derivatives [7]. Carboxymethylcellulose, a common derivative of cellulose, is water-soluble,
which is versatile, capable of forming strong films on its own, and due to its low cost and non-
toxic nature. It is widely applicable in food production and also owing to other desirable
properties such as superior solubility in cold and hot water, ability to extend viscosity in
solution, high viscosity property, etc.[8]. To build up the mechanical strength and elasticity
properties within them, the plasticizers materials are used the materials like water, fatty acids,
glycerol, acetone, alcohols, etc., used for preparing films. These materials intern helps to
modify the three-dimensional structure of the bio-films and increase their tensile property.
Additionally, these bio-films are highly potent because they are not poisonous and edible.

Along with CMC, equal attention has been given to biopolymer material pectin because
it is widely derived from underutilized agricultural waste material and is readily modified
through demethylation process. The pectin combined preparations would form an excellent
film. Pectin and cellulose are the two major cell wall components that are structural
polysaccharides of higher plant cells. Pectin can be classified under a heterogeneous branched
polysaccharides family consisting of methylated galacturonan moiety’s that are well separated
by rhamnose residues. Some of the moiety’s may be linked to short neutral sugar side chains.
Wall pectin can be isolated from plant cells using a breakthrough gel-like structure, which is
stabilized by calcium cations to dissolve the pectin aggregates. Commercially different grades
of pectin are available in the market based on the properties like molecular weights, (or) more
accurately, the different degrees of disaggregation. Very good film properties can be obtained
from pectin blends with starch [9]. Recently Bio-Films fabricated with pectin and in
combination with other polysaccharides have widened many properties.

It is very well known that these metal oxide NPs have been extensively used in the past
decades for medicinal applications. Metal oxide NPs also possess environmental application
properties; within them, they can act as a good catalyst and are further helpful in the reduction
or complete elimination of hazardous chemicals from the environment[10]. Some metal oxide
NPs like FesO4, CuO, TiO2, and ZnO have been thoroughly studied for their various biological
activity [11]. ZnO NPs are widely used for the elimination/removal of toxic chemicals like
arsenic and sulfur from water resources [12]. ZnO NPs can act as a better alternative catalytic
source when compared to other metal oxides for the degradation of atmospheric pollutants [13].

ZnO NPs are utilized in widespread potential application areas in the fields of
Nanomedicine, drug delivery systems, other biological activities such as antioxidant,
antimicrobial, etc., and in diagnosing diseases. The antimicrobial property of ZnO NPs against
different pathogens such as Klebsiella, Staphylococcus aureus, E. coli, and B. subtilis, were
studied using the disc diffusion method and has been reported [14,15]. Also reported similar
results exhibited by Punicagrantum mediated synthesized ZnO NPs [16]. Some of the
inhibiting mechanism proposed earlier, which is quite responsible for the antibacterial activity
of these biologically synthesized ZnO NPs was evaluated against different pathogenic
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microorganisms. Our main aim of this study is to synthesize ZnO NPs by a green synthetic
route using Psidium guajava leaves extract as a reducing and capping agent, and the fabricated
ZnO NPs were blended with CMC and pectin composite to form Bio-films and to enhance the
mechanical, barrier capacity and to test the antimicrobial properties against various organisms
such as E. coli, Bacillus, S. aureus and Klebsiella.

2. Materials and Methods

Carboxymethylcellulose was obtained from Himedia Laboratories Pvt. Ltd., (India).
Glycerol and calcium chloride were purchased from Sigma-Aldrich Pvt. Ltd., Banglore (India).
Pectin was obtained from Sisco Research Laboratories Pvt. Ltd., (India). Zinc acetate and
Sodium hydroxide Pellets were obtained from Sigma-Aldrich Pvt. Ltd., Banglore (India).
Psidium guajava leaves were collected from the trees growing in the local fields. Fully purified
Milli-Q water was used throughout the experimental procedures to synthesize Zinc oxide
(Zn0) based Bio-nano composite Films.

2.1. Preparation of leaf extract.

The fresh guava leaves were collected from the trees growing in the local fields. The
leaves were thoroughly washed with distilled water to remove mud and other dust particles
adhering to the leaves and then poached for 20minutes in 100mL distilled water taken in a
boiling pan and allowed to boil for another 20 min. Then cooled down to room temperature.
After attaining room temperature, 20mL dark green-colored leaves extract was filtered into a
cleaned conical flask using Wattman filter paper and placed in a refrigerator maintained at 4°C
until further usage.

