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ABSTRACT

Objective: The present article details the preparation and characterization of bio-nanocomposite films
loaded with nanoclays and chitosan which are the catalysts for retaining the fresh quality of flowers,
fruits, and vegetables and extending their shelf life under packed with this film. The development of
new packaging films is currently an emerging field for the consumers and edible goods trading industries.
Hence, novel bio packaging films with a unique combination is essential to ensure optimum characteris-
tics for the bio packaging films, thereby obviating synthetic plastics.

Methods: Synthesis and characterization of the formulated blends of carboxymethylcellulose incorpo-
rated with chitosan, nanoclays, epoxy, and polyethylene glycol with the addition of lemon leaf extract

Chitosan
Carboxymethylcellulose

(LLE) and analysis of their antibacterial activity.
Result: The results indicate that when the jasmine flower buds were packed with the synthesized film,

retain their buddy state for a minimum of 5 days at room temperature, freshness, and fragrance.

Conclusion: Hence, the nano-bio packaging film will ensure the transportation of daily harvested flowers,

fruits, and vegetables from farms to firms, stores, and homes.

© 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The nanocomposite is a novel generation of composite materi-
als containing one of the constituent phases that have one dimen-
sion less than 100 nm (Samir et al., 2005 Pawar and Purwar, 2013).
The well-dispersed nanoparticles enhance tensile properties and
ductility as the small size is devoid of inducing high-stress concen-
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trations in the matrix (Hatakeyama et al., 2004; Ren et al., 2003,
Reza Arjmandi et al., 2015). Although these biodegradable poly-
mers have mostly been used in the food industry and have not
found broad applications in the packaging industries to replace
conventional plastic materials, they can be an attention-grabbing
way to overcome the curb of petrochemical resources in the future.
Biodegradable plastics can form the foundation for environmen-
tally better, eco-friendly alternatives (Fritz et al., 2001; Stevens
et al., 2002; Meritaine da Rocha et al., 2018). Hence, there is perti-
nent research to develop eco-friendly substitutes with low density,
cost-effectiveness, minimum technology involved in processing,
and superior design in the packaging (Barton et al, 2014;
DiogoVideira-Quintela et al., 2022).Table 1..

According to the Biodegradable Products Institute (BPI),
biodegradable plastic is degraded by natural microorganisms in
two steps fragmentation process. The packaging is certified as
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Table 1
Composition and blend ratios of the substances used for making films.

SI No Code w/w/w/w/w[w (Weight Ratios)
1 CCM 1:1:0.01:0:0:0

Il CCMP 1:1:0.002:0.05:0:0

11 CCMPE 1:1:0.002:0.05:0.01:0

1A CCM-LLE 1:1:0.01:0.015

A CCMP-LLE 1:1:0.002:0.05:0.015

A CCMPE-LLE 1:1:0.002:0.05:0.015

C: Carboxymethylcellulose, C: Chitosan, M: MMT, P: Polyethylene glycol (PEG), E:
Epoxy, LLE: Lemon Leaf Extract.

compostable and biodegradable (European standard EN-13432).
Biopolymers are biodegradable polymers of monomeric units that
are covalently bound to form larger structures and fragmented by
the action of microorganisms, into carbon dioxide and water. Some
of the biopolymers like starch cellulose and proteins are extracted
or removed from biomass (Nawrath et al., 1995; Bratovcic et al.,
2015).

CMC, an organic biopolymer obtained from various sources
(trees, synthesized by algae, fungi, bacteria, and some animals)
has a syndiotactic configuration of B (1, 4)-p-glucose unit. The
properties of CMC include renewable nature, low density, and a
relatively reactive surface which is mainly due to the hydroxyl
groups. It is cost-effective and utilized in lotions, vitamin oils,
and cosmetic products like binders and stabilizers and is exten-
sively used in food packaging (Vartiainen et al., 2014; Kadajji
et al,, 2011; Jia Deng et al., 2022).