2.2. Synthesis of ZnO nanoparticles.

Zinc acetate [Zn(CH3COz2)2.2H20] solution of (LMm) concentration was prepared by
dissolving respective amount of zinc acetate salt mixture into 50 ml milli-Q water and kept in
continuous stirring process for 1hr respectively [17]. Then 20mL of NaOH solution was added
slowly into the above zinc acetate solution. Then finally, 25mL of guava plant fresh leaves
extract was added to the same solution by drop by drop method. An observable change in color
of the reaction mixture was observed from colorless to yellow color after 1hr of incubation
time. This confirms the green synthesis of ZnO NPs. The solution was allowed to stir for an
additional 3h. Then the precipitate was separated from the reaction mixture solution by
subjected to centrifugation at 8000rpm at 60°C for 15min. And the pellet was washed 2-3 times,
and the collected pellet was air-dried using a hot air oven at 80°C for 2h and preserved in an
airtight container for further studies.

2.3. Film preparation.

The antimicrobial activity testing films were made up of a composite of carboxymethyl
cellulose and pectin blended with ZnO NPs prepared by a green synthetic route. Using 2.5g of
CMC and 1.5g of pectin get dissolved in 250mL distilled water, the solution was stirred for 2h
at 60°C for complete dissolution. After 2h, to the above same solution, 1.5 mL of glycerol
which acts as a plasticizer, was added dropwise using a micropipette. Also, 0.5g CaClz, which
acts as a cross-linking agent, was added to the solution and kept for 1h stirring.
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After 1h, different concentrations of extracted ZnO NPs solution were directly added
and stirred for 2h. Then it was treated in a digital sonifier which was previously set at
30%amplitude to achieve uniform suspension. The entire solution was then transferred into a
glass plate that is Teflon coated, and the glass plates were placed on a leveled surface and
exposed to the light source of 250V for drying it. After complete drying, the films were
carefully detached from a glass surface and stored in sealed plastic pouches at room
temperature.

2.4. Characterization methods.

The green synthesized ZnO NPs were characterized by the UV-Visible spectroscopy
method and the analysis performed on UV-VIS spectrophotometer 117, Systronics Ltd., India)
operated at wavelength ranges from 200 to 800 nm. The double-distilled water was used as
blank.

The crystal structure, sample phase purity, and crystallite size were determined using
the "Debye Scherrer” equation obtained from the XRD spectra of the green synthesized ZnO
NPs XRD profile operated at room temperature. SEM-EDS characterization of ZnO NPs was
performed on (TESCAN, CZ / MIRA | LMH) instruments.

Fourier-transform infrared spectroscopy (FT-IR) analyses were carried out using a
Tensor 11 (Bruker, USA) in the range of 500-4000 cm™ for the determination of the reducing
agents present in the samples which consisted of the ZnO NPs in the suspension and also the
FT-IR spectra of CMC and pectin samples blended with ZnO NPs were obtained.

Zeta potential analyses of the ZnO NPs suspensions were carried out using a Zeta
Potential Analyzer (ZEECOM ZC-3000, Microtec Co., Ltd., and Japan) to determine the
particle size distribution and shape of the ZnO NPs. The measured values depended on the
particle size, solution concentration, surface structure, and the type of ions present in the
mixture. These characteristics were determined for the synthesized nanoparticles by a zeta
potential analyzer using water as a dispersant medium.

2.5. Antimicrobial activity.

The antimicrobial activity was tested for the above synthesized ZnO NPs and performed
using the agar disc diffusion method against pathogens, i.e., E. coli, Bacillus, S. aureus, and
Klebsiella. Then fresh overnight cultured medium of each strain was swabbed uniformly onto
the individual plates. Then control film (CMC and Pectin) control with leaf extract without
ZnO NPs, then 10mL, 20mL, and 30mL of ZnO NPs incorporated bio nanocomposite films
disc were placed onto the plates and incubated for an additional 24 h at 37°C. The diameters of
the inhibition zone were measured with an antibiotic zone scale (Himedia Laboratories Pvt.
Ltd., India). The commercially available antibiotic discs were placed as a reference control.
Different levels of zonation/inhibition formed around the disc and were measured after the
incubation period.