Chitosan is the primary biopolymer structurally similar to cellu-
lose, synthesized from the deacetylation of chitin is a linear copoly-
mer composed of p-glucosamine and N-Acetyl-p-glucosamine
obtained by the partial deacetylation of chitin mostly found in
the crustaceans, cell walls of fungi, and other biomaterials
(Mohamed et al., 2011; Vazquez et al., 2015). The amino group
enables chitosan to be a cationic polyelectrolyte (pKa ~ 6.5), rare
in nature with biodegradable, biocompatible, non-toxic with anti-
cancer and antimicrobial properties (Gupta et al., 2004; Tripathi
et al.,2008, Maria Flérez et al., 2021).

Montmorillonite, a sandwich-type structure consisting of tetra-
hedral silica sheets bilayer with a central octahedral alumina sheet
carrying a high negative charge which can bond to the polymeric
cations and enhances the mechanical properties and as well the
antibacterial activities (Videira-Quintela et al., 2021). Epoxy com-
pounds have superior mechanical behavior, good adhesion, anti-
corrosion, excellent electrical properties, and inexpensiveness.
Epoxies are used for various applications like coatings, adhesives,
electronic packaging, and structural applications (Thori et al.,
2015). The properties like different crosslink densities, molecular
weight, and mechanical properties of an epoxy system depend
upon the curing agent and conditions of the system (Chung et al.,
2010; Eiras et al., 2009). Though bisphenol, an epoxy is toxic, is still
considered a de facto standard in food packaging applications
modified with eco-friendly chemicals and remains stable when it
is in contact with aqueous, acidic, and alcoholic foodstuffs (Zineb
Kadri et al., 2021).

The selection of LLE for making biopackaging film is due to its
Citrus lemon volatile oil possessing phytochemical and antibacte-
rial activity against Gram-positive from Staphylococcus aur-
eus NRRL B-313, Bacillus cereus NRC and Gram-negative from
Pseudomonas aeruginosa NRC B-32 and Escherichia coli NRC B-
3703 (Mohsen Asker et al., 2020).

The biodegradable film is the biopolymer film consisting of one
or two organic materials made of organic materials of polysaccha-
rides, proteins, and lipids. If the films contain two natural materials
that can be readily biodegraded, it called biocomposites degradable
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films (Rudrapatnam et al., 2001). The mechanical characteristics of
protein-based films could improve by blending these biopolymers
with synthetic polymers. A composite material is made up of the
union of two or more components separated by a boundary that
varies in form and chemical composition with superior quality to
individual components and formed by aligning extremely active
and inflexible constituents such as fibers and particulates in a bin-
der called the matrix (Nourbakhsh et al., 2009). The materials have
extraordinary mechanical properties (Croisier et al, 2013;
Belmonte et al., 2015, Zhao et al., 2015).

The present study is on the preparation and characterization of
bio-nanocomposite films using the unique blends of natural poly-
mers of carboxymethylcellulose, and chitosan, film forming and
crosslinking polymers of polyethylene glycol and epoxy, nanopar-
ticles of montmorillonite of different ratios with the incorporation
of LLE that offers extended shelf life by holding the freshness and
fragrance of the packed product of highly perishables from the gar-
den harvest. The physical properties of the films are determined by
tensile testing. The thermal property uses thermogravimetric anal-
ysis and differential scanning calorimetry to observe the molecular
degradation using heat exposure. The antioxidant activity of the
film by using an ABTS assay. The antimicrobial activity is carried
out against gram-positive (Bacillus subtilis) and gram-negative (E.-
coli) bacteria. The storage stability of the films is assessed through
fragrance and freshness.

2. Materials and methods
2.1. Materials

The lemon leaves were collected from CSIR-CLRI garden, Chen-
nai. Carboxymethylcellulose (CMC, CygH3zoNag0O,7; mp 270 °C; d
1.59; Molecular weight-90,000; D.S 0.70), Chitosan a Poly(p-
glucosamine) Deacetylated chitin, (C;2H4NOg), Montmorillonite
(MMT, ((Na,Ca)g33(AIMg),(Si 4010 )(OH), NH ,0) are purchased
from Sigma-Aldrich. Epoxy (Diglycidylether of Bisphenol A resin
(DGEBA, LY556, EEW 180-185, Density 1.23, Refractive Index
1.57 and viscosity 10,000 cP) is supplied by Ciba Specialty Chemi-
cals Pvt. Itd., India. Triethylenetetramine (TETA, Aradur HY951)
supplied by Huntsman International Pvt. Itd., India.

2.2. Preparation of plant extract

Leaves of lemon are thoroughly washed with distilled water,
air-dried in a sterile condition for 48-72 hrs, and finely ground into
powder. About 25 g of fine powder mixed with 100 ml methanol
solution was placed in the shaking incubator overnight, collected,
and filtered. The filtrates kept remained for air drying. The
obtained residue is used for further studies.

2.3. Preparation of the CCM, CCMP, and CCMPE films

The chitosan (CN) solution is prepared at different concentra-
tions using a 1 % acetic acid solution and stirred for about 4 h to
attain a homogeneous mixture and the CMC solution with distilled
water. Both the CMC and CN solutions are combined and stirred to
obtain a homogenized blend. To the CMC/CN blend, a calculated
ratio of MMT dispersions is incorporated to represent the compo-
sitions of CMC/CN/MMT abbreviated as CCM. To the CCM blend a
calculated quantity of PEG, and PEG (P) with Epoxy (E) are added
independently to obtain the blends of CCMP and CCMPE respec-
tively. The homogenous mixture of CCM, CCMP, and CCMPE is cast
in a petri dish and dried at 50 °C for 48 hrs and the films formed are
removed from the Petri dish and stored in an air-tight container to
use for further studies.
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2.4. Preparation of CCM-LLE, CCMP-LLE, and CCMPE-LLE films

The lemon leaf extract (LLE) is added to the different composi-
tion blends of CCM, CCMP, and CCMPE at various ratios and coded
based on their composition (Table 2). Each composition of blends is
taken separately in an RB flask and stirred at room temperature for
homogenization, cast on a petri dish, and dried at room tempera-
ture. The films are further cured at 50 °C for 48 hrs to ensure the
completion of the crosslinking between the polymers. The formed
films denoted as CCM-LLE, CCMP-LLE, and CCMPE-LLE are used in
further studies.

2.5. Antioxidant assay (ABTS)

The stock solutions of 7.4 mM ABTS and 2.6 mM potassium per-
sulfate solution and the working solution are prepared by taking
equal quantities of stock solution and placing them in the dark
for 12 h. Fresh ABTS solution is prepared for each assay. The sample
was mixed in a 1:1 ratio with ABTS solution for 2 h in a dark con-
dition and absorbance is measured using a spectrophotometer at
734 nm.

2.6. Antimicrobial activity by agar well diffusion method

The plant extract of 1.5 mg was dissolved in 1 ml of the respec-
tive solvent prepared and inoculated with the bacteria uniformly
using a sterile cotton swab on a sterile Petri dish. 70 pL of plant
extract were added to each well (7 mm diameter holes cut in the
agar gel) in an individual plate and the control well was loaded
with the respective solvent in each plate. The systems were incu-
bated for 24 h at 36 °C + 1 °C, after incubation, confluent bacterial
growth was observed and inhibition was measured in cm.

2.7. Phytochemical screening

The extract of lemon leaves showed the presence of Terpenoids,
Phenols, Steroids and Sterols, Phlobatannins, Saponins, and Cardiac
Glycosides.

2.8. Thermal degradation (TGA/DSC)

Thermogravimetric analyses of CCM, CCMP, and CCMPE, and
with LLE content, CCM-LLE, CCMP-LLE, and CCMPE-LLE are
obtained and conditioned at 25 °C and 53 % of relative humidity
and analyzed at STA 449F3 in a Thermogravimetric analyzer. About
10-20 mg was placed in a platinum crucible and heated from 20 to
1000 °C at a rate of 20 °C. The test was carried out in triplicate for
each film.

2.9. Tensile testing and storage stability

The tensile strength (TS) of the film samples was determined
according to ASTM standard method D 882-93 with a Universal
Tensile testing machine (Instron). The experiment is carried out
at 25 °C). The film samples are cut into rectangular specimens of
size 2 mm x 10 mm. The gauge length is set at 10 mm between
the two grips with the testing speed at 50 mm/min and observed
during pulse intervals. The values of tensile strength are expressed
as Mpa. Storage study is carried out with the films which are
sealed, and flowers had been placed for the research purpose.