The surface morphologies of the Bio-film samples were characterized using a Scanning
electron microscope (LEO 435 VP, LEO Electronic Microscopy Ltd., UK) operated at 15kV
and magnifications of 1000X, 5000X, and 10000X. The Bio-films were cut in dimensions of
1cm X 1cm and then coated with a gold solution before it is going examined. The SEM that
facilitates here could analyze seven samples at a time.
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The mechanical properties like tensile strength and percentage of elongation can be
determined by using the LLOYDS Universal testing (LLOYDA -50K, London, UK) instrument
was operated to measure the tensile strength (TS) and percentage of elongation (E %) at the
breakpoint. According to ASTM D-882 standard test (ASTM 1995a), initial grip separation of
50mm and cross-sectional head speed of 10mm/minute tests were carried out. Tensile strength
was determined by substituting the obtained observed values in the formula, as shown below.

load at break
(film width)(film thickness)

Tensile Strength =

The formula calculates the elongation percentage as shown in the equation by dividing
film elongation at rupture point by the initial gauge length, and the values were determined in
the longitudinal direction.

elongation at rupture

Percentage of Elongation = x 100

initial gauge length

Percentage elongation is the ratio that exists, the extension to the length of the sample.
Machine elongation (ME) is the ratio between stress to strain at the linear position of the curve.
All the resultant mean were compared with each other, and the result of the ANOVA indicated
significance (p<0.05). The tensile strength of the film was measured in machine direction
(MD).

The rate at which the water vapor crosses the film is calculated by utilizing a water
vapor transition rate machine. WVTR of the film was performed using aluminum dishes
according to the standard ASTME-96-97. The Bio-films were cut into a round shape having an
area of 50 cm?, and it is tested at 92% RH (Relative Humidity) in a humidifier chamber. The
films were sealed onto the aluminum cups, which contain fused CaCl: at the bottom of the
aluminum cup, which is highly hygroscopic and absorbs water. The films are then sealed with
hot wax. Before placing the sample in the humidifier chamber, they rested for a minute to cool
the applied wax under room temperature and weighed the samples' aluminum cups. The sealed
cups are kept in the chamber at 38°C to 39°C in 92% RH. After every 1 hour, the aluminum
cups are taken back and weighed again to check weight gain, and it is repeated at fixed
intervals. The difference in the cups' initial weight and final weight indicated the gain in weight,
which is mainly due to the absorption of moisture by CaClz, which permeates or passes through
the film. The weight gain was plotted against time, and the linear least-square method was used
to calculate WVTR using the formula shown below.

slope

WVTR = gm/m?/day

area of sample
3. Results and Discussion

3.1. UV-Visible spectroscopy analysis.

The optical absorption spectra of the uniformly dispersed ZnO NPs in a water medium
were recorded using SYSTRONICS UV-Vis Spectrophotometer. UV-Visible spectra can be
measured by placing the medium in a quartz cuvette with a path length of 1 cm at normal room
temperature. For the optical properties’ determination, the characterization of nanoparticles by
UV-Vis spectroscopy is the most widely used technique. The UV-Visible spectroscopy
analysis results stated that the characteristic absorption peak related to ZnO NPs appears at
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300nm, which confirms the formation of ZnO NPs. The absorption peak was measured, usually
within the wavelength ranges lie between 300-400nm [18,19]. The spectrum is shown in Figure
1.
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Figure 1. UV-Vis Spectra of ZnO NPs.

3.2. Powdered X-Ray Diffraction (PXRD).

The XRD spectra of ZnO NPs (Fig. 2) were measured using xperto pro-Philips X-ray
diffractometer with CuK radiation of 1.5418A°%and 26 ranging from 20-80 degrees at 40Kv,30
Ma. The average crystallite size was calculated by Debye —Scherer equation D = K\/(Bcos 0),
which was found to be 20nm. The XRD observed between the 2-theta range (20°-80°) showed
the peaks at about 26 values of 30.65°, 32.48°, 39.37°, 48.75°,56.11°, and 67.13°, respectively.
Peaks corresponds tothe (100),(002),(101),(102),(110),and (11 2) planes of wurtzite
structure.

7500
| /;(101)
6000
5 (100)
_g 4500 - L
% 3000 | (002)
= -
o (110) (103)
£ 1 {102) i i
1500 4 L (2003,(112)
| Yl (201)
0_ 1
T T T T T !
20 30 40 50 60 70 80
2g(deg)

Figure 2. XRD Patterns of ZnO NPs.