2.10. Degree of film degradation

About fifteen different test tubes containing 10 ml of nutrient
broth plugged with cotton are taken and autoclaved. Then, 1 ml
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of microbial culture containing Bacillus subtilis and biofilm degra-
dation studies are evaluated for 5 days.

2.11. Statistical analysis

All the experiments are in triplicates and quantitative data is
obtained as mean, Standard deviation(S.D), Statistical analysis
using one-way ANOVA, and a significant difference is considered
P < 0.05.

3. Results and discussion

The composition of blends for the preparation of CCM-LLE,
CCMP-LLE, and CCMPE-LLE films was standardized. The prepared
films were subjected to physicochemical characterization.

3.1. Antibacterial activity

Table 2 illustrates the significant antibacterial activity of aque-
ous extract of lemon leaves against Bacillus sp. (2.2 cm) and E. coli
SPS. (1.9 cm) for the sample (i) and (iv) and the least antibacterial
activity for the sample (iii) and (iv) for the gram-negative bacteria.

3.2. Antioxidant assay

The antioxidant activity is nearly 80-85 %. The antioxidant
activity of CCM-LLE, CCMP-LLE, and CCMPE-LLE is determined by
measuring the decolorization of the ABTS. The radial cation reduc-
tion is expressed as the percentage of scavenging using the pheno-
lic and flavonoid compounds of the extracts. A wavelength of
734 nm is used to measure the decolorization of radical cation
without any intermediary radical. The ROS (Reactive oxygen spe-
cies) released during the detoxification in the cells are antagonized
by antioxidant compounds. This aids the cells from cell lysis or cell
death. The antioxidant activities have been reported by many phy-
tochemicals or secondary metabolites. The antioxidant activity of
LLE is illustrated in Table 3. The 200 pg/mL of water extract shows
the better antioxidant activity of aqueous extracts.

3.3. Phytochemical test

A brown ring is formed in the Liebermann test which indicates
the presence of steroids. The appearance of violet color in Ray-
mond’s test indicates the absence of Glycosides. In the case of
the Froth test, there is a foam formation that confirms the presence
of saponins and the appearance of dark green color in the Ferric
Chloride test gives us the presence of tannins. The presence of sec-
ondary metabolites such as steroids, saponins, and tannins could
be used to check the preservative property of the packaging films.
(Fig. 1).

Table 2
Antibacterial assay of Lemon leaf extract by Agar-well diffusion method.

Sample name Organism/ Zone of inhibition

E.coil Bacillus.sp
CCM 1.9 cm 2.2 cm
CCMP 1.8 cm -
CCMPE - 0.6 cm
CCM-LLE - 2.2 cm
CCMP-LLE 1.6 cm 23 cm
CCMPE-LLE 0.1 cm 0.1 cm

C: Carboxymethylcellulose, C: Chitosan, M: MMT, P: Polyethylene glycol (PEG), E:
Epoxy, LLE: Lemon Leaf Extract.
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Table 3
Antioxidant assay (ABTS).

Journal of King Saud University — Science 34 (2022) 102333

Samples % of antioxidant activity
25 (pg/mL) 50 (pg/mL) 100 (pg/mL) 200 (pg/mL)
Aqueous extract 453 50.7 52.6 61.4

Lg‘;ﬂ

Bio-Nanocomposite Films

Fig. 1. Schematic representation of the bio nanocomposite films prepared adding the lemon leaf extracts.

3.4. Tensile strength

The tensile strength properties are evaluated for the films
loaded with LLE (CCM-LLE, CCMP-LLE, and CCMPE-LLE) and with-
out LLE (CCM, CCMP, and CCMPE) (Fig. 2). The LLE-loaded films

6' CCM
I CCMP
Il CCMPE 5.35
5 [|A CCM-LLE
<  [nA ccmp-LLE
2 [IIA CCMPE-LLE
=
24 a7
o :
£
n 3
Qo
»
S 2
'—
1
0

| ] 1] 1A A A
Strain (%)

Fig. 2. Tensile strength properties of bio nanocomposite films.

have exhibited a marginal decrease when compared to the without
LLE load films due to the reduction in the crosslink density arising
because of the presence of low molecular weight compounds that
remain not linked with main chain segments. A decreased value
observed in the CCMP sample is due to the PEG molecule which
is a long and linear aliphatic chain that has acted as flexibility.
The CCMPE films have exhibited the highest strength properties
attributed to the three-dimensional curing structure exerted by
the epoxy resin within the blends of the formulation.

3.5. Storage stability

The storage stability of the films is evaluated by packing jas-
mine flowers in each film for five days. After a specific period, it
is observed that the flowers are found fresh and also maintained
their natural fragrance without any decomposition odor.

3.6. Thermal gravimetric analysis (TGA) / DSC curves of biofilms

TGA helps us to find out if the temperature starts degrading. The
films are stable up to 250 °C. Beyond that temperature only ther-
mal degradation takes place and shows the high thermal stability
of the films. All the films are stable up to 80 °C. Therefore, the films
can be used not only in cool temperatures, and room temperatures
but also at higher temperatures. The graph interprets that there are
three stages of degradation in the first curve around 60-100 °C and
at 200 °C due to structural degradation of water molecules of the
films, then due to degradation of major segment in polymers at
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Fig. 3. Thermogravimetric analysis (TGA) of bio nanocomposite films.
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Fig. 4. Differential scanning calorimetric (DSC) analysis of bio nanocomposite films.

200 °C — 400 °C and the final curve occurs due to the carbonization
of polymeric material at 400 °C — 700 °C. A 50 % degradation occurs
at 300 °C and 400 °C respectively and the results are given in Fig. 3.
The DSC analyses show a maximum glass transition temperature
(Tg) at 107 °C for CCMPE-LLE, ie., Epoxy and PEG-loaded film.
The CCMP-LLE, i.e., PEG-loaded film has shown a loss of moisture
at 50 °C due to the hygroscopic nature of the PEG molecules. All
the nano clay and Chitosan-loaded films have exhibited Tg values
between 86 and 107 °C confirming the thermal stability of the pre-
pared films as seen in Fig. 4.

3.7. Degree of film degradation

The OD value lies between 0.05 and —0.05 for all the samples. In
the present study, Chitosan, CMC-based films with added MMT and
Epoxy are prepared by using different concentrations. With the
modification of the clay dispersion technique, the films are
obtained with better water barrier properties, demonstrating the
importance of developing methods for the addition of plant extract
to the polymer matrix. Similar results have been reported in earlier
studies (Karpinski, 2015; Sudheer et al., 2014). The LLEs are tested
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against Gram-positive organisms and Gram-negative organisms. Of
the two organisms, the extract has a very strong antibacterial
activity against Gram-positive Bacillus. sp organisms and E.coli
among Gram-negative organisms. Also, the technique is preceded
by the thermal gravimetric analysis, then the biodegradability
and storage stability assayed by the jasmine flowers was stable
for 5 days. These results suggest a high potential for these films
to be used as active packaging materials, and further studies must
be developed to access bioactivity and behavior a long shelf-life
(Srinivas et al., 2010; Cheng et al., 2014).

The reports of the present study corroborate with earlier inves-
tigations and indicate the high potential for the use of the
nanocomposites in bio packaging applications (Gajanand et al.,
2014; Samiey et al., 2014).

4. Conclusions

Bio nanocomposites are one of those man-made substances
which have found extensive usage and utility in present-day activ-
ities from water bottles to airplanes. For the last 60 years,
nanocomposites have grown progressively to form one of the more
attractive domains in food science. The present study reveals the
possibility of utilizing bio nanocomposites in food packaging
owing to their antioxidant, and antimicrobial properties. Further-
more, due to thermostability and extended shelf life, the LLE-
impregnated bio nanocomposite will pave way for biodegradable
eco-friendly food packaging components in the food processing
industry. However, its extensive use in other industries is being
explored through further studies.
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