3.3. Energy Dispersive X-Ray Spectroscopy (EDS).

The EDS spectrum of the ZnO NPs shows only the peaks related to zinc and oxygen
elements only, which demonstrates that ZnO NPs, prepared through a green synthetic route,
are free from other impurities or other elements, and it is seen in the EDS spectrum (Fig.3).
Identification lines related to the major emission energies of zinc and oxygen elements and
these respective corresponding peaks shown in the spectrum state that zinc ions have been
identified correctly. The atomic (%) and weight (%) values of Zn and O observed are 67.42,
32.58, 90.15, and 9.84, respectively.
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Figure 3. EDS Spectrum of ZnO NPs.

3.4. TEM analysis.

Fig. 4 exhibits the TEM image of the recorded ZnO NPs. The figure indicates that
ZnO NPs were uniform and spherical in shape. The average particle size calculated for the
formed ZnO NPs was 60 nm using Image-J software.

%" 30 nm

ol

Figure 4. TEM Image of ZnO NPs.

3.5. FT-IR analysis.

FT-IR spectra of CMC and pectin samples incorporated with ZnO NPs were obtained
using a Fourier transform infrared (FTIR) spectrophotometer (BRUCKER) in 4000-500 cm™.
The dual role of plant extract as a capping and reducing agent and the existence of functional
groups with ZnO NPs was further confirmed by FTIR analysis illustrated in Figure 5. The
broadband of the spectrum shows vibrational stretches occurred at 3317 cm™ were due to O-H
functional group stretch [20], the peak observed at 2125 cm™ was due to -C=C- functional
group stretching, and the other peaks obtained at, i.e., 1635 cm™ due to -C=0-stretching [21].
The peak corresponds to 579 cm™ due to C-X stretching[22]. The FTIR results confirm that
some of the organic compounds present in plant extract act as a reducing/capping agent on the
formed ZnO NPs. This result indicates the successful, fruitful production of ZnO NPs [23].
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Figure 5. FT-IR Spectra of CMC/P/ZnO NPs Bio-film.

3.6. Particle size determination.

Figure 6 Particle size determination of green synthesized ZnO NPs was shown by
intensity. The average particle size of the synthesized ZnO NPs from Psidium guajava leaf
extract was 92.31nm [24]. These results are more are less closely correlated to that of the TEM
results obtained above, and it is found to be 60 nm, which indicates the successful synthesis of
ZnO NPs.

Results

Size (d.n... % Intensity: St Dev (d.n|
Z-Average (d.nm): 92 31 Peak 1: 1284 95.7 8510
Pdl: 0.359 Peak 2: 3797 43 1179
Intercept: 0.837 Peak 3: 0.000 0.0 0.000

Result quality Good

Intensity (Percent)

0.1 1 10 100 1000 10000
Size (d.nm)

Figure 6. The average Particle Size of the Synthesized ZnO NPs was synthesized from Psidium guajava Leaf
extract.

3.7. Antibacterial activity studies.

To perform the antimicrobial activity test study, the technique we implemented here is
the assay agar disc diffusion method. The antibacterial effect of the synthesized ZnO NPs was
visualized against selected pathogens like E. Coli, Streptococcus sp., Bacillus, Klebsiella sp.,
and Ampicillin disc was used as a standard reference control. The results obtained clearly
indicate that the NPs exhibit an antibacterial effect in a dose-dependent manner. The maximum
zone of inhibition (MIC) was observed against a gram (-) bacterium (E. coli), and the minimum
zone of inhibition was observed against gram (+) bacteria (Bacillus sp). The entire test was
performed in triplicates. Most ZnO NPs show inhibited microbial growth in-vitro antimicrobial
activities [25,26]. Data were shown using three replicates (n = 3) + of standard deviation.

The below table shows the three different concentrations (10, 20, 30 mL) of ZnO NPs,
and also leaf extract was investigated to evaluate the role of plant extract on antibacterial
https://nanobioletters.com/ 8 of 14
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activity against four various bacterial strains (E.Coli, Klebsiella, Bacillus, and Staphylococcus
aureus) using disc diffusion method. Evaluation of antibacterial activity against synthesized
tested samples was recorded in Table 1. The results revealed that all three major concentrations
of ZnO NPs and leaf extract solution were potentially active in inhibiting/arresting the
microbial growth of poisoning bacteria with variable potency. ZnO NPs 30mL were considered
the most effective sample in retarding microbial growth. The ZnO 30mL (the inhibition ranging
from 0.95+0.07, 1.03+2E-04, 0.78+£0.02, 0.89+£0.04) of E.Coli, Klebsiella, Bacillus and
Staphylococcus Aureus tested pathogenic bacteria. The leaf extract and ZnO 10mL
concentration of tested samples showed less antimicrobial activity against the same four
poisoning bacterial strains.

Table 1. Antimicrobial screening test of leaf extract and three different concentrations of synthesized zinc oxide
against some bacterial strains.
Antibacterial Activity, Minimal Inhibition Concentration (MIC)

E. Coli Klebsiella Bacillus Staphylococcus aureus
Control 0.89+0.18 0.85+0.07 0.83+0.18 1.1+0.28
Leaf extract 0.73+0.18 0.81+0.11 0.78+0.07 0.86+0.33
Zinc Oxide 10 mL 0.88+0.02 0.88+0.11 0.59+0.04 1.08+0.02
Zinc Oxide 20 mL 0.89+0.09 0.94+0.12 0.63+0.0024 1.08+0.02
Zinc Oxide 30 mL 0.95+0.07 1.03+2E-04 0.78+0.02 0.89+0.04

3.8. SEM analysis.

SEM analysis was done to visualize the morphological shape and size of nanoparticles.
The LEO Scanning electron microscope was utilized to demonstrate the shape of P. guajava
leaf extract components capped with ZnO NPs. SEM images were recorded in different
magnification ranges, as shown in the figures. The shapes of P. guajava capped with ZnO NPs
were demonstrated in Figure 7. The SEM instrument was employed to be the exact shape of
nanoparticles formed. SEM images recorded both pure bio-composite films and ZnO NPs
incorporated bio-nano composite films. These SEM results almost coincided with the other
results reported earlier, which means the formation of spherical-shaped nanoparticles [27].

The surface morphology of ZnO NPs incorporated Bio-nanocomposite films, which
were observed using SEM analysis, and the results are represented in Figure 7. The surface of
the clear composite film was found to be smoothed surface. Still, the Bio-nanocomposite film
incorporated with ZnO NPs posse’s crystalline nature, which further confirms that the
incorporated ZnO NPs firmly adheres to the Bio-nanocomposite film. The surface crystals'
nature increased with an increase in the solution concentration of ZnO NPs (10 mL, 20 mL,
and 30 mL).

The essential primary property of a food packaging film is to withstand certain loads
without breaking. The tensile properties like tensile strength and elongation at breakpoints give
a basic idea of the capability of a packaging film to withstand when corresponding to the
applied load. The film's tensile strength demonstrates the maximum load that it can come to
withstand without a break. Tensile strength was studied using UTM instrument (Lloyd
Instruments Ltd., England), and the variation in the tensile strength was plotted in the graph as
shown in Figure 8. To understand the optimized concentrations, the amount of ZnO NPs was
initially added to CMC and Pectin biopolymer film.
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Figure 7. SEM images of the as-prepared free surfaces of the CMC/P/ZnO nano composite films using various
concentrations of the ZnO NPs. The image labeled C corresponds to a CMC/P Film, and the image labeled LE
corresponds to CMC/P/leaf extract.

The variation in the tensile strength was plotted in the graph. In this, the X-axis scale
represents the concentration percentage of ZnO NPs, and the Y-axis scale represents the tensile
strength. The results from four different varying concentrations are shown in Figure 8. The first
group from the left represents CMC and Pectin film (S-1), where the tensile strength is very
less. The second is CMC, Pectin, and leaf extract without ZnO NPs film (S-2), the third one is
CMC, Pectin, and leaf extract with 10 ml ZnO NPs film (S-3), fourth indicates CMC, Pectin
and leaf extract with 20mL ZnO NPs film (S-4) and the fifth one is CMC, Pectin and leaf
extract with 30mL ZnO NPs film (S-5) groups.

The ZnO NPs incorporated within the CMC/pectin-leaf extract matrix act as the nano-
filler, exhibiting a significant reinforcing effect. From the results, it can be stated that with
increasing the doping concentration of ZnO NPs into the Bio-nanocomposite films, the tensile
strength was improved considerably, whereas the elongation at break of the bio-nano
composites declined. When the ZnO NPs volume/content varied from 10 to 30 ml, the tensile
strength enhanced from 8.43 to 12.68 MPa, representing a 40 % enhancement. This proposes
that incorporating ZnO NPs into the CMC/pectin-leaf extract matrix results in the
establishment of powerful interactions exists between the matrix and the filler and thus further
confines the movement of the matrix and enhances rigidity [28].

12.68 MPa

12 4

10 9.054MPa
8.885 MPa g 43 mpPa

Tensile Strength in
MPa

21 125MmPa

o I T l

Figure 8. Tensile Strength of Multifunctional films with Different Concentrations of ZnO NPs.
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The elongation at the breakpoint (E %) indicates the flexibility of a food packaging
film. Flexibility is an important characteristic property of packaging film. Elongation at break
was studied using UTM instrument (Lloyd Instruments Ltd., England). The elongation at break
test results for a biodegradable multifunctional film of CMC and Pectin are incorporated with
ZnO NPs shown in Figure 9. Fig. 9 illustrates that The X-axis scale represents the concentration
percentage of biodegradable multifunctional film of CMC and Pectin incorporating ZnO NPs.
The Y-axis scale represents the elongation at break (E%). The results from three different
concentrations are depicted in Figure 9. The first group from the left represents CMC and Pectin
film (S-1). The second is CMC and Pectin, leaf extract without ZnO NPs film (S-2), the third
group consists CMC and Pectin, leaf extract with 10 mL ZnO NPs film (S-3), the fourth one is
CMC, Pectin, leaf extract with 20mL ZnO NPs film (S-4) and the fifth one is CMC, Pectin and
leaf extract with 30mL ZnO NPs film (S-5) groups. The results indicate that the elongation of
CMC and Pectin films was not reduced drastically with an increase in the concentration of ZnO
NPs, which is added advantage of this film used for packaging applications.

The elongation at breakpoints gradually decreased from 10 to 20ml of nanoparticles
loading, with a maximum observable decrease at 20mL v/wt%. The elongation at the break
point decreased from 18.5 to 13.7 MPa, representing a ~40 % reduction. This phenomenon can
be better explained because the formation of rigid filler network structure was perfectly created
whenever the ZnO NPs concentration was 15 ml volume. The mechanical properties of Bio-
nano composite films have been reported to be strongly dependent on the interfacial interaction
between the matrix and fillers (ASTM 2009).

30 28.77T%

25 4
20.47% 20 22%
20 18.54%

13.78%
15

10

Elongation %

5 4

0 - . y . y . . . =
5-1 5-2 S-3 5-4 5-5

Figure 9. Elongation at break of biodegradable multifunctional film.

The rate at which the water vapor crosses the film is calculated by utilizing a water
vapor transition rate machine. WVTR of CMC-Pectin, leaf extract without ZnO NPs, CMC-
Pectin with 10mL ZnO NPs, CMC-Pectin with 20 mL ZnO NPs and CMC-Pectin with 30 mL
ZnO NPs films were studied at 28°C and 92% permanent RH chamber. From Figure 10 it can
infer that the film has no barrier property to water vapor. Among these films, the S-3 film has
less barrier property when compared to others. The S-1 film shows poor barrier property than
others. As per the earlier reports, the presence of plasticizer, i.e., glycerol, and the temperature
of the humidity chamber must have influenced the increase in water vapor permeability. Also,
the starch was hygroscopic; it could naturally tend to absorb moisture from the surroundings.
Hence, these are the reasons for the less barrier property of the all-biodegradable films.
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Figure 10. WVTR of CMC-Pectin with different concentrations of ZnO blend film.

4. Conclusions

The green synthesized ZnO NPs were produced by using Psidium guajava leaf extract
and acts as one of the eco-friendly, efficient reducing and capping agents in the present
research. By applying this greener reducing agent, we can minimize or completely inhibits the
usage of fewer chemicals, which are highly toxic and hazardous to the environment, when both
physical and chemical methods produce nanoparticles by utilizing the above hazardous
chemicals. The formation of ZnO NPs was further confirmed by UV-VIS spectroscopy, FT-IR
spectroscopy, XRD, and a particle size analyzer. Multifunctional bio-Nanocomposite films
were prepared by varying blending ZnO NPs concentrations combined with CMC and Pectin
bio-polymers. FTIR analysis reveals that the intensity of peaks changed, and the position of
peaks did not change with an increase in the concentration of ZnO NPs. The inclusion of ZnO
NPs in the biopolymer films improved the mechanical properties like tensile strength,
elongation point, water vapor barrier, and thermal stability properties of films. The Bio-nano
composite films with ZnO NPs exhibited strong antibacterial activity. Hence, all the said
properties within synthesized Bio-nanocomposite films tend to be applicable in wide spread
applications such as mechanical, water vapor barrier, UV-screening, and thermal stability with
enhanced antibacterial functions. They can also be applicable and used as highly potent active
food packaging film material.
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